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Spectrum Software and Micro-Cap

Spectrum Software was founded in February of 1980 by Andy Thompson to pro-
vide software for personal computers. Initially, the company concentrated on pro-
viding software for Apple Il systems.

One of the earliest products was Logic Designer and Simulator. Released in June
1980, this product wasthefirst integrated circuit editor and logic simulation system
available for personal computers. In many ways it was the forerunner of the Micro-
Cap products. Its primary goal was to provide a*circuit creation and simul ation”
environmentfor digital simulation.

In August of 1981, the analog equivalent of thefirst program, Circuit Designer and
Simulator, was released. Its integrated text editor created circuit descriptions for a
simple, linear, analog simulator.

September of 1982 saw the release of the first Micro-Cap package. The first pro-
gram to offer a“ sketch and simulate” motif, it provided a schematic editor which
created netlistsfor the companion simulator to analyze. It also included an improved
nonlinear simulator, based upon the modified nodal circuit formulation and backward
Euler integration techniques. One of its key features was the ability to plot the re-
sults dynamically during the run. Because you could see what was happening, you
could often terminate the run long before it was finished, saving valuabletime. Both
Apple Il and IBM versions of the product were released.

In November of 1984, Spectrum released the Micro-Cap |1 package. It greatly im-
proved upon the earlier schematic editor and included enhanced models. Versions
2.0, 3.0, and 4.0 wereintroduced in 1985, 1986, and 1987 respectively, and included
support for higher resol ution displays, coprocessors, and plotters. Both Macintosh
and IBM versions of the product were released.

Micro-Cap |11 was released in December of 1988. Built around the use of the
mouse and windows, it provided avery easy-to-learn environment. Its simulator,
while not 100% SPICE compatible, was based very closely on the UC Berkeley
SPICE 2G model. Standard device modelsincluded the Gummel -Poon bipolar tran-
sistor model, JFET model, and the Level 1 and Level 3 MOSFET models. Subse-
guent revisions, have converted it to the C language and added numerous improve-
ments on and extensions to the SPICE 2G models. These include models for analog
behavioral sources (L aplace and nonlinear function), nonlinear magnetic cores,
GaASFETS, and OPAMPs. It included many other advanced features such as
Monte Carlo analysis and parameter stepping.



In February of 1992, Spectrum introduced Micro-Cap 1V. In addition to amuch
improved schematic editor, Micro-Cap IV included asimulator that could read
and analyze SPICE 2G text files directly. The schematic editor sported many new
refinements, including a clipboard. The DOS version of the simulator was faster
than any DOS-based simulator and the extended DOS version was even faster.
The latter used up to 16 Megabytes of extended RAM and handled circuits as
large as ten thousand transistors. The core simulator was identical to SPICE 2G,
with enhancements that derived from SPICE 3 and Spectrum’s own devel op-
ments. For those who required device models not in the large part library, an opti-
mizing model generator was included that made model creation from data sheets
easy and accurate. Standard device models included all SPICE 2G models, analog
behavioral sources (L aplace and nonlinear function), nonlinear magnetic cores,
GaAsFETs and OPAMPs. The Probe feature let users probe the schematic with
the mouse to display waveformsin a‘scope’. The use of mathematical expres-
sionsprovided great flexibility in plotting and defining component models. Expres-
sionsincluded all of theusual arithmetic, transcendental, hyperbolic, Boolean, and
relational operators as well as some special ones like forward and inverse Fourier
transform, correl ation, auto-correl ation, coherence, numerical integration and dif-
ferentiation.

In August of 1995, Spectrum introduced the first Windows version, Micro-Cap V.
Micro-Cap V included all of the features of Micro-Cap |V and added an inte-
grated PSpice® compatible 5-state event-driven digital logic simulator, time syn-
chronized with the internal analog simulation engine. The user interface was simi-
lar to that of Micro-Cap IV, but updated to conform to the Windows interface
standard. Additional component model swere added, including lossy transmission
lines, and voltage and current-controlled switches. Schematic structure was en-
hanced with the addition of a separate text area to hold the text needed in a simu-
lation file. Schematics were generalized to multi-page documents using inter-page
tiesfor connection. New editing commandsincluded region mirroring, rotating,
and flipping about the X and Y axes. Components acquired additional attributes,
each with independently movable text. Lines became wires with the new property
of connecting only at their endpoints, an essential feature for the dense intercon-
nect of logic schematics. Analysis plots acquired graphical objects, text, and tags
for labelling individual data pointsand differences between data points.

In June of 1997 Micro-Cap V 2.0 was released. It included full MOSFET BSIM
models, 3D plotting, performancefunction plotting, multidimensional parameter
stepping, symbolic stepping, and animated displays. Animated displaysincluded
blinking seven-segment displays, L EDs, node states, and switches.



New Features Introduced in Micro-Cap 6
In July of 1999 Micro-Cap 6 was released. Its principal new features were:

® Active and passive filter designer

* PCB netlist interface

* New BSIM3 3.2 MOSFET model

® Dynamic DC operating point analysis mode

® Sensitivity analysis

® Transfer function analysis

® Temperature list for all analyses

° List, log, and linear sweep optionsfor DC analysis

® Automatic macros

* Network version

® Enhanced user waveforms

* Gminstepping

® Slope, X_Low, X _High, Y_Low, and Y_High performance functions
® Probe macro pin selector

* New power variables

® Complex Bessel functions, series, and factorials

® Symbolic parameter tolerances

* A plot polygon region for defining desired design areas
® Extended DC analysis



New Features Introduced in Micro-Cap 7
In September of 2001, Micro-Cap 7 was released. Its major features were:

°® Optimizer

* RF models and Smith charts

* Portable schematic file format.

® User-specified paths (folders) for al major file groups
® Characteristic curvesin the Attribute dialog box

® Import and Add Part wizards in the Component editor
* Attribute dialog box editor

* Multistage undo and redo

* |mproved component find command

® Text stepping

* Symbolic derivativefinder

® Status bar monitor

* Waveform branch and data point labeling

® Smooth schematic panning

* Bill of materials

® Sanity checker

* SPICE file probing

* | iveformulas

* New X and Y Scale format for constant grid values
® Even decimal values cursor positioning

* Thumbnail plot

® |ncremental auto-ranging

* Simultaneousmulti-row analysislimitsedits

® Run-invariant expressionsin model parameters

® Complex trigonometricfunctions

® Complex conditional functions

® Expressions for histograms and performance plots

* Attribute search and replace

* Multiplefileopener

* PADS PCB output



What's New in Micro-Cap 8
In February of 2004, Micro-Cap 8 was released. Its major features were:

IBIS modeling tool

New 1BIS modeling tools were added to translate IBIS files to standard Micro-Cap
/ SPICE input and output pin models. These models accurately reproduced the IBIS
golden waveforms. The IBIS editor created both standard library SPICE models
and verification modelsfor testing and verifying golden waveforms.

EKV MOSFET model

Thelatest EKV MOSFET model from the Swiss Institute of Technology was
added. It featured a dedicated charge-based dynamic model using only 18 intrinsic
core parameters.

BSIM4 MOSFET model
The BSIM4 MOSFET model was added to address MOSFET physical effectsinto
the sub-100nm realm.

HSPICE style binning
BSIM3 and BSIM4 devices were upgraded to include the HSPICE binning option,
aswell asthe standard Berkeley binning option.

Short distance VT matching for BSIM3 and BSIM4 models
Both BSIM3 and BSIM4 were upgraded to include a short distance VT matching
parameter, to better model short distance threshold variations.

N-Port device using Touchstone data format
A new N-Port device was added that used S, Y, Z, G, or H parameters and read
standard Touchstone data files.

SPICE voltage and current source enhancements
New time-domain Noise and Gaussian waveforms and preset tabs for common
waveforms were added to make complex waveform creation easy.

Timer device
A flexible new timer device was added to count events, and to measure both
elapsed and last event time.

Enhanced S and W switches
A hystereses option was added to the S and W switches.
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Improved magnetics model
A new, more robust Jiles-Atherton magnetics model was added. Both MODEL
and the mainline simulator could plot BH valuesin both CGS and MK S (Sl) units.

Animation components
« SPST, SPDT, DPST analog switchesfor dynamically configuring acircuit.
» Analog bar with height proportional to theinput DC voltage.
» Analog LED with user-defined color and on voltage.
* Rotating DC motor with DC voltage dependent RPM.
» Analog/ digital DC voltage/current meter.
* Relay with programmabl e resistance, inductance, and on and off currents.
* Three color traffic light.

Password protection
A new protection feature added password protection to circuit and macro files.

Find in Files command
A new Find in Files command was added to search circuit or other filesfor text,
components, or other content.

Info Page
An Info text page was added to show the location of macros/subcircuits used in
the circuit, resolving uncertainty over which model file was used.

Component menu shape display
The Component menu could now show the component shape as you browse.

Local path commands
New local .PATH commands let a circuit specify DATA and LIBRARY paths,
overridingtheglobal paths.

Subcircuit maker
A new Make SUBCKT command translated a schematic to a SPICE subcircuit.

Improved Bill of Materials report
A new Bill of Materials report featured sorting on any field and alive report that
responded to user format changesimmediately.

Apply Display Properties command

A new command was added to copy a selected part's display properties (part
color, attribute font, size, color, and print location) to other similarly named and
rotated parts.



Change Attribute command
A new Change Attribute command was added to add, delete, edit, show, or hide
attributes of any subset of the parts in a schematic, making mass changes easy.

New graphics formats
TIFF, PNG, JPG, and ICO graphics formats were added to the standard BMP,
WMF, and EMF formats for saving schematic and plot images.

Automatic node highlight
Node highlighting wasadded.

Cleanup command
A new Cleanup command for deleting miscellaneous extraneous files was added.

New Attribute dialog box plot
Diodes acquired a new Ir vs. Vr plot to show reverse characteristics.

New color options
Parts and wires could now haveindividual colors.

New Dynamic AC analysis

A new analysis mode was added that featured dynamic on-schematic display of AC
voltage, current, and power as frequency is stepped, with the display dynamically
responding to schematic edits.

Enhanced Dynamic DC analysis
Stepping, optimization, and an AnalysisLimitsdial og box were added to Dynamic
DC.

New Distortion analysis

A new analysis mode was added that employed the DSP routines to calculate and
plot measures of distortion, including raw harmonics, aswell astotal and individual
harmonicdistortion.

Enhanced Fourier analysis

A new FFT window was added to automatically convert transient plotsto Fourier
plots. A new FS(expr,n1,n2) function was added that created a waveform from the
nl to n2 terms of the Fourier series of (expr). A new RES(expr,n1,n2) function was
added to create aresidual waveform by subtracting the nl to n2 terms of the origi-
nal waveform. FFT auto-scale commands were upgraded to allow ignoring the DC
component and auto scaling over only selected harmonics.

13
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Analysis plot improvements
* Scale factors (Meg, K,...p, f) for X/Y axes. e.qg. "Time (nS)"
* Units (Amps, Volts, Watts,...) for plots. e.g. "V (26) (Volts)"
® Open and closed circles and squares data point markers
* Normal and popsicle data point styles
* X, Y, or both autoscaling options
* New option to force al X scalesto be the same
* Retrace mode for rolling displays
® Right clicking on expressionsto invoke FFT, performance, and 3D plots
* New minor log grid option to show and label 1-2-5-10 sequence

New expressions and functions
* |ntegration and differentiation operators for use in function sources
°* Array variables for indexed selection of variable values from a predefined
array of values
® Transmission line power and energy terms
* AC power and energy terms
* New random functions, RNDR, RNDC, and RNDI(interval)
* New DELAY (x,d) function returns expression x delayed by d seconds.
* Sand W switch resistance, voltage, current, power, and energy terms
® SPICE3 analog Boolean operators, &, |, ~, and ” with analog parameters
® | AST(expr,n) function
* MAXR and MINR function to track an expression’s highest and lowest
valueduring arun
* NORM, NORMMAX and NORMMIN functions to normalize at specified,
maximum, and minimum points
* |nternational engineering notation (e.g. 3R3 =3.3)
® Global settingsvariables
® Model parameter use of variables like TEMP that are constant during a run
* Nested series expressions
® Product series function (e.g. PROD(1,1,3,1) = 1*2*3)

Analysis limits dialog box
Thedialog box sizeand X and Y fields were made user-adjustable.

Optimizer enhancements
The new optimizer supported dynamic plotsto show optimization progress and
worked with both Dynamic DC and Dynamic AC.

MODEL import
MODEL was upgraded to allow simple one-step exporting of its parts directly to
the Component library.



Numeric formats

A new decimal numeric format was added that used only numbers, commas, and
decimal points. 1.234e6 could be formatted as 1,234,000.000. Support was added
for international engineering notation (e.g. 3R3 =3.3).

Filter Designer improvements
Step and Impulse response plots were added.

Monte Carlo improvements
A new feature let users reproduce statistical distributions by specifying the random
number seed. New features included user-specified histogram range and intervals.

Expanded LAN operation

Several features were added to better support LAN installations. The modéd library
index was now written locally, avoiding the need to write to possibly write-protected
LAN disks. Component, Shape, and Package library files could aso be located on
write-protected LAN disks.

Miscellaneous
* New .WARNING message condition command to let users create custom
warnings such as .WARNING "Capacitor voltage exceeded." V(C1) > 50
* SPACEBAR toggle between voltage and current in Probe.
* DEFINE statement for use in SPICE files.
* All On and All Off buttonsto enable/disable all stepped variables.
® Rename command to provide | eft to right and top to bottom options.
* Trandator to convert filefrom S, Y, Z, G, or H format to any other format.
* New numeric output option to let the user decide what to include.

15
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About the User's Guide

This guide helps you get started. 1t shows you how to install the product and de-
scribes the main features of the program. Tutorials are used throughout, first to
teach basic concepts and | ater, to develop skill in using the features of the pro-
gram. The chapters cover these topics:

 Chapter 1, "Before Y ou Begin", shows you how to check your equipment,
make backup copies of the disks, and install the product.

« Chapter 2, "Exploring the Basics", provides a quick tour of the product,
followed by an introduction to the basic Micro-Cap user interface.

* Chapter 3, "Creating and Editing Simple Circuits', illustratestechniques
for circuit creation and editing.

 Chapter 4, "Transient Analysis', describesthe time domain simulator.
 Chapter 5, "AC Analysis", describes AC analysis.

* Chapter 6, "DC Analysis', describes the nonlinear DC simulator.
 Chapter 7, "Using the Scope", shows how to use Scope to analyze plots.

 Chapter 8, "Using Probe", illustrates Probe's 'point and shoot' tools for
interactivedisplay of simulationresults.

* Chapter 9, "Stepping Component Parameters', shows how to use parameter
stepping to see the effect of changing the numeric model parameters.

 Chapter 10, "Using Monte Carlo", describes how to use the Monte Carlo
function to analyze the statistical performance of acircuit.

* Chapter 11, "Working with Macros", describes the use of macros.
« Chapter 12, "Working with Subcircuits', describes the use of subcircuits.

* Chapter 13, "Printing and Plotting", describesthe optionsfor printing and
plotting the various text and graphic displays produced by Micro-Cap.

« Chapter 14, "Using Animation Mode", describes the animation methods.



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 isshown hierarchically. For examplethis phrase:
Options / Preferences / Options / File Warning

means the File Warning item from the Options section of the Preferences
dialog box, which is chosen from the Options menu.

5. User entries are shown initalics. For example:
emitter_|ead

6. The[ and ] characters bracket optional user entries. For example:
[low]

7. The < and > characters bracket required user entries. For example:
<emitter_|lead>

8. The OR symbol (|) designates mutually exclusive aternatives. For

example, PUL | EXP | SIN means PUL or EXP or SIN.

17
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Chapter 1

|
BeforeYou Begin

Welcometo Micro-Cap 8, amixed analog-digital circuit analysis program for per-
sonal computers. Micro-Cap 8 is the eighth generation of a program that began in
1982 with the release of Micro-Cap. Since then it has acquired many refinements,
aways adhering to its primary goal of providing an easy to use, sketch and simulate
environment. Micro-Cap 8 continuesthat tradition by providing:

* A modern, Windows-based, easy to learn user interface

* A powerful schematic editor

* A fast PSpice™ compatible analog-digital simulator

® Anoptimizer for fine-tuning circuit values

® Schematic waveform probing

® Fast, accurate device model creation from data sheets

* A large devicelibrary with more than 16,000 analog and digital parts
* Analog and digital behavioral modeling features

* Eight MOSFET models, including BSIM 3, BSIM4, and EKV

* |BISmodeling

* Powerful performance measurement and plotting functions

* A netlist interface to popular PCB packages

* |ntegrated active and passive filter design function

* Animated analysisdisplay

* Dynamic on-schematic display of DC and AC voltage, current, and power.

Micro-Cap 8 lets you describe your circuits in the way most natural for you. Y ou
can sketch a schematic or type in a SPICE text description. Either way, Micro-Cap
8 quickly analyzesthe circuit and plotsthe results dynamically during the run.

This chapter tells you what you need to do before running the program.

19
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Check your package
Y our Micro-Cap 8 package includesthefollowing items:
* A single CD ROM
* A security key (if not upgrading from an earlier version)
* A password sheet (if upgrading from an earlier version)
® Two instruction manuals
* A registration card
The instruction manuals include a User's Guide and a Reference Manual.

® The User's Guide is designed to get you started quickly. It shows you
how to install the program and how to begin using it. The manual provides
a brief introduction to most of the product's features and a series of
graduated tutorials that introduce you to the main features and teach you
how to use them.

* The Reference Manual provides a detailed description of the capabilities
of every feature of Micro-Cap 8. It describes and illustrates some of the
more advanced uses of those features.

The security device plugsinto any of the USB, or parallel printer ports on your
computer. The program will check all ports for the existence of the device. The
device need not be present to install the program, but it must be present whenever
any of the Micro-Cap 8 programs are running. The device does not interfere with
other printers or devices that may be attached to the port.

If you are upgrading from an earlier version of Micro-Cap, your package includes
a sheet with a password generated from your Key 1D. When you run Micro-Cap
8for thefirst time, it will ask you for the password. Typeit in and the program
will permanently upgrade your key so that it can run Micro-Cap 5, 6, 7, or 8.

Chapter 1: Before You Begin



Check your equipment

Y ou can use Micro-Cap 8 on most PC systems. The minimum hardware require-
ments are as follows:

* A Pentium Il or later computer

* Any Windows operating system later than 3.1. ThisincludesNT 4.0/ 2000
and Windows 95/ 98/ ME / XP.

® System memory of 64 MB

® An SVGA or better display adapter and monitor

Register your product

Be sureto fill out and return the enclosed registration materials. Y ou may also reg-
ister online at our web site:

Www.spectrum-soft.com
Registration isimportant to you for two reasons.
First, it provides access to technical support for the product. Spectrum provides

technical support only to registered users. Second, it helps us keep you informed
about upgrades and new versions of the product.

Let us know

Let us know what you liked and what you didn't. We want to know your opinions,
suggestions, and comments about how to improve the product. So call us, write, or
email us. Either way, pleasetell us what you think about this product and what
you'd liketo seein future versions.

21
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Install the program

The installation of Micro-Cap 8 is done with the SETUP program. Here are the
specific steps:

® Insert the CD in the drive.

® Select the Run item from the Start menu.

* Browse to the CD ROM drive and run the SETUP program.
* Follow theinstructions provided by the SETUP program.

During theinstallation you will be asked where you wish to install MC8. Do not
install itin an old MC5, MC6, or MC7, or MC8 Demo folder. Use the default
folder, or giveit anew folder name. After the installation is complete, you can
copy selected circuits, macros, and model filesfrom older folders (MC5, MCB6, or
MC7) to the MC8 folder. Thismethod is preferred to simply installing MC8 in the
older version folder because this way the older version continuesto function as
before and itsfiles are not overwritten by the MC8 installation.

SETUP creates amain Micro-Cap 8 directory called MC8, a data subdirectory
called DATA, and alibrary subdirectory called LIBRARY . It then copies the
programs into the MC8 folder, the model librariesinto the LIBRARY folder, and
the sample circuit filesinto the DATA folder.

Chapter 1: Before You Begin
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Chapter 2

.
Exploring the Basics

What's in this chapter

This chapter covers the basics of operating the program. It presumes that you are
familiar with the Windows user interface and shows you how Micro-Cap employs
that interface to create and analyze electronic circuits. The chapter also reviews
the key terms and concepts central to the operation of the program.

How to start MC8

Micro-Cap 8isactivated in the usual way if Windowsis already active, by
double-clickingonitsicon.

Before you run Micro-Cap 8, insert the security key into one of the parallel or
USB ports. The key must be connected to a port to start MC8 and must remain
there while running the program. If you are using the LAN version, thered LAN
key should bein the server parallel or USB port.
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A quick tour

Asaquick introduction to MC8, we'll take a brief tour of the program. Begin with
adoubleclick onthe MC8icon.

To begin thetour, we'll load one of the sample circuit files supplied with MC8.
Choose Open from the File menu. When the file prompt comes up, type in the
file name MIXEDA4. Click Open. The program loads the circuit and displaysit.

§ Micro-Cap 8.0.0.0 - [EAmc8\dataimixed4 CIR] _[=]x
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Figure 2-1 The MI XED4 sample cir cuit

Thecircuit usesan analog TTL inverter to drive adigital three-stage synchronous
divide-by-five counter. Thedigital clock input to thefirst K flip-flopisdriven by
theanalog TTL output, whilethe CLR initializing pulsefor the flip-flops comes
from adigital source, U2. The CLK inputs are connected together with a. TIE
command. The flip-flop preset nodes are connected together by a wire and the
nodeislabeled PREB with grid text. Thisnodeisinitialized to a'1' state with an
1C command. The digital source states are specified in a.DEFINE command
statement located in the schematic text area. The text areais a private cache in
each schematic for storing text. Y ou can toggle the display between the drawing
and text areas by pressing CTRL + G or by clicking on the Text tab in the lower
page scroll bar. Thiscombination of analog and digital circuitry iseasily handled
by the program, sinceit containsanative, event-driven digital simulation engine,
internally synchronized with its SPI CE-based anal og simulation engine. Micro-
Cap 8isatrue mixed-signal smulator.
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Select Transient from the Analysis menu. MC8 presents the Analysis Limits

Transient dialog box where you specify the simulation time range, choose plot and simula-
andysisdisplay  tjon options, and select waveforms to be plotted during the run.
Fiun Add | [TElete | Ermandl. | Stepping.. | Plopertles...l Help.. |
Time R ange m— Fiun Options m
b axirnum Timne Step T State W ariables m
Mumber of Paints 0 ¥ Dperating Poirt
Temperature ILinEdI;I 27 ™ DOperating Paint Orly
Fietrace Runs 1— I™ Auto Scale Ranges
P | ¥ Exprassion I 1 Expression | # Fange I ' Range I » I
MEME | [y [g=-007 [E
MEEE T [vEum) [fe-07 [ionz
m=EmE [ [precry [fe-007 [rza
MEEE | [pezsaron) [p=-007 [7a
=mE | [oe [e-07 [z
m=EmEq | [o@ [fe-007 [rza
MEME | [PECICE2) [p=-007 [7a

Figure 2-2 The Analysis Limits dialog box

Here we have chosen to plot the anal og voltage waveforms at the input pulse
source, the output of the anal og section, and several of the digital waveforms. In
general, MC8 can plot any expression using as variables any node voltage or state
or any device terminal voltage or current. Here are afew other expressions that
could have been plotted in thiscircuit.

d(CLR) Digital state waveform on node CLR.
hex(CLR,PB,1,2) Hex waveform at nodes CLR,PB,1,2.
vbe(g3) Base-emitter voltage of transistor g3.
I(VCC) Current through the VCC source.
PG(VCC) Power generated by the VCC source.
gbe(ql) Charge stored in the base-emitter cap of gl.
cbc(g4) Base-collector capacitance of g4.

There are a great many other variables available for plotting. Click the right
mouse buttoninthe Y Expression field to see alist of variables availablefor plot-
ting or printing. Click outside of the menu to removeit.
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Now let'srun the actual simulation. Click on the Run button ﬂ or press F2 to
start the simulation. MC8 plots the results during the run. The run can be stopped
at any time by clicking the Stop button ﬂ or by pressing ESC.
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Figure 2-3 Transient analysis of the cir cuit

Thefinal waveform plotslook like Figure 2-3. Each waveform can have a unique
token, width, pattern, and color. These options are set from Options/ Default
Properties for New Circuits for new circuits and from the Properties (F10)
dialog box for the current circuit. Waveforms can be grouped into one or more
plots. Grouping is controlled by the plot number assigned to each waveform. The
plot number isthe number in the P column of the Analysis Limits dialog box. Y ou
can assign all the waveformsto asingle plot, or group them into as many plots as
will fit on the screen. To assign several waveformsto the same plot, give them all
the same plot number. To create several plots, use different plot numbers. To
disable plotting awaveform, enter ablank for the plot number.

In this example, all waveformsin the plot group share acommon vertical scale.
To use different scales disable the Plot Properties (F10) / Same Y Scales for
Each Plot Group option and enter the scales you want in the Y Range field. All
waveformsin a plot group always share the same horizontal or X scale.

Digital and analog waveforms may be mixed or separated. Separated digital
waveforms show the expression on the left, adjacent to the plot. Mixed digital
waveforms display the expression at the bottom of the plot aong with the analog
expressionsin the order of their occurrencein the Analysis Limits dialog box.
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- Place the mouse near the top middle of the waveform plot group. Press the left
Zoominginona  moyse button and while holding it down, slide the mouse down and to the right to
waveform create an outline box as shown in the figure below. Release the mouse button and
MC8 magnifies and redraws the box region.
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Figure 2-4 Using the mouse to magnify a waveform

If you make a mistake, press CTRL + HOME and try again.
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Figure 2-5 The magnified region
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Press F3 to quit the analysis. Select Dynamic DC from the Analysis menu and
click the OK button. Thisrunsa DC operating point and displays the node volt-
agesand digital stateslikethis:
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Figure 2-6 Operating point node voltages and states

Click gl to turn off voltagesand click 5#|to display currentslikethis:
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Figure 2-7 Operating point DC currents
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Click ﬂ to turn off currents and click H to display power termslike this:
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Figure 2-8 Operating point DC power terms

Click 3| toturn off power and click 8 to display conditionslikethis:
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Figure 2-9 Operating point DC conditions

The voltage, current, power, and condition are the current time-domain val ues,
whichin this caseistheresult of aDC operating point calculation.



Turn off the Dynamic DC analysis mode from the Analysis menu. Remove the

AC andlysis MIXEDA4 circuit by choosing Close from the File menu. Load a new file by
choosing Open from the File menu. Type RCA3040 for the name. Click Open.
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Figure 2-10 The RCA3040 circuit

Select AC from the Analysis menu. As before, an analysis limits dialog box ap-
pears. We have chosen to plot the voltage of the two nodes, Outl and Out2, in
dB. Click on the Run button, and the analysis plot lookslikethis:
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Figure 2-11 AC analysis plot
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The samerich set of expressions available in transient analysisis also availablein
AC anadlysis. In addition, these operators are very useful:

db(c) Finds the decibel value of the complex expression c.
re(c) Findsthe real value of the complex expression c.

im(c) Finds theimaginary value of the complex expression c.
ph(c) Finds the phase in degrees of the complex expression c.
gd(c) Finds the group delay of the complex expression c.
inoise  Findstheinput noise reflected to the input node.

onoise  Findsthe output noise at the output node.

