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New Interactive SPICE...

SPICE Like You’ve Never Seen Before

version of SPICE

Real Time Waveform Display:
View circuit waveforms as the simulation

runs. Add, delete, or re-scale waveforms at

any time.

Full Native Mixed Mode Capability:
IsSpice4 combines the SPICE 3 core with
a 12-state digital logic simulator to allow
mixed analog and digital circuits to be
simulated at the same time.

Use New C Code Models:
Access user/vendor developed models
written in a C language- based HDL. Over
50 code models are already included.

Control The Simulation:

Start, stop, pause, or resume the simulation
atwill. Interactively run different simulations
and alter values using powerful scripts.

Interactive Stimulus:

Sweep single parameters or groups of
interdependent parameters and watch the
circuit performance changes.

Simulation Templates:
Advanced worst case analyses such as
EVA, RSS, and Sensitivity.

Monte Carlo:

Perform statistical analysis early on,
including generating histogram and
probability plots and reports for a variety of
electrical measurements.

8

ICAP/4
New Features Overview

ICAP/4 delivers a host of new and enhanced
features including new interactive simulation
capabilities and improved integration between
the schematic, simulation, and post processor.
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Optimization:

Measure a design objective, with automated
selection of component values, such as output
voltage, unity gain and filter passband.

Sweep:

Set a start point, end point and step size for up to two
parameters simultaneously and sweep the values.
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Unparalleled Power In
The Schematic

Multiple Configurations:
Place/access design variations and
production drawings in a single schematic.

Multiple Simulation Setups:
Save several sets of analyses and combine
them with various circuit configurations to
make multiple test scenarios.

Interactive Cross-Probing:
Cross-probe directly into schematic to view
waveforms in waveform viewer.

Easy Parametric Function:
Sweep acomponent’s value and display the
family of curves with one button click.

Analysis and Convergence Wizards:
Easily create your analysis setup and
overcome tough convergence problems
automatically.

Attribute, Model, Subcircuit Editing:
On-the-fly editing of all SPICE attributes
alleviates the need to know SPICE syntax.

Failure Analysis:
Ceved) Quickly simulate failures, out-of-tolerance

Help conditions, or other user-defined device behavior

Matod without changing the appearance of the schematic.
= Function
- Sc,ipt Automated Measurements:

Specify a variety of electrical measurements for
numerical readout and pass/fail anywhere in design.

The Biggest and Best Model Libraries
23,500+ Models:

The main ICAP/4 libraries, along with the Power Device
Library, Mechatronics Library and RF Device library,

containover 23,500 models.

Modeling Support:

ICAP/4 provides awealth of model creation tools, including
datasheet entry for 13 types of discrete devices, C-code,
B-element and generic templates for active devices.
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Introduction

Welcome to Intusoft’s ICAP/4 circuit simulation environment for
Windows 98SE/ME and NT/2000/XP. This manual provides
complete installation instructions and a tutorial guide for ICAP/4.

We thank you for purchasing Intusoft’s design simulation tools.
As you know, design simulation and verification is a critical part
of the overall product cycle. ICAP/4 will provide you with
capabilities that shear time to market and production expense,
by thoroughly testing designs for accuracy and production
variations early on. Using computer-aided capability, the tools
will also augment your insight into designs in ways not possible
using conventional lab equipment and debug methodologies.

What’s In the ICAP/4 Package

Your package should include:

ICAP/4 CD-ROM

Getting Started Manual

IsSpice4 User’s Guide, Volumes 1 and 2
Working with Model Libraries
Vendor-Supplied IC/Op-Amp Models

The ICAP/4 Deluxe Options (RF or Power) also include RF or
Power Device Model libraries respectively, SpiceMod5 for
Windows, and the following materials:

Spice Applications Handbook (CD)
A Spice Cookbook (Manual and CD)

. _______________________________________________________]
Hardware & Software Requirements

*  Windows 98SE/ME or Windows NT4/2000/XP/Vista

* Any computer with Intel or AMD processor

+ Hard disk (approximately 100 megabytes of free disk space)
* Atleast 128 megabytes of RAM, or more, recommended

10



INSTALLATION

Hardware Protection Key Installation

Included in your package is a copy protection key that
MUST be connected to your computer before the software
is installed.

To install the copy protection key;
»  Connect the key to the computer's USB or parallel port.

The key has a 25-pin connector at each end and should be
pluggeddirectly into your parallel port. The key should be located
as close to the port on the back of the computer as possible. If
you already have an outputdevice connected to the parallel port,
install the key between the device and the port. The protection
key is transparentto other users of the parallel portand does not
interfere with data sent to or from the port.

DO NOT LOSE THIS KEY! The ICAP/4 software package can
not be run without it.

Troubleshooting Hardware Protection Key Operation

Although every effort has been made to ensure the highest
level of quality and compatibility, the protection key, like any
other PC peripheral, might not run on certain PC configurations.

If you have a problem with the key, it can usually be overcome
by checking the following:

1) Are the key and parallel printer card connected, and are their
screws properly fastened? If they are not, re-seat them.

2) Is a printer connected to the same port as the key? If so, does
it work properly? (Although this is a good sign, it does not
necessarily mean that the port and the printer are fully
operational). If there is a printing problem, try using another
printer cable or another printer.

3) Make sure you’re using the latest version of the HASP driver.
Updates are available on the web www.intusoft.com/
support.htm. 11



HarRDWARE PrRoTECTION KEY INSTALLATION: PC

Installing ICAP/4Windows

CD Installation
* Insert the ICAP/4Windows CD-ROM into the CD drive. A
Welcome program should start automatically.

If it doesn’t, navigate to the root of the CD-ROM drive and
run the “Setup.Exe” program.

¢ Follow the instructions.

Default {ROOT DIRECTORYJ

Directory ] )
Structure Ci\, D|.\, etc.

[ICAPS Default Directory (\SPICE8) Contains ICAPS.Exe, ICAP4.lic, DLLs & HLPs ]

CIRCUITS
(SplceNeg (ntuScop) (Models) (IsSplce4 (SplceMoﬂ Sample Working

Directo

Device
Sample Monte AKTP2 Test
Tutorial Monte Carlo | | Tutorial Circuits
Design Tutorial Design

|
Power MixedMode| [ Examples
Power Library Mixed Mode Getting Started

Examples Circuits Examples

When complete, all software will be installed in the SPICES8
directory as shown above. The IS, PR, SN, IN, and (optional)
SM directories under the SPICES directory must not have their
names changed; the SPICE8 directory name may be customized
at the time when the software is installed.

Installing Network Versions of ICAP/4

« Please refer to the ICAP/4 Network instructions, which are
included within the server software setup.

12



INSTALLATION

Registration Information

Contained in this package is the Intusoft Software Registration
card. In order to receive the Intusoft Newsletter, you must
return this registration card. The Intusoft Newsletter is a
valuable resource for modeling and simulating hints, and is
your primary notification of product updates.

Please take this opportunity to fill out and mail or FAX your
registration form to us.

Included with your software shipment are the following items:

Intusoft Newsletter, Newsletter Subscription Order Form,
License Agreement and Software Registration Card.

Viewing Readme Files

The SPICES directory contains a Readme file that provides
important information and last-minute documentation updates.
Please read it before proceeding.

|
Where to Go for Information

SpiceNet, Schematic Entry - The SpiceNet schematic entry
program is discussed in this Getting Started manual.

IsEd, Netlist Editing - The text editor is described in this
Getting Started manual. It can be used to create or edit a circuit
netlist that you wish to simulate, or to review the simulation’s
output text file, or to create or edit other text files, e.g., SPICE
model library file.

IsSpice4, Simulation - Refer to the IsSpice4 User’s Guide, or
IsSpice4 tutorial in this manual, to enable you to efficiently
simulate circuits, or optionally engage in the syntax associated
with the IsSpice4 netlist description. An overview of the mixed-
mode simulation features can also be found in this manual.

13
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IntuScope - IntuScope’s in-application help contains a complete
description of each menu function in IntuScope. Also see the
chapter dedicated to IntuScope in this manual.

Tutorials -- Several tutorials are provided to enable design
simulation and verification in a minimum amount of time. In-
depth tutorials on IsSpice4, SpiceNet and IntuScope provide a
comprehensive rundown on the operation of these applications.
The Design Validation and Automated Measurements tutorial
(for ICAP/4 Windows, ICAP/4 Professional and Test Designer
users) covers basic failure analysis using automatic
measurements. The Test Designer tutorial (for Test Designer
users) covers some of the basic functions of the Test Designer
product. The Simulation Examples chapter provides more than
25 different sample simulations that address various key topics.

Models -- The Parts Browser dialog in the SpiceNet schematic
entry program contains a complete listing of every model that is
supportedinyourinstalled ICAP/4 version, including any optional
libraries you may have purchased.

SpiceMod -- The Working with Models manual covers the
basic modeling concepts and how to use SpiceMod. SpiceMod’s
in-application help lists all the datasheet parameters used for
each model type, notes on how to obtain these values from the
datasheet, and all important equations used.

Library Manager -- Library Manager is used to easily add and
modify models for all non-ICAP/4 Rx packages. It also adds a
testbutton to SpiceMod5 to automate model testing. Itlaunches
and simulates test drawings so you can compare at a glance
simulated measurements with data entered into SpiceMod.
Appendix D and E of the IsSpice4 User's Guide covers all
aspects on how to use Library Manager to import a Spice model
and export a schematic as a subcircuit netlist.

Code Models--A Code Model overview is furnished in the
IsSpice4 User’'s Guide. Several examples are also in the
Getting Started manual under both the Analog Simulation
Examples chapter and Digital/Mixed Mode Examples chapter.



TutoriaL # 1 - INTRODUCTION TO ICAP/4

Tutorial #1 - Introduction to ICAP/4

ra Programsz

¥ Start ICAPS

This chapter will familiarize you with ICAP/4’s SpiceNet
schematic capture program. SpiceNet is designed to
dramatically ease the process of generating SPICE netlists.
Netlists are necessary to run circuit simulations.

Now Launch SpiceNet to get started.
* Select the Windows Start (Programs) entry.

* Choose the (ICAP_4) program group, (Start ICAPS)
program.

P& SpiceNet - No Project - [Untitled1, Page 1 of 1]

File Edit Parts Options Subdrawings Actions Window Help: =] x|

DlsE| i mlels] £lmlala] Ols|#]|a]& @fcomign -] 2[sewpt | Slol®| 2[%

' Wy

z

&

v

a

Tool Palette ﬁ

&

[

o [=)

=)

| El

=

- ||
[pctive Layer] "G o
y Contents

I[=EE - =[4 L] _>|J

If you are running your computer at a screen resolution greater
than 1024 by 768 you will need to re-size the SpiceNet window
to fill the entire computer screen. Move your mouse cursor to
the edge of the SpiceNet window. The cursor will change into
adouble arrow cursor and you will be able to stretch the window
by holding down the left mouse button and moving the mouse.
Drag the title bar to reposition the window.
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Let’s set your preferred SpiceNet window size and position.

¢ Use the mouse to re-size and reposition the SpiceNet
window.

¢ From the Options Menu, select Save Preferences.

Other SpiceNet settings you can save from the Options menu:
1) Ruleron/off (Drawing, Show Ruler)

2) Grid on/off and grid size (Drawing, Show Grid)

3) Drawing Page Size (Drawing, Drawing Page Size)

4) Drawingltem Colors

5) Rubberbanding on/off

IsSpice4 Requirements for Simulation

To perform an IsSpice4 simulation, the software produces a
netlist (or you can manually), which has the following elements:

¢ Title line and .END line

* Component connectivity and attributes

e Stimulus, power, and ground

* IsSpice4d control statements (i.e., viathe Simulation Setup
dialog)

*  Output control statements (i.e., from Test Point symbols)

Note: Each circuit element must have a path to ground.

SpiceNet will take care of the Title line, .END statement and the
circuit connectivity, which consists of unique reference
designations for each device and the numbering of each node.
You must add the following:

e Componentattributes

e Stimulus, power, and ground
¢ IsSpice4 control statements

¢ Outputcontrol statements

Remember: If even one of these four key pieces is missing,
you will not be able to run a simulation.



TutoriaL # 1 - INTRODUCTION TO ICAP/4

. __________________________________________________________]
Opening an Existing Project in SpiceNet

Let’'s open a sample schematic (.DWG file) to work with:

¢ Fromthe File menu, choose Open, then navigate to the
:\spice8\SN\sample2 directory.

SpiceNet
schematic files s —
have a DWG Recent: IC:'.s: ceB\SN\sample2 j
extension. Lockin [ © sampe2 HIO 2 L3 E-
E\SamplE.D'\'u'Gﬁ
Fle pame: |Sz"5 e.DWG Open
Fies of type | Spicehet 8.x Fies (- DWG) - Cance! |
£
SpiceNet * Leftclick on the Sample.DWG, then select Open
Tool bar
P& Spicefet - Project = C:\spice8\SN\sample2\Sample.DWG - [Sample.DWG, Closed loop, Page 1 of 1] [_ O]
@ Eile Edit Parts Options Subdrawings Actions Window Help =18 x|
== C‘l ﬂ‘lml!l"ul -=|\E||Q|QI Elﬁli’fl‘f‘lﬁulg glclnsed loop j EITran j %lﬂﬂl%l ﬂkﬂ
_ n
||
A
Sample Circuit a
vin Vsj %
7
. N
‘ NCT |
Vi A O
[=1
o
=
=l
{"EE
[
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Running a Simulation

Let’s run our first simulation on the Sample.DWG

*  From the Actions Menu, select Simulate, or clickonthe
Run Simulation icon in the SpiceNet toolbar.

Ctrl+G

eloe This launches IsSpice4 and runs a simulation on the Sample
circuit. The IsSpice4 Window consists of four separate windows,
each with its own scroll bar:

Run Simulation
. IsSpiced =1

Icon: Hle £ Spwons Acons windon e Error and
: = [ TRV TR — v Status
Located file: chspices|s\REAL DLL

T I . @ ot o-ciop ot SOMC Window
WY8 VR2 Located file: chspiceB\isivsrc.dil
IsSpice4
functions are A . .
H H 659M 2.10 SImU/atIOI’I
discussed in T
" ] e Control
detail in the o el A 0
, Window
IsSpice4
Tutorial.
Simulation
Status
Window Output
| Window
L |

| —
Setting Preferences in IsSpice
We can now set preferences for the placement of these windows
thatmonitorthe simulator’s results. (note: the waveform window is
not the full “IntuScope” waveform viewing window covered later)

e Stretch the IsSpice4 window to the desired size.
*  From the Options Menu, select Auto Size Windows.

* Drag the Simulation Control window to allow you to see
otherwindows. (While holding downthe leftmouse keyinthe
window banner, move the mouse to drag)

18



TutoriaL # 1 - INTRODUCTION TO ICAP/4

* Fromthe Options Menu, select Save Preferences.

Next time a simulation is run, the IsSpice4 Windows will openin
this new position.
|

Changing Projects

SpiceNet allows you to have multiple projects opened concurrently,

Therefore, for instance, you can change simulation options on a

desired project, then simulate without having to close other projects.
This is the  SWwitch between different projects by clicking on the schematic.

SpiceNet . B )
Toolbar. For example, if you are tiling or cascading

Fle Edt Ports Options Subdrawings Actions Window Help

ol=lml <[4 ol4]s] olalal Blel#]  schematics, simply click on the one you
. .
- want to become your Active Project.

Active project

Project name and e
configuration \ If you maximize a schematic window, the
currently selected (active) schematic will
show in the title bar in brackets. Several

schematic manipulation functions are in
the Windows drop down menu.

2 >
3Bandpass DG, Page 1of 1

[l e Edt parts Optons

foud15=3 1= | ] A R 1

Using SpiceNet Help

= If you getinto trouble during SpiceNet, you can access the help
C o s | files from the Help drop downmenu. You can also quit SpiceNet
A ,  without saving changes.
Gther Help Topics 3
S ’ « Selectthe Help menu, SpiceNet Help (<Ctrl>+H)
S ¢ Or, Select the File menu, Exit / Quit
L If this is your first time using SpiceNet, you can also watch the
About SpiceNet...

tutorial movies available from the SpiceNet Help menu.

& SpiceNct Help [- O[]
Fle Edt Bookmark Optons Hep
Help Topics Bk | Bt | Cotents | Movies [ 1sSpice# Syntas|

(D Contents | frcex | $h Sesecn |
[E] Table of Contents.

Table of Contents

- [E] Bronser Functons (Properties, Si ﬂ
How To secton .
E v Getting Started
ﬁ First Time Users —HNew Tutorial Movies
@ Creating and Eciting Symbols . . .
@ Cenerating ACB and Other Nelst = Online Documentation and Getting Started
@ Menu Commands Guides

@ Models and the SpiceNiet Databass
@ shortcutkeys

@ simuizting Your Desgn

@ Troubleshooting

How To
Shorteut Keys

What's New In Version 8.x.10

Troubleshooting
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SpiceNet Mouse and Keyboard Functions

The following two tables summarize the most common SpiceNet
mouse functions and keyboard commands. Select Hotkeys
from the Help Menu for a complete keyboard command list.

The following tutorials will familiarize you with the mouse and
keyboard functions.

Mouse Usage

Desired Action

Place a pointer box
(determines where the next
part will be placed)

Pan the schematic

Select an object

Create a selection region

Select/Deselect Objects

Move an object

Add Part Values or edit
part parameters

Change Node Numbers

Zoom In and Out

Mouse Action
Click the left mouse button.