. Click on the Cursor mode button 24| in the Tool bar or press F8. In this mode,
Scope in Cursor
two cursors are placed on the graph and may be moved about. The table below
mode :
the plots show the waveform values at each of the two cursors, the difference
between them, and the slope. The display should look likethis:
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Figure 2-12 Cursor mode

The left mouse button controls the left cursor and the right button controls the
right cursor. The cursor keys LEFT ARROW and RIGHT ARROW also control
the cursors. Asthe cursors move around, the numeric display continuously up-
dates to show the value of the waveforms, the change in waveforms between the
two cursors, and the waveform slope between the two cursors. The optional cur-
sor trackers also track the X and Y values as the cursors are moved.
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- Note from Fig 2-10 that the load resistors R1 and R3 are set to RL, a symbolic
TheOptimizer variable defined as 1.32K . We'll optimize the value of RL to maximize the gain at
1IMHz. Press CTRL + F11 to bring up the Optimizer. It looks like this:

Perameler Low High Stey Cunent Optimized
_I;IE“PAHAM FL [ix IES [ E B
I | [ | [ P P
] [ I [ Jo [o
== I I I P P

il

sformanee Function Expressios To Current Optimized

Pef n
[Masimizss = | _| _1 Gt [7_Leveli2Beurt 1 1,1000000) |
g e |
I
I

s O N
Free =1 | = sal

Method RMS Enar
& Standard Powell  Stepping Powell | I~ Update Plot

Figure 2-13 The Optimizer dialog box

These settings seek the value of RL that maximizes the performance function

Y Level(DB(V(OUTL)),1,1,1E6). From Fig 2-12 the value of DB(V(OUT1)) at
1.0Mhz before optimization is40.9dB. Click on the Optimize button. The optimizer
whirs and chugs and eventually spits out an optimal value of 2.3K. Click on the
Apply and Close buttons. Press F2 to rerun the analysis, then F8 and you'll see
that with RL=2.3K, DB(V(OUT1)) at IMhz is now 45.4dB, a net gain of 4.5dB.
Press F3 to exit the AC analysis routine. Choose Close from the File menu to
unload thecircuit.
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Figure 2-14 The optimized gain curve
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DC analysis

Choose Open from the File menu to load a new circuit, then type "CURVES"
and click the Open button.
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Figure 2-15 The IVBJT circuit

This creates a set of bipolar transistor IV curves. Choose DC from the Analysis
menu. Click on the Run button. The plotslook likethis:
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Figure 2-16 The IV curves of a bipolar transistor
Press F3 to exit the DC analysis, then unload the circuit with CTRL + F4.
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Press CTRL + O, then type "MIXED4". Click Open. Choose Probe Transient
from the Analysis menu. MC8 presents the analysis limits. Click on the Close
button. If needed, MC8 runs the analysis, savesit to disk, and presents the Probe
display. You scroll the schematic or pan it with aclick and drag of the right
mouse button and probe any node or component with a click of the left mouse
button. Move the mouse to the pulse source and click the left button on the dot
near the IN node, and its voltage waveform is fetched from disk and plotted.
Click the mouse on the OUT node, CLKB pin, Jpin, and on the CLR node. This
plotsthe analog input and output, and the clock, J, and clear digital waveforms.
Analog and digital waveforms are placed in the same plot when the Separ ate
Analog and Digital option on the Probe menu is not checked.
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Figure 2-17 The Probe display

Probing on anode produces either analog node voltage waveforms or digital node
state waveforms. Probing between the leads of an analog device produces pin to
pin terminal voltage waveforms such as VBE(Q4). Probing on adigital device
produces alist of the pin names. Selecting a pin name from thislist plotsthe digi-
tal waveform on that pin. Current waveforms are also available, as are charge,
capacitance, inductance, flux, and al the usual variables. In addition, you can en-
ter expressionsinvolvingcircuit variables.

Press F3 to exit the Probe routines and return to the Schematic editor. Remove
the circuit with CTRL + F4. This completes the quick tour. For more extensive
tours of MC8, see the Demo options in the Help menu.

Chapter 2: Exploring The Basics



Commandline
format

Batch mode
format

Command lines and batch files
Although Micro-Cap 8 isdesigned to run primarily in an interactive mode, it can
also be run as a batch process from the Program Manager command line. Either
of two formats may be used.

MC8 [F1[.EXT]]...[FN[.EXT]]

MC8 [ [/S|/R] | [[/P] | [/PC | /PA ]]] [@BATCH.BAT]

In thefirst format, F1, ...FN are the names of one or more circuit files to be
loaded. The program loads the circuit files and awaits further commands.

In the second format, circuits can be simulated in batch mode by including the
circuit name and the analysis type, /T(transient), /A(AC), or /D(DC) onalineina
text file. The syntax of the circuit line inside the batch fileis:

CIRCUITNAME [ [/T /A D] [/S|IR] | [[/P] | [/PC | IPA 1]]

The definition of each command isasfollows;

IT Run transient analysis on the circuit.

/A Run AC analysis on the circuit.

/D Run DC analysis on the circuit.

/S Save the analysisrunto disk for later recall.

/R Retrieve the analysis run from disk and plot the waveforms
specifiedinthe AnalysisLimitsdial og box.

/PC Print the circuit diagram.

/PA Print thecircuit analysisplot.

/P Print the circuit diagram and analysis plot.

The /T, /A, and /D commands are for the batch file lines only. The other com-
mands may be applied globally for all circuitsin the batch file by placing them on
the Program Manager command line, or locally to a particular circuit file by plac-
ing them on acircuit line within the batch file.

In the second format, MC8 must be invoked with the name of the batch file pre-

ceded by the character '@'. For example, consider atext file called TEST.BAT
containing thesethreelines:
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PRLC /A IT
SENSOR.CKT /A
LOGIC /T

If MC8isinvoked with the command line, MC8 @TEST.BAT, it will:

1. Load the PRLC.CIR circuit and run an AC and transient analysis.
2. Load the SENSOR.CKT circuit and run an AC analysis.
3. Load the LOGIC.CIR circuit and run atransient analysis.

During these analyses, the expressions specified in the circuit file would be plotted
during the run and be visible on the screen, but the results would not be saved to
disk.

Note that the default circuit file name extension is .CIR.

By appending an /S to the command line, all of the analyses specified in the
batch file will be run and the results saved to disk for later recall. By appending
an '/R' to the command line the analyses are bypassed and the results merely re-
called and plotted.

By appending a'/P' to the command line, all of the analyses specified in the batch
filewill berun and thecircuit and analysis plot printed.
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Terms and concepts
Here are some of the important terms and concepts used in the program.

Attribute. Components use attributes to identify part names, model hames, and
other defining characteristics. Attributes are created and edited in the Attribute
dialog box which isaccessed by double-clicking on the component.

Box. The box is a rectangular region of acircuit or an analysis plot. Created by a
drag operation, it defines plot regionsto be magnified or circuit regionsto be
stepped, deleted, rotated, moved, turned into amacro, or copied to the clipboard.

Click the mouse. Most mice have two or more buttons. 'Click the mouse'
means to press and release the left or right button. The middle button is not used.

Clipboard. Thisis atemporary storage areafor whole or partial circuits from a
schematic, or text from any text entry field. Items are copied to the clipboard with
the Copy command (CTRL + C) and pasted (CTRL + V) from the clipboard into
the current schematic or data field with the Paste command. Anything that is cut
isalso copied to the clipboard. Anything that is cleared or deleted is not copied to
theclipboard.

Component. A component is any electrical circuit object. Thisincludes connec-
tors, macros, and all electrical devices. This excludes grid text, wires, pictures,
and graphical objects.

Copy. Thiscommand (CTRL + C) copiestext from atext field or circuit objects
from a schematic to the clipboard for use with the Paste command (CTRL + V).

Cursor. The cursor marks the insertion point. When an object isinserted into a
circuit or text inserted into atext entry field, it is placed at the cursor site. The
schematic cursor isamouse arrow or the actual component shape, depending
upon a user-selected option. The text cursor is aflashing vertical bar.

Disabled. This means temporarily unavailable. See Enabled.

Drag. A drag operation involves pressing the mouse button, and while holding it
down, dragging the mouse to anew location. Dragging with the right button is
used for panning shape displays, circuit schematics and analysis plots. Dragging
with theleft button isused for box region selection, drag copying, moving circuit
objects, and magnifying an analysisplot region.
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Enabled. A check box button feature is enabled by clicking it with the mouse. It
shows an X or a check mark when enabled. A menu item feature is enabled by

clicking it to show acheck mark. A button feature is enabled by clicking it to de-
press the button. Button features are disabled by clicking them to release the but-
ton. Other features are disabled when they show neither an X nor a check mark.

ESC. The ESC key isused as asingle key alternative to closing the Shape editor,
Component editor, Stepping, Monte Carlo, and State Variables dial og boxes and to
stop asimulation. It isequivalent to Cancel in adiaog box.

Grid. Thegrid isarectangular array of equally spaced locations in the circuit that
defines al possible locations for the origin of circuit objects. The grid can be seen
by clicking onthe Gridicon.

Grid text. Thisrefersto any text placed in aschematic. It is called grid text to
distinguish it from component attribute text. Grid text may be placed anywhere.
Attribute text is always adjacent to and moves with the component. When grid
text is placed on anode it gives the node a name which can be used in expres-
sions. Grid text may be moved back and forth between a schematic page and the
schematic text area by selecting the text and pressing CTRL + B.

Wire. Wires connect one or more nodes together. Crossing wires do not connect.
Wires that terminate on other wires are connected together. A dot signifying a
connection is placed where a wire connects to another wire or to a component
pin. Two wires placed end-to-end are fused into asingle wire.

Macro. A macro is a schematic, created and saved on disk to be used as a com-
ponent in other schematics. It uses pin names to specify its connections to the
calingcircuit.

Node. A nodeis aset of points connected to one or more component pins. All

points on a node have the same voltage or digital state. When analog and digital
nodes are joined, an interface circuit isinserted and an additional node created.
The processis described in detail in the Reference Manual.

Node name. A node name may be either a node number assigned by MC8 or a
piece of grid text placed somewhere on the node. Grid text ison anodeif itspin
connection dot is on the node. The dot isin the lower |eft corner of the box that
outlines the text when it is selected. To display pin connections, select the Pin
Connections option from the View item on the main Options menu. Nodes that
have the same text are connected together.
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Node number. A node number is an ID number assigned by the system. You
may refer to nodes either by number or name. Names are better, however, since
node numbers can change when you change the schematic.

Object. An object isageneral term for anything placed in a schematic. Thisin-
cludes components, wires, grid text, flags, picturefiles, and graphical objects.

Pan. Panning is the process of moving the view of a shape, schematic, or an
analysisplot. Itislikescrolling, except that it isomnidirectional. Panning isdone
with adrag operation using the right mouse button.

Paste. The Paste command (CTRL + V) copies the contents of the clipboard to
the current cursor location. Pasting is available for schematics and text fields. To
control the location of a paste operation, first click in the schematic or text field
where you want the upper-left corner of the paste region to be, then paste.

Pin. A pinisapoint on acomponent shape where electrical connections to other
components are made. Pins are created and edited using the Component editor.

Select. Anitemis selected so that it may be edited, moved, rotated, deleted or
otherwise changed. The general procedureis:

1) If theitem isanything but text in atext field, enable the Select mode by
clicking on the Select modeﬂ button.

2) Select the item.

3) Changeit.

Item means any dialog box feature, text fragment in atext field, or any object in
the Shape editor, schematic window, or analysis plot. Items are selected with the
mouse by moving the mouse arrow to the item and clicking the | eft button. Items
are selected with the keyboard by pressing the TAB key until the desired item is
selected. Keyboard selection isavailable only for text objects and dialog box fea-
tures. Shading, outlining, or highlighting isused to designate sel ected items.

Shape. All components are represented by shapes. These are created, modified,
and maintained by the Shape editor.
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Function keys

F1 isused to invoke the Help system. It accesses an information database by
contents and by alphabetical index.

F2 isused to start an analysis after selecting the type of analysis from the Analy-
sismenu.

F3 quitsthe AC, DC, or transient analysis and returns to the Schematic editor. F3
also repeats the last search when in the Schematic editor.

F4 displaystheanalysisplot.

CTRL + F4 closes the active window.

F5 displays the Numeric Output window.

F6 scales and plots the selected analysis plot group.
CTRL + F6 cycles through the open windows.

F7 switches the analysis plot to Scale mode.

F8 switches the analysis plot to Cursor mode.

F9 displaysthe AnalysisLimitsdialog box for AC, DC, or transient analysis or
their Probe equivalents.

CTRL + F9 clears the waveformsin Probe and invokes the Analysis Limits dialog
box when in an analysis module.

F10 invokesthe Properties dialog box for the front window. The type of dialog
box depends upon the type of front window.

F11 invokes the Parameter Stepping dial og box.
CTRL + F11 invokesthe Optimizer dialog box.

F12 invokes the State Variables editor.
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The Undo and Redo functions

Micro-Cap 8 has a multistep undo and redo capability. All schematic edits can be
undone back to the point where the circuit was loaded. In general, text field undo
islimited to the last state. The one exception to thisisthe Component editor,
where text field edits are multistep.

Undo isaccomplished by clicking on the Undo button ﬂ or by pressing CTRL +
Z. The Undo function is shown under the Edit menu.

Redo is accomplished by clicking on the Redo button ﬂ or by pressing CTRL +
Y. The Redo function is shown under the Edit menu.

For instance, suppose you load a circuit, and add adiode to it, then change aresis-
tor value from 1K to 2K, then delete a capacitor. Pressing Undo once restores
the capacitor. Pressing Undo again restores the resistor value to 1K. Pressing
Undo again removes the diode, restoring the schematic to itsinitial state. Pressing
Redo once restores the diode. Pressing it again restores the resistor to 2K, and a
third press deletes the capacitor. Only RAM memory limits the depth of the undo/
redo for schematics.

Schematic edits may be undone even after running an analysis. You can delete a
region of circuitry from acircuit, run an anaysis, then return to the Schematic
editor and use the Undo function to restore the circuit to its former condition.

Note that the Revert command on the File menu also functions like a large-scale

undo command. It loads the existing version of the front window file from disk,
discarding any changes to the front window that occurred since it was |oaded.
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1
Chapter 3 Creating and Editing Simple Circuits

What's in this chapter
This chapter shows you how to create and edit simple circuits. The goal of this
chapter isto introduce the basic techniques and to refine them into working skills
by practicing on sample circuits. The particular subjects covered are:
® Schematic creation
® Adding components
* Entering component parameters
® Connecting components with wires
¢ Using define and model statements
* Adding node names
® Schematic editing
® Text editing modes
* Editing component parameters and text
* Deleting objects
® The clipboard
® Selection
* Viewing large schematics

* Creating and editing SPICE text files
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Select mode button

Component mode button

Text mode button

Creatingasimplecircuit

Begin by double-clicking the mouse on the M C8icon. The program automatically
opens a new circuit window and names it CIRCUIT1. Using the mouse, select
the Component menu, then Analog Primitives, then Waveform Sour ces, and
finally, select Voltage Sour ce.

& Micro-Cap 8.0.0.0 - [E:\mc8\datalcircuit1.cir]
o s Analysis Design Model Help METE|

B Passive Components » l:| nz ][] | PG ‘ ey = |
» Active Devices Lo 5
3 [ E
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2%ohage Source

Selecting a part
from the menu
changes the
mode to Compo-
nent, anticipating
the placement of
the componentin
the schematic.

3 ERRAMP

I RN ;I;I

Companent Mode \oltage Source [

Figure 3-1 Selecting a part from the Component menu

The cursor changes to a voltage source shape. Click the left mouse button and
hold it down. Press the right mouse button and the shape rotates. Eight clicks of
theright mouse button produce the eight possi ble orientations. Whilestill holding
the mouse button down, slide the source to a position halfway down the circuit
window and near the left window edge. Rotate it until the plus symbol ison top
and the minus symbol is on the bottom. Release the mouse button. This activates
the Attribute dialog box as shown in Figure 3-2.

For this type of source there are two important attributes, the part name and the
value. MC8 creates a suitable part name, in this case V1, which you can accept
or edit. In thistype of source, the value attribute embodies all of the necessary
parameters. Y ou can enter a new value attribute, edit the existing one, or select a
different source from a combination of tabs and buttons. Each of the tabs selects
one of the eight basic source types; None, Pulse, Sin, Exp, PWL, SFFM, Noise, or
Gaussian. Each of the buttons selects a common waveshape. Select the Pulse tab
and the SAWTOOTH button. You can change the parameter values and name
associated with any button by clicking on the Save Settings button.
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Figure 3-2 The Attribute dialog box

' oltage source parameters

Y ou can see the pulse source waveform by clicking on the Plot button. For this
set of parameters the waveform looks like this:

Plot
SN euy STIEE >0 MBS 4o [ AV AV RY AR

@ F

B Voltage vs Time

0.000!

0.0000 0.4000 08000 12000 15000
i1
T

Figure 3-3 Characteristic plot of the source

The Plot button produces from zero to three plots for each basic part type. They
are created on the fly from mini-simulations of test circuits designed to produce
the plot in question. Some parts, like this source, have asimple simulation and a
single plot. 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 al sinceitis
impossible to know what would be arelevant plot for ageneral part. Once the
plotisup, it responds dynamically to parameter edits. To illustrate, change the
value of TF to 500n and pressthe Tab key. The plot looks like Figure 3-4.
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Figure 3-4 Characteristic plot of the source with TF=500n

While the Component menu hierarchical structure provides easy access to parts,
it can take several steps to find the one you want. A fast way to select frequently
used parts is the Component palette. These user-selected parts palettes can be
toggled on and off with asingle key. Y ou click on the part you want, then leave
the pal ette on the screen or make it disappear with the same key that invoked it.
The palettes, numbered 1 to 9, are toggled on and off with CTRL + number.
Membership in apal ette is specified with the Component editor. We'll use a pal-
ette to add aresistor. Press CTRL + 1 to invoke palette 1. The screen should
now |ook somethinglikethis:

8 Micro-Cap 8.0.0.0 - [E:\mc8\datalcircuit cir]

[E] File Edit Component ‘Windows Oplions Analysis Design Model Help INEIE
DEHHESR|w - bRt ~+xs+>+¢|DO0EPG 2L | B%|H|
[N TN i e[fefam e 3 g -3 (s o e E 2 E

[RI AT TP Main {Text i Wodels i info Mol ﬂ_l

Figure 3-5 A user palette

Click on the Resistor name in the palette. Press CTRL + 1 to remove the palette.
Drag the resistor to the source and rotate it until it is horizontal. When one of the
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SPACEBAR
toggles between
the current mode
and Select mode.

resistor leads is just touching the top of the source, rel ease the mouse button. I
the Node Snap option is on, the resistor lead only needs to be near the source.
Theresistor lead will snap to the nearest node. Release the mouse button, and the
Attribute dialog box will appear. M C8 suggests the name R1 which we'll accept.
Type "1K" for the VALUE attribute, and press ENTER.

Let's move the resistor attribute text. To move anything we must be in Select
mode. To activate Select mode, click on the Select mode button Ll in the upper
left portion of the Tool bar, or simply press SPACEBAR. Drag the resistor name,
R1, anditsvaue 1K, until they are centered, respectively, above and below the
resistor body. Attribute text can be moved relative to the part by simply dragging
it to the desired position. Theinitial position of attribute text relative to the shapeis
determined in the Component library. After the part is placed, its text attributes
(e.g. NAME and VALUE) can be moved as desired. Attribute visibility can also
be toggled on and off from the Attribute dial og box.

& Micro-Cap 8.0.0.0 - [E:\\mc8\data\circuitl.cir]

@HIE Edit Component ‘Windows Options  Analysis  Design  Model  Help =8| x

DEHEEgR[wasmelt = +xk o+ o MOEE|P G [E R | E %E)
SRS o BN 3 P Mo S I v R T o i e = M =
R1
V1
|-
BT [P\ Main {Text Models j nfo /. Mlsl f

Figure 3-6 The circuit after moving the VALUE attribute

Select Analog Library / BJT / General / 2N0O00O- / 2N3903- / 2N4013 from
the Component menu. This selects the 2N4013, a pre-modeled bipolar NPN
transistor. Drag the NPN so that its emitter points down and its base touches the
right resistor lead. Click the mouse. The Attribute dialog box doesn't appear since
all of the componentsinthe Analog Library and Digital Library groups have their
Assign Component Name to MODEL flag set. This sets the MODEL attribute to
the component name. When you select the part name 2N4013, the model nameis
known to be the same, and its model parameters are readily availablein the model
libraries. Since the part name and model name are already known, the dialog box
isn't needed and doesn't appear. It is easier to use a part from the Analog Library
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Select a new
part from the
Component
menu or User
paletteonly if the
part is different
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chosen.

and Digital Library sections of the Component menu than from the Analog Primi-
tivesand Digital Primitives sections. Y ou simply pick apart from thelibrary and
drop it into the schematic. No modeling decisions are required. Parts chosen from
the primitives portion of thelibrary, like the V oltage Source, require aspecific
model name or parameter sets, which may be selected from the libraries or en-
tered by editing if desired.

Invoke palette 1 again with CTRL + 1. Select Resistor from the palette. Click in
the schematic and add a 10K resistor. Point it up from the collector lead. Select
Battery from the palette and place a battery vertically so that its positive lead
touches the top resistor lead. Set its value to 10. From the palette, select Ground.
Place aground vertically with itslead touching the negative battery lead. Add
grounds to the emitter and to the pulse source minus lead. Toggle the palette of f
with CTRL +1. Thecircuit should now look like Figure 3-7.
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Figure 3-7 The circuit after adding the bipolar stage

To illustrate athird way to select parts, select the Find Component command
from the Component menu or press SHIFT + CTRL + F. Enter OPO8_AD.
Click on the Find and OK buttons. Place the opamp to the right of the NPN.

Toillustrate afourth method of part selection, click on the battery ﬂ buttonin
the middle of the top row of the Tool bar. Click in the schematic and place a4.0
volt battery vertically so that its positive lead touches the '99' or 'VCC' lead of the
OP08_AD. Click on the ground ﬂ button in the Tool bar. Place aground at the
negative lead of this battery and at the '50' or 'VEE' lead of the OP0O8_AD.
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Wire mode lets
you connect
componentsby
draggingthe
mouse to create
awire.

For awire to connect two |leads together, the endpoints must terminate on alead
or awire connected to a component lead. To see where the leads are, click on
the Pin Connections j button. This draws a small dot at each component lead.

Y ou can also display pin names and connectionsindividually for each component
by enabling the Display Pin Names option from the Attribute dial og box.

Click on the Wire mode button 3 inthe Tool bar or press CTRL + W. This
changes the mode so that dragging the mouse draws a wire. Place the mouse at
the '3 or 'plusinput’ lead. Click the mouse button, and while holding it down, drag
the mouse horizontally to the left until the wire touches the junction between the
collector lead and the resistor lead. Release the mouse button. This connects the
two leads together.

Connect the '2' or 'minusinput’ lead to the '45' or "output’ lead by clicking near the
output lead and dragging awire straight down until it is below the opamp. While
still holding the button down, drag the mouse to the left until it isjust below the'2'
lead. Release the mouse. This creates a right-angled wire extending from the out-
put to an intermediate point below theinput lead. Click again at thisintermediate
point to start a second wire. Drag it to the '2' lead, and release the mouse.
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Figure 3-8 The circuit after wiring the OP08

From the Component menu / Digital Library / 74xx00- / 04-, select the 7404
buffer. Place the buffer horizontally so that itsinput lead isto the right of the
OPO08. Draw a wire from the OP08 output lead to the 7404 input lead. Draw an-
other wire from the 7404 output |ead horizontally to theright. Finally, draw the
final wire from the pulse source pluslead horizontally to the | eft.
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Text mode lets
you placegrid
text anywherein
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Node names and
numbers

Click on the Text mode button T or press CTRL + T to enter Text mode. This
mode lets us add text to the schematic. Text placed directly on nodes gives the
node a name which can be used to refer to it when plotting its node voltage or
digital state.

Click on the horizontal wirejust added to the pul se source. When the dialog box
comes up, type"IN" and click on the OK button. The lower edge of the selection
box outlining thetext "IN" should just touch thewire. If it doesn't touch, enable
the Select mode and drag the text until it does touch. Add the text "A" to the wire
connecting the NPN collector to the OP08 plus input lead. Add the text "C" to the
wire connected to the 7404 output. The circuit should now look like Figure 3-9.
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Figure 3-9 The completed circuit

M C8 assigns node numbersto every analog and digital node to identify them. To
see the node numbers, click on the Node Numbers button ﬂ inthe Tool bar.
Thecircuit shouldlook like Figure 3-10.

The program automatically assigns numbers to the circuit nodes when an analysis
is requested or when the circuit is saved to disk. It displays them on the schematic
only when the Node Numbers option is enabled. When you want to plot or print a
node's voltage waveform you refer to the waveform as V(node name), where the
node name may be either the node number assigned by the program or a text
name assigned by you.

For the program to know about node names, they must be placed directly on the
node. The lower left corner of the text outline box must be placed directly on the
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Figure 3-10 Node numbers

node. Node Snap, if enabled, makes this easier by moving the text to the nearest
node within one grid. The Node Snap option is selected from Options menu /
Preferences / Options / Circuit.

The system assigns and displays node numbers according to the following rules:

1. Any node connected to a ground symbol il is assigned the number O,
but its node number is never displayed.

2. The other nodes are numbered from 1 to the highest node number.

3. When an analog node and a digital node touch, or are connected by
a wire, each node is assigned a unique number. MC8 automatically
inserts an interface circuit between the two nodes. The interface circuit
creates an interface node of the form <num>$ATOD or <num>$DTOA
depending upon whether the digital node is an input or an output,
respectively. If the interface node is accessible (can be referenced in a
plot expression), it will be printed on the schematic. In general, interface
nodes between analog parts and digital primitives are accessible unless
they occur at a subcircuit interface. Snce the interface node in this
circuit occurs at a subcircuit interface it isn't accessible.

4. Analog node numbers are displayed in a box with rounded corners
while digital node numbers are displayed in a box with sguare corners.
5. Nodes with the same text node name are connected together. This is
done to provide a convenient way of connecting large numbers of
common nodes.
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Editing component parameters and text

Schematics are composed of components, text, graphical objects, picturefiles, and
wires. To edit any of these items, the item must be selected. To select an item,
MC8 must be in the Select mode. To enable the Select mode, press CTRL + E,

click the Select M button in the Tool bar, or press SPACEBAR.

Oncein the Select mode, objects or regions can be selected for editing, moving, or
deleting. Toillustrate, load the sample circuit DIFFAMP and click on the Select
button in the Tool bar. Move the mouse to the 6V battery in the upper right part
of the schematic. Click the mouse in the center of the battery. This selects and
redraws the battery. The display mode, Select or Block Select, can be changed
through the Preferences dialog box. The Select or Block Select color can be
changed in the Properties dial og box (F10).
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Figure 3-11 Selecting the battery for editing

Double-clicking on a selected component activates the Attribute dial og box which
lets you edit its attributes. Double click on the battery. MC8 presents the dialog
box showing the value attribute 6V and awaits your edits. Type "6.5". Click OK.
That's how you change the parameter of this simple part.

To change the forward beta of atransistor simply double-click on the device and
when the Attribute dialog box comes up, edit the BF parameter. Editing always
localizes the parameters. If atransistor's model parameters are global, editing will
makethem local. Mechanically, localization isimplemented by placing amodel
statement with the edited parameters in the text area of the circuit.

Chapter 3: Creating and Editing Simple Circuits



Toillustrate, double-click on the Q5 transistor. Thisinvokesthe Attribute dialog
box which shouldlook likethis:
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Figure 3-12 Editing model parameters in the Attribute dialog box

In this case, MC8 searched for Q5's model statement, N1, and displayed it in the
edit area of the dialog box. When searching for the model statement, MC8 first
looks in the schematic and text area. If it doesn't find it there, it looksin libraries
referenced by a .LIB statement, including the default master index, NOM.LIB. If
it still doesn't find the model statement, it makes one up from default parameter
values and copies it to the text area.

After locating the model statement (or creating a suitable default), MC8 displays
the parameter values in the edit fields. Y ou can scroll through the parameters,
editing them as you wish. When you click OK, MC8 updates your local copy of
the model statement. The program never modifies any global libraries as aresult
of these edits. It only modifies model parameters local to the circuit.

Y ou can click on any model namein the Model list box. Selecting one of these by
clicking on it will change the part's model name attribute .

If you select amodel name that isnot in the Model library, MC8 loads a set of
default parameters. If you pick apart from the Model list, MC8 reads the model

53



54

parameters from the library source file. Either way the parameters are displayed
for review and editing. The model parameters shown for the N1 NPN model are
local, as you can see by theline:

Source: Local text area of E\MC8\DATA\DIFFAMP.CIR

Thisillustrates how MC8 accesses model data such as subcircuit descriptions and
model parameters:

Model data is global until edited when it becomes local to the circuit.