Press and hold the left mouse button until the pan
cursor appears, then drag the mouse.

Hold the left mouse button over an object
until the object is highlighted.

Press and hold the left mouse button, dragging the
mouse over the desired region.

Shift-click on the object to select/deselect.

Press and hold the left mouse button over an object
until the object is highlighted. Move the mouse.
Release the mouse button to place the object.
Double-click on a part, then type the value.
Select a part that is connected to the node, then
click the right mouse button, and select the “Node

Names...” function.

Click the right mouse button, then select the desired
zoom level.
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Keyboard Command Usage

Common Actions
Open Parts Browser
Place Passive Parts
Wiring Tool

Bus Tool

Ground

Test Points (.PRINT)

Rotate an object
Flip an object
Copy or Delete an Object(s)

Fit View To Screen
Zoom In/Out
Undo a task

Key To Press

Press X, then select the part, or select Find
Press the IsSpice4 keyletter (R, L, C, etc.)
Press W

Press 2, then press W

Press O (the letter “0”, not the number zero)
Press Y (voltage),

Press 2, then press Y (differential voltage),
Press 3, then press Y (current),

Press 4, then press Y (power)

Press 6, then press Y (current subcircuit)
Press + (plus key) after selecting the part(s)
Press - (minus key) after selecting the part(s)
Select the object(s), then press (<Ctr|>+C)
or Del key

Press F6 function key

Press F7/F8 function key

Press Ctrl Z keys

Panning the Schematic

<+

There are two ways to move or pan the schematic.

The Pan Cursor .

Point atan empty area of the schematic. Press and hold

the leftmouse button until the cursorchanges to the pan
cursor, which looks like a four-way arrow.

¢ Move the mouse while holding the left mouse button

down.

¢ Release the button when you are finished panning.

¢ Or,pressandholdthe Shift key and press any arrow key
(up, down, left orright on the keypad or regular numeric

pad).

Whenthe mouse arrow changes to a4-way arrow, you willbe able
todrag the schematic around the window. When the mouse arrow
comes to the edge of the window, the schematic window will
beginto continuously pan. Note: ifthe cursoris neara component
when you press the button, you might select the component
instead of the schematic.

21




Fit To Page

* Press F6 (Fit to Page) to view the entire schematic.

The panning motion will not alter the symbol positions relative
to the page borders or the rulers.

____________________________________________________________________________________________
Zooming In, Out, and on a Portion of the Schematic

SpiceNetenables you to view different sections of the schematic

Zoom In

o|a|a

Zoom Out

icon bar

by changing the current zoom level. Try any of these methods:

Right click any place on the Sample.DWG schematic.
From the Pop-up Menu, Choose “Zoom In (2 x).”

From the Options Zoom menu, Choose “Zoom In (2x).”

The schematic image is now shown at 2X resolution.

The F6, F7, and

F8 function .
keys can also

be used to

change the

zoom level.

Tool
Palette

22
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Use the F6 keyboard function key to “Fit to Page,” F7
to “Zoom In,” and F8 to “Zoom Out.” Note: “Zoom In”
and “Zoom Out” are done with respect to the blinking
insertion point.

Or, select the “Zoom Function” from theright side Tool
Palette.

The mouse cursor arrow becomes a crosshair symbol.

Point the mouse, then click and hold the left mouse
button and drag a bounding box around the desired
zoom area.

When the area has been selected, release the mouse
button. Then, zoom in on the selected area. When
you’ve finished zooming, press the Escape key toreturn
to normal cursor mode.

Close the drawing and do not save changes.
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Tutorial #2 - SpiceNet Basics

Inthis tutorial you will learn how to place, delete and select parts
or symbols on a schematic.

I

Placing Parts
Use SpiceNet Now that you know how to manipulate a schematic, try placing
hot keys to some parts. This can be done in one of four ways: from the parts
place parts menu, using hotkeys, part browser, or Parts Bin Window.
quickly. Click in an empty area of the schematic. When a part is placed,

Parts Browser
icon

Nl
To editan
existing symbol
click on the
“Edit Symbol”
button.

Parts are
organized by
Part Types,

SpiceNet will place the part where the square box is blinking.
Then, the box will automatically move so it will be ready for the
next part.

Place passive parts from the Parts menu or use the hotkeys. For
active, behavioral and code models, use the part browser. Note
thatthe Preferred submenu will expand to show a user-preferred
part list, any recently placed parts, and any parts added to the
Preferred Parts Bin. This Preferred submenu can also be

select Parts Browseror
J type “X”.

accessed from the top of the right mouse-click pop up menu.
”mr : - ‘ — ¢  From the Parts menu,

&l
BiCMOS

BIMOSFET
BT Amrays

i
i
I

BJTs PNP B

Sub Types,
then Part List.

Or, click on the Parts

= Browsericon.
Part List MHumber of parts: 48 Prefened Parts List
p g |2 D ] + UseFindtodo asearch
USe the Add 2N2219 30 B00md >>Add o> -
and “Remove” i e of all text fields for
— - gn
buttons to Nms s L PEEQ‘FU‘.” E:\I‘Mude\ DUDdate ;achi speCIfICteXt'
ner: r e Jeeje=l=\ |, Chooseapart. Click the
generate you S € ogeUSHl it o [E—
Preferred Parts Z- - il Place button to place
List. To view or edit the selected part on the

part’s Spice model,

Where the symbolandpart - simply click on the
“Edit Model” button.

If you place a part and subsequently edit its library
file or symbol, you must use the “Update Cache”

netlist is coming from.

buttonto use the new model definition and symbol.

schematic.

Parts placed from the
Parts Browser will be
added to the clipboard.
Press (<Ctrl>+V)toplace
the same part again.
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In the Part Browser dialog, click on the Parts Bin Editor button.
This brings up the editor with the currently selected browser part
available for adding. At the top dropdown, select your Parts Bin
Tab, and in the middle dropdown you will see all the parts in that
selected tab (Parts In Tab). If youwantto add the currentbrowser
partinto the selected tab, then click on the “Add To Tab” button.
The current browser part will be added to the Parts in Tab
dropdown with the Part Browser Description. If you want to
modify the description shown in the Parts Bin Window, then click
on the “Edit Part Description” button. Finally, click the “Ok”
button to keep all changes. This entire dialog just affects the
tabbed side panel that you can bring up for quick direct part
placement. You will see a graphical representation of the part,
part name, and description of the part you just added.

| FemmiPoin | -
e
% — o ~ Partz Bin T abs
M e Rename Tab| DeleteTab | AddTab |
:m BOOYV 14
£
g@ ~ Parts In Tab —
H e Description
TH4005 R EE
g —+
£ Delete Part FromT ab | Edit Part Diegcription
| B
§ 4<  Current Browser Part Descrit
T ezcription
e [an2222 [30v 200me

% Part Type Sub Type

IBJTS MFM IGen. Purpoze Add To Tab |

2N2905

40V B00me

-1

E\ Help Cancel | Ok I
T3: I
N

Deleting Parts

You can delete a part from the schematic.

¢ Highlight a part and use the delete key, (<CtrI>+X) or
backspacetodelete.

¢ Use (<CtrI>+Z) to undo.
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ICAP/4 can perform unlimited undo (<Ctrl>+Z), and redo
(<Shift>+<Ctrl>+Z) to operations.

Onthe keyboard, hold down (<Ctrl>), press (Z) to delete
the most recently placed part, or hold the (Z) down to
delete all parts.

(<Shift>+<CtrI>+Z) will redo the string of removed parts.

Or, from the Edit Menu, choose Redo or Undo.

Selecting Parts or Symbols

Highlighted
Bounding Box

41

Dragging A
Bounding Box

VCC
~>

X2
° HL7801E

Only Parts
Completely Inside

Bounding Box Will )

Be Selected

5T

|
@
h SN2

|
I
ey
|\ 2N2222 ‘
Trnny i
- R
40 2
T‘ 470

In order to copy, delete, rotate, flip, label or move a symbol, let’s
review how to select a part or symbol.

To selectasingle part, pointatthe center ofthe symbol,
then press the left mouse button and briefly hold it until
the part is highlighted.

To selectmore than one part symbol, press and hold the
Shift key. Point at a symbol and click the left mouse
button. Then point at a different symbol and click the
mouse button.

To select a group of symbols, point the mouse arrow
outside the group of symbols. In one motion, press the
left mouse button and move the mouse.

As the mouse is moved, a bounding box is created.
Release the mouse buttonto complete the selection. All
chosen components will be highlighted.

To deselect the symbols, click the left mouse button in
avacantarea.

Review: Toselectapan cursor (fourarrows), hold down the left
mouse button and try moving the mouse slowly. Also, you can
use the F6 function key to view the whole schematic on the
screen.

25



Customizing the SpiceNet Toolbar

Many of the functions used for editing a schematic can be
placed onthe SpiceNet toolbar to speed up things like deleting,
copying, pasting, moving, rotating or flipping.

The SpiceNet toolbar shipped with the software should look
like this:

[ Bl Edi Parts Options Subdrawings Actions Window Help _|& x|

EEEIENEE =R NE RS R RS &laﬁﬁ glclusedLunpjﬁlmmp jﬁlpage1ni1 jEDD? ¥?|
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Customize the toolbar to fit your preferences.

*  From the Options menu, select Customize Toolbar. As
long as this Customize dialog is up, you can edit the
toolbar. Theicons are organized into Categories. Clickon
abuttonto seeits description atthe bottom ofthe dialog.

¢ Dragthedesirediconfromthe Customize dialog to the
toolbar, or drag an icon off the toolbar.

¢ Close the Customize dialog when done.

*  Fromthe Options menu, choose Save Preferences.

If you forget to save the changes, the program will remind you
when you close SpiceNet.

Editing a Schematic

A symbol or a group of symbols must be selected for the copy,
paste, delete, move, rotate and flip functions to work.

*  Fromthe Sample.DWG schematic, select the Voltage
Source symbol (extreme left) by pointing at the middle
of the symbol and holding down the left mouse button.

¢ From the Edit Menu select Copy, then click in a vacant
spot on the schematic.



Voltage Source
symbol

Rotate icon
\F ip icon

Rotate or flip
multiple
selected parts
as a group
about their
collective
center.

TuTorIAL # 2 - SPIcENET Basics

¢ From the Edit Menu, select Paste.

¢ Or, from the keyboard, press (<Ctrl>+C) to copy, and
(<CtrI>+V) to paste in a vacant spot on the schematic.

Both menu and keyboard commands for copy (<CtrI>+C) and

cut (<Ctrl>+X) store the selected part on the clipboard for later

insertion. However, the menu clear command and the delete

key on the keyboard does not store the selected object.

To Move a Component Symbol:

* Highlight a desired symbol, click and drag the symbol
to a preferred area on the drawing, then release the
mouse button to place the symbol.

To move a group of symbols:

¢ Click on several symbols while pressing the Shift key.
Then, release the Shift key.

¢ Place the mouse arrow within one of the symbols’
bounding boxes, then hold down the left mouse button.

* Dragthe selected group. Release the mouse button to
place the symbols.

To rotate or flip a symbol or group of symbols:

¢ Select a symbol or group of symbols. Press the rotate
and flip buttons on the menu bar. Alternatively you can
press the + key or the - key depending on the desired
action.

The + key rotates a symbol or group of symbols 90 degrees
clockwise; the - key flips the symbol or symbols.

¢ Close the schematic without saving.
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Wiring and Connecting Parts

Right mouse
click without
moving to end
wire mode.

Right mouse
click to draw
wire at any
angle.

Press <Alt> key
fo toggle rubber
banding.
Rubberbanding
is the ability to
move parts
while having the
attached wires
stretch and
remain
connected.

2
R1 R2
2 T 2

Wire
button

AN

PEiENYelE KN g
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Parts are connected by joining two pins together, or by connecting
two pins with a wire. If the diamonds do not disappear, the parts
are NOT connected.

Connected Not Connected

When two parts are connected, the pins disappear and are
replaced with a node number, as shown above.

To connect two parts by joining the pins:
¢ Place two resistors on the schematic. Press “R,” then

click somewhere else on the schematic and press “R”
again.

Leftmouse click onthe middle of one resistor. Hold down
the mouse and drag the resistor by moving it close to the
other until the diamonds overlap and become a dot.

To connect two parts with a wire:

* From the previous step, highlight one resistor, then
drag it off the other resistor.

* Invoke the wire tool by pressing the letter “W,” or
choose the wire button in the tool palette in the upper
right side of the scroll bar.

e Pointthe wire pencil atthe left pin on the resistor. Press
and hold the left mouse button to define the start of the
wire, then move the pencil toward a pin of the other
resistor.

* Release the mouse button to end the wiring process.

Note: A wire can be drawn at any angle by holding down the <Ctrl>
key, holding down the left mouse button and moving the wire pencil.
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Connecting with Buses

To draw a bus
at any angle,
hold down the
<CtrlI> key while
drawing the
bus.

Note: Labels for
non-orthogonal
buses (or wires)
can not be
displayed on
the schematic.

Buses are wires used to connectgroups of wires or pins, to other
groups of wires or pins. They appear as thick wires on the
schematic.

To draw a bus:
* FromtheParts menuselectBus,orpressthe2and Wkeys.

* Point to the desired starting point, press and hold
down the left mouse button, and draw a vertical bus
that is about 1” long.

* Release the mouse button to end the segment.

Bus Rules

Buses may pass through wires, parts, pins or breakouts from
other buses without making a connection. Buses may pass
through other buses without making a connection when the end
of each bus does not touch. If the ends touch, a connection is
made as long as the buses are compatible.

Buses may be drawn orthogonally or at any angle. Although
buses may not be stretched or re-sized, they may be placed
end-to-end in order to create a continuous bus. In such a case,
the two buses join to become one continuous bus, and both will
have the same name.

Non-orthogonal buses, which are placed end-to-end, will join to
form a continuous bus. Thisis also the case when an orthogonal
bus is placed end-to-end with a non-orthogonal bus.

* Double left-click on the Bus you’ve just drawn.

The bus properties dialog opens. This enables the user to add
nodes (breakouts), or sub-buses to the bus. Let’s add an 8-pin
breakout to the bus.
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Bus Properties zl

Add o Bus... [relete from Bus | [V Hide Bus Mame on Drawing
Bus Modes: Break ~+
..... Busl mum| Add Lo Bus x|

> Add >2 |
Hemave |
Move Up |
Hiove Do | ok | Cancel | Help

Cancel | Help | ake Breakout |

* Click on the “Add to Bus...” button and enter a
value of “8” in the Add field, then click the OK

& Add |2 Modes
" Add Sub Bus

button.
Bus Properties ﬂ
Add o Bus... | elete from Bus [ Hide Bus Mame on Drawing

Bus Modes: Breakout:
Buz1.1
B Busl.2
Bus with an 8- Bur.3

usl.

pin breakout. Femove | |Busts
Buzl.E
Buzl.7

Mevelle | lpusia

[
et
[btsrs iz,

ove Down

ak. | Cancel | Help | M ake Breakout |

* Click on the “Bus1” name in the Bus Properties
dialog.

¢ Click on the “>>Add>>" button, then click on the
“Make Breakout” button.

The 8-pin breakout has been added to the bus.
¢ The Bus window then closes.

¢ Press the Delete key to remove the highlighted
buses.
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Adding and Deleting Multiple Pages of Schematics

SpiceNet can edit multiple schematics and multiple pages of a
single schematic at the same time. You can cut and paste
between different schematics, and use previous designsin your
current drawing. Dividing one schematic into multiple pages is
not recommended, unless the schematic is very large.

To create one or more additional pages for a design:

Pages =]l ¢ From the Options menu

£ : choose Pages/Edit. A dialog
[Oignal  [Revied [ ok | shown on the left will pop

Fage 1 Page 1
i Concel_| up.
ﬁl * Click on the New button, then
B OK to add a new page
FRenumber
—I + Or, you could have clicked
_ Hee | the Delete button to delete a
page.

SpiceNet will automatically assign a name, e.g., “Page 2.” If

you later decide to switch page numbers around, then click on
Schematics the Renumber button. To activate a desired page in SpiceNet,
can be tiled in the page must be highlighted.

three ways: . .
To copy and paste or navigate between multiple

gl [":ll %l schematics:

*  From the File menu, choose Open, then navigate to a

verticall new schematic.
horizontally . .
*  From the Windows menu, choose Cascade, Tile
or with Horizontal, or Tile Vertical.
cascading
windows. »  Or, select the Tiling option you want from the icons

on the Toolbar (horizontal or vertical rectangles).
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Working with Multiple Layers

SpiceNet is a layered (US Gov't. Patent No. US 6,230,305 B1)
hierarchical schematic system, enabling different parts of the
circuitto be placed on differentdrawing layers. Artwork and notes
can be added to any layer. All layers are easily wired together
since all layers are visible at the top level. The simulation is run
on the culminated netlist.

:\spice8\SN\sample2\Sample.DWG is an example of a
schematic using multiple layers flattened together into different
configurations. For example, one can measure the Open and
Closed Loop characteristics of a part by choosing which test
circuitry (configuration) respectively employs that part.

To add, rename or delete a layer:

* Fromthe Options menu, choose Layers. To activate a
layer, open the active layer pulldown menu.

Active Layer:

ILa_l,ler 1 j

Mew... | Rename. . | Delete... |

LCancel | Help |

* Toaddanewlayer, selectNew. Aname is automatically
generated.

* Torename a layer, type the new name in the box, then
click OK.

* Todelete a layer, click the Delete button and OK.

Note: You will be reminded that this deletion of layers is
permanent and can’t be reversed by the undo command.
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To see one of the two layers in the current Sample.DWG,
below is a closed loop configuration.

JLa],ner“I ﬂ E|

¢ Hold the left mouse button over the eye in the lower
left hand corner of the schematic. The circuitry
placed in layer 1 is now highlighted.

¢ Open the drop down list to the left of the eye to see
all layers in this schematic. Scroll to layer 4.

¢ Press and hold the eye in the lower left hand corner
of the schematic. The section of the total design
placed in layer 4 is now highlighted.

Select all the To move parts from one layer to another:

parts you want

to move to * Select the parts individually or in a group by holding
another layer, down the Shift key while selecting them.

right mouse

click, select *  From the Edit menu, select Move to Layer

Move ltem to

Layer and x|

choose a

e Move Selected [bems to Layer:
specific layer.

ILa_I,Ier 1 j

Cancel | Help |

., Labeling Parts and Changing Values

@
16 Attributes such as value, node number, passed parameters and
R12 reference designations for each symbol are accessed through
5k the Part Properties dialog, or the NetList editor.
14
+
15
(B gCC * Double-click on the resistor R13 in Sample.DWG, type
/“120” into the Value field. Scroll down the parameter
'1:{38’ list to see all of the available model parameters.
33



The Split Label
Style allows you
to position each
part of the label
separately.

Split Label
Style ¢

CR13>> (100>

Part label
can be
dragged
and
rotated.

Wide Label
Style ¢

O
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¢ Click on the Next Part or Prev Part button.
]

Label | Tolerance/Sweep/Dptimize | Faiure Modes |
Comment Net List Preview

R13150100 -
“Hrave @HT3[] @R13[p]

Enter Label
Parameter Walug
>3 hdd >

- RefDes  R13

Propertiss

| Parameter | >5Value [~
Ref Des R13

value Ve Waue 100
Par number - Fiemove
Type -
positive node 15 Move up

6"

i ”DD o 0 Move dovn
—! Property Help Save Template
TEmE —I [ Label style
w MewtPat || @ 14 Auto Ref Des
icument  yes  Wide
1 multiplicity - B
MONFL PARAMFTFRS = | Apply

Each part symbol in the schematic is highlighted as the button
is pressed. This feature allows you to enter all of the part values
and place all of the labels without leaving the Properties dialog.
You may have to move the Properties dialog, depending on
your screen size, in order to see the highlighted part.

* Returnto R13inthe boxtoward theright side of the dialog.
* Click on Split label style button just below.

e Or, Click on the “Wide” Label style button to display the
label in “Wide” mode.

* Click on the OK button to close the properties dialog for
the resistor. Notice that the value is now 120.

¢ Clickonthe R13label onthe schematic and use the “+” key
to rotate the label 90 degrees clockwise.

You can move a label independently of its associated part, but
if you move the part then all labels will move with it. If you lose
track of which label belongs to its part, just double-click on the
part and the labels belonging to that part will be highlighted.
Alternatively, you can double-click on a label to highlight which
part it belongs to.
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Finding Parts and Editing Values Using NetList Editor

To quickly locate parts and nodes in your schematic, use the
find feature.

¢ Press (<Ctrl> + F) to bring a Find dialog to view. This
contains all the parts and nodes of the design. The
node or part will be highlighted in the schematic while
it is selected in the Find dialog.

* Double click on the highlighted part on the schematic
after the Find dialog is closed. The Part Properties
dialog will come to view.

| e |

¢ To find the part using the NetList Editor, select the
Actions Menu, then NetList Edit function.

<CtrI>+F for
find parts dialog. WediEaLIEl x|
Part Met List T
= i Part Propelties...| Met Update... | [ esxt Part | Ok |
|Y8 ﬂ |N0rma|
Mechanical Properties...| Prew Part | Help |
W1
YT g =
WEE [P
Wik
vled J
Wde
WRZ i

¢ Select the desired part from the Part list in the upper left
of the dialog, or click the Next Part or Prev Part button to
navigate to the desired part. The part will be automatically
highlighted.

e Click on the “Part Properties...” button to bring up the
Properties dialog for the part that you wish to edit.

Note: When the Properties dialog is dismissed, the NetList
Editor dialog remains open to permit subsequent operations.

* Click on the OK button to close the NetList Editor dialog.
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Renaming Nodes

Pop-up menu

Place Preferred Part 3

Part Properties...
Mechanical Properties...
Footprint Picker...

Node Names...

Item Characteristics. ..
Edit Symbal...

Send Serpt

Pust Into Subdrawing

Move Item to Layer 3

Zoom In (2 x)
Zoom Out (1/2 x)
Fit to Page

1/4 Default Szs
1/2 Default Sze
Default Sze

2x Default Size
4x Default Size

Drawing Properties

Note: The
display check
boxes are only
enabled for
node names
that are
alphanumeric
strings or
integers of
more than 3
digits.
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Node Names are automatically assigned by SpiceNet as they
are created. These names may be changed at any time.

Rename any nodes as follows:
* Highlight the desired parts and right click.

¢ Select Node Names in the pop-up menu.

Node Names x|
Fin Mode Mame Bg ﬁ{:t
i ¢ Select a node name and
' [ W= ange it
2 [z In geit.
3 |WCC v
4 [iz I ¢ Thenclick on the OK button.
5 [N I
=l
0K I Cancel Help |

Node Name

x| « Or, double-click on a node
Namefortisrode: @ | and enter the name in the
v Do not shaw node name an this wire segement NOde Name d ialog -

]

Cancel | Help |

¢ Then click on the OK button.

Node names that are integers of 3 digits or less, e.g., 1, 22 and
333. They are not movable schematic objects and are always
displayed.

Alternatively, node names changed to alpha or alphanumeric
strings, orintegers with more than 3 digits (examples: P1, V123,
VCC,VOUT and 4444) will be displayed and are movable on the
schematic. A check box allows for non display of these names.
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IsSpice4 Control Statements

This is the
preferred
method, as
opposed to
direct netlist
editing, for
adding
statements to
your netlist.

Click on the
Help button for
IsSpice4 syntax
and analysis
control
statement
information.

The
Convergence
Wizard helps
you resolve
simulation
convergence
problems. See
the on-line Help
for more
information.

The control statement for SPICE simulation setupis now examined.
Importantly, the Analysis Wizard in the Simulation Setup dialogwill
walkyouthroughallavailable analyses andtheirrequired parameters.
You may also add or modify a control statement by clicking on the
button with the analysis name (see below).

The User Statements window within the IsSpice4 Simulation
Setupdialogis usedto optionally add IsSpice4 control statements
and ICL commands. Any line that is entered into this area of the
dialog will be inserted into the input Netlist.

e Select Simulation Setup/“Edit...” from the Actions
menu, or click on the Simulation Setup icon.

Syntax: . TRAN tstep tstop [[tstart] [tmax]] [uic] rﬁ-‘
_TRAN 1n 100n =l
I}
[ wizards Configuration
Analysiz Wizard | CDnvelgenceW\zardI ’7|5tandard j
~analyzes
¥ AL Analpgis... I r Moise.. I ¥ Simulator Options. .. I
I DC Sweep... I I Distortion... I I~ Circuit Temperaturs.. I
v Trangzient... I I Fourier... I I Save Data... I
v Operating Point... I I DC Transfer Function... I r DCAAL Sensitivity.. I
Wiew Al Controls.. |
User Statements:
=l Done | Help POp-Up Menu
User Statements
Window
4y o e

There is a Convergence Wizard that will help you to resolve
simulation convergence problems, if they occur.

Convergence Wizard |
DCﬂ rating Point wi \zadl \ EIP nmvg FIRS'

e Click on the Convergence
Wizard button to view the dialog.

¢ Then,clickontheFinish button.

R
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Entering Multiple Sets of IsSpice4 Control Statements

The default
simulation
setup
configuration is
“Setup1.”

You can type a
test description
here.
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/ Rename...

SpiceNet has the ability to save multiple sets of IsSpice4 control
statements in different simulation setups (Configurations).

A simulation setup configuration consists of a specific set of
IsSpice4 control statements. Any combination of IsSpice4
control statements can be included into each configuration.

Different simulation setup configurations can be used to drive
different simulation scenarios. For example, you might have
one configuration for a “Monte Carlo” analysis, and another for
a Transient analysis.

The configuration methodology alleviates the need for you to
edit IsSpice4 control statements for different analyses or test
cases.

¢ Clickonthe Edit button beside the Configuration drop
down list box.

|

IsSpiced Simulation Setup
Spntas

I =
I

wizards Configuration
Analysiz Wizard I Convergence Wizad I ’]W_’I Fiename. | Edit... |
v AC Analysiz... I r Moize... I v Simulator Optians.... I
r DC Sweep... I r Distortion... I I Circuit Temperature. .. I
Il Tranzient I I Fourier. I u Save Data I
I Operating Paint... I ™ DC Transfer Functian... I r DC/ALC Senzitivity... I

* Then click on the New button.

Edit Configurations x|
Configurations — Dezcription Apply
AL Test description
Laong tranzient /j Cloze
OF

Mew...

Delete
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New Configuration

Cancel

Bazed On:

INew -Empty- 'I

You may enter a name or simply accept the suggested name.
¢ Click on the OK button to accept the suggested name.

e Click on the Apply button to close the Edit
Configurations dialog.

The IsSpice4 Simulation Setup dialog for the Setup4
configuration is now displayed. It has not yet been configured
with a .AC or .TRAN statement. We won’t configure it for the
purpose of our exercise.

Once multiple simulation configurations have been defined, you
may select the desired one from the drop down list box in the
IsSpice4 Simulation Setup dialog, atop in SpiceNet'’s toolbar.

Configuration——————————————
|;Tlan - Edi.|
e E—

The selected simulation setup configuration will become active
and will be used when the next simulation is performed.

¢ Click on the Done button to close the IsSpice4
Simulation Setup dialog.
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Inserting Text in the Schematic

Text objects may be inserted directly on the schematic either
from the Text Object in the Parts menu, or using the Text toolin
the Tool Palette. Bring a schematic to view.

Text tool

¢ Left click on the Text tool in the right SpiceNet toolbar.

¢ Place the mouse cursor in a free space on the
schematic and click. A text box will appear.

¢ Type the words “Sample Text” in the box.

Highlight the text.

* Press the Delete key to delete the text.

(BN =N =

Sample

TE:-:tl Note: By entering text into the Comment box in the Resistor
Properties dialog, textis attached to the symbol and moved with
the symbol.

Resistor Properties

Label ; TDIetance.-’Sweepf'Elptimize! Failure Modesl

Comment _Net List |
ittached Texl R12%C R12
“Hzave 5K
Attached Text
Fraperties
o ) R -1 I
(e Ref Des R1z

* Press the Esc key to change the cursor back to normal
mode or click any place in the schematic.

¢ OR Select |Ttl in the Tool Palette to return to the normal

mode.

* Press (<Ctrl >+Z) to undo the previous actions.
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Displaying a Border on a Schematic

Apage borderand coordinate can be displayed on a schematic

to easily identify the position of each component on the

schematic.

* From the Options menu, select Drawing, Border and Title
Block. The Border and Title Block dialog will pop up.

¢ Check the Show Border and Show Coordinates boxes,
enter the desired Distance From Edge and Line Width

values.
Border and Tile Block J

[¥ Show Coordinates Units L

Distance From Edge:  Line Width : [ Points | " Inches

ID 5 I1  em

i Title: Block.

IC:\spiceB\S Mhapmbols\TileBlock. sym /T BlockOl
Flace on Drawing | Browse... |
ak, I Cancel | Help |

* Click on the OK button to dismiss the dialog.

A page border with coordinates now appears on the schematic.

I 1 I B I B [ EY I 5 [ & I

=

I £l = | E) 4 | 5 B I

* Press the F8 function key to zoom out and view the entire
page.
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. ______________________________________________________________________________________[E
Adjusting Text Font, Alignment and Schematic’s Color

To modify text fonts:
» Select the “Sample Text” string on the schematic.
* From the Options menu, select the font.

* Select a desired font style and click on the OK button.

Font: Font style:
[ Eold

Regular
il Black. 1 [Inalic
O fiial Nanaw Bold

T dial Founded MT Bolc Bold ltalic
T Baskerville Did Face

() Bauhaus 13

T el MT =l

~ Sample

AaBbYyZz

Seript:

Westerm 'I

To modify text alignment:

* Fromthe Options menu, select Artwork, Text Justification,
and make a selection.

Text Justificati x|

o Left Justified
= Center Justified

£ Right Justified

Cancel |




For information
about the
Global Colors
or Drawing ltem
Colors dialog,
press the Help
button in the
lower right-hand
corner.
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Changing Color Settings on the Schematic

To change the color of grid dots or highlighted items to be
selected on the schematic:

¢ Choose Options menu, Global Colors.

GloboiColors |

Selected temsz :l Set Calar... |
Highlighted Items [ | Set Color... |
Gnid Dotz - Set Colar... |

Cancel | Default |

To change the color of parts, wires, labels and art:

e Choose Options menu, Drawing Item Colors.

Drawing Item Colors [ ]
Apply to:
!' " Drawing " Page " Layer ' Selected Items

[V Use Layer Characteristics
Patts | wwires | OP Labels | Other Labels | &t |

Part Characteristics:

Line Color -
Fill Color | Set Color...
Text Color - Set Color...

oK | Cancel | Default Help
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Working With Parent Colors

Objects on a schematic inherit their colors in the form of a
hierarchy: Drawing, Page, Layer and Item.

* From the Options menu, choose Drawing Item Colors
and a dialog will pop up as shown.

Drawing Item Colors [ ]
Apply to:
!' " Drawing " Page " Layer ' Selected Items

[V Use Layer Characteristics
Patts | wwires | OP Labels | Other Labels | &t |

Part Characteristics:

Line Color -
Fill Color [ Set Color...
Text Color - Set Color...

oK I Cancel I Default I Help I

The “Use Parent Characteristics” check box causes the
object characteristics to reset to those of the parent.

Ifthe “Apply to Layer” button atop is selected and the “Use Page
Characteristics” boxis checked, then the items that are selected
by the currenttab onthe currentlayerwill have their characteristics
set to those defined for the entire page. If “Apply to Page” is
selected and the “Use Drawing Characteristics” box is checked,
then the items that are selected by the current tab on the current
page will have their characteristics set to those defined for the
entire drawing.

Checking the “Use Parent Characteristics” check box will not
directly affect changes that may have been made previously at
alowerlevelinthe schematic hierarchy. Forexample, specifying
the layer to use the page’s characteristics will not override
characteristics that have been modified for a specific part or
wire onthatlayer. However, when the OK buttonis pressed, and
if changes have been made at a lower level, a dialog will query
the user if those changes should also be discarded.



TuToriAL #2 - SpiceENET Basics

Printing Your Schematic

The Print function under the File menu invokes the schematic
preview mode. The options at the top of the screen can be used
to adjust the size of the schematic on the preview page.

¢ From the File menu, select the Print function.

Note: Check
the Print Color
box when you
print filled
objects. This
box affects
printing, but not
viewing.

i H«mi e |
If the page you are printing to is smaller than the drawing page
size, then multiple pages will be printed.

¢ Click on the Copy to Clipboard button to place an image
on the clipboard for pasting into another application.

¢ Hold the SHIFT key and click on Copy to Clipboard to
choose the type of MetaFile to place on the clipboard
or save the image as an EMF (Enhanced MetaFile).

The Setup button will change the paper size, source, orientation
and margins. Click either print or setup to change the printer.

Note: If you plan to reduce the schematic image for placement
in a publication, then you will want to choose Minimum Printing
Line Width from the Options > Drawing Menu. Enter a larger
number to increase the line width. In this way, no lines will
disappear when the image is shrunk. This setting will only affect
the printed image and the image copied to the clipboard from
print preview. You can copy and paste a small section of your
circuitry directly from SpiceNet to another application, such as
Microsoft Word, but Minimum Printing Line Width does not apply.
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Drawing Artwork Shapes on the Schematic

SpiceNet provides drawing tools to construct common artwork
shapes on the schematic. Shapes include line, bezier, poly-
line, rectangle, round rectangle, ellipse, and polygon. They are
located directly above the vertical scrolling bar.

Holding down the <Shift> key to constrain artwork shapes has
the following affect:

* Lines are constrainedtoangles of 0,45, 90, 135, 180 and 225
degrees. This is applicable for lines, poly-lines, polygons,
and base lines for Bezier curves.

Rectangles, rounded rectangles, and ellipses are initially
constrained to squares, rounded squares, and circles
respectively, in both the main window and the Symbol Editor.
Re-sizing after an initial draw constrains the artwork to the
last drawn ratio. For instance, if a rectangle is drawn with
length twice the height while re-sizing by holding down shift
key, the rectangle will keep this ratio and not become a
square.

S ~width Urits
E bezier ‘@ e el e ' Paintz
.,‘ll'." pOly"ne 1 Faint " Inches

2 Paints = mm

rectangle —
E g 4 Paints
Ok,

i_1 round rect HCEEE |
D ellipse 8 Points Cancel |
‘E pOIygon C Il Paints Help |

Control the line width of your artwork shape by selecting Line
Width... from the Options, Artwork menu. You can increase the
width up till 19 points. If no artwork is selected, this becomes the
default width. If an artwork is selected, then only that artwork’s
line width will be changed.