Global meansthe information is stored in the MC8 library folders. Each time you
run an analysis, MC8 usesthe global librariesto build the simulation data base.

Local meansthe information is stored within the circuit. Each time you run an
analysis, MC8 usesthelocal in-circuit copy of the modelsto build the simulation
data base.

To localize or ssimply refresh model information, use the Edit Menu / Refresh
Models @ command. This command can either copy model data into the local
circuit or refresh model data already there depending upon the options chosen
fromitsdiaog box.
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Deleting objects

We can now edit text and component parameters. How about deleting objects?
Like editing, deleting requires that the objects be selected. Once selected, they
can be deleted with one of two commands; Cut and Clear. Clear, activated by the
Del key, deleteswithout copying to the clipboard. Cut, activated by CTRL + X,
deletes and copiesto the clipboard. To illustrate, select the pulse source in the
DIFFAMP circuit by clicking it. Asusual the program colorsit to show that it is
selected. Press the Del key and the program removes the source.

Undoing and redoing operations

M C8 provides multistage undo and redo functions to reverse the effects of sche-
matic edits and a simple one-stage undo function for most text fields. Toillustrate,
press CTRL + Z to undo the deletion. The source, which we just deleted, reap-
pears. Press CTRL + Y to redo the change and the source disappears again.

The clipboard

MC8 maintains two clipboards for temporary storage. One is for schematics and
the other isfor text fields. There are two important clipboard operations.

To copy something to the clipboard, select it, then press CTRL + C.

To paste the contents of the clipboard to a schematic, click the mouse on the
schematic at the desired insertion point and press CTRL + V. The clipboard
contents are then copied to the schematic and selected. They can be moved
by dragging on any selected object in the group. Clicking on any deselected
object deselects all objects.

Toillustrate, click on the Select button M inthe Tool bar. Place the mouse at

the upper left of the second differential stage of the DIFFAMP circuit. Drag the
mouse to the lower right until the display lookslike Figure 3-13. Upon rel ease of
the mouse button, objects originating inside the outline box are selected. Objects
originating outside the box are not sel ected.
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Figure 3-13 Selecting a region for copying to the clipboard

Now press CTRL + C to copy the selected region to the clipboard. Move the
mouse to the right of the battery and click the left button. This movesthe insertion

point. Press CTRL + V to paste the contents of the clipboard to the insertion
point. Your circuit should now look likethis:
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Figure 3-14 After pasting the clipboard contents

The saved region has been copied, or pasted, from the clipboard to the schematic.
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Selection

Single objectsor entire regions may be selected for editing, deleting, moving, ro-
tating, mirroring, stepping, or copying. They may be selected or desel ected indi-
vidually or asagroup. Clicking on an object or region whilethe SHIFT key is
down toggles the selection state. If the object or region was formerly selected, it
becomes deselected. If it was formerly deselected, it becomes selected.

Toillustrate, pressthe SHIFT key and hold it down. Click on the Q7 transistor in
the selected group. Be careful not to click on the name Q7 as that will select the
PART attribute rather than the part itself. Release the SHIFT key and the circuit
lookslikethis:
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Figure 3-15 Partial selection using SHIFT + mouse click

The Q7 transistor is now deselected. If you press the Del key, Q7 will remain but
the rest of the selected region will be deleted. Press the SHIFT key and click the
same transistor and it is again selected. If you now press the Del key, the entire
selected region will be deleted.

By using partial selection, virtually any subset of a schematic can be selected for
editing, copying, deleting, or moving.

To complete this part of the tutorial, click on the Revert option from the File
menu to restore the DIFFAMP circuit.
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Drag copying

Ordinarily, when you drag a selected object or group of objects, the entire group
moves with the mouse. However, if you hold down the CTRL key while you drag,
MCS8 leaves the original selected objects in place, makes a copy, and drags the
copy along with the mouse. It's like tearing off a sheet from a pad of printed cop-
ies. Aswith stepping and clipboard pasting, the part names are incremented. Grid
text is incremented only if the Options / Preferences / Options/ Text Incre-

ment option isenabled.

Toillustrate with the DIFFAMP circuit, click on the Select button, and drag a
region box around the V2 battery at the upper right. Release the button. Press
CTRL. Click within the selected region and drag it to the right. Notice that a copy
of the selected region is created as shown below.
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Figure 3-16 Drag copying

Drag copying is usually more convenient than clipboard cut and paste when you
need to make only one copy. Its one step operation is easier and simpler to use
than copying and pasting from the clipboard.

If you plan to paste more than one copy, then copying and pasting from the clip-
board isusually faster.
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Pan means to
move the
window view.

Navigating largeschematics

How do you navigate alarge a schematic?

1. Panning: Thisis by far the easiest method. To mouse pan, drag the right
mouse button. It'slike sliding a piece of paper across a desktop. Keyboard
panning uses CTRL + <any cursor key> to move the view in the direction of
the arrow.

2. Scroll bars: Use the schematic scroll bars. Thisis slow but sure.

3. Relocation: Use the SHIFT + click method to relocate and change views.
While holding down the SHIFT button, click the right mouse button where you
want the window centered. Clicking toggles the scale between high and low
magnification and centers the schematic at the mouse position.

4. Use the Page scroll bar if the desired area is on another page or use
CTRL + PAGE UP and CTRL + PAGE DOWN to navigate the pages.

5. Place flags where desired using the flag modea button. Then select a
flag from thelist by clicking on the Go To Flag @ button.

6. Use the Zoom-Out @&} | or Zoom-In gl buttonsin the Tool bar.
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Figure 3-17 The UA709 circuit
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TheZoom-In
button increases
theimagesize

The Zoom-Out
button decreases
theimagesize

To illustrate these methods, load the circuit UA709. It lookslike Figure 3-17. At a
resolution of 600 X 800, it'stoo large to see at the default scale, so shrink itsscale
by clicking twice on the Zoom-Out button. At this scale the circuit lookslikethis:
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Figure 3-18 After clicking the Zoom-Out button

Simultaneously pressthe SHIFT key and click the right mouse button in the
lower right, near the two transistors. This centers the schematic at the mouse po-
sition and redraws it at normal scale.
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Figure 3-19 The UA709 after repositioning
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Panning uses the
keyboard cursor
keys or aright
button mouse
drag to move the
schematic.

Another SHIFT + click redraws the circuit at the low magnification scale. A final
SHIFT + click near the upper left corner returns the schematic to 1:1 scale.

Panning is probably the easiest and most powerful method of moving around most
schematics. To pan, drag anywhere on the schematic using the right mouse but-
ton. While holding the button down, drag the mouse and move the schematic.
When the mouse is at or near awindow edge, rel ease the mouse button. Repeat
the procedure until the schematic isin the desired position. Pan the UA709 circuit
by clicking near the center and dragging |eft. This moves the schematic to the | eft,
exposing more of theright-hand portion.

Finally, you can use flags to navigate the schematic. This method is most useful
for very large schematics where panning might take many attempts to span the
entire schematic. In this method you place flags in the schematic where you ex-
pect to want to visit in the future. Then simply picking the flag from the list cen-
ters the schematic view around the selected flag. To illustrate, click on the Go To

Flag ﬁ button or select Edit / Go To Flag. Select the ' OUTPUT' flag from the
list. This redraws the schematic, centered on the flag, as shown below.
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Figure 3-20 Navigating with flags

Closethe UA709 file without saving it.
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Creating and editing SPICE text files

MCS8 can create and analyze SPICE text file circuit descriptions as well as sche-
matics. SPICE text files may be created externally with a word processor or text
editor, or internally using the MC8 text editor. Toillustrate the procedure for cre-
ating atext file, select the New option from the File menu. This presents a dialog
box where you specify the type of file to create. Click on the SPICE/Text option,
then on the OK button. This opens a new text window and positions the text cur-
sor at the upper |eft.

Typeinthefollowing:

CHOKE.CKT

V110 SIN (0100 50)

V203 SIN (0100 50)

D112DIO

D232DIO

L1425

R102 10K

R204 10K

C104 2UF

.MODEL DIO D (IS=1E-14 CJO=10PF)
.TRAN .2m 0.050 .2m

.TEMP 27

PLOT TRAN V(1) V(2) V(3) V(4) -150,200
.END

Save the circuit under the name CHOKEL.CKT using the Save As option from
the File menu. Note that SPICE circuit file names do not require or assume an
extension. Thereis no default extension. Any extension except "CIR" can be
used. The "CIR" extension isreserved for schematic files. By convention, MC8
uses"CKT" for SPICE files, but any extension except "CIR" will do.

New SPICE/Text files are created in the same way as schematics, by using the
New command from the File menu.
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Figure 3-21 The sample SPICE circuit

Your circuit should look like Figure 3-21. PressALT + 1 to run atransient analy-
sis. When the AnalysisLimits dialog box is displayed, press F2 to run the analysis.
Theresultsshould look like Figure 3-22.
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Figure 3-22 Transient analysis of the SPICE circuit

After the analysis the program automatically determines suitable scalesif needed
and plots the requested waveforms as specified in the .PLOT statement.

Exit the analysis by pressing F3, then close thefilewith CTRL + F4.
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Summary

The most important ideas and methods covered in this chapter are:

® To open a new schematic use the New item on the File menu, or use the
one automatically opened when the program first starts.

® Change the default component if it is different from the one you want to
add. Default components are selected from the Component menu, a
Component palette, or one of the part buttonsin the Tool menu.

® To add a component, press CTRL + D or click the Component mode
button. Select the component you want from the Component menu, User
palette, or Tool bar button. Click the mouse on the schematic and drag it into
place. If necessary, change its orientation with the right mouse button.

® Press CTRL + W or click the Wireitem in the Tool bar to add wires.
® Components are connected with wires. To add awire, click at one
endpoint, drag the mouse to the other endpoint, then release it. Crossing
wires do not connect.

® Press CTRL + T or click the Text button in the Tool bar to add text.

* Add text to nodes to name them for easy reference or use the node
numbers. Nodes with the same name are connected.

* To edit, move, copy to the clipboard, or delete an object, it must first be
selected. To select an object, press CTRL + E to enter the Select mode, then
click the abject. To select aregion, drag the mouse over the region. Use
SHIFT + click to deselect an abject in a selected group.

* Selected aobjects are copied to the clipboard with CTRL + C and pasted to
the cursor location with CTRL + V.

® CTRL + drag copies and renames selected objects.

* Navigating aschematic is done by scrolling, panning, changing the scale,
positioning with SHIFT + click, using flags, and page scrolling.
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Chapter 4 TransentAnalysis

What's in this chapter
Transient analysisisthe topic of this chapter. Using the MIXEDA4 circuit, the ca-
pabilities of the time domain simulator are explored. The goal isto introduce and
build a sound understanding of these basic subjects:

® Controlling theanalysisthroughthe AnalysisLimitsdialog box

® Selecting curvesto plot or print

® Statevariablesandinitialization

® State Variables editor
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Command buttons

Numericlimits

TheTransient AnalysisLimitsdialog box

Load the MIXEDA4 circuit file and select Transient from the Analysis menu.
MC8 extracts the necessary circuit information directly from the schematic. More
information is needed before the analysis can begin, and that information is sup-

plied by the AnalysisLimitsdial og box.

{8 Transient Analysis Limits

Fun | Add | Delete | Expand. | Stepping... | Properties | Help... |
Time Range oo BunfOptins Marmal -
Maimum Time Step - SEeVaidles [z z
Murber of Paints D— W (perating Point
Temperature ILmealj 27 [™ Operating Paint Only
Retrace Runs 1— ™ futo Scale Ranges

[ 1

Options

%  Expression ' Expression | ¥ Range | ' Range | > |
NEmE T [viw” | Expand.. [fe007 ooz
EME T [0t \C/a”atb‘e: : [ee0m7 1oz
Curve options pSaIS .
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© Funcfions  » |Ee-DD? |NIA
Operators -
Variables list G b [ee007 [h
|5e-nu7 |NIA
MERE | T | [fedm [h
Expressions : N
Figure4-1 The Analysis Limits dialog box
The AnalysisLimitsdialog box hasfive main areas: Command buttons,
Numericlimits, Curveoptions, Expressionfields, and Options.
The Command buttons, located just above the Numeric limitsfield, contain
Command seven commands.
buttons

Run: Thiscommand starts the analysis run. Clicking the Tool bar Run

button ﬂ or pressing F2 will also start the run.

Add: Thiscommand adds another Curve options field and Expression field
line after the line containing the cursor. The scroll bar to the right of the

Expression field scrolls 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. Steppingis
covered 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: This command invokes the Help Screen. The Help system provides
information by index and topic.

- The Numeric limitsfield provides control over the analysistime range, time step,
Numericlimits 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 equals <tmax>.

* Maximum Time Step: This field defines the maximum time step that the
program is allowed to use. The default value, (<tmax>-<tmin>)/50, is used
when the entry isblank or O.

* Number of Points: The contents of this field determine the number of
printed values in the numeric output. The default valueis 51. Note that this
number is usually set to an odd value to produce an even print interval. The
print interval isthe time separation between successive printouts. The print
interval used is (<tmax> - <tmin>)/([number of points] - 1).

* Temperature: Thisfield specifies the global temperature(s) of the run(s)
in degrees Celsius. Thistemperatureis used for each device unlessindividual
device temperatures are specified. If the Temperature list box shows Linear
or Logtheformat is:

<high> [, <low> [ , <step>1]]

The default value of <low> is <high>, and the default value of <step> is
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Curveoptions

Expressions

<high> - <low> (linear mode) or 1.0 (log mode). Temperature values start

at <low> and are either incremented (linear mode) or multiplied (log mode) by

<step> until <high> is reached.

If the Temperature list box shows List the format is:
<tI>[,<t2>[,<t3>][,..]]

wheretl, t2,.. are individual values of temperature.

One analysisis done at each specified temperature, producing one curve
branch for each run.

The Curve optionsfield islocated below the Numeric limitsfield and to the left of
the Expressions field. Each curve option affects only the curveinitsrow. The
optionsfunctionasfollows:

Thefirst option toggles the X-axis between alinear @ and alog || plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear | and alog
plot. Log plots require positive scal e ranges.

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EF| option prints atable of the curve's numeric values. The number of

values printed is set by the Number of Pointsvalue. The tableis printed to
the Numeric Output window and saved in the file CIRCUITNAME.TNO.

A number from 1 to 9 in the (P) column places the curve into a numbered
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 X Expression and Y Expression fields specify the horizontal (X) and vertical
(Y) expressions. MC8 can evaluate and plot a wide 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)*1(V1)*sin(2* PI* 1E6* T).
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Variableslist

Transientoptions

Clicking the right 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 the right mouse button in the
other fieldsinvokesasimpler menu showing suitable choices.

The X Range and Y Range fields specify the numeric scales to be used when
plotting the X and Y expressions. Theformat is:

<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]

<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTQO" in
the scale range calculates that individual range automatically. The Auto Scale
Ranges option calculates scales for all ranges during the simulation run and up-
datesthe X and Y Range fields. The Auto Scale (F6) command immediately
scales all curves, without changing the range values, letting you restore them with
CTRL + HOME if desired. Note that <grid spacing> and <bold grid spacing>
are used only on linear scales. Logarithmic scales use a natural grid spacing of 1/
10 the mgjor grid values and bold is not used. Auto Scale uses the number of grids
specified in the Properties dialog box (F10) / Scales and Formats / Auto/
Static Gridsfield.

Theseoptionsincludethefollowing:
* Run Options
* Normal: Thisrunsthe simulation without saving it.

® Save: Thisrunsthe simulation and savesit to disk, using the same
format asin Probe. The file nameis CIRCUITNAME.TSA.

* Retrieve: Thisloadsapreviously saved simulation and plots and prints
it asif it were anew run. The file name is CIRCUITNAME.TSA.

® State Variables
These options determine the state variables at the start of the next run.

® Zero: Thissetsthe state variable initial values (node voltages, inductor
currents, digital states) to zero or X.

* Read: Thisreads a previously saved set of state variables and uses
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them astheinitia valuesfor the run.

* |_eave: Thisleaves the current values of state variables alone. They
retain their last values. If thisisthe first run, they are zero. If you have
just run an analysis without returning to the Schematic editor, they are
the values at the end of the run. If the run was an operating point only
run, the values are the DC operating point.

® Retrace: Thisrunsthe analysis N times, where N is the number in the
Retrace Runsfield. For thefirst run, normal initialization isdoneand, if
requested, the operating point is calculated. Initial conditions are retained
for subsequent runs, whether invoked manually with F2 or automatically
by using a number greater than 1 in the Retrace Runs field.

® Operating Point: This calculates a DC operating point. It uses theinitial
state variables as a starting point and calculates a new set that represents the
DC steady state response of the circuit to the T=0 values of al sources.

® Operating Point Only: This calculates a DC operating point only. No
transient run is made. The state variables are |eft with their final operating
pointvalues.

® Auto Scale Ranges: This setsthe X and Y range to AUTO for each new
analysisrun. If it is not enabled, the existing scale values fromthe X and Y
Range fields are used.

Resizing
* Field size adjustment: You can adjust the field sizes by dragging the lines
that separate the column titles (e.g. X Expression, Y Expression, efc.).

® Auto-size: Clicking the Auto-size button automatically adjuststhe
field sizesto match existing expression lengths.

® Grow: Drag on the Grow icon to increase the size of the dialog box.
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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Note: MC8
initially selects
thevoltage
curves of the
first two named
nodes for
plotting.

Plotting other
curves

Selecting curvesto plot or print

MC8 automatically creates a set of analysis limits for newly created circuits. It
tries to guess what curves you may want to look at and what plot and analysis
options you may want. Usually, it is necessary to change theseinitial guesses.
Changes you make to any entry in the Analysis Limits dialog box are saved with
the circuit file, so you don't need to enter these each time you run.

Click on the Run button to do the transient analysis of the MIXEDA4 circuit.
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Figure 4-2 Transient analysis of MIXED4

Thetop five curves are digital and show the CLR input, clock input, the state out-
puts of the first two flip-flops, and the decimal value of the three flip-flop outputs.
The next two curves are plots of the voltage at the input pulse source and the

output of the analog section. In general, V(A) plots the voltage on an analog node
A. D(B) plotsthe state of a digital node B.

Y ou can plot expressions using avariety of variables such as node voltage or de-
vice terminal voltage or current. To plot different curves, you can add new curve
fields or you can change existing ones. To illustrate, press F9 to display the
AnalysisLimitsdialog box. Click in any column of thelast row. Click the Add
button in the upper part of the dialog box. This adds a new curve row and moves
the text cursor to the P column of the new row. It also duplicates the contents of
all fields of the row above. Click the Delete button. This deletes the curve just
added. Click the Add button to add the curve row back. Since we want the new
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Use the Vari-
ableslistto
select hard-to-
remember
functionand
variable names.

curves to be placed on a separate plot group, change the '1' in the P column to '2'.
Press the Tab key twice or click the mouse inthe Y Expression field. Typein the
followingexpression:

"|C(Q4)* VCE(Q4)"

Press the Tab key twice to move the cursor to the Y Range field and type
"Auto". Thistellsthe program to determinethe Y scale range automatically, after
the run. During the run, MC8 uses a default scale to start the plot. Several times
during therun it will revise the scales based upon the curves. When therunis
complete, MC8 determines the scale necessary to show the complete curves,
plotsit, and enters the new scalesinto the X and Y range fields.

If you can't remember the variable or function name you want, use the Variables
list asamemory aid. Toillustrate, click the Add button again. Click inthe new Y
Expression field with the |eft mouse button. Type CTRL + A to select the entire
Y expression. Click on any part of the selected Y expression with the right
mouse button. Thisinvokesthe Variableslist, asmall pop-up menu that lets you
select variables, functions, and operators. It also lets you expand the limited text
editing areato afull sizetext edit dialog box. Thisishandy for complex expres-
sions with many parentheses. Click on Variables and then on Device Currents.
Thisdisplaysadialog box with alist of the available device currentsin the circuit.
Click on I(VCC), then on OK. Thetext "I(VCC)" isentered in the Y Expression
field and the cursor is placed to theright of the text. The Y expression will now
looklikethis:

1(VCC)

Type "*". Click the right mouse button and select Variables/ Device Voltages
/V(VCC). Click OK. The Y expression should now look likethis:

I(VCC)*V(VCC)

Press the Home key to move the cursor to the start of the field. Click the right
mouse button and click Functions/ Calculus/ SUM. SUM isthe integration
operator. It integrates the expression to the right of the text cursor, with respect
to the X expression variable, T. Press the End key to put the cursor at the end of
thefield and type "/T". This produces an expression for the average power sup-
plied by the VCC battery. The'Y expression should now look likethis:

SUM(I(VCC)*V(VCC),T)/IT
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Plot group 1

Plot group 2

Since the new curve was created with Auto MC8 will determine the actual range
after the run and calculate a suitable Y scale. Because there are two curves
sharing the same plot group, it can do thistwo ways;, 1) by finding acommon
scale large enough to show all of both graphs, or 2) by finding an individual scale
for each curve and printing two Y scales. The choice is determined by the Same
Y Scales For Each Plot Group option on the Scope menu. If thisoption is
checked, then all curvesin each plot group will share acommon scale large
enough to plot al parts of each curve. Thisistrue regardliess of whether auto or
user-specified scales are used. If you select this option, MC8 draws a single scale
using the largest of the specified or calculated scales. Click the Run button. Here
is how the new run looks when the option is disabled.

& Micro-Cap 8.0.0.0 - [Transient Analysis] |- [=]x
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Figure 4-3 Transient analysis with two plot groups

Group 1 containsthe original curves. Group 2 contains the new curves: the instan-
taneous collector power of the output transistor Q4, and the average power sup-
plied by the VCC battery. Plot grouping is specified by the P column number. All
curves with the same number are plotted in the same group.

Analog and digital curves may be grouped together or separately. When grouped
together, digital curves are plotted in the same order they occur in the dialog box,
starting at the top of the graph. Analog curves are plotted using the range scales,
which only apply to analog curves. This can cause the curves to overlap. Overlap
can be minimized by compressing the analog curves with alarge Y Range value.
Separating analog and digital curvesinto groups avoids overlap but isless conve-
nient when comparing the two sets of curves at the same time value.
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Same Y Scales

To see how the plot would look with common Y scales, enable the Same Y

Scales For Each Plot Group option on the Scope menu. The plot looks like this:
Micro-Cap 7.0.0 - [Transient Analysis] HE R
T File Edit ‘Windows Opfions Iransient Scope bonte Carlo Help - |@]x]
&l MOME PG #&W#&
hfpr22 W 2T (v 0|7 M8 8NV AY S REanE D F
10 MIEDS CIR
g.00[ ™
B 1T .S
400 , .
A A VAV VA
v 0.00n 120.00n 240.00n 360.00n 480.00n 600.00n
N WEOUT) DICLR) D(3§ATOD) D D(B) DEC(C,BA
a0 T
15.00m
0.00m /_\_(\ /_\J\ f\y\ /Xr'\
-15.00m
-30.00m
4500 g 120.00n 240.00n 360.00n 430.00n 600.00n
IC{Q4™CE(Q4) suM(l(vccr\_/r(\/CC),T)rr

Figure 4-4 The plot with the Same Scales option enabled

The two scales have been collapsed into acommon scale, containing the largest
and smallest scale values from each.

Whilecolor identifiesindividual curves, black and white printers create plots

TokensOption whereit is hard to tell the curves apart. Tokens can help identify the different
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curves. To illustrate, click on the Tokens button =*|.
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Figure 4-5 The plot with tokens
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The Plot Properties dialog box

Curve display and format can be changed with the Plot Properties dialog box.

Press F10 to invoke the dialog box for the plot. It lookslike this:

Propertias
Plot | Soales and Fomats | Colors. Fonts, and Lines | Header | Save Curves | Tool Bar |
Cunves Title
WIXED . CIF: ¥ Ao
Cunve Plot Group Plot Type
(B) 7 Show [ -l [
DEC(CEA)
ICE04PVCE (09)
SUMIICYCTPVECT) TIT
oK Cancsl | | Help

Figure 4-6 The Properties dialog box

From the Curve Line section of the Colors, Fonts, and Lines panel, select

V(OUT) and awidth of 3. Click on V(IN) and select the third pattern in the list.

Click the OK button. Disable tokens by clicking the ﬂ Tokens button in the Tool

The screen should look likethis:

E Micro-Cap 7.0.0 - [Transient Analysis]
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Figure 4-7 Using line width and pattern
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Data Points
Option

L et's experiment with some of the other options. Click on the Data Points button

d. Thistoggles the display of marker icons for the cal culated data points. Since

the option wasinitially disabled, clicking the button enablesit, and the data point
marker icons are added producing a plot that looks like this:

& Micro-Cap 8.0.0.0 - [Transient Analysis]
E File Edit Windows Options Transient Scope  Monte Cado  Model Help 18]

EEECE e [l = R S =)
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T

S N | S | R | S | R—

0.00n 120.00n 240.00n 360.00n 480.00n RO0.00R
IC{QACE(Q4) SUMIMCCIVCC) T
t

Figure 4-8 The plot with the Data Points option enabled

Since the simulator uses a variable time step algorithm to minimize errors and
accelerate the run, the actual time points will not be regularly spaced. The data
point markers are placed at the actual computed time points. There are at least
two situations where you might want to see these:

Inadequate curve sampling: This can happen in transient analysis when the
simulator flies past a switch threshold. It may also happen that you want more
data pointsto "fill in" source curvesthat look choppy. Even though the charge
error isstrictly controlled by the internal truncation error routines, the data
sampling may seem inadequate. Data point icons show where the data points
are and whether more will help. In AC analysis, your plot may miss a steep
spike on a narrow pass or reject band. Data point icons show whether the
simulator actually made a cal culation within the band.

Identifying real curve spikes: Sometimes you see spikes on curves. If the
curve changes direction from one data point to the next, it'slikely the spikes
are simply artifacts of the integration routines. The only way to tell isto mark
the data points. If they are integration artifacts, you can reduce them by
decreasing RELTOL or the minimum time step or both.
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. , Toillustrate some other options, click on the horizontal axisgrid [l and vertical
Experimenting . . .
withtheoptions axisgrid E| buttons. The plot should now look likethis:
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Figure 4-9 Adding grids to the plot

Press F9, then click on the Operating Point and Operating Point Only buttons.
Thistellsthe program to do an operating point cal cul ation, and then stop. An oper-
ating point calculation setsall sourcesto their defined initial values, removesall
capacitors, and replaces all inductors with short circuits. It then calculates the
steady-state DC values of the state variables (node voltages, inductor currents
and digital states) at theinitial time point. This set of valuesisreferred to asthe
DC operating point. Press F2 to do the operating point only run. Since we're doing
only an operating point, no plot will appear. Exit the analysis by pressing F3. Click
on the Node Voltage @ button and MC8 displays the last calculated states and

voltages. In this case, since wejust completed an operating point only calculation,
these are the operating point values.
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Statevariablesandinitialization

State variables define the state or condition of the mathematical system that rep-
resentsthe circuit at any instant. These variables must be initialized to some value
prior to starting the analysisrun. Hereishow M C8 doesthe initialization:

Setup initialization:
When you first select atransient, AC, or DC analysis, all state variables are
set to zero and all digital levelsto X. Thisis called the setup initialization.

Run initialization:

Each new run evokes the run initialization based upon the State Variables
option from the Analysis Limitsdial og box. Thisincludes every run, whether
initiated by pressing F2, clicking on the Run button, stepping parameters, using
Monte Carlo, or stepping temperature. There are three choices:

Zero: The analog state variables, hode voltages, and inductor currents are
set to 0. Digital levelsare set to X, or in the case of flip-flop Q and QB
outputs, set to 0, 1, or X depending upon the value of DIGINITSTATE.
Thisvalueisdefined inthe Global Settingsdialog box. Thisistheonly
optioninDC analysis.

Read: MC8 reads the variables from the file CIRCUITNAME.TOP.
Thefileitself is created by the State Variables editor Write command.