Selectthe “Bezierline”icon. Then,
hold the left mouse button on the
schematic to drag a line, then
release the mouse. Left click the
mouse once, away fromthe shape.
Next, hold down the left mouse
% button on top of the Bezier line to
highlight it, then release the left
mouse button. Finally, hold the left
button and drag any of the points

N
\

on the Bezier line to forma curve.
i~ Options
e Select Arrow Heads... from the
Folh L e Options, Artwork menu to add
i, T | smouesd(s o your nes
e Select an existing line to give it
[ Stiles a__| | @anarrow head(s), or none to set
Bl = I | | the default. This only applies to
GlhE we | | line artwork, not poly-lines or

bezier curves.

Fill Type Select Fill Type... from the
Fil Type Options, Artwork menu to select
 FillColor Corcsl_| how to fillin your artwork shape.
Colors are choseninthe Drawing
® L Bl __"% | | jtem Colors... dialog’s artwork

tab.

If you place multiple artwork on top of each other, you can use
“Move to Front” or “Move to Back” in the Edit menu to arrange
the artwork. This only affects the order of artwork on that layer.
If you have multiple layers and you place the artwork on the first
layer, then any circuitry drawn on latter layers will appear on top
of the artwork. Artwork can be moved to any layer desired
depending on the effect you want. You can also rotate and flip
artwork like any other object.

You can group selected artwork and free text labels into a single
symbols. Select the artwork and text labels you want to combine,
then choose Selected Artwork to Symbol... from the Edit menu.
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Quitting the Tutorial

*  Fromthe File menu, select Exit/Quit to end the tutorial.
* Do not save changes.

If you want to save Sample.DWG, from the File menu select
“Save As” and use a different file name. This step is
recommended because you will use the original Sample.DWG
in the later sections of this manual.



TuTorIAL #3 - CAPTURING A SCHEMATIC FOR SIMULATION

Tutorial #3 - Capturing a Schematic for Simulation

In this tutorial, we'll capture a schematic, perform a simulation
and examine some waveforms at desired points in the design.

Placing Components

Let’s launch SpiceNet with a new blank schematic:

¢ Open a new schematic from the <File, New> menu on
SpiceNet’s top toolbar.

e Click on the schematic where you want to place a
component. An insertion box will appear.

* Type the letter V (it is not case sensitive) to draw a
voltage source symbol, or select the Voltage Source
£ Stat ICAPS from the Parts pulldown menu.

V1 is the Spice Reference Description for the voltage source.
This can be changed at any time.

+
V1 ° Typetheletter O (notthe number zero) to draw a ground
symbol.
Note: Resistors, capacitors, inductors, etc. may be placed using
hotkeys, e.g.R, C, andL, orby using the Parts pulldown menus.
+
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Adding Component Attributes and Electrical Stimulus to Design

Every component has its own set of values loaded into its Part

Properties dialog.
* Double-click on the voltage source to bring up its
properties dialog.
¥oltage Source Properties : x|
Label I Tolerance.v‘Sween.-’ElpllmlzeI Failure: Modes'
Comrnent et List Preview
V110 =]
"Heave @YT[I] @EV1[p] _I
Properties Enter, | Label
Parameter | 2 ¥Walue | Parameter Walue
FefDes W1 srAdds |7 RetDes W1
oC
ac l Remove
" positive node 1
iﬁ' negative node 1) Mave up
DistoF1 -
i DistaF2 R tfovve doven
Tian Generators none
£ | current yes Property Help et Save Template |
e P power yes M ext Part &+ Tall Auto Ref Des |
 Wwide
Pres Part © spit Help Eancell

To set up an AC analysis:

* Click on the AC value field and enter 1.
Note: AC=1 means that AC has a magnitude of 1 and

phase=0.
Froperties
Farameter | reWalue
Ref Des W1
oC -
A0
pozitive node 1
G0l negative node 1]
CriztaF -
CrigtoF 2
Tran Generators nokeE
i curent =%
P poweEr [



Tran Generators
is used to

configure Time
Domain Stimuli.

“Pulse 0 17
generates a
pulse stimulus
in the Transient
analysis.

TuToRIAL #3 - CAPTURING A SCHEMATIC FOR SIMULATION

Propertiez

To set up a transient (time-based) analysis:

Parameter |

.

SEESTS

pozitive node
negative node
DistoF1

DigtoF2

Tran Generators
i current

P poer

Froperties

Parameter | »aWalue

" positive node
" negative node

Tral

PULSE |siv | PwL | srm | ExP |

RefDes W1

DistaF1
DistoF2
Tran Generators
i cument
P power

nsient Generators

pulse

1 width

pulsed value
tise time
initial value
-
delaytime | wf—— period

» Click on the Tran
Generators value
field.

® Click the “Enter”
button to bring up
Transient
Generators dialog.

rPULSE

Initial Walue (R
Pulsedalue |777

]

Dielay Time
Rize Timne
Fall Tirne
Fulse \#/idth
Period

Phase Delay

Ok I Cance\l Deletel Help |

* Select Pulse tab in the Transient Generators dialog.
Enter “0” in the Initial Value field.
Enter “1” in the Pulsed Value field.

Click OK to close the window.

Note: The values we entered will appear in the NetList
Preview field in the Properties dialog once the Transient

Generator window is closed.
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Ifyou have any trouble with setting up voltage source properties,
help files can always be launched. There are two ways to get
help:

Erter |
rrial
e T wrAddu |

Fiemaove |
Maove up |
Move down |

» Click on the
Property Help
button in the

Voltage Source
Mext Part | Properties dialog.

Pres Part |
Apply |

The help window is shown below. Different types of analyses
arelisted inthe window. Click on any phrase for a full explanation
of that particular topic.

<2 IsEd Text Editor Help o ] |
File Edit EBookmark ©Options Help

Help Topics Back Frrint:

1sEd Cantents ICL Spntax Canvergence

|55 piced Syntax Model Library Structure

Independent Voltage Source

Stimulus: OC | ACMoise | Transient | Phase Delay | Distortion
Current Flow | Measuring Current | AC Dornain Stirnulus

Format: name M+ M- ﬂ
(Cperating Point)  + [ [DS] walue ]
(AL Moise analysis)+ [AC magval [phaseval] |
(Distartion analysis) + [DISTORT [Flmagwal [Flohaseval]]
+ [DISTOF2 [F2magval [FZphaseval]]]
(Transient analysis) + [PULSE wi w2 [t [ tr[ H [ pw [per [ delay]]]]]
or [Z1M vo wa [ freg [ dd [ kd [ deday]]]]]
or [EXF wf w2 [t [ # [ 2 [ 22 ]110]
or [EWWL 11wl 1242 tnwn)
or [SEEM vo va freg [ meli | fa [ delar]]]]

. A cvariety of pre-made signal generators are available in the
Parts Browser dialog (PARTS menu) under [Generators.

Example: DC operating point value 5%, transient 5% constant power
supply. Mote: The DC keyword is optional.

Yoo 8 048y = WoC a0 DCavy =




This field shows
the IsSpice4
syntax for the
PULSE
statement.

All of the PULSE
parameters are
defined here.

TuToRrIAL #3 - CAPTURING A SCHEMATIC FOR SIMULATION

NEEY
Fle Edt Bookmark Options Help
HelpIopics | Back [ Biin | sEdContens |
ICLSyrtax | Conveigence | IsSpiced Synias | Model Libvary Stuchurs|

Pulse or Pulse Train

Format: PULSE w7 v2 tdf tr tf pw per -

Generates a continuous periodic pulse train. The pulse period, per, does not
include the initial delay, . An initial phase delay can be added sing the
delay parameter. n arder to enter defay all other parameters must be entered

Parameters  Description Units Default
wl Initial “alue Walts Mone
W2 Pulsed Value Walts Mone
td Delay Time Sec TSTER
tr Rise Time Sec TETEP
tf Fall Time Sec TETEP
[ Fulse Vyidth Sec TETOP
per Period Sec TSTOP

delay phase delay degrees O

V2

vl —

While editing the properties in the Transient Generator
dialog, you may also get help without switching windows.

* Click on the
“Help” button on
the bottom of the
Transient
Generators dialog
to open the
Help window seen
on the left.

The help information
will be on the topic
that displays on the
tab selected ( in this
case, itis Pulse )

in the Transient
Generators dialog.

* Click X onthe up-right corner to close the

help window.

¢ Click OK button to exit the Voltage Source

Properties dialog.

53



Use the “+” key
to rotate parts
90 degrees
clockwise.

Node 0 is
defined as
system ground
in all IsSpice4
netlists.

Save icon

N
The Save
icon is
enabled
when a
change is
made to the
schematic.
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Now that we’ve placed and defined the voltage source,
let’s capture the rest of a simple RLC circuit.

* Point to the positive pin of the voltage source
and click the left mouse button to place the
insertion box.

* Type “RLC+0O” (the letters R, then L, then C,
then the + key, then the letter O) to place a
resistor, inductor, capacitor and ground
symbol.

¢ Double-clickontheresistorand enteravalue of
“1K” in its Value field, then click on the Next
Part button.

e Enteravalue of “100U” in L1’s Value field, then
click on the Next Part button.

e Enter a value of “30P” in C1’s Value field, then
click on the OK button to dismiss the Capacitor
Properties dialog.

The schematic will look like this:
1R1 1K 2L1 1OOU3

C1

I3OP

To save the work you’ve done so far:

e Select the Save function from the File menu, or
click on the Save icon, then enter “RLC” in the

“File name” field.

¢ Click on the Save button.

Notice that SpiceNet’s title bar has changed:
=l SpiceMet - Project :: C:Azpice8isn\rlc. DWG
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Test Point Symbols

Test Point
Symbols

¥l
G—=<
Y2

s

N
At

v
-

Y6

L O<

Notes: Power
test points are
not supported in
AC analysis.

Current and
Power test
points do not
support
subcircuit
elements
(reference
designators that
begin with an
“X”). Use
current
subcircuit (6Y)
to measure
current going
into subcircuit

pin.

Testpoints are used to generate real-time waveforms (via VIEW
and ALIAS statements). These statements cause the IsSpice4
simulator to calculate waveform data at the test point locations,
and display it in the real-time waveform display. This will be
covered a little later in this chapter.

There are five basic test point symbols available:
Y: node voltage (referenced to ground)

2Y: differential voltage

3Y: device current (placed within the body of a part)
4Y': device power (placed within the body of a part)
6Y: current subcircuit (placed on subcircuit pin)

Note: When placing a test point on a part, a red dot indicates
connectivity.

¢ Clickonnode 3 (the output) and type the letter Y to place
a voltage test point on that node.

¢ Double-clickonthetestpointand enter“Voutput”inits
Name field, then click on the OK button.

e Click on the body of R1 and input “3y+++” (the number 3,
lower-case y, and 3“+”s) to place a current test point on R1.

¢ Double-clickonthe currenttest pointand enter “linput”
in its Name field, then click on the OK button.

When the simulationis run, the waveform data for the test points
will be calculated and available for viewing in IntuScope.

Test Point Properties i x|

Commert t Het List Preview

‘ “Halias Vout =]

Voutput

L1 100U
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Automatic Test Point Ref Des Assignment

Test Point Reference Designation (Ref Des) is automatically
assigned on initial placement based on the following rules:

a) When adding a voltage test pointtoanamednode (i.e., anode
with a name rather than a number), the test point's
Ref Des is set to the name of the node, if the name starts with
the letter "V." If not, it is set to the name, but with a "V" prefix.

b) If the node is unnamed, the Ref Des is set to "V<n>", where
<n> is the node number.

c) When adding a differential voltage test point, its Ref Des is
set to the names of its two nodes as defined in a) and b)
above, and separated by an underscore character. If the
second pin of the test point is not yet connected when the test
point is placed, the underscore character is still appended to
the name of the first node.

d) When adding a current or power test point to a part, the test
point's Ref Des is setto a name that reflects the part for which
it is connected (i.e., "WR1" for a power test point connected to
resistor "R1," "IR1" for a current test point connected to R1, and
"IX1_1"for a subcircuit current test point connected to pin 1 of X1)

e) If atest point is placed where it is not connected to anything,
it is given a Ref Des consisting of the letter "Y," followed by
a sequentially assigned number.

At any time, you can press the "Auto Ref Des" button in Test
Point Properties dialog to rename any test point according to
the above rules, based on its type and current connection(s).

Ref Des is retained

A part and test point’s Ref Des is retained when copying and
pasting, as long as the prior Ref Des does not already exist on
the target drawing. A Ref Des that has been modified to a non-
standard form is also retained with one or more X' characters
appended to its copied one, to distinguish it from the original.
This allows you to copy and paste entire sections of circuitry
onto another schematic drawing without losing their assigned
part name and test point name.



Reassign Ref Des

At any time you can systematically renumber any or all of a

schematic's partreference designations by selecting "Reassign

RefDes..." from the Edit menu.

* [f“Automatic”is selected then all Ref Des will be automatically
renumbered.

* [f“Manual”is selected then Re-Assign RefDes Numbers dialog
willappear.

e If "All Types" is selected, you can begin sequentially
renumbering each type of part startingfrom 1 (e.g.,R1,C1,X1,
etc.)

* If a specific part type is selected, you have the ability to start
renumbering, based on the first part of that type that s clicked.
For instance, if you clicked on R7, then the next resistor you
selected will be renumbered as R8.

When a part is renumbered, it is highlighted so the user can

remember which parts have been renumbered, and which ones

haven’t. If an error is made, you can undo the renumbering by
pressing (<CtrI>+Z) or selecting undo from the Edit menu.

Select Part Type: |F| - Resistors j /fyOU mOdIfy a part with a
“When renumbering all types simultaneously, test pOil’It attached to /t,
riumbers for each type must start with 1. remember to double click
Far the zpecific selected part tppe: —————————— on the test pOint Then
" Start numbering with 1. “ ’ »”
’V(:' iStart numbering from RefDes of first clicked part select the “Auto Ref Des
_ — button to update the test
" Click on a part ta a§3|gn it pOint RefDeS, based on
e hext FefDies number in zequence. th r[
S | Help | e new part name.

This example RLC circuit shows you the ease of schematic
capture. Your parts and test points are automatically assigned
intelligent names. Part names are incremented after each
placement, and test points are named based on their type and
connection(s). You can re-use circuitry from other schematics,
or copy, paste and flip mirror-image circuitry. If such copying
and pasting of existing circuitry causes your circuitry names to
appear messy, you can easily and systematically reassign them.
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Entering IsSpice4 Control Statements

Simulation
Setup icon

2|

This dialog
contains
simulation
control
buttons.

Click on the
Help button for
information on
the analysis

setup.———— |
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So far, we have taken care of all but one of the items necessary
for generating an IsSpice4 simulation. We need to now tell
Ispice4 what analyses to perform.

¢ From the Actions Menu, select Simulation Setup, Edit,
or click on the Simulation Setup icon.

Syntax:
i Wizards Configuration
Analysis Wizard | Convergence ‘Wizard | ’7 Setupl 'l Rename.ul Edit... I
i~ Analyses
- AC Analysis... | r Noise... I v Simulator Options... I
I DC Sweep... I I Distortion... I I~ Circuit Temperature... I
r Transient... | Fourier... | SaveData.. |
I~ Operating Point... | I~ DC Transfer Function... | I~ DCAAC Sensitivity... I
View &ll Contrals... |
User Statements:
L it S|

This dialog is used to generate the analysis statements, which
will be automatically included in the IsSpice4 netlist and used
to drive the simulator.



Analyziz Wizard |

The Analysis
Wizard
automatically
creates the
simulation
control
information.
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Inadditionto the in-application Help available in this dialog, there
are also two powerful wizards that will help you generate
simulation control information quickly and accurately. We
introduced you to the Convergence Wizard in the SpiceNet
Basics Tutorial. Let’s take a look at the Analysis Wizard.

* Click on the Analysis Wizard button.
[Select An AnalysisType ]

™ AL - Frequency Sweep [Bode Flat] Small Signal Analysis
" DC Source [Voltage/Curent] Sweep Analysis
¢~ DC Operating Point

7 DL Trarsfer Function

@ Transient - Monlinear Time Domain Snalysis

" Temperature - Change The Global Circuit Temperature

" Moise - Small-Signal Moise Analysis

< Back I Mext » I Cancel | Help |

Now let's create the control statement automatically for a
Transient (time domain) simulation for the RLC circuit.

e Click on the “Transient - Nonlinear Time Domain
Analysis” radio button and then click on the Next
button.

* Enteravalue of “5n” for the Data Printout Step (Tstep).
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Tstep must be
small enough to
resolve the
highest
frequencies in
the circuit.

Tstep is the
time interval
(sampling rate)
for which
interpolated
data will be
recorded and
placed in the
output file.

Tstop specifies
the time length
of the
simulation.
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YWhat is the fastest frequency component in I::' 1[

Enter the time for the fastest event [2 times the Myguist frequency)
that you would like to see.

D ata Printaut Step (T step):

IEI" Seconds

< Back I Mext » I Cancel | Help

¢ Then click on the Next button.

Enter a value of “1u” for the Total Analysis Time
(Tstop).

¢ Then click on the Next button.

How long do you want the analysis ko run? E ll

Enter the time the simulation should stop.

Total &nalysiz Time [T stop):
A Seconds

< Back I et » I Cancel | Help |

e Leave the “No” radio button checked. This is the
default mode.

e Click on the “Finish” button to complete the operation
and exit the Analysis Wizard.
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Do you want to limit the maximum timestep? x|

|5 there a masimum timestep [time between calculated data points) that
you never want the simulator to excesd? [The simulatar may maks
more accurate calculations)

& Ha C ves

The Analysis

Wizard has just

created the

IsSpice4 <Bak [ Fnsh | Concal | Hep |

Transient

Analysis

statement ntax: .TRAN tstep tstop [[tstart] [tmax]] [uic]

for you. I.THAN 5nTu | Final IsSpice4 Statement | | IsSpice4 Help Syntaxq

[ Wizards Configuration
You can Analysis Wizard I Convergence YWizard I ’VIStandard Edi... I
directly edit the = [-nalses
Transient I~ AC Analysis... I I~ Noise... I v Simulator Options... I
Analysis \\R DC Sweep... I | Distortion... I [~ Circuit Temperature... I
Statem ent b y v Transient... I I Fourier... I I Save Data... I
CIICkmg here. I~ Operating Point... I [~ DC Transfer Function... I I~ DCAAC Sensitivity... I
Wiew All Controls... I
User Statements:
;] Done I
User Statements

You may enter// Window [ Help Pop-Up Menu\
any IsSpice4 v
sta};ements in L —"_I &I

this window.

The “.TRAN 5n 1u” statement tells IsSpice4 to perform a time
domainanalysis when the simulationislaunched. The simulation
will begin at 0 seconds and end at 1 microsecond. Calculated
data points will be written to the output file at 5 nanosecond
intervals.

The Analysis Wizard has created the Transient statement for

you, and has also checked the box beside the Transient button
so that it will be performed when the simulation is launched.
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Click on the
Help button for
more information
concerning the
Transient
analysis.
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As you become more familiar with the different types of simulation
analyses, you may select the desired analysis function and
enter the simulation parameters yourself.

* Click on the “Transient...” button in the IsSpice4
Simulation Setup dialog.

— Times

Time in Seconds

Data Step Time |5n
Total Analyziz Time |1 I
Time ko Stark Ii .
Recording Data [Cptional]
Faxirmum Time Step I [Optianal]

[T Use Initial Conditions [IUIC)

aF. I Cancel | Help |

Notice that the “Data Step Time” and “Total Analysis Time”
fields already contain data (i.e., 5n and 1u respectively). The
Analysis Wizard enters the information for you. If you want to
change the simulation parameters for this analysis, you may
change them here or revisit the Analysis Wizard.

Next, let’s specify the simulation control information, which will
be used to perform our AC analysis of the RLC circuit.

e Click on the OK button to dismiss the dialog.
We could use the Analysis Wizard to create the control

information for the AC analysis, just as we did for the Transient
analysis.



The AC
analysis is a
linear analysis
that sweeps the
circuit response
through a range
of frequencies.

See the on-line
Help for more
information
concerning AC
analysis.

This is the
IsSpice4 AC
Analysis

"Statement wi Syntax: AC DEC | OCT | LIN number_points fstart fstop
Just created. ACDEC 10 10k 100MEG il

The AC Analysis Wizard I Convergence ‘Wizard | IStandard 'l Rename... I Edit... I
Analy sis box \_Analyses
has been . . .
i I~ Noise... | v Simulator Options... I
checked — —
. - DCSweep.. | I Distortion... | | Cicuit Temperature... |
(activated) = — [ — | r — |
. v t... ta...
automatlcally. ransient ourier. ave Data
[ Operating Point... I I~ DC Transfer Function... | [ DC/AC Sensitivity... I
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Alternatively, let's enter the data directly in the AC analysis
dialog within the IsSpice4 Simulation Setup dialog.

¢ Click on the “AC Analysis...” button in the IsSpice4
Simulation Setup dialog.

e Enter “10” for the No. of Points.
Click on the “Decade” button.
¢ Enter “10K” for the Starting Frequency value.

¢ Enter “100MEG” for the Ending Frequency value.

AC Analysis - Bode Plot x|
— Interval
¢ Decade
Mo, of Points I'I o per { DOctave
" Linear

Starting |10k Hz C |
ance |

Ending I'IEIEIMEG Hz
Help |

¢ Clickonthe OKbutton to close the AC Analysis dialog.

IsSpice4 Simulation Setup | X|

— Wizards " Configuration
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v AL Analyzis... |—
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The “AC DEC 10 10K 100MEG” statement defines an AC
frequency sweep that collects 10 data points per decade. The
starting frequency is 10KHz, and the ending frequency is
100MHz.

We've just finished specifying the second of two control
statements that will be used in the simulation. We’re now ready
to run both a Transient analysis and an AC analysis.

Notice that there are “check marks” in the check boxes beside
the Transient and AC analysis buttons. This indicates that
those analyses have been specified and activated.

You can activate and deactivate simulation options by checking

or un-checking their boxes.

¢ Click on the Done button to close the IsSpice4
Simulation Setup dialog.
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Running a Simulation

You can also
click on the Run
Simulation icon
in the toolbar

to launch the
simulation.

At this point, we have captured the RLC schematic and entered
all of the required information.

When the simulation is performed, all applicable node voltage,
device current and power dissipation data is saved by default.
Device currentand power measurements are accessed through
the Device Properties dialog. Default power measurement is
turned off for capacitors and inductors.

Now let's run the simulation.

¢ Select Simulate (<Ctrl>+G) from the Actions menu, or
press the Simulate (runningman)iconin the top toolbar.

Actions  Window  Help

Simulation Setup 3

ICAPS/Simulation Control...

NetList Edit...

Text Edit

Simulatz Ctrl+G
Scope

Prafe
ke
v Nomal

Cross Probe ]
Send Selected Seript

The IsSpice4 simulation screen appears and the simulation is
performed. The RLC circuit waveforms at the test points, i.e.,
Voutputand linput, are drawn in the real-time waveform display
as they’re calculated. You can see the waveforms for both the
AC and Transient analyses.

Note: The real time waveform viewer provides a thumbnail
sketch. Detailed waveform views are provided in IntuScope
(covered later).
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| . simulation Status: rlc_tuti.ckt JM[=] B | - Errors and Status 9 =] B3

Located file: chspice8iisiarray.dil

aRuRuRRaRYy Analysis Complete ZRuzanansy Located file: cAspiceBiisicml.dll

The IsSpice4
simulator, and
how to use it
interactively,
are covered in
the next tutorial.
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150
AC
PH_IINPUT

29.9
59.9
AC
PH_VOUTPUT
-60.1
25.0M
Tran

IINPUT

-25.0M

Located file: chspicedisimech.dll
Located file: cspice8\isipower.dll

-54.5 Located file: c\spice8iisireal dll
AC /\ Located file: cispiceB\is\soimos.dil
IINPUT Located file: chspicedyisiswitch.dll
in dB Located file: chspicefyisivsrc.dil
-174 " g
frequency frequency # Simulation Contrel |- [E1x] 7
ﬂ Expression Measure Mode: ) Tran 4
A 60.0 BT simubs | conmend || Cac € Nose ﬂ
VOUTPUT Plots:  [tran1 v " DC  Disto
in dB 500 Persistence: [1 CIOP € gens
frequency frequency ™" Accunuate Plts Sciipt Atoms E
Start | Pause l Hesumz' Abort | DoSeript
2.00 | =
Tran /\-/’_‘_—
VOUTPUT
-2.00 . -
1.000 0 tme  1.00U Az
] I

Important Note: Do NOT close the IsSpice4 simulation (e.g.,
don’t close the window out). It must remain open while we
cross probe waveforms in the next section.

In IsSpice4, select “After
% Epiitch to SpiceMet After Each Simulation. SImUIatlon GO TO . ” In the
e Switcl? l.U Intus.cupe After Ea:h. Simulation. OptlonS menu. If desired,
" Flemain in |35 pice &fter Each Simulation.

select another choice for the
active window. Save

¥ Show this didlog after each simulation

Maote: This dialog can be displayed by selecting

"after Simulation Go To.." from the Options menu. prefel'enCGS Only saves
_t= || window position and size.

An After Simulation dialog will be displayed after a simulation is
run. It has three radio buttons providing the choices: "Switch to
SpiceNet After Each Simulation," "Switch to IntuScope After
Each Simulation" or "Remain in IsSpice After Each Simulation."
There is also a check box for "Show This Dialog After Each
Simulation." This allows you to specify which program
immediately becomes active following a simulation, based on
what you are trying to accomplish. If you do a lot of cross-
probing, create simple curve families (e.g., alter function), or
run scripts placed on your schematic, then select “Switch to
SpiceNet After Each Simulation.” If you do a lot of waveform
measurement, then select “Switch to IntuScope After Each
Simulation.” If you want to quickly tweak any circuit parameter
and see yourreal-time test point waveforms be instantly updated,
then select “Remain in IsSpice After Each Simulation.”.
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Cross Probing on the Schematic

=N |

e
-

2N

The analysis type
and voltage/
current or power
setting are
changed via
Cross Probe in
the Actions menu
or the Cross
Probe right
mouse button
menu.

The normal
cursor allows you
to move, re-size,
and delete
schematic
waveforms. The
Cross Probe
cursor changes
to the normal
cursor when it is
over a schematic
waveform.

ICAP/4 has the ability to interactively display node voltages,
device currents and power dissipation directly on the schematic,
and in the IntuScope waveform viewer. To display a waveform
on the schematic, simply set the desired mode in the Actions/
Cross Probe menu, hold the SHIFT key and then click on the
appropriate schematic node or device. Alternatively, right mouse
click on the appropriate schematic node or device, hold the
SHIFT key and then select the cross probe mode.

*  From the IsSpice4 window, select Actions menu,
Schematic to switch back to the schematic so we can
perform the cross probing.

e * SelectProbe inthe Actions menu, or click onthe Probe
icon to activate the cross probing tool.

Cross Probing a Voltage
To view a voltage, simply hold down the SHIFT key and click on
the desired node or test point.

Let’s display the voltage at the output of the circuit. Notice that
the mouse arrow has changed to a probe symbol.

e Click on the test point, “Voutput” with the probe tool
while holding down the SHIFT key.

The voltage waveform appears on the schematic.

1.48 Voutput test
point voltage
VOUT
-70.7
Tran 0 time 1.00U

* Move the Cross Probe cursor over the Vout schematic
waveform. It will automatically change to the normal
cursor. Drag and drop the Vout waveform out of the
way to cross probe some more waveforms.
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NOTE: It will
stay in AC
Voltage/Current
Cross Probe
mode until you
change it.

To change
Cross Probe
mode and plot
the schematic
waveform at the
same time, you
can right mouse
click on node 3,
hold the SHIFT
key down, and
select AC
Voltage/
Current.
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Cross Probing a Device Current
Toview adevice current, simply click on the device symbol while
holding down the SHIFT key while in cross probe mode.

Let’s display the current through resistor R1.

e Click on the resistor, R1, with the cross probe tool
while holding down the SHIFT key

The current waveform appears on the schematic.

404U Current through R1

IINPU

-184U
Tran O time

1.00U

Similarly, you may move the waveform out of the way and then
cross-probe the current through L1 and C1.

As you recall, we ran both a Transient analysis and an AC
analysis. The active analysis type, Tran, is shown in the Cross
Probe menu item under the Actions menu.

Cross Probing an AC node voltage

Toview an AC voltage, simply set “Actions, Cross Probe” to AC
mode, then click on the node with the probe tool while holding
down the SHIFT key.

Let’'s change the probe analysis type to AC and take alook atthe
AC magnitude response at the output of the RLC circuit.

¢ Selectthe AC mode in the Cross Probe function under
the Actions menu.

* Move the R1 Current waveform out of the way, if
necessary. Then click on node 3 with the cross probe
tool while holding down the SHIFT key.

The AC magnitude waveform for node 3 is displayed, as shown
on the next page.



NOTE: Cross-
probing does
not support
subcircuit
elements
(reference
designators that
begin with an
“X”). To make
subcircuit
instance
parameters
available in
IntuScope’s
Add Waveform
dialog , go to
IsSpice4’s
Simulation
Setup dialog
and check Save
Data, Save all
node voltages,
Save all device
currents and
Save all power
dissipations.
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8.75 AC voltage at node 3,
VOUT Voutput
indB A
-64.8
AC frequency

Cross Probing Device Power Dissipation

To view the power dissipation through a device, simply set the
cross probe mode to Tran, and Power, in the “Actions, Cross
Probe” menu.

Now let’s display the power dissipation through R1.

¢ Inthe Actions menu, select Cross Probe and the Tran
and Power options.

* If necessary, move the V(3) waveform out of the way.
Then click on the resistor, R1, with the probe tool while
holding down the SHIFT key.

The power through R1 is displayed.

149U | Power through R1
@RI1[P

-7.10U
Tran 0 time 1.00U

* Press the Esc key or right mouse click and choose
Normal Cursor to end Cross Probing.
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Power
waveforms
can only be
viewed in the
Transient
analysis.

Note:
Resistor
power
waveforms
are saved by
default. Look
in the Part
Properties
dialog to see
the saved
device
waveforms.
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— Resistor powerwaveforms are saved by default. Toseeifapart’s
current or power waveform will be saved, look in the parameter
listinits Properties dialog, e.g., “i current” and “p power.” A “yes”
entry indicates that it will be saved, so that it is available for
viewing. If a device’s current or power option is turned off (e.g.,
the entry is “no”) you may turn it on by clicking “no” to open the

data field, then selecting the “yes” option.

Resistor Properties 1'
Label | Tolerance/Sweep O ptimize I Failure Modes I
Cornment Met Lizt Presview
A1121k =
“Heave @R1[] @R1R]
L]
Froperties Label
Parameter »rialue ;I po | Parameter Walue
RefbDes  R1 SREEER rEmemm— =
Walue 1k Parameter 3\ | »r¥alue
Part rumber - K- ef Des R1
b Type L7 1K
" positive node 1 k- Part nugber -
" hegative node 2 LZ- R
\J‘ Model G’ positive node 1
" negative noda
& Temp -
- P 7 .
L2 . -
L& 1 current Ve K
L P potEr yes ~ K-
L2 I rruTplicity - k-
MAMMIFL PaRAMFTERS ‘? icurent [
P power Ve
MODEL PARAMETERS
Eet” Ture 2]

E
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Cross Probing to IntuScope

IntuScope Justas we cross probed to display node voltage, device current
functions are and power dissipation waveforms on the schematic, we may
discussed in also cross probe waveforms to an IntuScope graph. Cross
Tutorial 4. probing to IntuScope is the same as cross probing to the

schematic except you no longer hold down the SHIFT key while
cross probing.

If IntuScope is not currently running it will automatically launch
in the background when you try to cross probe to it.

¢ Move the R1 power waveform out of the way, if
necessary. Then click on R1 with the probe tool.

This will send the R1 power waveform directly to IntuScope
instead of plotting it on the schematic. If you right mouse click
onR1 whilein cross-probe mode, you can choose to send either
the current or power waveformto IntuScope. Note thatonce you
change to cross probe mode it will stay in that mode until you
change it again.

e Select “Scope” from the Actions menu or toolbar
icons to view the waveform in IntuScope.

pione._delins Lol _Seaiva Yirdon Hob
oz alelor 58 S|m@| o2l

IntuScope ™
graph window,
which now

displays the ‘
power through —
R1. o

\\\\\\\
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Next, let’s display the AC waveform at the output, node 3. Since
the Transient waveform has a linear time scale, and the AC
waveform(s) will have a semi-log scale, we’ll open a new
waveform graph in IntuScope.

¢ Select New Graph from the File Menu in IntuScope.

¢ Select Schematic from the Actions menu to go back to
the schematic, or press its box at the bottom desktop.

Do this in one ¢ Inthe SpiceNet Actions/Cross Probe menu, select the
step by right AC and the Voltage/Current mode.
mouse click on
node 3 with the e Click on node 3 with the probe tool.
cross probe tool
and select AC e Select the “Scope” option from the Actions menu to
Voltage/Current view the waveform in IntuScope.
from the menu.
@rhvd) @ d 3

ACphase = —p—

andmagnitude
response of ——— |

the RLC 400 100
circuit.

-30.0

Plot1
ph_v(3)in degrees
&

3
o
db_v(3) in db(volts)

]
S

-50.0

-160  -70.0

10k 100K Meg 10Meg 100Mmeg

frequency in hertz

Notice that the AC magnitude AND phase waveforms are
displayed on the graph when you cross-probe a waveform
during the AC analysis.

72



TuToriAL #3 - CAPTURING A SCHEMATIC FOR SIMULATION

Running a Parametric Sweep

The Alter [
function—
allows you
to create
curve
families
quickly
and easily.

pe ALY

The Alter
function may
also be used to
change
component
values within
hierarchical
drawings.

Normal

cursor \
mode. |T
Youmay  #
also use I
this button —
to go back

to normal E

mode. EI

Key circuit parameters can be varied directly from the schematic
environment, without having to restart the IsSpice4 simulator.

Once an initial simulation run has been performed, the Alter
function enables you to automatically step a component value or
its temperature, or designtemperature, through a prescribedrange,
and automatically run a series of simulations. You can choose a
linear or logarithmic sweep of the variation. You can select one or
more design nodes or components to be plotted in IntuScope. The
Alter function creates curve families quickly and easily.

In anticipation of the transient curve family that we’ll generate
as we sweep the value of R1, let’s create a new waveform graph
in IntuScope so the curve family will be easier to view.