L eave: MC8 does nothing to theinitial state variables. It simply leaves
them aone. There are three possibilities:

First run: If the variables have not been edited with the State
Variableseditor, they still retainthe setup initialization val ues.

Later run: If the variables have not been edited with the State
Variables editor, they retain the ending values from the last run.

Edited: If the variables have been edited with the State
Variables editor, they are the values shown in the editor.

Retrace: MC8 does nothing to the initial state variables. It smply leaves
them aone.
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Device initialization:
Deviceinitializationisthethird step. It isaways done for the first run and for
subsequent runs if Retrace is disabled.

After the State Variables option has been processed, .IC statements are
processed. Device IC statements, such as those for inductor current and
capacitor voltage, override .IC statements if they are in conflict.

Note that .IC statements specify values that persist throughout the
initial bias point calculation.

They are moreresilient than simpleinitial valueswhich can (and usually
do) change after thefirst iteration of the bias point. This may be good or
bad depending upon what you are trying to achieve.

Using theseinitial values, an optional operating point cal culation may be
done and the state variables may change. If no operating point is done,
the state variables are left unchanged from the initialization procedure. If
an operating point only is done, the ending state variable values are equal
to the operating point values.

Thetransient analysis begins after the setup, run, and deviceinitializations are
complete.
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The State Variables editor

Toillustrate the State V ariables editor load the circuit, MIXEDL. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E-\mc8\dataimixed1.CIR]
[ File Edit Component ‘Windows Options  Analysis Design  Model Help |8 x
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[T [W\Page 1 {Text Models ;Info / <] D

Figure 4-10 The MIXED1 circuit

Thiscircuit contains an analog section driving adigital section. Select Transient
from the Analysismenu. The analysislimitslook likethis:
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Figure 4-11 MIXED1 analysis limits
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Press F2 to start the run. The results look like this:

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 4-12 The transient analysis run

Select the State Variables Editor from the Transient menu. It looks like this:

i State Variables Editor
Node Voltages Incluctor Currents MNode Levels
ouT 5 L1 +1.08668-001 A 0
IN +5.000002+000 ouT2 1
$G_DGND +0.00000e+000 13ATOD 1
$G_DPWR +5.00000e+000
Time =4e-007
Close | Clear ‘ Read ‘ ‘rite | Print ‘ Ic ‘ Help |

Figure 4-13 The State Variables editor

This editor letsyou view and edit state variable values. State variables consist of
node voltages, shown in the left column, inductor currents, shown in the middle
column, and digital nodelevels, shown intheright column. Node voltagesand digi-
tal node levels are identified by the node name, if one exists, or the node number
otherwise. Inductors are identified by the part name.

The display shows the current values of the state variables. Since we've just fin-
ished atransient analysis these values are from the last data point of the run.

Let's experiment with these values. Double-click the mousein the L1 inductor

field and type ".2". This sets the inductor current to 0.2 amps. Double-click in the
OUT voltage field and type "6". This setsthe OUT nodeto 6.0 volts. Double-click
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inthe OUT2 digital nodelevel field and type"X". This setsthe OUT2 node level
to X. Click on the Close button. The Run Options from the Analysis Limits dialog
box are set to skip the operating point and to leave the state variables when we
start the run. These choices tell the program to use the current state variables
values, which we have just edited, for the initial values. Since we have requested
no operating point, theinitia point on the plot should reflect the valuesin the State
Variables editor. Press F2 to start the run. When the run is complete, press F8 to
place the display in the Cursor mode. Theresultslook likethis:

& Micro-Cap 8.0.0.0 - [Transient Analysis] HER
E FEile  Edit Windows Options Transient Scope Monte Carlo  Model Help 18] x|
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o Right Delta Slope
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I(L1y 0.200 0113 -0.087 -2.170E05
DA 0 0
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Initial values

Figure 4-14 The new run in Cursor mode

Notice that the initial value of V(OUT) (shown under the Left cursor column), is
the 6.0 voltswe specified in the State Variables editor. Similarly, theinitial value

of theinductor current is0.2 and theinitial value of the digital level of node OUT2
isX.

Exit the analysis with F3 and close the circuit file with CTRL + F4.
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Chapter 5 ACAnalysis

What's in this chapter
AC andysisisthetopic for thistutorial. In particular, these subjects are covered:
* AC analysis
* The AC AnalysisLimitsdialog box
* Experimenting with the optionsand limits
® Selecting curvesto plot or print
* Picking plot options
* Numeric output
® |nput and output noise plots
* Nyquist plots
® Smith charts

* Polar plots
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What happensin AC analysis

What happens during an AC analysis? First, an optional DC operating point is
calculated. Digital nodes stahilize at an operating point state and potentially affect
analog nodes to which they may be attached. Linearized, small signal AC models
are then created for each component and integrated into a set of linear network
equations. These are repeatedly solved at many frequency points to obtain the
small signal response of the circuit to whatever AC excitation is present in the
circuit. Thelinearized AC model of adigital component isan open circuit. This
meansthat digital partsareignored during small signal analysis.

The excitation is supplied by one or more independent curve sourcesin the circuit.
Pulse and Sine sources provide afixed, real, 1.0 volt AC signal. User sources
provide asignal comprised of thereal and imaginary parts specified in their files.
The SPICE independent sources, V and |, provide user-specified real AC signal
amplitudes. Function sources can create an AC signal only if they have a FREQ
expression. These are the only sources that generate AC excitation.

AC analysis represents the excitation and system variables (node voltages and
various branch currents) as complex quantities. Operators, such as RE (redl), IM
(imaginary), dB (20*Log()), MAG (magnitude), PH (phase), and GD (group de-
lay) are provided to print and plot these complex quantities.

Toexplore AC analysis, load the file DIFFAMP. It looks like this:

& Micro-Cap 8.0.0.0 - [E:\mc8\datatdiffamp.cir]
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Figure 5-1 The DIFFAMP cir cuit
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Command buttons:

Choose AC from the Analysis menu. When the AC Analysis Limits dialog box

comesup, thefieldsshould ook likethis:

Numericlimits

Curve options
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Figure5-2 The AC Analysis Limits dialog box

Inthiscircuit, we have asingle source providing a1.0 volt AC signal. Thedialog
box instructs MC8 to sweep the frequency from 1K to 10Meg and produce plots
of the magnitude of the voltage at the node OUTA and the phase angle of the

voltage at node OUTB. Press F2 and the result looks like this:

& Micro-Cap 8.0.0.0 - [AC Analysis]
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Figure5-3 The AC analysis plot
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TheACAnalysisLimitsdialog box

TheAnalysisLimitsdialog box isdivided into five principal areas: the Command
buttons, Numericlimits, Curve options, Expressions, and Options.

The command buttons are located just above the Numeric limits.

Run: Thiscommand starts the analysis run. Clicking the Tool bar Run
ﬂ button or pressing F2 will also start the run.

Add: Thiscommand adds another Curve optionsfield and Expression
field line after the line containing the cursor. The scroll bar to the right of the
Expression field scrolls the curve rows when needed.

Delete: This command del etes the Curve option field and Expression
field line where the text cursor is.

Expand: This command expands the working area for the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand calls up the Stepping dialog box. Stepping is
reviewed in a separate chapter.

Properties. Thiscommand invokes the Properties dialog box which lets you
control the analysis plot window and the way curves are displayed. See
the Plot Properties dialog box articlein Chapter 4, "Transient Analysis'.

Help: Thiscommand calls up the Help Screen. The Help System provides
information by index and topic.

The definition of eachitem inthe Numeric limitsfield isasfollows:
® Frequency step list box

® Auto: This method uses the first plot of the first group asa
pilot plot. If, from one frequency point to another, the plot hasa
vertical change of greater than [maximum change %] of full
scale, the frequency step is reduced, otherwise it is increased.
[maximum change %] is the value from the fourth numeric field
of the AC AnalysisLimitsdialog box. Auto isthe standard
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method because it uses the fewest number of data points to
produce the smoothest plot.

® Linear: This method uses a frequency step that produces
horizontally equidistant data points on alinear scale. The number
of datapointsis controlled by the Number of Pointsfield.

® Log: This method uses a frequency step that produces
horizontally equidistant data points on alog scale. The number of
data pointsis controlled by the Number of Pointsfield.

* List: This method uses acomma-delimited list of frequency
points from the Frequency Range, asin 1E8, 1E7, 5E6.

* Frequency Range: Thisfield controls the frequency range for the
analysis. The syntax is <Highest Frequency> [, <Lowest Frequency>].

If <Lowest Frequency> 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 valueis 51. This number
isusually set to an odd value to produce an even print interval.

For the Linear method, the frequency step and the print interval are:
(<Highest Frequency> - <Lowest Fregquency>)/(<Number of points> - 1)
For the Log method, the frequency step and the print interval are:

(<Highest Frequency> / <Lowest Frequency>)Y(<Number of points> - 1)

* Temperature: Thisfield specifies the global temperature(s) of the run(s)
in degrees Celsius. Thistemperatureis used for each device unlessindividual
device temperatures are specified. If the Temperature list box shows Linear

or Logtheformat is:

<high> [, <low> [ , <step>1]]
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The default value of <low> is <high>, and the default value of <step>is
<high> - <low> (linear mode) or 1.0 (log mode). Temperature values start

at <low> and are either incremented (linear mode) or multiplied (log mode) by
<step> until <high> is reached.

If the Temperature list box shows List the format is.
<tl>[,<t2>[,<t3>][,..]]
wheretl, t2,.. are individual values of temperature.

* 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: This field holds the name(s) or number(s) of the output
node(s) to be used for noise calculations. If the INOISE and ONOISE
variables are not used in the expression fields, 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:

Thefirst option toggles the X-axis between alinear m and alog || plot.

The second option toggles the Y -axis between alinear % and alog |E]| plot.

The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EF| option prints a table showing the numeric value of the curve.

The values printed are those actually calculated. The table is printed to the
Numeric Output window and saved in the file CIRCUITNAME.ANO.

The[i]] option selects the basic plot type. In AC analysis there are three
types available, [[il] rectangular, [ polar, and [ 1] Smith.
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A number from 1 to 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 Expressionsfield specifies the horizontal (X) and vertical (Y) scale ranges
and expressions. The expressions are treated as complex quantities. Some com-
mon expressions are F (frequency), db(v(1)) (voltagein decibels at node 1), and
re(v(1)) (real voltage at node 1). Note that while the expressions are evaluated
as complex quantities, only the magnitude of the Y expression vs. the magni-
tude of the X expression is plotted. If you plot the expression V(3)/V(2), MC8
evaluates the expression as a complex quantity, then plots the magnitude of the
final result. It isnot possibleto plot acomplex quantity directly vs. frequency.

Y ou can plot the imaginary part of an expression vs. itsreal part (aNyquist plot),
or you can plot the magnitude, real, or imaginary partsvs. frequency (aBode

plot).

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 "AUTO" in
the X or Y scale range calculates its range automatically. The Auto Scale Ranges
option calculates scalesfor all ranges during the simulation run and updates the X
and Y Range fields. The Auto Scale (F6) command immediately scales all curves,
without changing the range values, |etting you restore them with CTRL + HOME
if desired. Note that <grid spacing> and <bold grid spacing> are used only on
linear scales. Logarithmic scales use anatural grid spacing of 1/10 the major grid
values and bold is not used. Auto Scal e uses the number of grids specified in the
Properties dialog box (F10) / Scales and Formats / Auto/Static Grids field.

Clicking the right mouse button inthe Y expression field invokesthe Variables
list. It lets you select variables, constants, functions, and operators, or expand the
field to allow editing long expressions. Clicking the right mouse button in the other
fieldsinvokesasimpler menu showing suitable choices.

* Run Options

® Normal: Thisrunsthe simulation without saving it to disk.
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® Save: Thisrunsthe ssmulation and savesit to disk in the Probe format.

* Retrieve: Thisloads a previously saved simulation and plots and
printsit asif it were anew run.

* State Variables: These options determine what happens to the time
domain state variables (DC voltages, currents, and digital states) prior to the
optional operatingpoint.

® Zero: Thissetsthe state variable initial values (node voltages, inductor
currents, digital states) to zero or X. This option forces an operating point.

® Read: Thisreads a previously saved set of state variables and uses
them astheinitial valuesfor the run. Normally the valuesread in are
from aprior operating point runin AC or transient analysis, and are the
desired bias conditions about which to linearize and do the AC analysis. If
so, you would want to disable the Operating Point option when you use
this Read feature.

* |_eave: 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. This option does not force an operating point.

® Operating Point: This calculates a DC operating point, changing the state
variables asaresult. If an operating point is not done, the time domain
variables are those resulting from the initialization step (zero, leave, or read).
Thelinearization for AC analysisis done using the state variables after this
optional operating point. Inanonlinear circuit where no operating pointis
done, the validity of the small-signal analysis depends upon the accuracy of
the state variables read from disk, edited manually, or enforced by device
initial valuesor .IC statements. Cal cul ating an operating point may (and
usually does) change theinitial state variables.

® Auto Scale Ranges. This sets all ranges to Auto every time asimulation is
run. If disabled, the values from the range fields are used.

All options affect simulation results. To see their effect, you must do arun by
clicking on the Run command button.
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Experimenting with optionsandlimits

The small squares on the plotsin Figure 5-3 mark the actual points calculated by
MC8. We can produce a smoother plot at the expense of more data points by
reducing the Maximum change % value from 5% to 1%. Press F9 to display the
AC AnalysisLimitsdialog box. Double-click the mouse in the Maximum Change
% field and type"1". Press F2 to run the analysis. It lookslikethis:

§ Micro-Cap 8.0.0.0 - [AC Analysis]

O Ele Edit ¥indows Opiions AC Scope MonteCaro  Modsl Help SIS

DEEHSR|- iRt r e o MOME PG [BRE 1 [E%E
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Figure 5-4 The plot with Maximum change % set to 1%

The lower value of 1% produces a smoother plot by cal culating more data points.
The current Freguency Step method is Auto. In this mode, the frequency step is
automatically adjusted to restrain the point-to-point change of both the vertical
value and the angle of the plot itself to less than the specified maximum change.
The Auto method produces the smoothest plot at the lowest computation price for
most curves.

Thisanalysis uses 1% and generates about three times the number of data points
asthe 5% analysis. Since the analysistime increasesin direct proportion to the
number of data points, it iswise to keep the Maximum change % as large as
possible. A valueof 1to5isusually suitable. If the first curveisvery flat, you
may want to try a fixed frequency step method.

Let'stry one of these methods. Press F9 to display the Analysis Limits dialog box.
Click in the Freguency Range list box. When the list drops down, click on the Log
option. Press F2 to start the run. The result looks like Figure 5-5.
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B Micro-Cap 8.0.0.0 - [AC Analysis]
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Figure 5-5 The plot using the log option

The constant horizontal distance between data pointsis achieved by making each
new frequency a product of the prior frequency and afixed multiplier. Since the
lowest frequency formsthe base that is multiplied, it must not be zero.

The Linear option isonly used when the X axisislinear. Toillustrate, press F9
and edit the Frequency Range field to 1E7,0. Change the Frequency Range
method to Linear and change the X Log/Linear button states of the first two
curvesto linear. Press F2 to run. The result looks like Figure 5-6.

& Micro-Cap 8.0.0.0 - [AC Analysis] HEHR
File Edit ‘Windows Opfions AC Scops  Monte Carlo  Model Help INETE|
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Figure 5-6 The plot using the linear option
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Numeric output

To obtain atabulation of the numerical values simply click the Numeric Output

button for each curve for which numeric output is desired. Do that now for

the first two curves. Press F9, then click the buttons. Press F2 to run the analysis.
All text or numeric output is directed to the Numeric Output window and to adisk
file with the name DIFFAMP.ANO. Press F5 to see the window. The first part
shows the results of the DC operating point. Scroll down to see the numeric val-
uesfor the curves. The display should look likethis:

& Micro-Cap 8.0.0.0 - [E:-\imc8\data\diffamp.ANO]
[E3 File Edit ‘Windows Options AC Scope Monte Carlo  Maodel  Help -1=1 x|

DeHBgRceser|l - st o MO0B|PGlERE IE%E
i ®|F#E aapF
F ¥{OUTA) PH{V{OUTE}} _‘
0.001MEG  504.345 n/a
0.10ZMEG 562,556 157.509
0.203MEG 476, 568 139,842
0.304MEG  393.021 127.252
0.405MEG 326,665 115.308
0.506MEG  281.669 112.354
0.607MEG 237,849 106, 566
0.708MEG  210.127 102.655
0.800MEG 183,847 95.913
0.910MEG  165.733 96.045
L.011MEG  148.628 93.284
L1.112MEG  135.984 90.989
1.213MEG  124.051 88,767
L.31MEG 114,730 Bo.821
1.415MEG  105.571 54,930
L.516MEG  9§.847 §3.217
L.617TMEG 92.118 B1.546
L.718MEG  56.876 &0.045
1.819MEG B2.055 78.591
1.920MEG  77.234 77.138 J
2.021MEG 72.414 75.685
2.12ZMEG 68,698 T4.373
2.223MEG 65.405 73.115
2.32MEG 62.112 71.857
2.425MEG 58,818 70,599
2.526MEG 56.320 69.469 -
fl« | vIJ

Figure 5-7 Numeric output

A printout of the datain the Numeric Output window may be obtained from the
Print option of the File menu.

To display the Analysis Plot window, press F4, or click on the Analysis Plot
button [E.

To display the Output window, press F5, or click on the Numeric Output button

=
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Noise plots
MC8 models three types of noise; thermal, shot, and flicker noise.

Thermal noiseis produced by the random thermal motion of electronsand isal-
ways associated with resistance. Discrete resistors and the parasitic resistance of
active devices contribute thermal noise.

Shot noiseis caused by arandom variation in the production of current from a
variety of sourcesincluding recombination andinjection. Itisusually associated
with dependent current sources. All semiconductor devices generate shot noise.

Flicker noise comes from avariety of sources. In BJTs, the source is contamina-
tion traps and other crystal defects that randomly release their captured carriers.

Noise analysis computes the contribution from all these sources as seen at the
input and output. Output noiseis calculated at the output node specified in the
Noise Output field. To plot it, specify ONOISE asthe Y expression. Input noiseis
calculated at the same output node(s) specified in the Noise Output field, but is
divided by the gain from the node(s) specified in the Noise Input field to the out-
put node. To plot or print input noise, specify INOISE asthe Y expression.

Press F9 and edit the analysis limits to match Figure 5-8. Be sure to disable nu-
meric output for the first two curves and to select the Log option.

T AC Analysis Limits H

" Hin Add | Delete | Erpard. | Stepping... | Properties. | Help. |

Frequency Range ILag j |1DMeg,1K FBun Options Nomal v

Muraber of Paints 100 State Variables  |Zero v

Temperatue IL\near j 27

Masimum Change % . F liperating P

Moise Input 1 d ™ Auto Scale Ranges

Moise Clutput Outh

F‘l . Expression | Y Expression | X Range | Y Range | > |

MERE [T fiiouTay [iosea ik [eanien
|—|F [PtvaUTER [iokea ik o004
[MEEERE [ [inaisz [ioMeg 1 [3Bn28n2e
EmE =aE [proisE [iokea Tk [eau0 et
r & |— [rervouTa) [imeriouia) [fuo-2m 200" 100400700

Figure 5-8 The Analysis Limitsfor Noise plots
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Press F2 to run the analysis. The results look like this:

& Micro-Cap 8.0.0.0 - [AC Analysis]
File Edit ‘Windows Options AC Scope MonteCaro  hodel Help _&] x|
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Figure 5-9 Plots of input and output noise

In thiscircuit, thermal noiseis generated by the resistors. Shot and flicker noise
are generated by the transistors.

Because the equations are structured differently for noise, it is not possible to si-
multaneously plot noise variables and other types of variables such as voltage and
current. That iswhy we disabled the other curves by placing ablank in their P
fields. If you attempt to plot both noise and other variables, the program will issue
an error message.

Noiseisan essentially random process and as a result carries no phase informa-
tion. For thisreason, noise is defined as an RM S quantity. Thus the phase (PH)
and group delay (GD) operatorswill not produce meaningful resultswhen plotting
noise. With noise, only magnitudesare meaningful.

The units of noise are V / sqrt(Hz).
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Nyquist plots

A Nyquist plot iseasy to generate. Edit the analysislimitsto look like these.
Here we have enabled the last curve and disabled the other curves and selected

log stepping.

TE AC Analysis Limits [ x]
Run | Add | Delete | Ebpand! | Stepping, | Propeties. | Help. |
Frequency Range |Lng ﬂ |1[|Megj [ Bun Options Mommal -
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Temperature ILlneav j 27
Maximum Change % 5— [ | Gperating Poit:
Moise Input 1 - T Auto Sedle Ranges
Moise Qutput Outh
Pl Ewpesion | Y Expression | HRange | YRage |3
NEREE |— [ [routay [omeg.1k [eoon150
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[MEEEEF [prose [ioea Tk [o0unees
T 5 T [imrsouTel [o0-200200 [10040700
Figure 5-10 Analysis limits for the Nyquist plot
Press F2 to run the analysis. The result lookslike this:

& Micro-Cap 8.0.0.0 - [AC Analysis] HER
File Edit ‘Wndows Options AC Scope Monte Caro  Model Help 18|
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Figure 5-11 The Nyquist plot

Note that the X expression in this case was RE(V(OUTA)), not F asit usualy is.
In general, it can be any expression involving any AC variable.
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Smith charts

To generate a Smith chart plot, use the |iz:| option from the chart type selector,
adjacent to the P column. Here is how the Analysis Limits dialog box looks when
Set up to create a Smith chart plot for S22, using the SMITH.CIR file.

W AC Analysis Limits [x]
| 6dd | Delte | Espand. | Stepping..| Piopeties.| Help. |
Frequency Range [Log || [66.10meg Bun Options Mormal -
Mumber of Paints 100 State Variables Zera -

Chart type selector Temperatue [Linear =] 7
Marimum Changes % B ¥ | Gperating Pair
Hoise Input NONE - ¥ Auto Scals Ranges
Noise Dutput B
F| Espesson | Y Expression | % Fiange | ¥ Fiange 2]
[ E] W [F [s= [o979085.-0.360202.0. 255857 [o770579 0 425952.0.24409%

Figure 5-12 Analysis limits for the Smith chart

Note that when the Smith chart option is selected, the X expression must be F, so
thisfieldisnot availablefor editing. Hereisthe resulting Smith chart plot.

& Micro-Cap 8.0.0.0 - [AC Analysis] !EIB
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Figure 5-13 Smith chart plot of S22
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B AC Analysis Limits [x]
Run | Add | Lelete | Expand... | Stepping... | Prupsrt\es...l Help. I
Frequency Range ILng LI |BG,1 Omeg Bun Options Marmal - I
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Polar plots

To create apolar plot, use the polar plot option, . Hereis how the dialog box
appears when set up to create a polar plot for S12, using the SMITH.CIR file.

Figure 5-14 Analysis limits for a polar plot

When the polar plot option is selected, the X expression must be F, so thisfieldis
not availablefor editing. Hereistheresulting polar plot.
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Figure 5-15 Polar plot of S12



Chapter 6 DCAnalysis

What's in this chapter

DC analysisisthetopic for this chapter. It isa short tutorial covering these sub-
jects:

® What DC analysis does
* What the DC analysislimits do

* A simple circuit for generating 1V -curves
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What happensin DC analysis

In DC analysis, the program treats capacitors as open circuits and inductors as
short circuits. It sweeps the specified Variable 1 and solves for the steady-state
DC node voltages and branch currents. Two stepping loops are provided for easy
creation of parametric plots such as device IV curves. The variable for either
loop can be avoltage or current source value, temperature, a model parameter, or
asymbolic variable. Asin the other analysis routines, the complete set of vari-
ablesareavailablefor printing and plotting, with the obvious exceptions of charge,
flux, capacitance, inductance, B field, and H field. These variables are not pro-
vided since flux and charge areignored in DC analysis. To explore DC analysis,
load thefile CURVES. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E\\mc8\data\curves.CIR] |- 2] %]
[i] File Edit Component Windows Opfions  Analysis Design  Model Heln =18 x
DEHESR[- = s R~ +wx++¢ MOEE[PG|ERA I H%IE
S BN et A T R e Y=l S

BJT IV curve tracer circuit

collector

base

@) VCC
: T

RIA[*TP]\Page 1,{Text ) Modelz jInfa / IEN] of]

Figure 6-1 The CURVES circuit

Thiscircuit is used to plot the |-V characteristics of a bipolar transistor. It can be
easily adapted to other device types, such as GaAsFets, MOSFETS, and JFETSs.
There is a voltage source for the collector voltage sweep and a current source for
the base current sweep.

After loading the circuit, select DC from the Analysis menu. When the DC
AnalysisLimitsdialog box comesup, it lookslike Figure 6-2.
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Command buttons

Sweep group

Curve options

18 DC Analysis Limits [x]
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Figure 6-2 The DC Analysis Limits dialog box

Options

The dialog box instructs the program to step the value of the current source 1B
from 0 to 5 ma, using a maximum step size of 0.5 ma. For each value of the
current source, 1B, the voltage source, VCC, isto be swept from 0 to 5 volts,
using amaximum step size of 10. The step size may be varied during the run to
optimize convergence and to conform to the <Maximum change %> constraint,
but it is never to be larger than 1. Click on the Run command button and the
resultslook likethis:

8 Micro-Cap 8.0.0.0 - [DC Analysis] |- [=]x]
[E File Edit ‘Windows Options DC Scope MoneCardo Modsl Help =18 x]
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Figure6-3 DC analysisplot of IV characteristics
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The DC Analysis Limitsdialog box

TheAnalysisLimitsdialog box isdivided into five major areas. the Command
buttons, Sweep group, Curve options, Expression fields, and Options.

Command buttons provide these commands.

Run: This command starts the analysis run. Clicking the Tool bar Run ﬂ
button or pressing F2 will also start the run.

Add: Thiscommand adds another Curve options field and Expressions
field line after the line containing the cursor. The scroll bar to the right of the
Expressionsfield scrolls through the curves when needed.

Delete: This command del etes the Curve option field and Expressions
field line where the text cursor is.

Expand: This command expands the working area for the text field where
thetext cursor currently is. A dialog box is provided for editing or viewing.
To usethefeature, click in an expression field, then click the Expand button.

Stepping: Thiscommand calls up the Stepping dialog box. Stepping is
reviewed in a separate chapter.

Properties: Thiscommand invokes the Properties dialog box which lets you
control the analysis plot window and the way curves are displayed. See
the Plot Properties dialog box articlein Chapter 4, "Transient Analysis”.

Help: Thiscommand calls up Help information for DC analysis.
Thedefinition of eachfieldinthisgroupisasfollows:

* Variable1: Thisrow specifiesthe Method, Name, and Range fields for

Variable 1. Itsvalueisusually plotted along the X axis. The columnfieldsfor

thisvariableare;

* Method: This field specifies one of four methods for sweeping or
stepping thevariable: Auto, Linear, Log, or List.

® Auto: In thismode the rate of step sizeis adjusted to keep
the point-to-point change less than Maximum Change % val ue.
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¢ Linear: This mode uses the following syntax from the Range
columnfor thisrow:

<end> [,<start> [,<step>] ]

Sart defaults to 0.0. Sep defaults to (start - end)/50.
Variable 1 starts at start. Subsequent values are computed by
adding step until end is reached.

°® Log: This mode uses the following syntax from the Range
column for thisrow:

<end> [,<start> [,<step>] ]

Sart defaults to end/10. Sep defaults to exp(In(end/start)/10).
Variable 1 starts at start. Subsequent values are computed by
multiplying by step until end isreached.

e List: This mode uses the following syntax from the Range
columnfor thisrow:

<vl> [,<v2> [<v3>] .. [,<vn>] ]

The variable is simply set to each of the values vi, v2, .. vn.

* Name: Thisfield specifies the name of Variable 1. The variable may

be a source current or voltage, temperature, amodel parameter, or a
symbolic parameter (one created with a .DEFINE statement). Model

parameter stepping requires amodel name and model parameter name.

* Range: Thisfield specifies the numeric range for the variable. The
range syntax depends upon the Method field described above.