* Select New Graph from the File Menu in IntuScope.

¢ Select Schematic from IntuScope’s Actions menu to
go back to SpiceNet.

Now we’re ready to open the Alter dialog and set up the sweep.
We’'ll sweep the value of resistor R1 from 1kW to 10kW, in 1kW
increments, and display the voltage at node 3 (the output node)
each time we change the value.

* Press the Esc key or select the Normal icon from the
right toolbar to exit cross probe mode. Now go back to
normal cursor mode.

¢ Select Alterfromthe Actions menu, or clickon the Alter
icon on the right toolbar.

Notice that the mouse arrow cursor has changed to Alter's
magnifying glass symbol.

¢ Click on resistor R1 with the Alter tool.
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The Alter dialog
allows sweeps
of component
parameters.

Alter Steps:

Select the type of
sweep and enter
the values

Select the
analysis type
and then select
the X and Y axis [
settings

Select the
waveform(s) and [~
click on the Add
button

Alter for R1 resistance X|
Sweep Mode
& List 1.000000=+003 Sweep value
: : . || definition
€ Linear Start: Stop: Step:
" Logarithmic | | |
Analyziz Tupe:  |bran - I—IAnaIVSiS type
' Az Az

Plat List: ' Az | 1 Axis | Remove

C —| Waveform definition

Waveforms that Clear Al

will be plotted

Drone | Help |

Click on the Run
button
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ClickontheLinearbuttoninthe “AlterforR1resistance”
dialog to setup a linear sweep. (Warning: Never enter a
value of zero, notably if the log button is selected)

Enter a Start value of “1k,” a Stop value of “10k,” then
a Step value of “1k.”

Make sure that the “default: time” option is selected
under the X Axis field.

Scrolldown thelistbelowthe Y Axis field and select the
“V(3)” entry in order to plot the RLC output at node 3.

Click on the “Add to Plot List” button to add the “V(3)”
entry to the Plot List at the bottom of the dialog.

Click on the Run button to execute the simulation
sweep. Dismiss the Alter dialog using the Done button.
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ﬂ
~ Gweep Mode Other more complex
 List I‘I.DDDDDDe+DDB sweeps can be
ThIS WI// SWeep S e Start: Stop: Step: performed direCtIy in
the Value Of R1 " Lagarithmic I‘Ik I‘IDk I‘Ik |SSpIC€4
from 1KQ to
. Analyziz Type:
10KQ in 1KQ dha
increments, and Y’["‘:;S
display a curve E[[a,}] \
family in (2
IntuScope. #_t -
Plot List: Y Az | 4 Az | Remowve |
(3
Clear Al |
Run Done | Help |
Note: When you’re using the Alter function, you may only select
an analysis that you’ve performed.
e Select “Scope” from SpiceNet’s Actions menu. Notice
the curve family in IntuScope as shown below.
This curve byl Mgt ol gl Nyl Bpbgien
famil g
amily was
generated S 160

automatically as
the value of R1
was swept.

All Y Axes car/

be scaled and

800K, V(3)_r1_7p000K, V(3)_r1_6p000K,

linked.

/ntUSCOpe ; 700n 300n 5000 700n 500n

functions are : e

discussed in * Bringthe schematic backto view,then pressthe Esckey
the IntuScope to go back to normal cursor mode.

tutorial. * Do “New Graph” in IntuScope before running

temperature sweep example.
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Running a Temperature Sweep

Next, we’ll perform a temperature sweep for this circuit and
look at the curve family output waveforms. In short, to
perform a sweep through a range of circuit temperatures,
simply click on an empty area of the schematic with the Alter
tool. Then, proceed with the usual steps to sweep the

design’stemperature.

However, since there are no active parts (i.e., transistor,
MOSFET) in our schematic example, and therefore the circuit
is not very temperature sensitive, let’s make the results more
interesting. Let’s change the value of R1 so thatit’s a function

oftemperature.

You can enter
an equation in
the Value field
for any resistor,
inductor, or
capacitor.
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¢ Double-click on Resistor R1.

Then type the following equation into its value field:
R=1K+1K*(1+30m*(TEMP)+2m*(TEMP)"2)

Click on the OK button to close the Properties dialog.

Run a simulation.

Resitorproperies zl
Label | Tolerance/Sweep/Opfinize | Failre Modes |
Net List Preview
A1 1 2 R=1K (30 {TEMP 2 (TEMFT 2] =]
“tsave @R1E @R1[p] =
& Label
»2Value - Faameter Ve
HelDes‘ @l ‘ EREERD || |73 RelDes‘ il ‘
Vae  [EIEESUEIEE e Vae  ReTKeIKE
Patrumber - (il
Twpe -
postiverode 1 ovelp
resave rode 2 T
Temo - T | T e
. NewPat || @7y | AuoRelDes
i current yes © \ide
o PevPat || G | _Helo | Concel
M mukipiciy -
1 OO Y




Notice the title
“Alter for
Circuit
Temperature”.

Plott
p_35p00, V(3)_temp_30p00, V(3
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¢ Activatethe Altertool. Then clickon an empty areaofthe

schematic.

¢ Change the Sweep Mode to Linear. Enter the values 10
for start, 50 for stop and 5 for step, as shown.

¢ Add to Plot List the node voltage v(3) for the Y axis.

Alter For Circuit Temperature

x|

— Sweep Mods
IZ.EUUUUUB+UU‘I

= List
Stark: Sh
* Linear = =h

Step

pra—'0 Je0

|5

Analpsis Type: Itran 'I

X Ais

# s

=
Femove
Clear All

Help |

This will sweep
the circuit
temperature from
10 degrees
Celsius to 50
degrees Celsius,
in increments of 5
degrees Celsius,
and display a
curve family in
IntuScope.

¢ Then click on the Run button in order to execute the
simulation sweep.

The resulting curve family is displayed.

W3)_temp_10p00

v(3)_temp_15p00
¥(3)_temp_35p00

v(3)_temp_40p00

v(3)_temp_20p00
v(3)_temp_45p00

8 v(3)_temp_25p00 @ v(3)_temp_30p00

v(3)_temp_50p00

@
=}
=}
3

N
=}
=}
3

v(3)_tem

3)_temp_40p00,
n
=3
Is3
3

g 100n 300n

500n
time in seconds

700n 900n
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Schematic Layers

You may create
a schematic
that has
multiple layers.
All layers are
superimposed
to create the
complete
design.

See the
“Working with
Schematic
Layers” section
in the on-line
help for more
information
about
schematic
layers.
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Let's enhance our RLC circuit to create a more practical
example.

The parts we’ve placed so far have been on Layer 1, which is
the default layer. We’'ll create a new layer, Layer 2, and place
two active devices (e.g. BJTs), a subcircuit device (e.g., WIRE)
and some additional parts on that layer. Once we have added
the new parts to the new layer of the schematic, we’ll briefly
discuss the topic of “configurations.”

To create a new layer;

¢ Select Layers from the Options menu in SpiceNet.

x
Active Laper:
Layer 1 i

New... | Eaname...l Delete... |

’TI Cancel I Help I

¢ Click on the New button.

* Type “Layer 2” into the “New Layer Name:” field.

Mew Layer Mame: ILEI.'r'Ef 34

k. I Cancel | Help

* Click on the OK button to close the New Layer dialog.

¢ Click on the OK button to close the Layers dialog.
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Now we’ll add a Darlington PNP-NPN configuration with a long
transmission line and a capacitive load to our new Layer 2.

¢ Capture the schematic as shown below.

Use the Parts
Browser to V3 is 10 Volts DC
place Q2 , Q10 + V3
and X1. , 40{
R4 -
via | 680 Q10 [X1is a subcircuit part]
\( 4 QN3906
R1
2 50 L1 1U : Q2 | V.7 V_10
R 1 - NaNados
VA1 R3 10 X1 WIRE
30P¢; NVNV—
L c2

V2is-10VoltsDC

The QN3904 is in the BJTs NPN/Switching category in the
Parts Browser. The QN3906 is in the BJTs PNP/Gen. Purpose
category. The WIRE is in the Interconnects/Generic category.
V2 and V3 are both 10 Volts DC, but notice the polarities.

Yourschematic may vary from the one shown above, depending
upon the sequence in which parts are placed and connections
aremade. Variations inthe node numbers or reference designators
will not affect the simulation results.
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Subcircuit Parameters

WIRE symbol

X2
WIRE

Notice that the
reference
designator for
the WIRE
device is “X1.”
In IsSpice4, “X”
represents a
subcircuit
device.

These are the
parameters for

the WIRE —

device.
We'll enter the

two parameters
here.
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The X1 WIRE symbol introduces a new concept. Unlike the
active devices, which are IsSpice4 primitive elements (basic
building blocks), the transmission line wire is an IsSpice4
“subcircuit” (collection of IsSpice4 primitive elements that are
grouped in order to emulate a particular device).

Some subcircuits, called “generic subcircuits,” have user-
defined parameters that characterize their behavior. These
parameters appear within curly braces, e.g. {Impedance=777}.
The WIRE device is a generic subcircuit. It can be used to
represent a number of transmission lines just by inserting
different values for the user-defined parameters.

¢ Double-clickon X1,whichisthe WIRE in the schematic.

subcircuit Properties ‘ x|

Label | Tolerance/Sweep/Optimize I Failure Modes I

Cornment Met Lizt Presview
#1 1 0'WIRE { Impedance=150 Length=36 } d
[
Froperties Ene | Lahel
Farameter | »rWalue | v Farameter Walue
FefDes X1 it | 7 RefDes X1
Part rumber WIRE W= Pt rumber WIRE
SUBCKT  WiRE Riemave |
W7 Tupe -
e Model 1 Movern |
a
v Impe 150 o down |
s Length 36
Froperty Help Save Template
- USER —I  Label style
et Part | 5 Tall Auto Ref Des
 ide
Frew Part | © Spit Help | Cancel
Apply | Ok

¢ Clickonthe “??7?” string (unless already displaying 150)
in the Impedance parameter value field (Z) in the
Subcircuit Properties dialog.

* Replace the ??? string with 150.
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¢ Clickonthe “???” string (unless already displaying 36)
in the Length parameter value field.

¢ Replace the ??? string with 36.

Length is the wire length in inches, and Impedance is the
impedance in ohms. We have assigned values that represent
a clip lead model. All user-defined parameters for IsSpice4

symbols and generic subcircuits are entered in this manner.

¢ Click on OK to close the Subcircuit Properties dialog.

Note: Any occurrence of “???” in the Netlist will abort the
simulation and bring up the Net List Errors dialog with a parts
in trouble list.
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Test Configurations

When a
schematic is
initially
captured, the
default test
configuration
name is
“Config 1”.
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A Test Configuration consists of a specific set of layers. You
may include any combination of existing layers into each
configuration. Each configuration should be thought of as a set
of transparencies that are stacked together. When a netlist is
saved, the stacked setof transparencies, orlayers, are combined
(flattened) to form the active design.

Different configurations can be setup to drive different simulation
scenarios. For example, you might dedicate one configuration
for a Monte Carlo analysis and another for a transient analysis.
You may have one configuration containing test circuitry, and
another that omits “non-design” elements for PCB layout.

The configuration feature alleviates the need for you to manage
separate versions of the same overall schematic for different
analyses, test cases or end use (e.g., PCB, mil. standard, etc.).

To create a new test configuration:

* Selectthe Configurations, Edit from the Options menu.

; These are all of the
Configurations /_(r existing Iayers for
Configurations Subdrawings | Included La | the §e|ect§d
T Laper 1 configuration
Layer 2
W0
Hew.. | Delete | Make Subdrawing... |
QK. | LCancel | Help |

Layer 1 contains the original RLC circuit (i.e., V1, R1, L1, C1,
and the “linput” and “Voutput” test points). Layer 2 contains all
of the other parts just placed. WF:0 contains the cross-probed
waveforms placed on the schematic.

¢ Click on the New button.



When a new
configuration is
created, all
existing
schematic
layers are
automatically
added to it.

As new layers
are created,
they are
automatically
added to the
active
configuration.
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New Configuration E
Mew Configuration Mame: IConfig 2

Layer: Ta Be Included:

Carcel | Help |

[Canfig 1

[ Canfig 1

* The name “Config 2” is automatically suggested for
you. Click on the OK button to accept it.

Ifwe were to add any additional layers, they would automatically
be added to the currently selected configuration, Config 2.

Config 1 and Config 2 now contain the same layers, i.e., Layer
1, and Layer 2, since all layers are selected by default.

To edit a test configuration:

* Click on the “Config 1” configuration and click on the
“Edit...” button.

e Click on the “Layer 2” layer to deselect it, so that only
Layer 1 is selected.

Click on the OK button to close the Edit Configuration
dialog.

Click on the OK button to close the Configurations
dialog.

Notice that the parts on Layer 2 don’t appear on the drawing
because Config 1is selected, which doesn’thave partsin Layer 2.

Let’s run a simulation of Config 1.
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This is the
simulation of
Config 1, which
only contains
Layer 1 and
WEF:0.

This is the
simulation of
Config 2, which
contains Layer
1, WF:0 and
Layer 2.

84

¢ Select the Simulate function from the Actions menu.

995
AC \
PH_V_10 \
611 L
frequency
8.83
Ac W
PH_V_3 |
|
185 -
frequency
189
AC
PHVT |
197
frequency

frequency

123 A

frequency

frequency

_Epession | _Meswe | [Mode € Tn |
Stimubss_|_Conmend GA:(‘NW';
Pots: [oc1 =] € bC € Disto |
Pessstence: [1 C 0P C Sens |
I~ Accumate Plots. SciptAtoms (2]

t =lolx|
ocated file: c\spice8ys\array.dil =
ocated file: c\spiceBs\CMLDLL

ocated file: c\spice8ysymech dil

ocated fle: c\spice8YS\REALDLL
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st | o | esime| abon | Dose]
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Now, let’s run a simulation of Config 2.

e Point to the Configurations function in the Options
menu and select Config 2.

Options  Subdrawings Actions Window Help

Configurations 3
3

Pages
Layers...

Edit...

Cenfig 1

¢ Select the Simulate function from the Actions menu.

3 Isspiced
Fo £ Options Acons Window He

. Simulation Status:rc_tut2.ckt

annpRRRLEE Analysis Complete HuNNANAAA

cated fle-cspiceBysianay.di

ocated fle c\spiceBs\CML DLL

ocated fle c\spice@is\mech dil
oL

IMOS. il

i [ Fsoe
T [
[ o [ =]
Persistence: [T

1=
Mode  © Tion
CAC € Noie

0P € sens

I~ Accundate Pots Serttons 2]
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Displaying Operating Point Values

Important:
IsSpice4 must
remain open in
orderto obtain
the operating
point values.

You may
relocate (drag)
node labels to
suit your taste.

Note:
Rememberto
use Refresh OP
values to update
labels with new
number of
significant
digits, or re-
display deleted
OP labels.

Notice that node 2
is 0 Volts because
V1isinitially 0 Volts.

ICAP/4 has the ability to display the operating point values of the
circuit directly on the schematic.

* Bring the schematic back to view.
To turn on (display) the OP values on the schematic:

¢ Fromthe Options menu, Refresh OP values then Options,
Display on Drawing. Then, put a check besides OP
voltages or OP current&power.

¢ Orinthe center of the default toolbar press refresh OP
values, Show OP Volts, and show OP Curr/Pow buttons.

Once the OP values are displayed on the schematic, you can
selectand move them, or you may delete them (press the delete
key). The position of all OP labels is remembered between
sessions. If you forget which label belongs to what entity, just
move your cursor over the label and a tool tip will appear
specifying what entity it belongs to.

Voltage labels end with V, Current labels end with A, and Power
labels end with W. Use Options, Drawing, Significant Digits... to
control the number of digits shown in the labels.

The schematic will look similar to this:

V3
100V |5 +
903uA |§ oy — |
[5550W [> g0 DC operating
1.15mA point voltages
[754A | V-3 93V e 150 Amw aredisplayedat
Y " each node
R150 [ L1 1U [1.08mA
-OV 377uV 377UV ‘ QN3
: 1 A Ji 9.14mwW -;9?\/_7 V_10
e
QN3904|  R310 ez5my | X1 WIRE [[-643mV |
-643mV |7 AV o

:_CZ
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Drawing Iltem
Colors icon

B

Options Subdrawings Actions !
»

Configurations
Pages
Layers...

Zoom

Drawing

Artwork

Font...

Drawing Item Colors...
Global Colors...
Rubberbanding

‘Warn of Parameter Change
Auto-Delete Files. ..

Mixed Signal Properties...

< <

Display on Drawing

Refresh OP Values

Pin Mumbers

Customize Toolbar...
Restore Default Prefs
Save Preferences
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If you want to modify the OP value labels’ display color:
e Select Drawing Item Colors from the Options menu.
* Click on the OP Labels tab to open it.

e Click on the Set Color button, and select your display
color.

e Click on the OK button to dismiss the dialog.

Drawing Item Colors B3
Apply to:
’7 ' Drawing " Page " Layer " Selected ltems
I™ | Use Parent Characteristics
Patts | wires = OP Labels IOthel Labels | &t |
OP Label Colors
Yoltage OPs: )
Current OPs: - Set Color...
Power OPs: - Set Color... |
0K | Cancel | Default l Help I

ICAP/4 also has the ability to display detailed operating
point information for a specific schematic part.

¢ Fromthe Options Menu, selectDisplay on Drawing
and check or un-check pin numbers, part labels,
etc. to display or make invisible.

¢ Select Actions, Probe to activate the probe tool.

v Part Labels

v Node Numbers & Labels
v OP Yoltages

v OP Currents & Powers
v Waveforms

v Artwork



Cr+G

Send Selected|Sorpt

You can also
display the
operating point
information for
the other parts
by clicking on
them.

You may click
on a node to
see its DC
operating point
value.

When you quit
SpiceNet, it
automatically
closes. IsEd
and IntuScope
do not close.
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v AC
(B 4
Tran

v Voltage/Current

Eawer,

Perameter Value

~

| ] ———— | ]

Dere Copy

Select the OP option in the
Actions, Cross Probe menu.

Select Actions,

the probe tool.

Probe to activate

A blank OP dialog box is displayed,
~ since no part was selected when the
OP function was chosen.

Let’s look at the operating point information for resistor R1.

e Using the OP probe tool, click on R1 to display its

operating point

i Resistor: Simple linear resistor

information.

F'a@metet Walue 1 Capacitor: Fixed capacitor |
device il = -
model B @ ! Inductor: Inductors E
I e t
resistance 1e+003 Enz\ggr E1 Pararneter [ value
temp 27 e s device n
m ] " 2001 | s
| 0 Coparians o industance 0.0001
w 1e005 w 100t ™
i 7.5de-006 | 0 ic ]
4| S ""‘“I ™ 0 flu 1]

i 2E3s | wolt 0

> I o i 7 5de-006

Done Copy i} i}
Done | J I I _’I
[one | Copy |

dialog.

work.

Press the Esc key to return to normal mode.

Click on the Done button to close the Operating Point

Select Save from the File menu if you want to save your
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e Select Exit / Quit from the File menu to quit SpiceNet.

This concludes the SpiceNet tutorial. In the next tutorial, we’ll
discuss the basic functions of the IsSpice4 Simulator.
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Tutorial #4 - IsSpice4

Unlike many analog/mixed-signal simulators, IsSpice4 furnishes
a uniquely interactive version of SPICE.

In this tutorial we will go through the following actions:

e StartingIsSpice4 andits operation of its Simulation Control,
real-time waveform, output and error windows

* Interactive sweep and measuring circuit parameters

¢ Interactive run of different analyses

¢ Automatic build of curve families in IntuScope

A detailed description of things like menu items, dialog boxes
and specific functionality of IsSpice4, including syntax reference
for IsSpice4 ICL commands, is found in the in-application help
from the SpiceNet or IsSpice4 windows’ help pulldown.

Starting IsSpice4

IsSpice4 makes
an output file
just like other
SPICE
programs.

Let’s first explore some of the IsSpice4 features by simulating a
simple low-pass filter.

*  Openthe AKTP2.DWG design underthe working SPICES8/
IS/AKTP2directory.

¢ Select Simulate from the Actions menu.

IsSprice4 willload the SPICE netlistand run the designated analysis.
Once the simulation is complete, an output file will be created and
the Simulation Control dialog will be displayed. You may optionally
interact with the simulator by entering command scripts into the
Script window of the Simulation Control dialog.

Reviewing The IsSpice4 Display

The IsSprice4 display contains four different windows: a Real-
Time waveform display, a Simulation Control dialog, an Errors
and Status window, and an Output window. In addition, the
Simulation Controlwindow has several functions that can activate
other windows. These will be covered as we proceed.
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s IsSpiced =10 x|
. Fie Edit Options Aclions Window Help
Note: . S =IEd
Located file: etmBa3pdish’
Your Analysis Compl Located file: eAnBBIpcis\S
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52.7 52.7
names ?J(l:JTPUT PHASE |A=|C1 v 4 2l G
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ac e BT L]
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slightly -60.1 I Acoumais Plots <ipcCop
. frequency
different. Sort toms [ At | B
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Real Time Waveform Display | Simulation Control Output Window
Dialog
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After the simulation is complete, a display similar to the one above
will appear. The Real-Time display (in blue) shows the circuit
performance as asimulationruns. The Simulation Control dialogis
used to control simulation flow interactively (if desired), and it
provides access to past simulation data. The Errors and Status
window provides corresponding data about a simulation. The
Output window functions similar to a traditional SPICE outputfile.
It stores data in textural format and is produced by the simulator.

¢ You can always rearrange the position of each window, then
select Save Preferences under the Options menu.

Working With the Simulation Control Dialog

This dialogis usedto control the simulation flow. It provides access
tosimulation data, and tointeractive parameter sweeping features,
all following an initial simulation run. For this currently active
simulation, AC is checked in the Mode section. The Start, Pause,
Resume and Abort buttons are used to control the simulation.

5, Simulation Control : ) [l B |
Expressionl teazure I tode: - Tismn
e Clickthe Start button. _ Stmulus |  Command | | & AC € Maoise
Plots:  [ac1 = ~ DC " Diste
FPersistence: I'I— © 0OF © Sens
™ Accumulate Plots Soript Atoms
Start I Fauss I Hesumel Sbart I DDScripll
=1
< sl
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The Start button clears the Real-Time waveform display and
immediately runs the last performed analysis.

Scaling Waveforms

Once a design simulation is run, IsSpice4 automatically scales
the Real-Time waveforms based onthe .OPTIONS parameters
Vscale, Iscale, and Logscale. However, at any time before,
during, or after a simulation, you can re-scale any waveform. All
waveforms can be automatically scaled simultaneously using
the AutoScale function in the Options menu (<Ctrl>+T).

3.70 -4 Waveform Scaling

Node: |v_-1

1 dB Delete
" -B0.G Height: |64.34
. Cancel

frequency
Bottom: |-60.64 (1] 4

No Expression Evaluation

Double-click
on a waveform
to re-scale it
individually.
The Autoscale
function in the * Double-click directly on the waveform V_4 in the blue

Options menu waveform window. Click the Auto button. Click OK.
autoscales all * Do the same for the phase waveform (PH_V_4).

waveforms
simultaneously.

Adding and Deleting Waveforms

Before or after the initial simulation, you will be able to edit the
display by deleting or adding waveforms.

To Add a Waveform:
¢ Double-click in the blank area underneath the V_4
waveform.

¢ Enter V(2) into the blank “Node:” field. Click the Auto
button and select OK.
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-, Waveform Scaling |

0|

Node: |v(2)
Insert

Height: |52.I]T _I

Cancell

Bottom: |-48.25 0K |

No Expression Evaluation

V(2) will be displayed. Since the netlist
includes the “save all...” function, we have
access to all of the node voltages. Therefore,
any circuit node number can be entered into
the "Node:” field. Note: only waveforms from
the active analysis can be re-scaled.

To delete a waveform:

¢ Doubleclick the desired waveform.

¢ Clickthe Delete buttoninits Waveform
Scaling dialog.

¢ Holdthe Ctrlkey and press T (<CtrI>+T)
to autoscale the waveform.

]
Saving Vectors

The Real Time display will initially show the vectors listed in the
.PRINT and .VIEW statements (created by test point symbols),
and the Interactive Command Language (ICL) view statement.
After the simulation is complete, all Print Expression vectors
created with the ICL alias and view statements will be displayed.
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For AC, noise and distortionanalyses, however,
only the DB and phase quantities of .PRINT
vectors are available as real-time
waveforms. Other quantities, such as the real
and imaginary parts, must be displayed using
the ICL Alias command. Note: Print Expression
vectors created with the Alias command are
always displayed after the simulation is
complete.

You can also add any waveform thathas been
saved with the ICL save statement to the Real
Time display. All of the voltages, currents and
device power dissipations from the circuit are
available for all analyses, including various
ICL statements.
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Measuring Circuits Interactively

Explessionl feazure |
Stimulus | Command |

The operating point of the circuit can greatly affect the simulation
results, especially for the AC analysis. With this in mind, the
Measurements dialog can be used to closely examine operating
point, and real-time voltages and currents.

“ Select Measurement Parameters 1[
Parts - Models Parameters
v(4)

subckt Nodes Select
Branches
bitn Delete
cl
oz Sort
gl
o [t
I
I3 j

Find:|

=101 x]
Edit | Copy |Fhafnzsh|

wid) = 2.77106M + 3 -177.7470 &
wi(3) = -62.86580 + 7 -z01.8390

o] ——

Measurements
dialog

e Click the Measure button in the Simulation Control
dialog to activate the Select Measurement Parameters

dialog.

¢ Click on the “Main Nodes” entry. Double-click on the
“V(4)” entry in the bottom field. Double-click on the

“V(3)” entry.
¢ Click on the Make button.

* Click on the Start button to run an AC analysis.

The Measurements dialog will display the operating point
voltage atnode 4 and node 3 using real and imaginary quantities.
Then, as the simulation runs, the quantities will be updated.
You can use this feature with any analysis to display the
operating point and exact values of key circuit parameters.

¢ Closethe Measurement dialog
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Sweeping Circuit Parameters

Explessionl teazure I
Stirmuluz I Command I
Flots: ac =~
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I Always Revert|
Stimulus dialogs
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v | Always Flevert' Set |

To change the
order of
magnitude,
click on the dot
in the center
and select from
the sliding
scale.

94

With IsSpice4, you can interactively explore the circuit design
by sweeping different parameters and watching the results as
real-time waveforms appear. This type of feedback enables you
to interactively optimize circuit performance as shown below.

e Set the Persistence value in the Simulation Control

dialog to 5. This will allow 5 waveforms to be displayed in
a graph before the display is redrawn.

¢ Click on the Stimulus button in the Simulation Control

dialog to activate the Stimulus Picker dialog.

<&, Stimulus Picker x| Stimulus
hitn c -Capacitance Expression PiCker dlalog
cl capacitance -Device capacitance
ic -Initial capacitor wvoltage 1
ql 1 -Device length
rl by -Device scaling factor
) ] W -Device width
E3
vl
Vi
w3
Find: | 0K

Let’s sweep the capacitor value for C2 and see what happens.

e Click on the entry “c2”. Then double-click on the
“Capacitance - Device Capacitance” entry, or press the
OK button to display the Stimulus dialog. Close the
Stimulus Picker dialog by pressing the Close iconil
in the upper right hand corner.

* Place the mouse on the right most (largest) arrow and
click once to increase the largest digit. Click the Set
button to run the analysis with the values shown.

The C2 value will change to 20nF and the simulation will be
rerun. Note that you can increase or decrease the value by 5
orders of magnitude.
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e Check the Always option. Place the mouse on the

Stimulus picker right-mostarrow and hold the mouse button down.
left arrows are . . ) . .
used to Afterthe simulation runs, the value will change and the simulation
decrease the will rerun. By holding down the arrow, we can sweep the value
value; the right and watch the results.

arrows are

used to ¢ When you are finished, click the Revert button in the
increase the “c2: capacitance” dialog. Then click the Set button to
value. set the circuit back to the way it was when you started.

Viewing Operating Point Changes

You can combine interactive design stimulus with interactive
measurements to thoroughly evaluate the operating-point
Maode:  © Tran Performance of a design.
 AC 7 Mois

. DC © Diste

e Click on the OP option in the “Mode:” section of the
Simulation Control dialog.

e Click the Measure button. Select “q1.” Then,
double click the “ib- Current at base node,” “p
- Power dissipation,” and “vbe - B-E voltage”

< MeasEE =18lx entries. Select “r3.” Double click the “p -
Edit | Copy |Refresh| Device” power entry. Click on the Make button.

ql[ib] = §.966557 -

allp] = 3.82585M ¢ Click the Stimulus button. Select “r3.” Then,

ql[vhe] = 771.3871 . . .

£3[p] = 8.18918M double-click on the “resistance-Resistance”

entry. Close the Stimulus Picker dialog.
i ﬂJ * Check the Always option. Change the value.

As you change the value, you will see the operating point
information for the selected parameters update.

*  When you are finished, click the Revert button in the
“r3: resistance” dialog. Then, click the Setbutton. Close
the Stimulus and Measurement dialogs. Click the AC
button in the “Mode:” section.

95



Sweeping Groups of Parameters

The Expression dialog works ina manner similar to the Stimulus
dialog. However, several circuit variables may be swept in
tandem.

¢ Click on the Expression button in the Simulation
Control dialog to activate the Select Expression
Parameters dialog.

Atthis point, we could select several parameters and

R Parameters - sweep them all together. However, for this example,
o T secct || We Will go one step further.
i Detete |
_sot || The Expression dialog allows swept parameters to
v Make || pe functions of other circuit variables. For example,
k& Find] the cutoff frequency, fo, of the AKTP2 low-pass filter
1 “Length _ is o< 1/(R1*R2*C1*C2). If we change the component
: ié‘éii:‘é?i;‘iﬁé?ﬁﬁ“ ratios, we will notice a significant change in the
ey -lustauce teaperamice frequency response.
~5 Control Yector 1 i ===
v Abways
W Rewvert |
A A dA-1e0eege Set
alter Hcl[capacitance] = 39.0000M * Ct,rl‘z'ecl;l
alter Brl[resi ance] = 10.00000K * CtrlVecl
ol
Type Here * Click on “c1.” Select the “capacitance-Device

96

capacitance” entry. Click on “r1.” Select the
“resistance-Resistance” entry. Click the Make button.
Change the entries to those shown above. The default
setting will show the default component value multiplied by
CtrlVec1.

You can use virtually any device or model parameter in the
Expression dialog. In this case, we will make C1 and R1



IsSpice4
Stimulus and
Expressions
give you
complete
parameter
sweeping
flexibility.

TuTtoriAL #4 - IsSpice4 SPICE SiMULATOR

functions of C2 and R2 respectively. As we sweep the value of
CtrlVec1, we will change the ratios of the values.

¢ Change CtriVec1 to 2.0 and click the Set button.

Change the CtrlVec1 value and see what it does to the
waveforms.

¢ When you are finished, set CtrilVec1 back to 1 and run
the simulationtoresetthe values back to their defaults.

¢ Close the CtriVec1 dialog.

Scripting: Introduction to ICL

The bottom half of the Simulation Control dialog is used for
entry and execution of simulation scripts. This allows you to run
analyses that weren’t included in the initial IsSpice4 netlist, or
send waveforms to IntuScope using the sendscript plot
function. Unlike typical SPICE simulators, you don’t have to quit
the simulator in order to change analysis specifications.
Simulation scripts can use any of the Interactive Command
Language (ICL) functions.

Let’'s change the AC analysis specification.

¢ Typetheline “acdec2510010meg” into the Simulation
Control dialog. Click the DoScript button.

Start I Fause | Fiesumel Aot IDGScriptI

ac dec 25 100 lOmeg| -1

Now let’s run a new analysis that we didn’t specify in the original
input netlist.
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Copy the help text HEiE
(<CtrI>+C) from the  Purpose:
Example or Syntax
fields. Select all of
the text in the Edit

field and paste Edit
(<Ctrl>+V) or enter
your own options.

Syntax:

Example:

header
nopoints
points
probefcsdf
save
sendplot
sendscripk

showrnod

wigw

write

e Deletetheaclineandenter
the three lines shown in
the figure to the left. Click
the DoScript button.

¢ Change plot to noise1

A noise analysis will be run,
andtheinputandoutputnoise
waveforms will be displayed.

The Script Atoms pop-up
contains all of the available
ICL functions, which include
most of the traditional SPICE
functions.

Delete the three lines in the
script window.

Selectthe Script Atoms, Output,
Show function.

Select all of the text in the
Example: field. Press (<Ctri>+
C). Select all of the text in the
Edit: field. Press (<Ctrl>+ V) to
paste the Example: textintothe
Edit: field. Select OK.

Ptints out operating pointinformation far devices

show [ref-des] [letter] [al] : parameters

shiowy

Cancel
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Move the Edit
text to the script
window by
selecting OK.

TuTtoriAL #4 - IsSpice4 SPICE SiMULATOR

Script Help E

Prints out operating point information for devices

Purpose:

Syntax: show [ret-des] [letter] [all] : parameters

Example: show ol b p

showe g1 1 pl

Cancel

All of theinformationin the fields of the help dialog can be copied
to the Edit: field at the bottom. The OK button causes the “Edit”
field contents to be copied to the script window at the cursor
position.

Edit:

¢ Clickthe DoScript button. Change the “show” function
to “show all” and click the DoScript button again. This
prints out all operating pointinformation for devices to
the IsSpice4 Output Window.

Note: The show and showmod functions are used to display
SPICE 2 style operating-pointinformation in the Output window.

Saving and Viewing Past Simulation Data

IsSpice4 saves the data for each analysis it runs. Initially, one
or more plot names are given to each analysis performed when
you start IsSpice4. Some analyses (ac, dc, tran) receive one
plot name. Other analyses (noise, distortion) will generate
more than one set of vectors, and thus require one plot name
for each set of vectors. For example, the noise analysis
calculates the total integrated noise for each component over
a frequency range, plus noise spectral density curves (input/
output noise waveforms). Each set of data is given its own plot
name. The same goes for the distortion analysis, which may run
several passes for different numerical evaluations (f1+f2, f1-f2,
2f1-f2, etc.), depending on the options selected. Each set of
vectors from each pass will be given its own plot name. The
“display” command is useful for determining the contents of a
plot.
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Your plot
names may be
different.
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Plots Check Exprezzion I Measure I Vs W TEm
Box Stirnulus I Cammand I AL % Noize
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By changing the plot name, we can access the data from past
analyses.