® Variable 2: Thisrow specifies the Method, Name, and Range fields for

Variable 2. The syntax isthe same asfor Variable 1, except that the stepping

method options include None and exclude Auto. Each discrete value of

Variable 2 from the range field produces one complete branch.

* Temperature: Thisfield specifies the global temperature(s) of the run(s)
in degrees Celsius. Thistemperatureis used for each device unlessindividual

device temperatures are specified.
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If the Temperature Method list box shows Linear or Log the format is:
<high> [, <low> [, <step>] ]
The default value of <low> is <high>, and the default value of <step>is
<high> - <low> (linear mode) or 1.0 (log mode). Temperature values start
at <low> and are either incremented (linear mode) or multiplied (log mode) by
<step> until <high> is reached.
If the Temperature Method list box shows List the format is:
<tI>[, <t2>[,<t3>][,..]]
wheretl, t2,.. are individual values of temperature.
One run is produced for each temperature. Note that when temperature is
selected as one of the stepped variables (Variable 1 or Variable 2) this
field is not available.
* Number of Points: Thisisthe number of data points to be interpolated and
printed if numeric output is requested. This number defaultsto 51 andis
usually set to an odd value to produce an even print interval. Itsvalueis:
(<final1> - <initial1>) /(<Number of points> - 1)
<Number of points> values are printed for each value of variable 2.
* Maximum Change: If the sweep method of Variable 1 is Auto, its rate of

changeis constrained to keep the point-to-point change in thefirst Y
expression |less than Maximum Change % value.

The Curve options are located below the Numeric limits and to the | eft of the Ex-
pressions. Curve options affect the curve in the same row. The definition of each
optionisasfollows:

The first option toggles the X -axis between alinear @ and alog || plot.
Log plotsrequire positive scale ranges.

The second option toggles the Y -axis between alinear E| and alog
plot. Log plots require positive scal e ranges.

Chapter 6: DC Analysis



The g option activates the color menu. There are 64 color choices for an
individual curve. The button color isthe curve color.

The EZ| option prints a table showing the numeric value of the curve. The
number of values printed is controlled by the Number of Pointsvalue. The
tableis printed to the Numeric Output window and saved in thefile
CIRCUITNAME.DNO.

A number from 1 to 9 isused in the Plot (P) column to group the curvesinto
different plots. All curveswith like numbers are placed in the same plot.
If the P column is blank, the curve is 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 I1B(Q1) (base current of transistor Q1).

The X Range and Y Range fields specify the scales to be used when plotting the
X and 'Y expressions. The range format is:

<high> [,<low>] [,<grid spacing>] [,<bold grid spacing>]

<low> defaults to zero. [,<grid spacing>] sets the spacing between grids.
[,<bold grid spacing>] sets the spacing between bold grids. Placing "AUTO" in
the scale range calculates that individual range automatically. The Auto Scale
Ranges option calculates scales for al ranges during the simulation run and up-
datesthe X and Y Range fields. 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 anatural grid spacing of 1/
10 the major grid values and bold is not used. Auto Scale uses the number of grids
specified in the Properties dialog box (F10) / Scales and Formats / Auto/
Static Gridsfield.

Clicking the right 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 the right mouse button in the
other fieldsinvokes asimpler menu showing suitable choices.

The Options are below the Numeric limits. The Auto Scale Ranges option has a
check box. Clicking the mouse in the box will toggle the options on or off with an
X in the box showing that the option is enabled.
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The options available from here are:
® Run Options
® Normal: Thisrunsthe simulation without saving it to disk.
® Save: Thisrunsthe simulation and savesit to disk.

* Retrieve: Thisloadsa previously saved simulation and plots and
printsit asif it were anew run.

® Auto Scale Ranges. This setsthe X and Y range to auto every time a
simulationisrun. If it isdisabled, the valuesfrom the rangefieldswill be used.

Press F3 and unload the CURVES circuit without saving it.

106  Chapter 6: DC Analysis



1
Chapter 7 Using Scope

What's in this chapter

Every analysis routine generates curves as a part of the run, based upon the in-
structionsinthe Analysis Limits dialog box. After the run is complete, you can
inspect, manipulate, magnify, and annotate the plot, aswell as search for and dis-
play specific numeric positions or values for each of the curves. The collection of
toolsthat helpsyou do thisis called Scope.

This chapter shows how to use these features to get the maximum information
from an analysisrun. Thetopicsinclude:

® Experimenting with Scope

* Magnifying

® Panning

® Cursor mode

® Cursor mode panning and scaling
® Cursor positioning

® Adding text to plots

* Adding tagsto plots

® Performance functions

® Animating an analysis
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Experimenting with Scope

Load thefile CHOKE. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\dataichoke.CIR]
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Figure 7-1 The CHOKE circuit

After loading the circuit, select transient analysis by pressing ALT + 1. Press F2
to start the run. When finished, the plot looks like Figure 7-2.

& Micro-Cap 8.0.0.0 - [Transient Analysis]

[@ File Edit ‘Windows Options Transient Scope Monte Cado  Model Help =18 x]
DeEEasR- - fea|l i+ | mooE|PG|ER® | @B
(h 2R 2T > 8 A MBSt AN RYaAESDF
200 choke CIR
160.00
12000
80.00
40.00

0.00m 10.00m 20.00m 30.00m 40.00m 50.00m

b " ViE)

Figure 7-2 Transient analysis of the CHOKE circuit
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When the analysisis over, click on the Scope menu. It provides these options:

g os N

[

I=RlI=

o

* Delete All Objects: This command removes all objects (shapes, tags, or
text) from the analysis plot. To delete an object, select it by clicking onit, then
press CTRL + X or the DELETE key. To delete all objects use CTRL + A to
select al objects, then press CTRL + X or the DELETE key.

* Auto Scale: This command scales the plot group containing the selected
curve. F6 may also be used. The selected curve is the one whose Y
expressionisunderlined.

* Restore Limit Scales. This command restores the range scales to the
valuesinthe Analysis Limits dialog box. CTRL + HOME may aso be used.

* View: Theview optionsonly affect the display of simulation results, so
you may change these after arun and the screen is redrawn accordingly.
These options may also be accessed through Tool bar icons shown below.

¢ Data Points: This marks the actual points calculated by the program
onthecurveplot. All other values are linearly interpolated.

* Tokens: This adds tokens to each curve plot. Tokens are small graphic
symbolsthat help identify the curves.

* Ruler: Thissubstitutes ruler tick marks for the normal full screen X
and Y axisgridlines.

® PlusMark: Thisreplaces continuous grids with "+" marks at the
intersection of the X and Y grids.

* Horizontal Axis Grids: This adds grids to the horizontal axis.
* Vertical AxisGrids: This adds grids to the vertical axis.

* Minor Log Grids: Thisadds but does not label minor log grids
between mgjor grids at the 2, 3, 4...9 positions.

* Minor Log Grids 2 5: This adds and |abels minor log grids between
major grids at the 2 and 5 positions.

* Baseline: This adds a plot of the value 0.0 for use as a reference.
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® Horizontal Cursor: This adds a horizontal cursor intersecting each of
the two vertical numeric cursors at their respective data point locations.

* Trackers: These options control the display of the cursor, intercept, and
mouse trackers, which are little boxes containing the numeric values at the
cursor data point, its X and Y intercepts, or at the current mouse position.

® Cursor Functions: These control the cursor positioning in Cursor mode.
Cursor positioning isdescribed in more detail in alater section.

* | abel Branches: This accesses a dialog box which lets you select from
the automatic and user-specified X location method for labeling multiple
branches of a curve. This option appears when multiple branches are created
by Monte Carlo, parameter stepping, or temperature stepping. To remove
labels, select them with the mouse, or select all objectswith CTRL + A, then
press the delete key.

* L abel Data Points: This accesses a dialog box which lets you specify a
set of time, frequency, or input sweep data points, in transient, AC, or DC
analysis, respectively, which areto be labelled. Thiscommand is mostly used
to label frequency data points on polar and Smith charts. To remove |abeled
points del ete them from the dial og box.

* Animate Options: This option displays the node voltages/states, and
optionally, device currents, power, and operating conditions (ON, OFF, etc.),
on the schematic as they change from one data point to the next. To use this
option, click onthe 5 button, select one of the wait modes, then click on

the Tile Horizontal = button, or Tile Vertical @ button, then start the run. If
the schematic isvisible, MC8 prints the node voltages on analog nodes and
the node states on digital nodes. To print device currents click on ﬂ To

print device power click on E To print the device conditions click on % It
lets you see the evolution of states as the analysis proceeds. To restore a full
screen plot, click on theg button.

* Normalize at Cursor: (CTRL + N) This option normalizes the selected
(underlined) curve at the current active cursor position. The active cursor is
the last cursor moved, or if neither has been moved, then the left cursor.
Normalization divides each of the curve's Y values by the Y value of the
curve at the current cursor position, producing anormalized value of 1.0
there. If the Y expression contains the dB operator and the X expression is F
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(Frequency), then the normalization subtracts the value of the Y expression at
the current data point from each of the curve's data points, producing avalue
of 0.0 at the current cursor position.

* Normalizeat Minimum: This option normalizes the selected (underlined)
curve at itsminimum value.

* Normalize at Maximum: This option normalizes the selected (underlined)
curve at its maximum value.

®* Goto X: (SHIFT + CTRL + X) This command lets you move the left or
right cursor to the next instance of a specific value of the X expression of the
selected curve. It then reportsthe Y expression value at that data point.

*GotoY: (SHIFT + CTRL + Y) This command lets you move the left or
right cursor to the next instance of a specific value of the Y expression of the
selected curve. It then reports the X expression value at that data point.

® Go to Performance: This command cal culates performance function
valueson the Y expression of the selected curve. It also moves the cursors to
the measurement points. For example, you can measure pulse widths and
bandwidths, riseand fall times, delays, periods, and maximaand minima.

* Goto Branch: This command lets you select which branch of a curveto
place the left and right cursors on. The left cursor branch is colored in the
primary select color and the right cursor branch in the secondary select color.

®* Tag Left Cursor: (CTRL + L) This command attaches a tag to the left
cursor data point on the selected curve.

® Tag Right Cursor: (CTRL + R) This command attaches a tag to the
right cursor data point on the selected curve.

®* Tag Horizontal: (SHIFT + CTRL + H) This command places a
horizontal tag between the left and the right cursor, showing the difference
between the two X expression values.

® Tag Vertical: (SHIFT + CTRL + V) This command places a vertical tag

between the left and the right cursor, showing the difference between the two
Y expression values.
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* Align Cursors: Thisoption, available only in Cursor mode, forces the
numeric cursors of different plot groups to stay on the same data point.

® Keep Cursors on Same Branch: When stepping produces multiple runs,
onelineis plotted for each run for each plotted expression. Theselines are
called branches of the curve or expression. This option forces the left and
right cursors to stay on the same branch of the selected curve when the UP
ARROW and DOWN ARROW cursor keys are used to move the numeric
cursors among the several branches. If this option is disabled the cursor keys
will move only theleft or right numeric cursors, not both, allowing them to
occupy positions on different branches of the curve.

® Same Y Scales For Each Plot Group: This option forces all curvesin a
plot group to use the same Y scale. If the curves have different Y Range
values, one or moreY scaleswill be drawn, which may lead to crowding of
the plot with scales.

* Thumb Nail Plot: Thisoption draws asmall guide plot which givesa
global view of where the current plot(s) are on the whole curve. Y ou select
different views by dragging a box over the curve with the left mouse button.
Dragging the box with the right mouse button pans the main plot.

® Enable X Scaling: This option enables horizontal axis scaling for the

F6 (Auto Scaling), Zoom (+,-), and panning and drag scaling commands. |f
this option is enabled and you press F6, the curves in the selected plot group
will be auto-scaled in the horizontal direction. Vertical axes are not affected
by thisoption. The Auto Scale option on the Analysis Limits dial og box
overrides this option and auto-scales both the X and Y axes.

* Enable Y Scaling: This option enables vertical axis scaling for the

F6 (Auto Scaling), Zoom (+,-), and panning and drag scaling commands. |
this option is enabled and you press F6, the curves in the selected plot group
will be auto-scaled in the vertical direction. Horizontal axes are not affected
by thisoption. The Auto Scale option on the Analysis Limits dial og box
overrides this option and auto-scales both the X and Y axes.

® Keep X Scalesthe Same: This option forces al horizontal scales using
same X expression to be the same. In other words, drag scaling or panning
inplot group 1 will changethe horizontal scaleinall al plot groupsthat have
the same X expression. This option is convenient when you want separate
plot groups but want the scales to remain the same.
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Select M ode from the Options menu. The five modes beginning with Scale deal
with analysis plots and are usually accessed by clicking on their Tool bar buttons
shown below, but they may also be activated from this menu.

® Scale: In thismode, the |eft mouse button drags an outline box to magnify
aportion of the plot. F7 also accesses this mode.

® Cursor: This mode shows the numeric value of each curve at each of two

plot cursors. The left mouse button controlsthe left plot cursor and the right
button controlstheright plot cursor. Theleft cursor isinitially placed on the
first data point. Theright cursor isinitially placed on thelast data point. The
LEFT ARROW or RIGHT ARROW keys move the left or right cursor to a

point on the selected curve. Depending on the positioning mode, the point may
bethenext local peak or valley, global high or low, inflection point, or simply
the next data point. The direction isleft or right depending on whether a
LEFT ARROW or RIGHT ARROW key is pressed. If the SHIFT key is

used with the cursor key, the right cursor is moved, otherwise, the left cursor
ismoved. F8 may also be used to access this mode.

£

8

* Point Tag: In thismode, the left mouse button is used to tag a data point
with its numeric (X,Y) value. The tag snaps to the nearest data point.

* Horizontal Tag: In this mode, the left mouse button can be used to drag
between two data points to measure the horizontal difference.

* Vertical Tag: In this mode, the left mouse button can be used to drag
between two data points to measure the vertical difference.

Note 1: In all modes except Cursor, a drag of the right mouse button pans
the plot. In Cursor mode, CTRL + right mouse drag pans the plot.
Select mode.

Note 2: Press the SPACEBAR key to toggle between the current mode and
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Magnifying

Press ESC to remove the menus. Click the left mouse button just above and to
the left of the large peak of the V(B) curve. While holding the left button down,

drag the mouse down and to the right to create a magnification box like the one
shownin Figure 7-3.

& Micro-Cap 8.0.0.0 - [Transient Analysis]

[E File Ecit Windows Options Iransient Scope Monte Carlo  Model Help NETE
EeEaan|-~d=e| vy ¢ MO0E PGSk EsE
Nrewy £T)E v 8| 7MY + 5 r AUV EYAAEOF
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Figure 7-3 Magnifying a plot region
Release the button and M C8 scales the plot to match the outline of the box.

@ Micro-Cap 8.0.0.0 - [Transient Analysis] |- [=]x]

File Edit Windows Opfions Transient Scope  Monte Cardo  Modsl  Help B

DeEHSR |« el -y v MOMB|PG|EN+ @B

N PR LT e n s DB bR A A S R AA RS F

1061 choke.CIR

16000

12000

B4 3.54m 10.00m 20.0020.72m
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Figure 7-4 The magnified region
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Panning

Panningislikescrollinginatext field, except that itisomnidirectiona. Toillus-
trate, click the right mouse button in the middle of the plot. The mouse arrow cur-
sor changes to a hand cursor. While holding the right button down, drag the
mouse slowly up and to the left until it nearly touches the upper left corner of the
plot window. The effect islike sliding a paper across a desk. Dragging the mouse

dynamically updates the display to reflect the changein view. Release the button
andtheplot lookslikethis:

g Micro-Cap 8.0.0.0 - [Transient Analysis]

[ Fil= Edit Windows Opfions Transient Scope Monte Carlo  Model  Help

T
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NGRS AT E e 0SB ¥ b AV AN R maE S F
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12000 W
80.00
40.00
2931“9'“ 10.00m 20000m  21.36m

i) = VB

B

Figure 7-5 Panning the plot

Aswith panning in the Schematic editor, the keyboard may also be used. The
CTRL key plusthe arrow keys move the view in the direction of the arrow.

The combination of panning and magnifying allows close inspection of any por-
tion of the curves.

Note that you can also scale (magnify) and pan whilein Cursor mode:

Scaling:  CTRL + left mouse drag
Panning:  CTRL + right mouse drag

Press CTRL + HOME or choose Restore Limit Scales from the Scope menu to
return the analysis to its original offset and scale.
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Cursor mode

Click on the Cursor mode button % or Press F8 to place Scope in the Cursor
mode. In this mode the display looks like this:

& Micro-Cap 8.0.0.0 - [Transient Analysis]
File Edit ‘Windows Options Transien t Scope Monte Caro Model Help RETET

Coweap|-=am| % v ¢ DO0EPG|ER+ | [E%H
N PR ETE e n AL IE o AT R ARE S F
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Len Right Delta Slope
Selectedcurve i) [7 J4E-25 088 088 ~1.352E01

= W(E) 7.34E-25 8r.27 87.27 1.745E03
T

0.00m A0.00m A0.00m 1.000E00

Cursor valuefields
Figure 7-6 The Cursor mode

The Cursor value fields, located below the plots, show the numeric value of each
curve or expression at both cursor positions. The X expression value is shown
below the Y expression values. The purpose of each field is asfollows:

* L eft: Thisshows the value of therow's Y expression at the left cursor.
* Right: This shows the value of therow's Y expression at the right cursor.

* Delta: This shows the value of the row's Y expression at the right cursor
minus the value of the Y expression at the left cursor.

* Slope: Thisshowstherow's Y expression deltavalue divided by the delta
value of the X expression. If the X expressionisT (time), then thisfield
approximates the time derivative of the curve between the two cursors.

The slope calculation can be changed to dB/Octave or dB/Decade from
Properties/ Scales and Formats, if dB isused in the Y expression and F
(frequency) isthe X expression.
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Cursor mode panning and scaling

Mouse

Normal mouse-controlled scaling and panning are not availablein Cursor mode,
since the mouse movements in this mode are used to control the left and right
curve cursors. However, by using the CTRL key together with the mouse, you
can pan and scale within Cursor mode as follows:

Scding: CTRL + left mouse drag
Panning:  CTRL + right mouse drag

To scale (magnify) the curves, press the CTRL key down and drag with the left
mouse button.

To pan the curves, pressthe CTRL key down and drag with the right mouse but-
ton.

Keyboard
To pan the curves with the keyboard, while holding down the CTRL, pressthe

LEFT ARROW, RIGHT ARROW, UP ARROW, or DOWN ARROW keys to
pan the view.

There is no keyboard-based scaling procedure.
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Cursor mode positioning

Drag with the left mouse button to control the left cursor, and the right button to
control the right cursor. The LEFT ARROW and RIGHT ARROW cursor keys
move the left cursor and SHIFT + cursor keys move the right cursor. The mouse
places the cursor anywhere, even between simulation data points. The keyboard
moves the cursor to one of the simulation data points, depending on the positioning
mode. The positioning mode, chosen with aTool bar button, affects where the
cursor is placed the next time a cursor key is pressed. Cursor positioning picks
locations on the selected, or underlined, curve. Curves are selected with the Tab
key, or by clicking the Y expression with the mouse.

* Next Simulation Data Point: In this mode, pressing the cursor keys finds
the next actual data point in the direction of the cursor arrow from the run.

* Next Interpolated Data Point: In this mode, pressing the cursor keys
finds the next rounded interpolated data point in the direction of the cursor
arrow.

® Peak: In this mode, pressing the cursor keys finds the next local peak on
the selected curve.

* Valley: Inthismaode, pressing the cursor keys finds the next local valley on

<

o

b |

»

the selected curve.

® High: Clicking this button finds the data point with the largest algebraic
value on the current branch of the selected curve.

* |ow: Clicking thisbutton finds the data point with the smallest algebraic
value on the current branch of the selected curve.

* [nflection: In this mode, pressing the cursor keys finds the next data point
with the largest magnitude of slope, or first derivative, on the selected curve.

® Top: Clicking this button finds the data point with the greatest Y value of
al branches of the selected curve at the current X cursor position.

® Bottom: Clicking this button finds the data point with the smallest Y value

»

of al branches of the selected curve at the current X cursor position.
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S Global High: Clicking this button finds the data point with the largest
== dgebraic Y value of al data points on all branches of the selected curve.

ayl® Global L ow: Clicking this button finds the data point with the smallest
—=1 dgebraicY vaue of al data points on al branches of the selected curve.

When Cursor mode is selected, afew initialization events occur. The selected
curveisset to thefirst, or top curve. The Next mode is enabled. Clicking on a
mode button not only changes the mode, it also movesthe last cursor in the |ast
direction. The last cursor is set to the |eft cursor and the last direction is set to the
right. Theleft cursor is placed at the left on the first data point. The right cursor is
placed at the right on the last data point.
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Click on the Peak ﬁ button. The left cursor moves to the first peak to the right
of its current position on the selected curve, V(A). Press SHIFT + LEFT AR-
ROW key. The right cursor moves to the first peak on its left.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
[E File Ecit ‘Windows Opfions Transient Scope Monte Cardo  Model Help _18] x|
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Figure 7-7 Using the Peak mode

Click on the@ button to select the Valley mode. Press the RIGHT ARROW key.
The cursors are placed on the next valley in the right and left directions.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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IEEHsRs T Ee DeEsssss ooE [P R N ERE
kAT 2T e m A ME| ¥ & 4|k A AV ARYRAEDF
200 choke.CIR |
|
|
160.00 |
|
|
120.00 |
|
|
§0.00 |
41.99m,60.06
|
40.00 |
|
0 10.00m,-0.58 |
0.00m 10.00m 20.00m 30.00m 40.00m a0.00m
Left Right Delta Slope
N -0.58 B60.06 BO.63 1.896E03
= ViB) 138.45 57.90 -B0.55 -2.518E03
T 10.00m 41.99m 31.99m 1.000E00

Figure 7-8 Using the Valley mode
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Click on the High ﬂ button. The left cursor movesto the global high on the se-
lected curve.

& Micro-Cap 8.0.0.0 - [Transient Analysis] HER
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Figure 7-9 Using the High mode

Click on theﬂ button to select the Low mode. The left cursor is positioned at
the right hand edge of the plat, the global low for the curve.

& Micro-Cap 8.0.0.0 - [Transient Analysis]

File Edit Windows Opfions Transient Scope honte Cardo  Model  Help TR
DeEHER = teB]L vt s MODB|PG|ERS |ESE
AR ST e m AL ME Y bR EAVAVS A aAE DF
200 choke.CIR
160.00 ‘
120.00 ‘
80.00 ‘
41.99m,60.06
40.00 ‘
) ‘ 50.00m,-0.68)
0.00m 10.00m 20000m 30.00m 40.00m 50.00m
Left Right Delta Slope
WA -0.68 60.06 6073 -7.585E03
= WA BT.27 57.80 -29.37 3B6BEO3
T 50.00m 41.99m -8.01m 1.000E00

Figure 7-10 Using the Low mode
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Click onthe Inflection ﬂ button. The left cursor movesto the next inflection
point on the selected curve. Press SHIFT + RIGHT ARROW key. The right cur-
sor moves to the next inflection point on the selected curve moving left to right.

& Micro-Cap 8.0.0.0 - [Transient Analysis] HER
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Figure 7-11 Using the Inflection mode

ClickontheGotoY ﬂ button. Type "50" in the dialog box that comes up and
click on the 'Left' button in the dialog box. The left cursor is positioned at the
first incidence of 50.0 for the selected curve's Y expression value.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 7-12 Using the Go to Y mode
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Adding text to plots

Adding text to an analysis plot is easy. Click on the Close button to exit the Go to

Y mode. Click on the ﬂ button to select the Text mode. Click the mouse near

the large peak of the V(B) curve and type "V (B) peaks at 138 volts.". Click OK.
The screen lookslikethis:

& Micro-Cap 8.0.0.0 - [Transient Analysis]
File Edit ‘Windows Opfions Transient Scope Monte Caro Model Help RS
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Figure 7-13 Adding text to a plot

Would the text look better if it were centered over the peak? To seeif it would,
first enter Select mode by pressing the SPACEBAR or by clicking on the Select

button & |. Next, click on the text with the left button and drag it to the left until it
is centered. Release the button and the text is redrawn at the mouse position.

Perhaps the text would look better if it were bold. Double click on the text and
when the text dialog box is presented, click on the Font tab in the dialog box. This
part of the dialog box lets you change the font and several font attributes. In this
case, we need to change the Style attribute. From the Font Style group, select the
Bold option. Click on the OK button. The text should now appear asin Figure 7-
14. All font attributes for each instance of text are independently changeable.
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8 Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 7-14 Changing the font style of the text

Adding tags to plots

Click onthe m button to activate the Vertical Tag mode. Click the |eft mouse
button near the highest peak of V(A). Drag the mouse to the highest peak of

V(B) and release the button. The tag shows the vertical delta between the two
data points.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 7-15 Using the Vertical tag mode
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In asimilar manner, the horizontal tag, enabled by the ‘e | button, measures the
horizontal delta between the two data points of the tag. It is most useful for mea-
suring the time difference between two digital events, such asthe width of a

pulse or the time delay between two events. Choose Delete All Objects from the
Scope menu to delete the text and tag.

Click onthe ﬂ button to activate the Point Tag mode. Click the left mouse but-
ton at the second peak of V(B) and drag the mouse. The point tag labels the ac-
tual analysis data point nearest the initial mouse click. A shadow of the tag will
track the mouse movements. Release the mouse button when the shadow is at the
desired spot. The screen should look like Figure 7-16.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 7-16 Using the Point tag

When in Select mode, double clicking on atag element invokes the Tag dialog
box. Thisdialog box lets you edit the arrow style, weight, color, and the font at-

tributes of the number. All of the tag options are available for each instance of a
tag element.

Both the text body and arrow tip of atag may be repositioned after placement.
Press SPACEBAR to toggle into Select mode. Double click on the tag and then
deselect the Lock itemin the dialog box. Click OK. Drag either the body handle
or the arrow tip handle. The body handle is the small black rectangle near the
text. The arrow tip handle is the small black rectangle at the tip of the tag arrow.

Press F3 to exit the analysis, then CTRL + F4 to close thefile.
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Performance functions

MCS8 provides a group of functions for measuring performance-related curve
characteristics. They can be used for performance plots, Monte Carlo analysis,
3D plotting and may also be applied directly to single curves. Toillustrate, load
the PERF2 circuit and run transient analysis. When the run is done, click on the

Go To Performance ﬂ button, and drag the dialog box to the middle of the

screen. Thediaog box shouldlook likethis:

Go To Performance H

High
2

Performance | Cases I

Function

N

1

D
Finds D from Y=L0% to'r=HIGH

Expression Boolean
= | [V[OUT] ~ |1

Lo

p—

Drefault Parameters |

GoTo || A

| Cloze |

Help |

Figure 7-17 Go To Performance dialog box

Select Rise_Timefromthelist. Enter "3" inthe Highfield, ".5" inthe Low field,
and"1" inthe N field. Click on the Go To button. The screen lookslike this:
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Figure 7-18 Measuring rise time
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N isincremented for each click of the Go To button, so successive clicks mea-
sure therise time of successive pulses. Select Fall_Time. Enter "1" in the N field,

"3"intheHighfield, and".5" in the Low field. Click the Go To button twice. The
screen should ook like Figure 7-19.
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Figure 7-19 Measuring fall time
Select the Period function. Click on the Go To button. The screen looks like this:
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Figure 7-20 Measuring the pulse period
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Select the Width function and click on the Go To button. Width is computed by
finding the N'th rising instance of the value Level, then the N'th falling instance of
the value Level. The function returns the difference between the X expression
values, and places cursors at the two locations. The screen should look likethis:
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Figure 7-21 Measuring the pulse width
Select the X_Deltafunction. Click on Go To. The screen looks like this:
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Figure 7-22 The X_Delta function

X_Délta locates the N'th instance of the Y Low and Y High values, places cursors
at the data points and returns the difference between the X expression values.
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TheY_Deltafunction workssimilarly. Select it and set XLow = 100n and XHigh
=200n, and click the Go To button. Theresult lookslikethis:
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Figure 7-23 The Y_Delta function

Performance functions also work on digital curves. Select D(11) from the Ex-
pression list and Rise_Time from the Function list. Set N=2 and click the Go To
button. Theresult lookslike Figure 7-24.

& Micro-Cap 8.0.0.0 - [Transient Analysis]
[ Fle Edit Windows Options Transient Scope Monte Cado  Maodel Help

EEEHER[=~smB|-—++%+~ ¢ MOMIE[P G[EMm=* !
AR AT e n S IE A+ AVA S RuAA R F

10 neniz.ciR
’ 335 67901 ],
2T ATENH
< |
A G N O ey
Go To Performance ﬂ
Perfomance Itases ]
G0 Function Expression EBookan N Low High
[Rize_Time =] [or11) =1h 3 [os B
[E— Rise_Time=1.11915¢-008
4.00 :
Default Parameters
Low
200 ¥ DR
Finds D% from Y=LOW to Y =HIGH
R Close Help
005 gon 120,000
Left Right Delta Slope
v(ouT) 0817 0.071 -0.746 -BBB4EDT
Dii1) R 1
Di12) 1 F
T 274.4880 235.679n 111920 1.000E00

Figure 7-24 Measuring digital rise times
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Animatingananaysis

It is often useful to step through an analysis one time point at atime. Animation
mode lets you do this and displays the node voltages and digital states on the
schematic at each time point. To see how the mode works, load the file MIXEDA4.
Select Transient from the Analysis menu. Press ALT + F4 to remove the

AnalysisLimitsdialog box. Click onthe Tile Vertical m button. Click onthe
Animate% button, select the Wait for Key Press option, and hit OK. Click on

the Node Voltages @ Press F2 to start the run. Press and hold the CTRL and

SPACEBARS keys down to observe each new data point being computed and
printed on the schematic.
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Figure 7-25 Animating an analysis

The figure above shows what the screen should ook like midway through the run.
In thismode, M C8 computes asingle data point, optionally printsthe voltages/
states, currents, power, and conditions on the schematic, and then awaits the
CTRL + SPACEBAR key or time delay. It then repeats the cycle of compute,
print, and pause until the run is complete. When Animate mode is canceled by
clicking onthe Don't Wait button in the Animate dial og box, the run continuesin
normal mode. To see both the schematic and analysis plot simultaneously, you
must select either Tile Horizontal or TileVertical. Thisoptionisavailablefor AC,
DC, and transient analysis, although it ismost useful in the transient analysis of

digital and mixed-mode circuits. Press ESC to stop the run, F3 to exit the analysis,
and CTRL + F4 to close thefile.
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Chapter 8 Using Probe

What's in this chapter

Probeis an alternative tool for viewing the results of an analysis. It performs the
selected analysis, savesthe entire analysisin a disk file, then lets the user probe
the schematic. Unlike anormal analysis, where only the curves specified in the
AnalysisLimits dialog box are saved, Probe saves everything, so you can decide
what to plot after the analysis run. It isvery much like probing areal circuit with
an oscilloscope, spectrum analyzer, or curve tracer. In this chapter we demon-
strate Probe's capabilities with several examples. The topicsinclude:

® How Probe works

® Transient analysis variables

* Experimenting with Probe

* Navigating the schematic

°* An AC example

* A DC example

*® Probing SPICE files
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How Probe works

Probeis another way to view simulation results. It lets you point to alocationin a
schematic and see the curves. It functions exactly like anormal simulation, saving
al of thevariables at each solution point in adisk file. When you click the mouse
in the schematic, Probe determines where the mouse pointer is, extracts from the
file the appropriate values for both the vertical and horizontal axes, and plotsthe
resulting curve. Y ou can also plot expressions using circuit variablesasyou canin
a standard analysis.

To illustrate Probe, load the file ECLGATE. Select Probe Transient from the
Analysis menu. Click on the Analysis Limits dialog box Close button. If acurrent
analysisresultsfileis not already available, the program runs atransient analysis
on the circuit and saves theresultsin afile called ECLGATE.TSA. It then pre-
sents the Probe display. Click on the Probe menu. It provides these options:

* New Run: (F2) This option forces a new run. Probe automatically does a
new run when the time of the last saved run is earlier than the time of the last
edit to the schematic. However, if you have changed RELTOL or some other
Global Settingsvalue or option that can affect asimulation run, you may want
to force anew run using the new value.

°® Limits: (F9) This accessesthe Analysis Limits dialog box for the particular
Probe analysis type selected. From here you can choose a subset of the usual
non-probeanalysisoptions.

* Add Curve: Thisoption letsyou add a plot defined by aliteral expression
using any circuit variable. For example you might enter VCE(Q1)*1C(Q1) to
plot atransistor's collector power.

» Delete Curves. This option lets you selectively remove curves.

» Delete All Curves: (CTRL + F9) This removes al curves.

 Separate Analog and Digital: This mode places the analog and digital
curves in separate plot groups.

» One Curve: In thismode, only one curveis plotted. Each time the
schematic is probed, the old curve is replaced with the new one.
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You can add more than one trace in One Curve 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, with common or individual vertical scales. The
choice of common or individual scalesis made by enabling or disabling the
Same Y Scales For Each Plot Group option from the Scope menu.

® Save All: This option forces Probe to save all variables. Useit only if you
need to display power, charge, flux, resistance, capacitance, inductance, B
field, or H field.

* SaveV and | Only: During arun, MC8 generates many variables. Saving
them all to disk for display by Probe can create hugefiles. This option saves
file space and lowers access time by saving only time, digital states, and
voltage and current variables. It discards the remainder, including power,
charge, flux, capacitance, inductance, resistance, and magnetic field values.

* Plot Group: Thisoption lets you pick the plot group to place the next
curvein. The next time you add an expression or click in the schematic to
plot acurveit will be placed in the specified plot group.

® Exit Probe (F3) : This exits Probe.
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Transientanalysisvariables

The Vertical menu selects the vertical variable and the Horizontal menu selects
the horizontal variable. Where the arrow tip of the mouse cursor touches the
schematic, Probe determines whether the object is a node or a component and
whether itisanalog or digital.

If the object isadigital node, Probe plotsthe digital waveform for the node.

If the object is analog, Probe extracts the vertical and horizontal variables speci-
fied by these menus and uses them to plot the analog curve. The analog variables
availableintransient analysisinclude:

* Voltage: If the mouse probes on a node, a hode 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.

® Current: If the mouse probes on the shape of a two-lead component, the
current through the component is selected. If the mouse probes on alead of a
three or four lead active device, the current into the lead is selected. Probe
cannot directly plot current into amacro or subcircuit pin.

* Energy: If the mouse probes on a component, it plots the energy dissipated
(ED), generated (EG), or stored (ES) in that component. If the component
has more than one of these, alist appears allowing selection.

* 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 alowing selection.

® Resistance: If the mouse clicks on aresistor, this selects its resistance.

® Charge: If the mouse clicks on a capacitor, the capacitor's charge is
selected. If the probe occurs between the leads of a semiconductor device,
the charge of the internal capacitor between the two leads is selected. For
example, aclick between an NPN base and emitter selects the CBE charge.

® Capacitance: Thisis the capacitance associated with the charge.

* Flux: If the mouse clicks on the body of an inductor, this selectsiits flux.
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® Inductance: Thisis the inductance associated with the flux.

* B Field: If the mouse clicks on a core, this selects the B field of the core.
* H Field: If the mouse clicks on a core, this selects the H field of the core.
* Time: Thisselectsthetransient analysis simulation time variable.

°® Linear: Thisselectsalinear plot.

® Log: Thisselectsalog plot.
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Probing node voltages

Click the Vertical menu and select Voltage. Select Time on the Horizontal
menu. Click the left mouse button on the dot above the Q1 collector lead. Probe
scans the schematic, determines that the mouse is pointing to node 1, and plots
V(1) vs. time. Probe on Q1's base |ead dot, then probe on its emitter lead dot.
Thedisplay should now look likethis:
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Figure 8-1 Probing node voltages

Probe first checksif the location is within the shape outline of a component. If so
and if the component isadigital part, a subckt, or amacro, Probe presents alist

of pin names and lets you select one. If the part is anything else (e.g. a standard
analog part), Probe tries to match the selected vertical and horizontal variables,
like voltage or current, with the variables available from the component. If thereis
amatch, the variables are assigned and retrieved from the file. If thereisno
match, Probe checksto see if one of the selected variables is voltage and the |o-
cationison anon-ground node. If itis, it assignsthe node's digital state or analog
voltage to the variable and retrieves the values from thefile.

Toillustrate plotting lead-to-lead voltages, press CTRL + F9 to remove all curves.
Click the mouse midway between the Q1 base lead dot and the Q1 emitter lead.
This plots one of the curves, VBE(Q1) or VEB(Q1), depending upon which lead
the probe was closest to. It may take some practice to get the feel for where to
probe. Add the VBC(QZ1) curve by clicking midway between the base and collec-
tor leads.
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Probing |ead-to-1ead voltages

Thelead-to-lead voltage curveslook likethis:
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Figure 8-2 Probing lead-to-lead voltages

Lead currents can be plotted just as easily. Press SPACEBAR to switch from
voltage to current. Press CTRL + F9. Click on the base and emitter leads of Q1.
The resulting curves show the current into each of these leads:
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Figure 8-3 Probing lead currents
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Navigatingtheschematic

Suppose you want to probe in an area of the schematic that is not visible? Y ou
can use any of the usual methods: scroll bars, mouse or keyboard panning, chang-
ing the scale, SHIFT + click relocation, or flag rel ocation.

To move around quickly use the SHIFT + click method. Press the SHIFT key and
click the right mouse button anywhere in the circuit. The circuit shrinks. Move the
mouse to another part of the circuit and press SHIFT + click. The scale revertsto
normal and the view is centered at the mouse position.

Keyboard panning uses CTRL + any arrow key to move the view in the direction
of the arrow. CTRL + PGUP and CTRL + PGDN move the view up or down
one page. The circuit window must be selected to pan the circuit view.

Mouse panning is the best way of navigating alocalized area of the schematic. To
illustrate, click in the Probe display and press CTRL + F9. Press SPACEBAR to
toggle back to voltage mode. Click the left mouse button on Q1's collector dot to
plot V(1) vs. time. Point the mouse near the middle of the circuit window, click
the right mouse button, and hold it down. Drag the mouse to the left until the
mouse is near the window border. Release the button and repeat the procedure
until the Q8 transistor isin view. Click on the dot by the node labeled Out. The
screenshouldlook likethis:
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Figure 8-4 Curves from widely separated areas
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AnAC example

How about AC? The basic operation is the same, but there are differences. To
illustrate the differences, press F3 to exit Probe and unload the ECLGATE cir-
cuit. Load the file DIFFAMP. Select Probe AC from the Analysis menu. Click
onthe Vertical menu. It lookslikethis:
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Figure 8-5 AC Probe variables and operators

Thelist of variables includes the usual voltage and current variables, but ex-
cludes charge, capacitance, flux, inductance, B, H, and time. There are several
new variables; INOISE, ONOISE, and frequency. Additionally, the complex
math operators, Magnitude, Magnitude (dB), Phase (PH), Group Delay (GD),
Real Part (RE), and Imag Part (IM) are available. The short form isshown in
parentheses. One of these operators is always selected. When you choose a cir-
cuit variable by clicking in the schematic, the selected operator is applied to the
circuit variable and the result plotted. Magnitude is the default operator. For ex-
ample, V(10) isthe magnitude of V(10). PH(V(10)) is the phase of V(10). Asin
normal AC analysis, the noise variables can not be mixed with other variables,
such as voltage or current.

Click on the dot near the node labeled A. Using the right mouse button, pan the
schematic to the left by dragging in the schematic. Pan until the right portion of
the diffampisvisible. Click on the dot near the node labeled OutA. Click onthe

Cursor mode button 22| to enable the Cursor mode. The results should look like
Figure 8-6.

139



& Micro-Cap 8.0.0.0 - AC Analysis
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Figure 8-6 Reading AC gains using the Cursor mode

Theleft plot cursor isinitially placed at the first data point, IKHz. The low fre-
quency gain at the two nodes A and OutA can be read out directly under the Left
column. Use the left mouse button to move the left cursor to obtain additional

readings. Theright plot cursor is controlled by the right mouse button.

Press CTRL + F9. Select Magnitude, Log, and ONOISE from the Vertical menu
and click anywhere in the schematic. Select INOISE from the Vertical menu and

click anywherein the schematic. This plotsinput and output noise:
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A DCexample

Well use thefile DIFFAMP to illustrate the use of Probein DC. Exit the AC Probe
routine by pressing F3. Select Probe DC from the Analysis menu. Click on the
Vertical menu. It lookslikethis:

G Micro-Cap 8.0.0.0 - DC Analysis [_ 5] x]
File Edit ‘indows Options Probe | ‘erical Horizontal Scope Model Help
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Figure 8-8 DC Prabe variables

Thelist of available vertical variablesincludes voltage, current, and power. The
horizontal variableisinitially the voltage across the Input1 source when you start
or press CTRL + F9 to clear the curves. The horizontal variable can be changed
after the first curve has been placed by first selecting the plot window, and then
pressing F10 to invoke the Properties dialog box. Simply typein anew expression
into the X Expressionfield.

Press ESC to remove the Vertical menu.

Click on the dot near the node |abeled OutA. Using the right mouse button, pan
the schematic to the left by dragging in the schematic. Pan until the right portion
of the diffamp isvisible. Click on the dot near the node labeled 'OutB'. Click on

the Cursor button % to enable Cursor mode. The results should look like Figure
8-9.
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Click on the Inflection il button. This movestheleft plot cursor to the next in-
flection point to theright of its current position (first data point). Click theright
mouse button in the plot area, then press SHIFT + LEFT ARROW key. This
moves the right plot cursor to the next inflection point to the left of its current po-
sition (last data point). The peak gain 603, which occurs near the inflection point,
can be read out directly in the Slope column. Theinflection modeis useful for
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Figure 8-9 DC transfer function plot

determining the peak DC gain of an amplifier.
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Probing a SPICE file

MCS8 can aso probe SPICE files. Exit DC Probe with F3 and load CHOKE.CKT.
Select Analysis/ Probe Transient. MC8 presents the Analysis Limits dialog box to
let you change the run conditions if you want. Press ESC to remove the dialog box

and click on the text V1 and again on C1. MC8 plots the voltage acrossthe V1
source and the C1 capacitor.
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Figure 8-11 Probing SPICE circuits

Clicking ontwo-terminal deviceslike sources, resistors, diodes, and the like plots

the voltage across or current through the device, depending upon whether the
Vertical option is set to Voltage or Current.

Clicking on three-terminal devices, presents adialog box where you can select the
desired voltage or current variable.

Clicking on anode humber plotsthe node voltage.
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Tips for easy probing:
Here are three things to remember to make probing easier:

* Press the SPACEBAR key to quickly toggle between voltage probe mode
and current probe mode.

* |n voltage probe mode, press the SHIFT key and click on two nodes to get
the differential voltage across the two nodes.

® |n one curve mode, press CTRL while probing to add a new curve or delete
an existing curve.
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Chapter 9 Stepping Component Parameters

What's in this chapter

Stepping isthe process of systematically changing one or more numeric param-
eters to see what effect the parameter(s) may have on circuit behavior. You can
step simple parameters, like aresistor's value, or amodel statement parameter
like the forward beta of atransistor, or a symbolic parameter.

In this chapter, we demonstrate how to use stepping with several tutorials. The
topics include:

* How parameter stepping works
® Stepping in transient analysis
® AC and DC examples

* Stepping summary
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Steppingand
Monte Carlo are
mutually exclu-
sive. Only one
may be active at
atime.

How parameter stepping works

Stepping systematically alters the value of one or more parameters of one or
more components and then runsthe analysis, drawing multiple branches for each
curve. Most parameter types can be stepped, including component parameters
like the resistance of aresistor, model parameters like atransistor beta, and sym-
bolic parameters created with a .define or .param command. If the parameter
changes the equation matrix, MC8 simply recreates the equations. For each pa-
rameter set, arun is made and the specified curves plotted.

To illustrate stepping, load the circuit DIFFAMP. Select Transient from the
Analysismenu. Press F11, click on the Stepping button in the Analysis Limits
dialog box, or click on the Stepping Axl button to display the Stepping dialog box.
Itlookslikethis:

Stepping x|
INENKIBF |2nenmine] 3 ¢ |8 e |7 Je |z | Jum <l
Step what r-IF'r-I Ni =l |BF =l
From f100
To fz50
Step Yalue |5U
Step It Method Parameter Type
’V(' Yes [ Mo ’76 Linear © Log € Ligt ’71’“ Companent @ Model € Surbole
Change
’}“ Step al varisbles simulaneously @ Step variables in nested loops

an | Ao | Defak | K | Cowel | Hep

Figure 9-1 The Stepping dialog box

The dialog box provides tabs for as many as twenty parameters, although two or
three is a practical maximum. Each tab accesses a panel which controls asingle
parameter. Stepping for each parameter is enabled when its Step It option is set

to Yes.

The left Step What list box specifies the name of the model, component or sym-
bol whose parameter or value is to be stepped. Since dissimilar parts can use the
same model name, the electrical definition is shown along with the name. This
can be seen in Figure 9-1 where the first item is NPN N1. This specifies that we
want to step one of the parameters of all bipolar NPN transistors using the
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model name N 1. Clicking onthelist box arrow displaysalist of the models avail-
ablefor stepping. To select amodel, click on it.

Theright Step What list box specifies the name of the model parameter to be
stepped. Clicking on the arrow displaysalist of parameters available for stepping.
To select a particular parameter, click on it. In this case we want to step the BF
(forward beta) parameter, so leaveit asit is.

The From field in each panel specifies the starting value of the parameter for the
first run. The To field specifies the ending value of the parameter for the last run.
The Step Value field specifies how much the parameter changes between steps.

The Method option in each panel controls how the Step Value affects the param-
eter value. Linear stepping adds the Step Value to the parameter value. Log step-
ping multiplies the parameter by the Step Value. Inlist stepping you enter a
comma-delimited set of specific valuesin the From field.

The Parameter Type option in each panel specifies whether the Step What field
refers to amodel name, component name, or symbolic name. Y ou can step an
individual instance of amodel parameter or al instances of the model parameter.
If the Type option is set to Model, al instances are simultaneously stepped. If this
option is set to Component and the PRIVATEANALOG / PRIVATEDIGITAL
(Options/ Global Settings) flags are enabled, then only the instance whose
component name matches the Step What field will have its parameter stepped.

The Change option only comesinto play when stepping multiple parameters. It
controls whether the parameter changes are to be nested or simultaneous. For
example, suppose you step R1 through the values 10 and 20. Suppose also that
you step C2 through the values 1n and 5n. Simultaneous stepping will generate
two runs and nested stepping will produce four runs as shown below.

Nested Simultaneous
R1=10C2=1n R1=10C2=1n
R1=10C2=5n R1=20C2=5n
R1=20C2=1n
R1=20C2=5n

Simultaneous stepping requires an equal number of steps for each parameter. Use
nested stepping when you want all combinations of parameter variation. Use si-
multaneous stepping when you want only specific combinations.
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Steppingintransient analysis

To see how stepping worksin transient analysis, click the Y es button in the Step
section of Parameter panel 1, click OK, and press F2 to start the run. It looks
likethis:

8 Micro-Cap 8.0.0.0 - [Transient Analysis]
EE\IE Edit ‘Windows Options  Transient Scope Monte Carlo Model  Help =15 x

e e e ulslel =R E ]
N AT E e N St AV AV S R AA B OF

diffamp.CIR NPN N1.BF=100..350

-50.00m

-40.00m

-30.00m
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-10.00m

000 oy 200y a0 5000 8.00u 10000

Y(OUt,0uth)

Figure 9-2 Stepping BF in four transistors simultaneously

In thisrun, each device which uses the N1 model, which includes the transistors
Q1, Q3, Q4, and Q5, hasits BF (forward beta) stepped through the values 100,
150, ... 350. To see which devices use N1, double-click on each device in the
schematic to seeits Attribute dialog box. From the results, it seems the offset
voltage of V(OUTA,OUTB) isinsensitive to large changesin BF, if all four de-
vices have the same value.

Now welll step the BF of just Q1 to see how the circuit tolerates small relative
differencesin beta. Press F11 to access the Stepping dialog box. Click on the
Component item in the Parameter Type group. From the Step What list, click on
Q1 and from the parameter list select BF. Type "250" in the From field, "255" in
theTofield, and "1" in the Step Valuefield. Click on the OK button and press F2
to start therun. The plot, shown in Figure 9-3, demonstrates the circuit sensitivity
to differential beta. When Q1's BF changes from 250 to 255, while all other tran-
sistors have constant BF, large shifts occur in the output offset of both curves
V(A,B) and V(OUTA,OUTB).
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Figure 9-3 Stepping BF in a single transistor

Now welll use CJE toillustrate log stepping. Press F11 to access the Stepping
dialog box. Click on the Model button and the L og button. From the | eft list box
select NPN N1, and from theright list box, select CJE. Type "2P" into the From

field, "16P" intothe To field, and "2" into the Step Valuefield. Click OK. Press F2
to start therun and it lookslikethis:

& Micro-Cap 8.0.0.0 - [Transient Analysis]
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Figure 9-4 L og stepping CJE
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AC and DC examples

Press F3. Select Revert from the File menu. Press ALT + 2 to select AC.
Press F11, click the Yes button in the Step It group. Press ENTER. Press F2.

& Micro-Cap 8.0.0.0 - [AC Analysis]
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Figure 9-5 AC analysislinear stepping

To illustrate list stepping, press F11. Click the List option in the Method group.
Type "100,110,150,160,200,210" in the From field. Press ENTER, then F2. The
run looks like this:

Z Micro-Cap 8.0.0.0 - [AC Analysis]
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Figure 9-6 AC analysislist stepping
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Toillustrate stepping in DC, press F3 to exit the analysis. PressALT + 3 for DC
analysis. Press F11, click on the Linear option, Click on the Y es button, click OK,
then press F2 to start the DC run. It looks like this:

8 Micro-Cap 8.0.0.0 - [DC Analysis] |- [5]x
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Figure 9-7 DC analysis linear stepping

Toillustrate multiple parameter stepping, pressF11, click inthe Yesoptioninthe
Step It field of parameter 2. Press ENTER, then F2. The run looks like this:

& Micro-Cap 8.0.0.0 - [DC Analysis]
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Figure 9-8 DC analysis stepping

Here we've simultaneously stepped BF and NF of all transistors using the N1
NPN model. Nested stepping was selected, and each parameter has six values,
So 66 = 36 runs were done.
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Text stepping

Text can also be stepped. Consider the circuit below:

& Micro-Cap 8.0.0.0 - [E:\mc8\datatsteptxt2.cir]
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Figure 9-9 Stepping the N1 variable

Here Q1l's model is set to N1, which is defined as N1A viathe statement,

.DEFINE N1 N1A

If we step N1 through alist that includes N1A and N1B, we get two simulations.
Oneisfor the case when N1 isN1A and usesthe N1A model parameter set. The
second isfor the case when N1isN1B and usesthe N1B model parameter set.
The Stepping dialog box for thiscaseis shown below.

N1 JznPnminF]l 3l s e |7 e ]l ] iz«
Step Wwhat |N1| =1 | =1
List [M1amTE

1o |

Sirnliaie |

Method

Step It
|7(‘ Linear ¢ Log & List

|7(:' ve: Mo

© Step all variables simultansously % Step variables in nested loops

anon | &1 0fF Defaul | ok | Cancel Help.. |

Farameter Tupe
[F Component ¢ Model (5 Symbolic
I—Ehang

Figure 9-10 The Stepping dialog box for text stepping the N1 variable
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Notice two things about text stepping:

1) Text stepping is done with asymbolic variable that is created and defined with

a .DEFINE statement.
2) Text stepping is done with the List method.

Hereiswhat the simulation looks like for the specified stepping.

8k Micro-Cap 8.0.0.0 - [Transient Analysis]

[@ Eile Edit “Windows Options Transient Scope MonteCado  Model Help =8| %
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B

Figure 9-11 The simulation run

The two runs use two different model parameter sets and produce two different

output curves.
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Stepping summary

The most important thingsto remember when using stepping include:

1. The parameters of these components may not be stepped:

® Transformer

® User sources

® | aplace sources

® Function sources

* SPICE dependent sources (E,F,G,H sources)

® MC4 switch, which has been largely replaced by the Sand W
switches. Their parameters can be stepped.

The behavior of User, Laplace, Function, and SPICE sourcesisembodied in
algebraic formulas and numeric tables, and thus can't be stepped. Y ou can,
however, step symbolic parameters which in turn are used in Laplace,
Function, and SPICE source functions. For example, you could use,
.DEFINE TAU S5

A Laplacefunction sourcelike,

V(A+TAU*S)

could then be changed by stepping TAU.

Similarly inaLaplacetable sourcelike,

.DEFINE RVAL 2.0

.DEFINE TAB (1k,0,RVAL)

you could change the behavior of the source by stepping RVAL.

The User source gets its data from an external data file and has no
parameter that can be stepped.

2. In Component mode, stepping affects one parameter of one device only if
the PRIVATEANALOG and PRIVATEDIGITAL options (Global Settings)
are enabled. In Model mode, stepping affects one parameter of all devices
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that use that model name. Thus you are potentially affecting many devices.
Thisis true regardless of the state of the PRIVATEANALOG or
PRIVATEDIGITAL flags.

3. The MOSFET Level model parameter may be stepped, but an error will
occur if the model statement has been created with parameters for level 1, 2,
or 3 and the level changesto a short channel BSIM or EKV model (4, 5, 8,
14, or 49). These models use parameter names that are so different from the
level 1, 2, and 3 models that the parameter names would be meaningless.

4. Linear stepping starts with the From value and adds the Step Value until
it reachesthe To value. Log stepping starts with the From value and then
multiplies by the Step Value until it reachesthe To value. A Step Value of 2
is often convenient and is called octave stepping. A Step Value of 10is
sometimes referred to as decade stepping. List stepping 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 performance plots.
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.

8. Text stepping requires a variable created with a .DEFINE statement and
the List method must be used.
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.
Chapter 10 Using Monte Carlo

What's in this chapter

Monte Carlo analysis statistically tests circuit performance. It creates a batch of
circuits populated with toleranced components. After the analysis of each circuit,
it employs user-selected functions to extract performance data from curves plot-
ted or printed during the run. Theresults are statistically analyzed and plotted in
the form of histograms. Careful review of the data can yield valuableinsightsinto
thereliability, cost, and the ability to manufacture the circuit.

Monte Carlo statistical analysisis available in transient, AC, and DC analysis.

Stepping and Monte Carlo are mutually exclusive. Either one, but not both, may
be run simultaneoudly.

The chapter is organized as follows:
* How Monte Carlo works
* Distributions
® Performance functions
°® Options
® An example

® Statistical summary
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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 devicerelative to the LOT toleranced value originally chosen
for the first device. In other words, the first device in the schematic list receives a
LOT tolerance, if any. All devices, including the first, then receive thefirst
device's value plus or minus the DEV tolerance. DEV tolerances provide a
means for having some devices track in their critical parameter values.

Both tolerances are specified by including the key words LOT or DEV after the
model parameter:

[LOT[t&d]=<value>[%]] [DEV[t& d]=<value>[%]]

For example, this model statement specifies a 10% absol ute tolerance to the for-
ward beta of the transistor N1:

.MODEL N1 NPN (BF=300 LOT=10%)

In this example, for aworst case distribution, each transistor using the N1 model
statement has a forward beta of either 270 or 330. If a Gaussian distribution were
used, arandom value would be selected from a Gaussian distribution having a
standard deviation of 30. If auniform distribution were used, arandom value
would be selected from auniform distribution having ahalf-width of 30.

This example specifies a 1% relative tolerance to the BF of the N1 model:
.MODEL N1 NPN (BF=300 DEV=1%)
The DEV value specifies the relative percentage variation of a parameter. A

relative tolerance of 0% implies perfect tracking. A 1.0% DEV tolerance implies
that the BF of each N1 deviceis the same to within 1.0%. Model statements that
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use DEV tolerances force the use of private libraries, regardless of the state of
the PRIVATEANALOG or PRIVATEDIGITAL flags.

This sample specifies a 10% absolute and 1% relative BF tolerance:
.MODEL N1 NPN (BF=300 LOT=10% DEV=1%)

In thisexample, assuming aworst case distribution, the first N1 model israndomly
assigned one of the two values 270 or 330. These two values are calculated from
the mean value of 300 and 10% L OT tolerance as follows:

BF =270 = 300 - .1.(300)
BF = 330 = 300 +.1,(300)

Suppose that the LOT toleranced BF value was randomly chosen to be 330. Then
al N1transistors, including thefirst, are randomly given one of these values,
based upon the 1% DEV tolerance:

327 =330-.01.300
333=330+.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, al BF valuesin any particular run would be
chosen from the set {267, 273} or the set { 327, 333}.

Resistors, capacitors, and inductors can only betoleranced through their multiplier
model parameter. The example below provides a 5% LOT tolerance and a .2%
DEV tolerance for a capacitor.

.MODEL CMOD CAP(C=1 LOT=5% DEV=.2%)

Any capacitor that uses the CMOD model will be toleranced, since the toleranced
Cmultiplier will multiply itscapacitanceval ue.

See the "Monte Carlo Analysis' chapter in the Reference manual for further in-
formation on using tolerances.
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Distributions

The actual values assigned to atoleranced parameter depend not only on the tol-
erance, but on the distribution aswell.

A worst case distribution places all values at the extremes of the tolerance band.
There are only two values:

Min = Mean - Tolerance
Max = Mean + Tolerance

The mean value is the model parameter value.

A uniform distribution places values equally over the tolerance band. Values are
generated with equal probability over the range:

From Mean - Tolerance to Mean + Tolerance

A Gaussian distribution produces a smooth variation of parameters around the
mean value. Values closer to the mean are more likely than values further away.
The standard deviation is obtained from the tolerance by thisformula:

Standard Deviation = Sigma = (Tolerance/100)-Mean/SD

SD (from the Global Settings dialog box) isthe number of standard deviationsin
the tolerance band. Thus, the standard deviation is calculated directly from the
tolerance value. The value chosen depends upon how much of anormal popula-
tion isto beincluded in the tolerance band. Here are sometypical values:

Standard deviations Percent of population
1.00 68.0
1.96 95.0
2.00 95.5
2.58 99.0
3.00 99.7
3.29 99.9

If you're certain that 99.9% of all 10% resistors are within the 10% tolerance, 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.
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Performance functions

MC8 savesall X and Y expression values of each plotted or printed expression at
each data point for each run, so you can create histograms after the runs are
done by picking a performance function and an expression. The performance
function calculates a single number from the selected expression for each analysis
run. All the numbers are combined to form apopulation which is statistically ana-
lyzed and its histogram is displayed. The performance functions supplied with
MC8include:

Rise Time
Fal_Time
Peak X
Peak Y
Valley X
Valley Y
Peak_Valley
Period
Frequency
Width
High X
High Y
Low X
Low_Y

X Level

Y Leve
X_Delta

Y _Delta
X_Range
Y _Range
Sope
Phase_Margin

For amore detailed description of how the performance functions work see the
"Performance Functions' chapter in the Reference Manual.
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Options

TheMonte Carlo options dialog box provides these choices:

* Distribution to Use: This choice controls the type of distribution used to
generatetheindividual populations of component parameters.

® Gaussian distributions are governed by the standard equation
f(x) = €>%Y0(2e1)°

Where s = x-p/o and p isthe nominal parameter value, o isthe standard
deviation, and x istheindependent variable.

® Uniform distributions have equal probability within the tolerance
limits. Each valuefrom minimumto maximumisequally likely.

* Worst case distributions have a 50% probability of producing the
minimum and a50% probability of producing the maximum.

* Status: Monte Carlo analysisis enabled by selecting the On button. To
disableit, click the Off button.

* Number of Runs: The number of runs determines the confidence in the
statistics produced. More runs produce a higher confidence that the mean and
standard deviation accurately reflect the true distribution. Generally, from 30
to 300 runs are needed for a high confidence. The maximum is 30000 runs.

® Show Zero Tolerance Curve: If this option is enabled, the first run
tolerances are set to zero to provide a kind of baseline or reference curve.

* Report When: Thisfield specifies when to report afailure. The routine
generates afailure report in the numeric output file when the Boolean
expressioninthisfieldistrue.

® Seed: The random number seed directly controls the sequence of random
numbers generated by the program. By specifying an integer seed number
greater than or equal to 1, you can identify and recall in alater smulation the
same random numbers used to produce tolerance values and the
corresponding histograms.
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Anexample

Toillustrate the Monte Carlo features, load the file CARLOA4.CIR. Thisfile con-
tainsasimple pulse source driving an RLC network. Thecircuit lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\dataicarlo4.CIR]
[i] File Ecit Component ‘indows Options Analysis Design Model Help _[&]x|

DEEEER[~ 28|+~ +wt++ ¢ |IOE@[PG|ERL | B'%E|
TN R efap s [ a @ E D e (@ @D F

CARLO4.CIR

This circuit demonstrates the Monte Carlo routines
Selectthe Transient or AC option under the Analysis
menu, then press F2 to start the runs. After the runs
are over, select the Histogram option from the honte
Carlo menu to see the various histograms

L1 L2
. W L1 Lcz R2
@W M ND n 50

MODEL PULSE PUL (YZERC=0 VONE=5 P1=100N P2=110N P3=500MN P4=510N P5=1000N)
MODEL INDTIND (L=1.0 LOT=10%}

MODEL CAPZ CAP (C=10L0T=10% )

MODEL RMOD RES (R=1 LOT=10%)

RIS T Page 1,4Text7l] < | ;Id

Figure 10-1 The CARL O4 circuit

Select transient analysis and then using the mouse, click the Optionsitem from
the Monte Carlo menu. It should look like this:

Monte Carlo Options [ ¢ |

Diztribution to Use: Status:
’}‘ Uniform % Gauss " wiorst Case & 0On
L1 i

100

Murber af Runs

[T Show Zero Tolerance Curve

Report wWhen I Getl

Seed |2

Ok I Cancel | Help... I

Figure 10-2 Monte Carlo options

163



164

The Monte Carlo options are set to run 100 runs using a Gaussian distribution. A
seed of 2 isused. Click on the OK button and press F2 to start the runs. The
curves accumulate on the screen and the result looks like this:

8 Micro-Cap 8.0.0.0 - [Transient Analysis]
File Edit \Windows Opfions Transient Scope Monte Garlo  Model Help _18 x|

DwEESR o eE T e MO 0E [P G [ Eas e
NPREE AT e S IE A S avAaA B9 F

10.00 carlod CIR Case=100

9.00

300

s DDEIEIEIU 0400 0.80u 1.200 1600 2.000

Figure 10-3 Theanalysisrun

Select Monte Carlo - Histograms - Show Rise Time(V(3),1,1,1,2). This
selectstheexisting Rise_Timehistogram whichlookslikethis:

8 Micro-Cap 8.0.0.0 - [Monte Carlo:Rise_Time(V(3),1,1,1,2)]

File Edit ‘Windows Opfions Transient Scope Monie Carlo  Model Help =18 x|
e e e ulm ] S A
AB~-T|F |2 F B
Rise_Time(¥(3),1,1,1 2) T6.11925n -
16.04816n
16.48304n
£l 16.94405n
18.81412n
15.68941n
2% I 16.82276n
ﬂ 16.09764n
15.76475n
18 i 16.27826n
A 1696871
16.86804n
12 o o 15.68913n
15.70266n
16.35184n
6 b 16.58869n
18.33321n
15.68977n
e TS N < @ N & & 15 664380
F ¢ FFFEFE 15078680
SR N S - - R, S S S SN 4 16.73600n
R O R A R A S A O 15210260 =
Percent displayed 100,00 .
Lo 15.16246n Griel Spacing |1.20000n ¥ Auto
Mean 16.08083n RengeLow [I50000n
Soma  fam  Penserih [T

Figure 10-4 The Rise_Time histogram
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Thisfigure shows the frequency distribution for the Rise_Time performance
function. The function is specified for the curve V(3), with aBoolean of 1, which
selects al data points, an N value of 1 which searches for the first rise timein the
V(3) curve, aLow value of 1.0, which definesthe first level from which therise
timeisto be measured, and a High value of 2.0, which specifies the second level
from which the rise time is to be measured. The Rise_Time function measured
one value from each of the 100 curves and the results are shown herein histo-
gram form. The statistical summary at the lower left shows the lowest value,
highest value, standard deviation, and mean, or average value, of the 100 num-
bers. Thelist totheright letsyou scroll through individual risetimevalues. Grid
Spacing sets the histogram bar width and indirectly determines the number of
bars. Range High and Range Low can be changed to show the percentage of the
total distributionincluded withinthelimits, predicting how theselimitswould affect
productionyields.

Now we'll add a new histogram to measure the width of the pulse. Select Monte
Carlo - Histograms - Add Histogram. This presents the Properties dialog box,
which you use to select a performance function. Click on the Get button and se-
lect the Width performance function. Click OK. Click OK again in the Properties
dialog box and anew histogram is presented.

& Micro-Cap 8.0.0.0 - [Monte Carlo:Width{V(3),1,1,2]]

FEile Edit Windows Options  Transien it Scope  Monte Cardo  Model Help -2 x|
DeEHSR o= smat - o o MOOIR|P G |EME | [H%/E|
Ix T & F &

Width(v(3),1,1,2) 4161336010 -
415.691367n
415.312983n

30 413 5136200
416.246843n

415.364297n
413.919683n
415 676712n
4149576170
4151701000
413.309854n
415.941706n
414 8186830
4167481120
415.002579n
4143002930
415 5389670

L mm

0 416.086459n
& F FFF e F S s 416.462856n
& g F & 4165071800
R SN RS N S S VAP 4140213350
EAREE S N N N N S S NS 4169725480 |

Fercent displayed 100.00
Low 413.389854n Grid Spacing [0 4000007 ¥ Auto

ean 4163685310 Range Low  [413 2000000

High 416.972543n

Sigma 0.764876n Range High [41700000+

Figure 10-5 The Width histogram

The Width function is specified for the curve V(3), with aBoolean of 1, which
selects al data points, an N value of 1 which searches for the first pulsein the
V(3) curve, aLevel of 2.0, which defines the level at which the width of the pulse
is to be measured.
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Press F3 to exit. Select AC from the Analysis menu. Press F2 and the screen
shouldlooklikethis:

8 Micro-Cap 8.0.0.0 - [AC Analysis]
@ File Edit Windows Options AC Scops MonteCarla  Model Help _1&] x|

DEEEsRcvmal i o MOOEP G ERE 1 E|E
NPREY LT @ e e S I Stk AVAY S a Y as B0 F

1000 carlod CIR Case=100

4.00

-4.00

VWEIEIEI1M
dbiv(3;

100

Figure 10-6 100 plots of DB(V(3))

Select Add Histogram from the Histograms item on the Monte Carlo menu.
Use the Get button to select the X_Level function for the What To Plot field.
ClickintheY Level field and type -3. Click OK. Click OK again in the Properties
dialog box and a new histogram is presented.

& Micro-Cap 8.0.0.0 - [Monte Carlo:-X_Level{db(¥(3)),1,1,-3)]
FEile Edit Windows Options AC Scope Morte Carlo  Mocel Help =2l

DEEEsk|E e T e S mOnE|P G BN 1E
x 58~ T &% F [

¥_Leveliab(u3)). 1,1 3) 5.906M B
5.916M
B.759M
kil

5 80aM
£ 806M
P

6.553M
B.B71M
6.790M
6.965M
6.698M
B.796M
6.637M
6.690M
6.979M
6.655M
B.716M
6.684M
6.723M
B.877M

24

a 6.763M
K S
QB QB 6.754M
Ep“g. @!i‘“ gné. g.b““ g.\“g @““ b&“ ﬂ@“ P 8

A7 A4l 7141M =

Percent displayed 100,00

Lo £.375M Grid Spacing |7 100} W Auto
hean 6.788M Range Low  [5 3001
High 7.232M

Sigma 0.163M Range High [7.400M

Figure 10-7 AC bandwidth histogram using the X_Leve function
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The function is specified for the curve DB(V(3)), with aBoolean of 1, which se-
lects all datapoints, an N value of 1 which findsthefirst X valueinstancein the
curve, aY Level of -3.0, which defines the level at which the X value of the
curve isto be measured. Since the curve is aplot of the gain of the circuit, which
isasimple low pass filter, and since we chose -3 for the level, the performance
function measures the 3dB bandwidth of thefilter.

Press F10 to show the Properties dialog box. It includes items similar to the Plot
Properties dialog boxesfor the analysis plots.

Press Cancel to close the dialog box.
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Press F3. Select DC from the Analysis menu. The Analysis Limitslook like this:

8 DC Analysis Limits B

R Add | Delete | Expand...l Stepping. | Properties | Help. |

-~ Sweep
M ethod Name Range

Varable T [unv] V1 | =] oo
Warable 2[None v | {101 I | ] None

~ Temperature Mumber of Paints tawirnum Change %—
tethad Range ’V W ’V

ILinear d |27 ID.S IED

Bun Options |Nomal - ™ tuto Scale Rangss

¥ Expression | ' Expression | * Range | ' Range | b |

Pl
IMEEER fren R B [fu404
Figure 10-8 The DC analysis limits

These limits specify that we plot R(R2) while sweeping V1. V1 has no effect on
R(R2). As aresult, the plots are a series of straight lines. Press F2 to start the

& Micro-Cap 8.0.0.0 - [Monte Carlo:Peak Y{R{R2),1,1]]
FEile Edit Windows Options DC Scope  MonteCardo  Model Help

DEEHSR[~ - =@l ~+4 >+ |DO0MNB|PG|ER: LB

A3E8~-T|e (D F B

30 5197674
o 4353480
¥ 52.32558
53.72093
51.27407
47 20830
18 52.26581
51.16279

Peak_Y(R(R2),1.1) 4918605 B
4883721
50.34884

<
<

24

49 06977
50 4RR12
4465116
50.46512
4872093
5081395
49.41860
PP PSP PP PP PSP S |
5162791
LR S S S S N S S SN
B R 4 L R G A -

B o) 4876744

P 5023256 =
Percent displayed 100,00

Lo 4465116 Grid Spacing |1 20000 W Auto
Mean 49.96395 R T

High 54.65116

Sigma. 183711 Range High [5750000

@

v

Figure 10-9 A Gaussian distribution

run. Select the Show Peak_Y item from Monte Carlo - Histograms. The
Peak Y function measures the largest value of R(R2), whichis simply the
toleranced resistor value. The distribution approximates a Gaussian distribution.
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TheUniform distribution option producesahistogramlikethis:

& Micro-Cap 8.0.0.0 - [Monte Carlo:Peak_Y{R{R2),1,1]]
FEile Edit Windows Options DC  Scope  Monte Carlo Model  Help =13 x|

LedH8R =~ ie@)t-++= >~ |MODE|P 6 |Exz IS
h %8~ T =@ F =

Peak_Y(R(R2),1.1) 48 45066 <
47.75948

50.77868
20 5344569
4305225
5380546
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4573092
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— | |s2zs028
D kel 4812754
6099384
- 4502045
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4757363
6155230
4878155
FLFFFF S S PSS S
5298730
@@@@&@@@@@@ 48.43567
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Percemdwsp\ayedwﬂﬂﬁ
Low 4502045 Grid Spacing [ 00000 ¥ Auto

Mean 4393418 Range Low W
High 5452431 i
Sigma 272201 Range High 5500000

Figure 10-10 A uniform distribution
TheWorst Case distribution option produces a histogram likethis:

& Micro-Cap 8.0.0.0 - [Monte Carlo:Peak_Y{R(R2),1,1)]
m File Edit Windows Options DC  Scope Monte Carlo  hodel Help =18l

IR e e sl =
(x48-T|® 2 F H
Peak_Y(R(A2),1 1) | B B
5500000
4500000
60 4500000
N 55.00000
e W 4500000
Fi 4500000
4500000
55.00000
W 4500000
4500000
5500000
24 45.00000
55.00000
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Figure 10-11 A worst case distribution

In each of the three cases, we plotted the resistance value directly, so each output
histogram directly mirrored the distribution function used to determineitsvalue.
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The Gaussian distribution for the resistor tolerance resulted in asimilar, Gaussian
output distribution. For alarge number of cases, the histogram closely ap-
proaches the bell shape of the standard Gaussian equation.

Theuniform distribution for theresistor produced asimilar uniform output distribu-
tion, although with afew bumps. If we had run avery large number of cases, we
would expect a perfectly flat histogram, reflecting an equal probability of al out-
putsin the range.

The worst case distribution generated an output distribution that contained the
two extremes. The proportion that fall into the low or high category is due to
chance. The larger the number of runs, the greater the chance the proportions will
be equal.

In more complex designs having many components with tolerances, the output
distributions approach astandard Gaussian shape, even if theinput distributionis
chosen to be uniform or worst case, due to the Central Limit Theorem of statis-
tics. It simply takes more cases to produce a normal-looking output distribution.

Press F3 to exit the analysis, and close the file with CTRL + F4.

Statistical summary

The statistical results are printed to adisk file. The file names used are:
Transientanaysis CIRCUITNAME.TMC
AC andysis CIRCUITNAME.AMC
DC analysis CIRCUITNAME.DMC

The content of the file may be viewed by selecting Statistics from the Monte
Carlo menu when a histogram is the active window.
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Chapter 11

.
Working with Macros

What's in this chapter

This chapter describes the use of macros. The term macro is defined and the four
steps of macro creation and usage are described. They are:

Creating the macro circuit file

Selecting or creating a suitable shape for the macro
Entering the macro into the Component library
Using the macro in acircuit

What is amacro?

Macros are circuits, created and saved to disk to be used as building blocks by
other circuits. The main advantage of macros is that the behavior of a complex
circuit block can be incorporated into and represented by a single component. The
complexity and detail of the macro ishidden from view in the calling circuit.

When an analysisisrun, the macro fileisloaded from disk and substituted for the
macro. Macro circuits are constructed in the usual way, with two exceptions.

1) Macros use command text of the form,
.PARAMETERS(parl,par2,...),
to define parameters to be passed to the macro by the calling circuit.

2) Macros use grid text on circuit nodes to define the nodes (pin names)
that are to be connected to the using circuit.
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Creating themacro circuit file

Thefirst step in using macros is to create the macro circuit itself. We won't do
that here. Instead we'll use amacro circuit which is supplied with MC8. Load the
macro circuit INT. Itisan integrator circuit and lookslikethis:

INTEGRATOR MACRO

Called by other circuits. Not intended for stand alone analysis.
PARAMETERS(SCALE=1 VINIT=0)
PINA I

' o1 L R d) El
SCALE T TMEG, 1
€T

T pme

— 1S =VINIT

V(PINB) = SCALESINTEGRAL{VFING) DT

Figure 11-1 The INT macro

The first stage of the macro circuit is a voltage-controlled current source (IOFV).
Its transconductance value, SCALE, is passed as a numeric parameter by the
calling circuit. The circuit which uses the macro isreferred to asthe calling cir-
cuit. Thefirst stage multipliesthe input signal by the value SCALE and convertsit
to acurrent. The current flows directly into a capacitor, creating avoltage that is
the integral of the scaled input signal. A final unity-gain stage buffers the capaci-
tor voltage fromtheload in the calling circuit. The high-valued resistor avoidsinfi-
nite voltages on the capacitor when DC input voltages occur. It also limitsthe
useful range of the macro to frequencies above 1E-6, which would be acceptable
forvirtualy al applications.

Thiscircuit illustrates the two features which distinguish macros from ordinary
circuits. First, the external pin connections are defined by placing the pin namein
the form of grid text on the node where connection is desired. Inthe INT circuit,
thetext PINA, connects the positive input of the voltage-controlled current source
to PINA of the macro shape. The text PINB, connects the output of the buffer
stage to PINB of the macro shape.

The second important feature in this macro is that it receives parameters from the
calling circuit. A macro need not have passed parameters, but most do. It can
greatly enhance a macro's usefulness. The first step in passing parameters to a
macro is to include the PARAMETERS control statement in the macro circuit.
Thisisdone by including apiece of text in the macro circuit using thisformat:
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.PARAMETERS (<parameter[=<vaue>]> [, <parameter[=<value>]>]*)
The INT macro uses this particular parameters statement:
.PARAMETERS(SCALE=1,VINIT=0)

The statement defines two parameters, SCALE and VINIT. SCALE is used to
multiply theinput signal, and hencetheintegral. VINIT isused to provide aninitial
value to the capacitor and hence to the value of the integral.

The usual procedureisto create the INT macro circuit, then save it under the
macro name in the LIBRARY folder. In this case it would be saved under the
name INT.MAC.

Selecting a suitable shape for the macro

The second step in the construction of a macro is the selection or creation of a
suitable shape. For our example, the Block shape will suffice. It lookslikethis:

Shape Editor [x]

DEEEE - =R O000 I\NCE~TH >~ =18i%asl OMiEaal |
D EE e

[EAmc\Standerd shp =l

L

Figure 11-2 The Block shape
The figure shows the Shape Editor display for the Block shape. If there are no

suitable shapesin the library, you can create a new oneto visually suggest the
function of the macro.
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Shape/pin display

Entering the macro into the Component library

Thethird step isto enter the macro in the Component library. To do this, select
the Component Editor from the Windows menu. From the Component Selec-
tor, double-click on the Macros namein the Analog Primitives group. Inthishier-
archical selector, double-clicking opens a closed group or closes an open group.
Click onthe INT name. This selects and displays the INT component. If you
were adding INT as a new macro you would have clicked first on the Macro
group to select it, then clicked on the Add Part +#| button to add INT to the
macro group. The INT component display lookslikethis:

Component
selector

::::::

Figure 11-3 Component library entry for the INT macro

The Name data field is for the component name. Thisis the same as the macro
file name. In this case we used the name INT.

The Shape data field is for the name of the shape to be used to represent the
macro. The shape names are from the Shape library, which is created and main-
tained by the Shape editor. To select a shape, click in the Shape field and press
the first letter of the shape name until the one you want appears, or use the arrow
adjacent to the list to browse. Here we have chosen the Block shape.

The Definition field specifiestheelectrical definition. To select adefinition, click
inthefield and pressthefirst letter of the definition name until the one you want
appears, or use the arrow to browse. In this case, we must specify Macro to indi-
cate that the electrical definition comesfrom acircuit file.
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The Memo field is for descriptions or comments. It has no effect on the electrical
behavior of the part.

The Attribute text orientation options show the location of attribute text relative to
the shape. Each shape has potentially eight combinations of rotation and reflec-
tion, called orientations. Orientation 1 isfor the four horizontal orientations. Orien-
tation 2 isfor the four vertical orientations. Attribute text for amacro component
is comprised of the part name, macro name, and optional parameters. These are
entered via the Attribute dialog box when the component is added to a schematic.
Y ou can drag the text with the |eft mouse button to indicate where the first (XX)
and second (YY) attribute text will beinitially placed. After the component isini-
tially placed in acircuit, the attribute text can be rel ocated by dragging the text
attribute with the mouse.

An important aspect of entering amacro into the library is defining where the pins
are. For acomponent like a diode, the pin names are predefined as Anode and
Cathode.

For a macro, pin names are defined by the user. They must match the actual
node names as defined by grid text in the macro circuit.

The names are defined by clicking in the Shape/ pin display. ThisactivatesaPin
dialog box, allowing you to enter anew pin name and to specify if itisdigital or
analog. Double-clicking on an existing pin letsyou edit it. Both the pin marker dot
and the pin name can be independently moved with the mouse to hew locations.
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Using the macro in acircuit

Thefinal step isusing the macro. Thisis the easiest part. Once the macro has
been entered into the Component library, it isavailablefor usein circuits. It is
accessed from one of the groups on the Component menu.

Toillustrate using a macro, well create asimple circuit that contains avoltage
source with atriangular waveform driving an INT macro. The output of the INT
macro should be the integral of the input waveform.

Close the Component Editor without saving any changes. Closethe INT circuit.
Select the New option from the File menu, then Schematic from the New dialog
box. From Component Menu / Analog Primitives / Waveform Sources se-
lect the Voltage Sour ce. Place it in the schematic with the plus sign pointing up.
From the Attribute dialog box, select the Pulse panel, then select the TRIANGLE
button. Click on the OK button. Click the Wire mode button. Draw awire from
the top of the pulse source to the right.

From the M acr os group of the Analog Primitives section of the Component
menu, select INT. Place the INT macro input at the end of the line just drawn.
Click on the SCALE attribute and type "1E7" for its parameter. Click on the
VINIT attribute and type "1" for its parameter. This passes a scale value of 1E7
and aninitial value of 1 tothe macro. Click OK. Finally, click on the Ground but-
ton in the upper tool bar, rotate it as needed with the right mouse button and
placeit at the minus lead of the Pulse source.

The key points about placing amacro in acircuit are:
1. Remember where you put it in the Component hierarchy. Macros are
usually placed in and selected from the Analog Primitives/ M acr os section
of the Component menu, but their location is up to you.
2. The FILE attribute contains the name of the macro circuit file without its
extension. In this caseit issimply INT. This name must be the exact same
name that the macro circuit was saved, without the .CIR or .MAC extension.

3. Each parameter is entered as a separate attribute.
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Thecircuit and itstransient analysis are shown in the figures below. To produce
thisanalysis plot you must 1) disable the operating point, 2) enable the Auto Scale
option and 3) enter 1 and 2, respectively, in the V(1) and V(2) P columns.

8 Micro-Cap 8.0.0.0 - [E:\mc8\datalcircuit2.cir]
[ File Edit Component ‘Windows Opfions  Analysis Design Model Help =181 x|
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Figure 11-4 The INT macro used in acircuit
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Figure 11-5 Transient analysis of the circuit

Press F3, and close the circuit.
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An easy way to create macros

Another way to make macros from existing circuitsis to use the macro creation

command. Toillustrate, load the file ECLGATE. Enter Select mode, and drag a
box region acrossthecircuit likethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\datateclgate. CIR]

EEME Edit Component MWindows Options  Analysis  Design  Model Help
DEHB &SR]~ @ twrrs++o MOOEPG|E 5
[ TN E R [ 3 O = [ [ 12 e D) o @) B

T =
RS Rz
100 100
r ] | |
Qf
T
N1 a0
l Q1 oz ot
L ¥ ol
0
R3
AL 80
IN a0
J_- R11 a7 RE
L 60 560
[E I
- 0¥
EVI R1D RE RE SR RT
¥ T %azn 280 %zx %zx %m
[{[4> [¥]\Page 1 £Text] < | L3

Figure 11-6 The ECLGATE macro box region

Be sure to draw the box region exactly as shown above. Now press CTRL + M.
Click OK inthediaog box. The screen should look likethis:

8 Micro-Cap 8.0.0.0 - [E:\mc8\dataleclgate.CIR]

[ Eile Edit Component Windows Qptions Analysis Design Modsl Help _[&] x|

DEHBSR[~ =B+~ t++ 4 |MO0E PG|EXRS | B E
[ TOLN & W2 [fron [ G0 52 0 O — i v [ |85+ D) o 1 BB B

1

v Ping
[FISTFTMI\Page 1(Tef] <] of

Figure 11-7 The ECLGATE circuit using a macro
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The program has converted the circuitry in the box region into amacro circuit. To
dothisitdidthefollowing:

1. Placed the circuitry within the box regionin afile called ECLGATE.MAC.
2. Placed an ECLGATE macro into the current component library.

3. Modified the ECLGATE circuit on the screen by replacing the contents of
the region box with amacro call ECLGATE.

Asaresult of this action the ECLGATE circuit appears simpler. Its complexity is
hidden and encapsulated in the macro block called ECLGATE. In addition the
macro has been entered into the component library and is available for use by
other circuits.

Y ou can see the macro circuit by clicking on the Info ﬂ button and then clicking
on the ECLGATE macro block. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8Mibrary\ecigate. MAC]

[ Eile Edit Component Windows Options  Analysis Design  bodel  Help TR
DEHBSR = s BR[+~++t >+ ¢ [MOCIA|P G |EM | & %]
[h s TN & R B 30— - [ 3 8+ D b o 8 BB F

aclgate Macra =
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Figure 11-8 The ECLGATE macro circuit

The program has determined that five pins are needed and has located the pin
text as required. This form of macro creation always uses an adjustable macro
box. Its sides and pins can be moved about as desired. It always retains its rect-
angular shape, however.
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To change the location of the pins, select the macro by clicking on it. Drag the dot
at the end of the pin to the new location and release it.

To change the shape of the macro box, select the macro by clicking on it. Drag a
corner dot to change both length and width. Drag a side dot to change length or
width. For example, the figure below shows an example of how the shape can be
modified. Comparethiswith Figure 11-7.

8 Micro-Cap 8.0.0.0 - [E:\mc8\dataleclgate.CIR]

[{] Eile Edit Component ‘Windows Options Analysis Design Madal Help 18] x|
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Figure 11-9 The altered macro box shape
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I
Chapter 12

.
Working with Subcircuits

What's in this chapter

This chapter describes the use of SPICE subcircuits. The four steps of subckt
creation and usage are described. They are:

Creating the subckt circuit file

Selecting or creating a suitable shape for the subckt
Entering the subckt into the Component library
Using the subckt in acircuit

Using the Add Part wizard to add subckt parts

What isasubcircuit?

Subcircuits are complete SPICE text file circuits, created and saved on disk to be
used by other circuits. The great virtue of subcircuits is the same as for macros;
the behavior of acomplex circuit block can be incorporated into and represented
by asingle component. The complexity and detail is hidden from view in the cir-
cuit that uses the macro.

Another major advantage is that most parts vendors use the SPICE subcircuit as

the principal means for modeling their parts. Access to these modelsis the key
reason for using subcircuits.
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Creatingthe subcircuit text file

Thefirst step isto create the subcircuit circuit itself. We won't do that here. In-
stead we'll use an existing subcircuit, supplied with MC8. To load the SPICE file,
select the Open item from the File menu. Type ".\LIBRARY\UA741.MOD".
Thefilelookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\ibrarytUAT741.MOD]
Ed File Edit Component ‘Windows Options Analysis Design Model Help 18] x|

DSHESR |-~ 528 +~+xt >+ DOEE|PG =54 | B[]
hivEaDEa]eF

. subckt UATEL
+EARAMS: resistance

91 0 {resistance}

ol 11 12 4.4A4E-12
az 6 7 Z0.00E-1Z2
de 5 53 dx

de 54 5 dx =
dlp 20 91 dx
dln 92 90 dx

dp 4 3 dx
eynd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

b 7 99 poly(5) vb we ve vlp vln 0 10.61E6 -10E6 10E6 10EE -10E6
ga 6 0 11 1z 137.7E-6

gem 0 610 99 2.574E-9

iee 10 4 de 10.16E-6
hlim 90 0 vlim 1K
ql 11 2 13 gx

g2 1z 1 14 gx 'ﬂ
MIATr Ml Tesxt {info N4l B

Figure 12-1 The UA741.MOD subcircuit

Thissubcircuit is astandard Boyle-type model for the classic UA741. The circuit
file can be created with the MC8 SPICE text editor or by using an external word
processor. Frequently, it can be obtained as atext file from a manufacturer of the
part. It must be placed in the library directory and the file name entered into the
"NOM.LIB" fileto be accessible to MC8. Thefile nameis entered by adding a
linesuch as,

LIB"UA741.MOD"

to the NOM.LIB file. The NOM.LIB fileislocated in the library folder.
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Selecting a suitable shape for the subcircuit

The second step is the selection or creation of a suitable shape. Select the Shape
Editor from the Windows menu. For our example, the Opamp5 shape will do
nicely. Itlookslikethis:

[Brapokatr
DERMEE » 2278000 ENRK~THEY -1 Mizas sl Oz aa

a%EEED

[Emed\Standerd she =l

Figure 12-2 The opamp5 shape

If there are no suitable shapesin the library, you can create a new one to visualy
suggest the function of the subcircuit. All shapes created are added to and appear
inthe Shapelist field of the Component editor.
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Shape /pin display

184

Putting subcircuitsinto the Component library

Thethird step isto enter the subcircuit in the Component library. To do this, select
Component Editor from the Windows menu. Double-click on the Subckts
group of the Analog Primitives group. This presentsalist of the existing subcir-
cuits. Click on the Opamp_subckt 5. This shows the existing Opamp_subckt 5
component. If you were adding this component as a new subcircuit you would
have clicked first on the Subckt group to select it, then clicked on the Add Part

button to add the Opamp_subckt_5 component to the macro group and edited the
datafieldsto look like these:

Component Editor [x]
D@ EEE 4 als RBERX|F|o «|a|@Q(f |8 |® 2

Mame  [Opamp_subekt_5
Shape  [Opamps +] ™ Assign Component Name to NAME.

Defirion [Subckt I T

I Display NAME Afibuie.
Cost
Paletie

Component
"selector

Arimston (12)
E\meBtimpot e (36]
E-moBiMacio.crp (8)

Total Components 16155

Figure 12-3 The subckt Component library entry

Thefirst datafield isthe Component name. This can be any alphanumeric name.
It isusualy the name of the subckt, though it does not need to be . In this case we

used the general name, Opamp_subckt 5, but we could also have chosen the
name UA741.

The Shape entry is the name of the shape to be used to represent the macro.
Here we have selected the Opamp5 shape. Click on the down arrow to see alist
of the available shapes from the Shape library.

The Definition field is where you specify the electrical definition. In this case, we
specify Subckt. Click on the down arrow to see alist of the available definitions.
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The Attribute text orientation options show the location of attribute text relative to
the shape. Each shape has potentially eight combinations of rotation and reflec-
tion, called orientations. Orientation 1 isfor thefour horizonta orientations. Orien-
tation 2 isfor thefour vertical orientations. Subckt attribute text is comprised of
the PART attribute which provides the part name, the NAME attribute which
specifies the name of the subcircuit, the optional FILE attribute which specifies
the name of the file containing the . SUBCKT statement, the PARAMS attribute
which provides any passed numeric parameters, and the TEXT attribute which
provides any passed text parameters. These attributes are specified when the
component is placed in aschematic. The Attribute placement fields let you drag
the text with the left mouse button to define where the first (XX) and second
(YY) attribute text will beinitially placed. After the component is placed, attribute
text can be relocated by dragging with the mouse.

An important aspect of entering a subckt into the library is defining where the pins
are. For acomponent like aBJT, the pin names are predefined as Emitter, Base,
and Collector. For a subckt, the pin names and locations must be defined by the
user. Thisisdone by clicking in the Shape/ pin display. ThisactivatesaPin dialog
box, allowing you to enter anew pin name and to specify if itisdigital or analog.
Double-clicking on an existing pin letsyou edit it. Both the pin marker dot and the
pin name can be independently dragged with the mouse to the desired locations.

The pin names used in the Component library must match those in the . SUBCKT
statement in the file that contains the subckt itself. For example, the UA741 uses
"1" asthe name of the positive input pin, so we need apin named "1" at the posi-
tion on the shape we want to identify asthe positiveinput pin. Similarly, "5" is
used as the name of the output pin so we want to have a pin named "5" placed on
the shape where we expect to find the opamp output.

UA741 Subckt Pin Names Description
Positiveinput pin
Negativeinput pin
Positive power pin
Negative power pin
Output

b~ wNPE

Notice that you could put the pins anywhere. Thereis no magic in placing the
positiveinput pin near the + symbol. It issimply easier to remember where the
pins are when you wire them into a circuit.

Close the Component editor.
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Using the subcircuit as a component

Thefinal step isusing the subckt. Once it has been entered into the Component
library, it isavailable for usein any circuit and can be accessed from the Compo-
nent menu group where it was added. Unload the UA741.MOD SPICE file and
load the SUBCK T1 circuit. It lookslikethis:

& Micro-Cap 8.0.0.0 - [E:\mc8\datai\SUBCKT1.CIR]
[id File Edit Component ‘Windows Options Analysis Design Model Help & x|
DEHBER[(w - =8 t~+ x4+~ ¢ MOD@PG|E ® | B%E|
v TN i W [l o0 9 O — i~ [ [ e o o [ B
SUBCKT SAMPLE CIRCUIT N
THIS CIRCUIT USES THE UAT41 MOD SPICE SUBCKT TEXT FILE

Thers are two ways to add 3 part defined by a subckt o the componsnt library

1) Invoke the Component editor and use the Add Part wizard
) Do it manually ke this.

1) Caopy the file cantaining the subekt ar mods! Statemart to the data directory.
The file name should be something like MYFILE LIB. The .LIB extension is  optienal.

) A th he nom I test fils located inthe datz  directory I this:
Using t apenthe file NOMLLIB. Press  CTRL+End

sing . op
0 gorto the bottorm of the lit. Add a new entry listing your fle name

LB MYFILELIE

AL file
e file lsting all af the files which cantain
model cirouits

RIS 1 TR ORI 7 [l e

Figure 12-4 Using the subckt component

The key points about using a subckt are:

1. When the part is placed in acircuit, its NAME attribute must be the same
as its .SUBCKT name.

2. MC8 searches for the subckt in the following places:

* The text area of the schematic. Y ou can paste the subckt to the text
area and avoid the need to copy the subckt file to the library directory.

* Thefilenamelisted in the File attribute.

® Thefilesin any .LIB statements, including the default .LIB NOM.LIB.
This is the preferred and most common access method.

3. Many different subcircuits can be covered with asingle, generic subckt
entry in the Component library, if they have the same pins and node order.
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Using the Add Part wizard to add subckt parts

The procedure described in the previous pages describes how to add a subckt

part from scratch. Frequently, you may wish to add a part model supplied by a
semiconductor parts vendor. The easiest way isto use the Add Part wizard. It
combines the three basic steps into one operation.

1) Copy thefile containing the subckt or model statement to the library folder.

2) Add the model file nameto the nom.lib text file located in the library folder.

3) Make an entry in the Component library.

Suppose you have downloaded afile called AD.LIB from avendor to the location
C:\. Inthefileis asubckt statement for the power NMOS device IRF5101A. You
want to add it to the library. Here is what you do.

1) Select Component Editor from the Windows menu.

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

3) Click on the Add Part wizard ##| button.
4) Thefirst prompt isfor the part name. Typein "IRF5101A". 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
C:\AD.LIB ( or wherever the file currently resides). Click Next.

7) The next prompt is the tricky one. The wizard has scanned the Component
library and compiled alist of all subckt based parts that have pin hames matching
those it found for the IRF5101A subckt. Actualy it triesto present only arepre-
sentative list, as there may be thousands of possible parts. Select one from the
list. In this case we will select the DNMOS as we know this to be a discrete
NMOS device. 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.
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10) The next panel lets you set the visibility of the various part attributes. Click
Next.

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

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

For our example, the new part should look likethis.

DEEE@B A+ s BERX|F[- -2 @alide?

Nowe  [IFFETOTA E\moBStandard onp (16053)

Shape [DNMDS ]I Assion Conponent Name to NAME ‘Ansloq Prinitves (162)

[t ,ﬁ IV Display FART Aibute.

I Display HAME Attibute. )
e,
Gt [T Pee[l Display Pin Names Coystel (40)
Paletie [None 1T Display Pin Nunbers DCOC Comverter (32)
Ve [ Diade (245)
Ferit 257)
Wiew @ Pine O Attibute Text Orientation 1 € ttibute Text Orientation 2 IGBT [6)

MOSFET (2131)
Opamp (2643)
Passive (351)

Tetal Campanents 16167

Figure 12-5 The subckt Component library entry

It isalso possible to import many parts simultaneously from onefile. That isdone
with the Import wizard. Its operation is described in the Reference manual.

188  Chapter 12: Working with Subcircuits



.
Chapter 13 Printing

What's in this chapter

This chapter describes how to get copies of your work on printers. MC8 provides
output in two basic ways.

® Graphics
® Schematics
* Analysisplots
® Performance plots
* 3D plots
* Monte Carlo histograms

® Text
® Schematic text area
® SPICE circuit descriptions
® Document files
* AC, DC, and transient analysis numeric output
® Transient analysis state variables
* Monte Carlo statistics

All text output isavailablein disk file or hard copy form. Graphicsoutput isavail-
able on any printer that your system supports.
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Printing schematics

Schematics may contain one or more pages which may be printed. Depending
upon the scale chosen, each page is partitioned into one or more sheets for print-
ing or plotting. The Auto option scalesthe largest page to fit on just one sheet.
The User option lets the user pick a scale and thus adjust the physical size of the

schemati

c. Larger image sizes produce more sheets of paper per page.

To setup or preview the printed output, use these File menu options:

® Print Setup: The contents of this dialog box depend upon the type of
printer chosen, but it usually letsyou choose the printer, orientation, paper

size,

and other options. The choice of orientation affects the partitioning.

* Print Preview: Thisoption lets you preview how the schematic will be
partitioned for printing into one or more sheets.

Chapter 13: Printing

® OK: This accepts any changes and exits the dialog box.
® Cancel: Thisignores any changes and exits the dialog box.
® Schematic Page
Next: This displays the next page of the schematic. Note that the
scale, whether Auto or User is chosen, appliesto all pages.
Prior: Thisdisplaysthe prior page of the schematic.
® PageList: Thislist box shows the name of the page being displayed.
Y ou can display any page by selecting its name from the list. Select
pages to be printed by adding a check mark adjacent to the page name.
® Text Sheets:
Next: If atext pageis selected from the Page List, this shows the
next sheet of the text page as it will appear when printed.

Prior: If atext pageis selected from the Page List, this shows the
prior sheet of the text page asit will appear when printed.

® Print: Thisinvokesthe Print dialog box.

® Setup: This accesses the Print Setup dialog box.



® Properties: This accesses the standard schematic Properties dialog
box, whichlets you make last minute changes to colors, fonts, and the
titleblock.

® Help: This accesses the Help System.

® Auto Auto_Scale: This option adjusts the scale so that the largest page
in the schematic will just fit on the chosen paper size. All other pages use
this scale. If Auto is clicked, Auto_Scale shows the scale value used.
The sameresult is achieved by clicking on the User button and typing the
same number in the User _Scale data field.

® User User_Scale: This button enables the User_Scale value. A scale
of 100 isnormal size. The User_Scale data field holds the scale. A
change in scale takes effect only when the Apply button is pressed.

® Apply: This updates the display to reflect editsto User_Scale field.

The Title Block item in the Properties dial og box lets you define the content of the
fivefields of thetitle block. Field 1 isprinted in large text, and the remainder are
printed in smaller text. There are several optionsto facilitate printing thefile
name, date, and page numbers. These options are enabled by placing the follow-
ing key wordsin the desired text field.

* SNAME Thisprintsthe circuit name.

* SNAMEEXT This printsthe circuit name with an extension.
* $DATE This prints the current date.

* $TIME This prints the current time.

* SUSER This prints the user name.

* 3SCOMPANY This prints the company name.

* $PAGE This prints the page number.

* SPAGENAME This prints the schematic page hame.

* SMAXPAGE This prints the largest page number.

* $MC This prints the Micro-Cap version number.
* $SHEET This prints the sheet number.

* SMAXSHEET This prints the largest sheet number.

The One Title option box produces one title block per schematic if checked. If
unchecked onetitle block per sheet is printed
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An example of schematic printing

Load the file 'PRINT'". Select Print Preview from the File menu.

Print Preview [ x]

| w
Cancel :
- Schematc Fage
Hewt
B

Hest
Fit e
Print, ‘ i
Setup...
by
Fuapeties . g:’.
Help. o . = : i
~Schematic Scale B @EH‘
& e 49 Eate 'm 1
Couser 155 ' Jr'
S
Aonly |

Figure 13-1 Print Preview of page one of the PRINT cir cuit

The Scale mode is set to Auto so MC8 prints one sheet for each of the two pages
contained in this schematic. Figure 13-1 shows how page onewill fit in landscape
mode. Click on the Schematic / Next button to display page two. It lookslikethis:

Print Preview [ %]

Figure 13-2 Print Preview of page two of the PRINT circuit
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Now click on the User button. This applies the current user scale of 125% and
partitions the schematic for printing. The result, shown in Figure 13-3, shows how
page two will be partitioned. At this scale, two sheets of paper are required to
print page two of the schematic.

Print Preview [x]

Figure 13-3 The Print Preview of page two with a scale of 125

Note that clicking on the Auto or User buttons automatically update the screen.
Simply editing the User scalefield will not, by itself, update the screen. Clicking
the mouse on the Auto, User, or Apply buttons will cause a screen update.

Once a suitable scale is chosen and the desired page ranges are selected, click on
the Print button to invoke the Print dialog box to initiate printing. Of course, you
need not use the Print Preview each time you want to print. If you've previously
checked the Print Preview and are happy with it, smply press CTRL + Ptoin-
vokethe Print dialog box.

Click on the OK button and close the file.
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Printing an analysisplot

To produce aplot, first run the analysis. When the analysis is complete select the
Print Setup option from the File menu. From this dialog box, select the orienta-
tion and other options.

Toillustrate, load the file ECLGATE and run transient analysis. Select Print Pre-
view from the File menu. It should look like this:

Printer Preview

Pik. | Setp. | Tie | A | clese | Hep. |

¥ &uta Tile I~ Piint Background [¥ Black Biorder

ecliale LIR F’aie 1

sclgets. R

T 4000 2000

WAT Vi1E)

12,000 16.00n 20.00n

Figure 13-4 The Print Preview of an analysis plot

The Print Preview dialog box lets you include, and set the size and location on the
paper of the analysis plots, 3D plots, and Monte Carlo plots. Y ou can even include
the circuit schematic. The dialog box provides these buttons:

Print: This sends the image to the printer.

Setup: Thisinvokesthe Print Setup dialog box.

Tile: Thisarranges the selected plots in contiguous non-overlapping areas of
the paper.

All: Thisselectsall availableplotsfor printing.

Close: This closes the Print Preview dialog box.
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Help: This accesses the Help system.

Plot List: Thisisalist of available plots. Click on aplot to toggleits selection
state.

Auto Tile Thisautomatically tiles selected plotsinthelayout. If Auto Tileis
off, each plot acquires a set of handles and may be moved and re-sized.

Print Background: This prints the selected background color. It's generally
abad ideaonink jet printers because the large quantity of ink needed for the
background saturates and warps the paper surface.

Black Border: This adds a black border around each plot.

Toillustrate these features, click on the All button. This adds the schematic to the
analysisplot producing adisplay likethis.

Printer Preview [x]
Pt | Sep. | e [ A1 ]| e | Hep |
7 bua Tie I Piint Background ¥ Black Border
T s ‘ "
& &
g
i [ o
L
-
oy
.
e

4000 2000 12000 16000 20000
W7 V(18)

Figure 13-5 Adding the schematic to the analysis plot

Because Auto Tileisenabled the plots aretiled to fill the paper. Click on the Auto
Tile button to disable it. The plots are redrawn with little black rectangles that
serve as handles. Y ou can nhow moveindividual plots by dragging on theinterior
part of the plot and you can re-sizeindividual plots by dragging on one of the
handles.

Toillustrate modifying the layout, grab the lower-right handle of the schematic
and drag it up and to the |eft. Release the handle. Drag the upper-right handle of
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the analysis plot down and to the |eft. Release the handle. Drag the analysis plot
from the interior so that it moves. Drag it up and drop it on the schematic so asto
overlap thetwo. Thedisplay should now look likethis:

Printer Preview [ %]

Pik. | Sewp. | Tie | A | clese | Hep. |
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Figure 13-6 Modifying the preview layout

In addition to printing in the usual way, you can create picture files of the various
schematics and plots created by MC8. These files can be imported into other pro-
grams such as Word, PageMaker, and Excel. They can also be placed in MC8
schematics.

Toillustrate, exit the print routines by clicking on the Close button. From the Edit
menu select Copy the Entire Window to Picture File. When the dialog box
comes up, select the JPEG format from the Save as Type list box, then click on
the Save button. This savesthe analysis plot in JPEG format using the file name
ECLGATE.JPG.

Quit transient analysis with F3. Select Options/ Mode/ Picture, or click on the
Graphics button @ and select Picture from its menu. This enters the picture file

placement mode. Click in the lower right of the schematic. In the dialog box, click
on the Browse button and select the ECLGATE.JPG file.

The screen should now look like Figure 13-7.
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Figure 13-7 Adding a WMF of the analysis plot

This same picture file can be imported into Excel. From Excel, select Insert /

Picture/ From File. Enter the path and file name, or browse until you find it.

The path and namewill be something like:

C:\MC8\DATA\ECLGATE.JPG.

The picture should appear in Excel with handlesfor changing its size and shape.
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Chapter 14 UsingAnimation Mode

What's in this chapter

Animation modeisan alternative way of visualizing analysisresults. It performs
the selected analysis and plots any specified waveform. Whileitisplotting, itis
also updating any animation devices on the schematic along with any on-sche-
matic display values. In this chapter, we demonstrate Animation mode's capability
with an example. Thetopicsinclude:

® How Animation mode works

® Animation components

* Animate Optionsdial og box

* A Transient example
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How Animation mode works

Animation modeis another way to view simulation results. Inthismode, asingle
analysis data point istaken and the on-schematic display values and animation
components are updated on the schematic. Micro-Cap then waits for either a key
press or a specified time delay before calculating the next data point. The purpose
isto slow the simulation down to be able to monitor the updated changes on the
schematic. The on-schematic display values | et the node voltages, branch cur-
rents, power dissipation, and device conditions of the |atest data point be viewed
on the schematic. The animation components include analog bar, analog LED, DC
motor, DPST, SPDT, SPST switches, analog/digital voltage/current meter, relay,
three-color traffic light, (digital) LED, and seven segment display.

Intransient analysis, asingle time step is cal culated, and any on-schematic display
values or animation components are updated on the schematic. When akey is
pressed or after the specified delay time has elapsed, the solution at a new time
point is calculated and the schematic updated accordingly. The schematic aways
displays the values from the last time step cal cul ated.

In AC analysis, the schematic displays the on-schematic display values and states
of the animation components from the operating point calculation. These values
arefixed during the entire simulation. Even though the schematic displays are
fixed at the operating point, the animation mode will calculate asingle frequency
data point when a key has been pressed or the specified time delay has elapsed.

In DC analysis, asingle DC sweep data point is calculated, and any on-schematic
display values or animation components are updated on the schematic. When a
key is pressed or after the specified delay time has elapsed, the next DC sweep
data point is calculated and the schematic updated accordingly. The schematic
aways displays the values from the last DC sweep data point cal culated.
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Animation components

Animation components are designed to move, rotate, and change color, size or
shapein response to user clicks and the electrical signals driving them. In most
cases they simulate what a physical device might do.

Animated analog bar: This device produces a colored bar whose height is pro-
portional toitsinput voltage.

Animated analog LED: Thisisalight emitting diode whose color appears when
the voltage across its two terminals equals or exceeds the specified on voltage.

Animated DC motor: This device isa DC motor that rotates at an angular ve-
locity which iscontrolled by the instantaneous input voltage. Therotation rateis
user specified in revolutions per second per volt.

Animated DPST, SPDT, and SPST switches: These animated switches open
or close with adouble click.

Animated meter: This deviceis avoltage or current meter whose display can
beeither analog or digital.

Animated relay: Thisdeviceisarelay that responds dynamically to changesin
input current.

Animated trafficlight : Thisdeviceisdesigned to smulate atypical traffic light.
There are threelights, red, yellow, and green. Each of the threelightsislit when
itsinput control pin voltage exceeds the specified on voltage.

Animated meter: This device is avoltage or current meter whose display can
be either analog or digital.

Animated digital switch: The switch is designed to produce either a digital zero
or one state. It has a single output pin at which the selected digital state will ap-
pear. During asimulation, the switch may be clicked on to toggle it between its
zero and one output. The appearance of the switch's arm will change to indicate
which state the switch is currently connected to.

Animated digital LED: The LED component is designed to represent the dis-
play of alight emitting diode. It hasasingleinput pin. Depending on the digital
state or the analog voltage at the input pin, the LED will belit with a different
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color on the schematic. The colors the LED uses are defined in the Color/Font
page of the circuit's Properties dialog box. In this page, thereisalist of digital
states that have a corresponding color.

Animated Seven Segment Display: The seven segment component is designed
to represent the display of a seven segment display. It has an input pin for each
segment of the display. The active state of the pins can be set to low or high
through the ON STATE attribute. It isintended to work with basic seven segment
decoders/driversalthough any input will control the display of the corresponding
segment.

Animated digital parts

The switch, LED, and seven segment display, are all digital in nature. The LED
and seven segment display components do not model the electrical characteristics
of the parts they represent. They are only available for display purposes. The digi-
tal switch isthe only one of the animated digital partsthat can affect asimulation.
Each of these components must have an 1/0 model specified for them in order to
work with analog components.
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Animate Options dialog box

Thisdialog box setstheinterval between data point cal culationsin an animation
analysis. The dialog box isinvoked by selecting Animate Options under the
Scope menu and appearsin Figure 14-1. It provides these options:

Wait
Don't Wait: Thisoption turns off the animation which letsthe analysisrun at
optimum speed.

Wait for Key Press: This option will produce one data point with each key
press of CTRL + SPACEBAR.

Wait for Time Delay: This option will produce one data point per specified
timedelay.

Time Delay: Thistext field sets the specified time delay in seconds that will be
between each data point calculation. Thistext field is only active if the Wait for
Time Delay optionis selected.

OK: This closes the dialog box and saves any changes that were made.

Cancel: This closes the dialog box and ignores any changes that were made.

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

Animate Options

Wait
" Don'tWait
Cancel

" YWaitfor Key Press

]

Help...

Time Delay 0.5

Figure 14-1 Animate Options dialog box
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A transient analysisexample

To see how the animation mode works in transient analysis, click on Open under
the File menu and load the circuit ANIM3. The ANIM3 circuit uses the seven
segment components to display the outputs of three 7448 seven segment decod-
ers. Thecircuit should appear likethis:
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Figure 14-2 The ANIM 3 circuit

Select Transient from the Analysis menu. Close the Analysis Limits dialog box.
Click on the Scope menu and select Animate Options. The Wait setting for the
ANIM3 circuit is currently set to Wait for Time Delay and the Time Delay has
been defined as 0.2. This means that a single data point will be calculated every
0.2 seconds. Click OK. Hit the F2 key to run the simulation. The resulting values
will be displayed in the plot and on the schematic. Notice that both the digital
states on the schematic and the seven segment displays are updated with each
data point. Figures 14-3 and 14-4 display the simulation results at two separate
timesinthecircuit.

For animate mode, a split screen should be used to be able to view both the wave-
form plot and the schematic at the same time. This can be done by selecting Tile
Vertical or Tile Horizontal under the Windows menu. The schematic can be
moved within the window by dragging with the right mouse button.
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Figure 14-3 Animation mode results at 200ns

The waveforms in the plot also show the output values of the Ina stimulus (nodes
21-18), the Inb stimulus (nodes 28-25), and the resulting output (nodes 35-32) of
the adder. As can be seen in the figures, it is much easier to view the basic output
through the animation components than through the actual waveforms.
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Figure 14-4 Animation moderesultsat 700ns
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A Dynamic DC example

To see how the animation mode worksin Dynamic DC analysis, click on Open
under the File menu and load the circuit ANIM5. The ANIMS5 circuit shows how
to use the voltage and current meters, analog Bar, DPST switch, and motor. Run
Dynamic DC. Thecircuit should appear likethis:
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Figure 14-5 The ANIM5 circuit

In Dynamic DC MC8 does a DC operating point calculation every time a change
ismadeto the circuit. It continually updates the display. In this circuit we have a
20 volt and a 2 volt battery connected through a DPST switch to an analog and a
digital voltmeter. Thereisalso an analog bar, amotor and adigital ammeter.

The motor rotates at 1.998volts* 2RPS/volt = 1.998 RPS (revolutions per second).
The analog bar isat 2/10 of itsfull height.

Double click on the DPST switch. The switch opens and the meters now read
picovolts and picoamps. Because the voltage across the motor is now zero, it
ceases to rotate.
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