* Display the AC analysis data by selecting the “ac1” entry
in the Plots pop-up in the Simulation Control dialog.

[v fecumulate Plots Script Atams
Start | Halze | Hesumel At |D|:|S|::ri|:|t|

® Check the Accumulate Plots box. Change the value of a
resistor using the Interactive Stimulus functions reviewed
earlier.

The data for each simulation will be given a new plot name.
Note: As plots are accumulated, the amount of memory used by
IsSpice4 increases.

* To review the data from the previous AC analysis, pull
down the Plots pop-up and select another plot.

Note: IntuScope has access to the plot vector set shown in the
Plots pop-up via the IsSpice4 Plots function in the Waveforms
menu. Changing the plot changes the data set that these
programs can access.

* Click on the Command button.
This window acts just like the script window. Itis useful when the
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scriptwindow is occupied, and you don’t want to delete the script,
but rather run a few simple ICL commands.

* Type “display” into the Command window. Click the
DoScript button.

This will show the vectors contained in the selected plot via the
Output window.

¢ Change to a different plot name. Click the DoScript
button again in the Command window.

¢ When you are finished exploring IsSpice4, select Quit
from SpiceNet’s Actions menu to quit the session.
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Tutorial #5 - IntuScope

IntuScope is
continuously
enhanced to
give you
enhanced
waveform
selection,
manipulation,
scaling, viewing
and math
operations.

After a simulation is performed, you will want to view, analyze
ormanipulate the outputdata. In IsSpice4, the circuit waveforms
are displayed in real time. However, the IntuScope program is
specially designed for more in-depth waveform analysis.

IntuScope can read the simulation data directly from the
IsSpice4 simulatorto gainaccessto all voltages, device currents,
and device power dissipations in the circuit. The data may be
from AC, DC, Noise or Transient analyses.

IntuScope can also display waveforms from an IsSpice4 output
file.

IntuScopeis aversatile program, and has a wealth of functionality.
And even though this tutorial is fairly complete, we will not
discuss all of the capabilities of IntuScope. IntuScope is menu
and icon driven, plus contains context-sensitive help.
Experimentation is encouraged.

Starting IntuScope

Run Simulation

icon
\
o~

rEs

e StartlICAPS and openthe Sample design (Sample.DWG)
in the :\spice8\SN\Sample2 directory.

*  Fromthe Actions menu, select Simulate, orclickon ]il
the Run Simulation icon.

The simulation is launched and the IsSpice4 screen appears.

¢  FromtheActions menuortoptoolbar, select “Scope” to
launch the IntuScope program.
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The IntuScope Screen Layout

The IntuScope program contains a variety of windows. However,
most of the action takes place in the Graph Window, Add
Waveform dialog and Scaling dialog boxes.

When IntuScope is launched, a new waveform Graph window
isopened automatically. Under IntuScope’s Windows pulldown,
use the Add Waveform dialog to plot your waveforms in the
Graph Window (if not cross-probing directly from the schematic).
Many of the fields at the bottom of IntuScope will be grayed out
until a waveform is displayed.

The Output Record Window (lower left corner) shows the result
ofanICL scriptthathas beenrun, orany errors as aresult of that
run say if the user created a waveform script with error. The
Commands Window allows you to optionally load an existing
script or type in your own. The Status Bar provides brief
instructions as to how to accomplish your current task in
IntuScope, ifnecessary. The Accumulator Window displays the
result of the measured values.

& ntuscope - Graphi g 181X
Fie Edt Options Actions Cakulator Scaling Window Help
olz(@|9| #(a|D[#] % ae [Pou ~iE| B(mje| m2[x) T — F|
S e
Oih @i Qves Bue O O - p—— El
owe. | Tpe fom =]
0

¥ Vohage

400 1000 es0uf ¥ Curent

ywAdd Waveforii1 944!"99_

I~ Pover

I~ Subcicut

Auto Scale:

@ New Trace Ory
© Wi Lke Traces
€ Scaeand Tie

Graph Window -

inin smpheres
g

e in watts
I
e

© ScaetOffsel  C MintMax

£ 2 B E|
sc'alll_rg Dlaﬂog
ot
100 -200u 150u ™ Use Only Standard (1, 2. 5) Intervals

,?.

50.0n
time in seconds.

Gt Fecod 21| | Command:

Ly ol

[6a0 o I ] Hone| X0 VB s 1000 ‘

Hebp | Curscs 0 and 1 _Soloct | [Gr T 11002] ¥<c1] 1 | Home| X 1500000 oz deta (582550

|
Output Record Window

-
L Command Window

For Help, press F1. Status bar e
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Getting Help

IntuScope has a complete online help system that contains
information on all menu functions and commonly used
operations.

The IntuScope Help Menu is dynamic. It allows you to choose
from a list of HELP options, including movies, tutorials and
documents.

From the Help menu:

¢ Select IntuScope Help for help on all menu functions.

e Optionally, select Script Referencesfordescriptions and
examples of the ICL scripts.

* Optionally, select Script Syntax for help on how to use
scripts to create simulation templates.

Opening a New Graph Window
Although unlimited new graph windows can be opened in
IntuScope, the number of waveforms and plots created is
limited to the viewing space of the graph window. When
IntuScope is launched, a new graph window will automatically
open.

¢ Under the File Menu, select New Graph to open a new
graph window.

e Under the Window menu, select Add Waveform to
display the Add Waveform Dialog.

________________________________________________________|]

Selecting a Waveform Data Type
IntuScope can access waveform data from any ASCII text
outputfile or directly from the IsSpice4 simulator. IntuScope will
automatically choose the best data source available.

There are three main types of waveform data: Active IsSpice
Simulations, Active Project Output Files and Spice Output
Files. RF Deluxe users, and higher ICAP/4 packages, can also
open Touchstone files, and plot S parameters.
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To select waveforms from an active IsSpice4 simulation:

¢ Open up a drawing file in SpiceNet to activate a project.

* Run a simulation, which places all non-interpolated
simulation data in memory, as well as creates an ASCII
text .OUT file containing interpolated simulation data.

¢ InlsSpice4, selectthe Action menu, then Scope, tolaunch
IntuScope. By default IntuScope will link to the raw
simulation data as long as IsSpice4 is active, i.e., open.

* Plotany saved vector(wave) by clickingitinthe Y Axisfield
of the Add Waveform dialog, then click the Add button.

To select an Active Project Output

Add Waveform |
Source:

C:hapiceBCircuitsy S ample2hS ample2. out ﬂ
Spice Cukput Files {OUT) -
Active Projeck Qukput File
Active Isspice Simulation S

Y TouchStone Files v “aoltages
WIN ¥ Curents
WRD [ Powers
YHZE [ Subcircuits
WI4E v DOther
8
Auto Scale:
" Mew Trace Orly
(* ‘with Like Traces
~ .
% el Seale and Tile
[ detault - TIME Tl T Make New Plat

Add | |

| Done | Help |

File:

Open adrawingfile to
activate the project.
Run a simulation,
which creates a .OUT
file if one does not
already exist.

Launch IntuScope.
Click on the Browse
button in the Add
Waveform dialog.
Select the Active
Project Output File to
display only vectors
saved inthe .OUT file.
Highlight any vector
under the Y Axis and
click the add button
to plot the vector.

Only interpolated test point waveform vectors and vectors
specified with ICL commands are saved in the .OUT file. The
Active Projectis your currently open schematic drawingfile.
The Active Project Output File links to the .OUT file of the Active
Project. The IntuScope vector list will automatically update if the
.OUT file is changed by a new simulation run. Open a schematic,
then IntuScope without simulating, and IntuScope will by default
link to the Active Project .OUT file if the .OUT file exists. The
Active Project Output file only stores data for the specific
simulation, but the Active IsSpice Simulation holds all the data
from multiple simulation runs such as Tran1, Tran2, AC1, etc.
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Toobtain data from different types of simulation runsin IntuScope:

¢ Select the desired waveform vector set (simulation type)
fromthe Type drop down menu ofthe Add Waveform Dialog.

All available vectors for that selected vector set will show up in
the Y Axis box.

¢ Click on a desired vector in the Y axis list, then the Add
button to plot a waveform graph.

Here are some tips to make it easier to find vectors you want.

¢ Inthe Add Waveformdialog, find the Show section. Check
boxes for Voltage, Current, Power, Subcircuit and Other
waveform types should be available.

¢ Onlywaveformvectortypes with check marks nexttothem
will be available in the Y and X Axis list. Uncheck the
checkbox of any vector types you want to hide.

¢ For an Active IsSpice Simulation data source, a Test Pts
Only checkbox will be added to the top of the show list.
Check this to remove all non-testpoint vectors.

The Add Waveform Dialog provides control of how new
waveforms are plotted.

¢ Use the "Auto Scale" radio buttons to scale the y-axis of
the new waveform when it is plotted. Options include:

- "New Trace Only," which creates anew y-axis scale for
the newtrace withoutimpacting any other traces that
may already be in the current plot.

- "With Like Traces" re-scales all traces, including the
new one, whose y-axes have the same units as the
new trace. This way, all can share a single y scale.

- "ScaleandTile" re-scales all traces, including the new
one, so that the traces do not overlap each other.

¢ Check Make New Plot to make every new graph appearin
a new plot.

107



108

Selecting An Output File

Ifthe simulatoris running while IntuScope is launched, IntuScope
will retrieve non-interpolated (raw) data from the IsSpice4
simulator. Otherwise, IntuScope will retrieve the linearly
interpolated( re-sampled) data in the active project’s outputfile.

IntuScope is capable of displaying data, derived from different
output files, simulation analysis and X and Y axes, all on one
graph. However, it isrecommended to separate the information
logically, using several graph windows.

To display the data that is not from the default output file:

| 2dd waveform x| * In the Add Waveform
R dialog, click on the
C:hepiceB\Circuits\S ample2YS ample 2. out j Browse button.
) ¢ Select Spice Output
pice Cukput Files (. vl .
L Active Project Qukput File Files (OUT)

Active IsSpice Simulation Shiow: e Select any OUT file.
| mursimEbtes V Volages .OUT files are generated
E:DND :zg”"e”“ when a simulation is
VO = SD':e.rS . completed and placed

LDCIrcuies -
VO4E ¥ Other inthe samefolderwhere
8 the DWG was run.
Ao Scale:

" Mew Trace Ornly If the desired file is the

& Wit Like Traces current Active Project
i " Scale and Tile .OUT file:
[ defaut - TIME =] T Make NewPlot * Choose the Active

ProjectOutputFile after

add | ai7eare | wone | pome | Hep || clicking onthe Browse

button.

The .OUT file is an ASClI textfile stored on acomputer. Even after
restarting the computer, you are still able to plot waveforms with
the data from the .OUT file without re-simulation. Warning!
Transient simulation uses a dynamic time-stop algorithm. The
variable stop datais interpolated into the .OUT file. Transient data
is more accurate when plotted from the Active IsSpice Simulation.
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Displaying A Waveform

Show section
enables you to
limit the listed
vectors to the

ones you
prefer.

x

x

~ Source:

Ic:\spiceE\cilcuits\sample2\sample2.cwr j

Browse... | Type: [tranl 'l

i s

c3lg3) AI
cslod]

1)

ic2)

i3

i)

i) ﬂ
Az
Idelault - time: 'l

— Show: S
I~ TestPtsOnly —
¥ WVoltage
¥ Cunert
IV Pawer
¥ Subcicuit

Ao Scalz:
" Mew Trace Only
& it Like Traces

" Seale and Tile

™ Make New Plat

add | AnTestpte | 1oe | Dane | Hep |

To display a waveform:

* Inthe Add Waveform dialog,
click on the Browse Button
and select a proper source.

» Select a desired waveform
vector set from the Type
pulldown menu.

e SelecttheY and X axis vector
forthe waveformyouwantto
plot.

¢ Click on the Add button.

Combining and Separating Waveforms

L2

IntuScope enables you to combine separated waveforms into
one plot, and to separate combined waveforms into several

new plots.

* Open this drawing :\spice8\Circuits\Demo\ac-dc.DWG

1.65H
K12

D3
DN4001

Click on the | #|run

simulation icon.

From Actions menu select
“Scope” to launch IntuScope.
In the Add Waveform dialog’s
Show section, check Test Pts
Only, Voltage and Current.
Make sure Make New Plot in
the Add Waveform dialog is
not checked, and with like
traces checked.

Double click V_4 and V_8 in
the vector list to plot two
waveforms in one plot.
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V_8 plots
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into two new plots:
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v_8 waveform (not the
waveform ID tag).

* Drag the cursor outside
of the current plot. When
the cursor changes from

®to %3 release the

mouse button.

To combine two separate

graphs into one plot:

e Click any part of either
waveform (not the
waveform ID tag).

¢ Drag the cursor from the
currentplottotheplotwhere
you desire the waveform.

¢ Releasethe mousetoadd
the waveform when the
cursor changes from

®to%3
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Copying, Deleting and Renaming Waveforms

Move
waveform
up or
down.

Waveform
cannot
be
dropped
here.

Select
waveform
movemerit.,

Move
waveform
left or
right.

Zoom in
on an
area of a
waveform.

* Select a waveform by clicking any part of the
waveform, except the ID tag.

The waveform ID tag [ should be filled in when selected.
To Copy A Waveform:
* Hold down the Ctrl key while dragging and dropping

the waveform to another plot.
* Release the mouse when the cursor changes from ®

to %3
To Delete A Waveform:

* Press the Delete Key to delete the selected waveform.

OF. | Help ‘ Cancel |

To Rename A Plot:

¢ Select the Edit menu, Rename Plot.

e Or, double click on its label on the left of the plot,
such as Plot1.

* Type a desired name in the Rename Plot dialog.
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Cursor Control

The Cursor Control bar helps you to control the two cursors
assigned to it. It is located at the lower left hand corner of the
IntuScope screen. Cursors provide numerical information.

| [Cu 0 0t ¥<-0] 05/ Home | %0 VLMD dehat 100,000
Help | Cursors 0 and 1 Select | ICur.1 1 t0] ¥ 4-1] 15 | Home| ><:|1UIJ.UDUm Yi|15.1950 deltaY:|15,1BBU
To turn Cursor Control on:
Cursor
Control
bar ¢ Selectthe Windows menuand check CursorControl,
: or press (<CtrI>+K) to toggle Cursor Control ON if
it is not already ON.
Select Twa [Ds: o ¢ Selectthe Calculatormenu, Cursors. Check ShowDefault
0 =lfo = Coned Cursors, then check Show Non-Default Cursors.
et Chey * Click Select in the Cursor Control bar toward the
. bottom of IntuScope.
El = Help e Click on the Add Cursor button twice to add

Cursors 2 and 3.
Highlight 2 and 3 to activate Cursor 2 and Cursor 3.
* Click OK.

Now Cursor 0 and 1 have been replaced by Cursor 2 and 3 in
the Cursor Control Bar as the active cursors. The X, Y, and
Delta values are shown for the new active cursors.

* Click Cursor 2 to hide it. Click it again to show it.
There are several ways to move cursors along the waveforms:
To move cursors with the mouse:

 Click on either cursor control box in your open graph.
* Hold and drag the mouse to reposition the cursor.

To move cursors by assigning X, Y values:

e Enter an X or Y value in the accumulator field above the
HELP button in the Cursor Control Bar.
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¢ Clickthe “2to X” or “3 to X” buttons to assign your value.
to the corresponding cursor. The cursor will move to the
position of the value entered.

To move cursors one data point at a time to the left or right:

¢ Empty the accumulator field.
e Click the Y < # (# means cursor #), or # > Y button.

To switch cursors from one waveform to another within the same
plot and in the same units:

¢ Click in the Cursor box (Note: the empty red box with the
smallred horizontal line thatintercepts the waveform). Arrows
with four directions and a black horizontal line should appear.

* Move the black horizontal line up or down to other
waveforms within the same plot. Release the mouse.

¢ Clickthe Home buttoninthe Cursor Control bartoresetthe
cursors one by one.

¢ OR press the Home key on the keyboard to reset both
cursors at once.

Hiding and Selecting A Waveform

Several waveforms may be displayed in one plot and overlap
each other.

To hide an unwanted waveform:

» Double click on its I.D. tag (# on far
right of waveform) to make it invisible.

» Double click on the tag to re-display
the waveform.

To select the desired waveform:

» Click on the preferred waveform or its
I.D tag.

The position of |.D tags is also adjustable:

¢ Click on the desired waveform I.D tag.

¢ Hold the Alt key down and drag the tag left or right along
the waveform.
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Translating and Scaling A Waveform

Once awaveformis plotted, IntuScope can translate, move, and
scale a waveform.

To Translate a Waveform:

* Click on a waveform’s I.D tag and hold down the left
mouse button. Drag the waveform up or down until it is
in the desired position.

* Or, select a waveform and press the up arrow or down
arrow keys to move the waveform up or down.

To Scale a Waveform:
* Click on a waveform’s I.D tag.

* Press and hold down the Shift Key and the up arrow to
enlarge or down arrow to shrink.

Working With The Scaling Window

Scaling dialog is used to view and alter the scaling of the active

waveform.
[scaling xl| * There are two ways to bring up
& O Mt Mk the Scaling dialog.
[200 j 60 j .
el VD 1) Selectthe Window menu, then
Scaling dialog [10.0m = [fum = Scaling.
e o 2) Select the Scaling menu,
\ [ Use Only Standard [1. 2. 5] Intervals then Scaling Dialog.
_ .
Picture field Fie Iniaize . Hc_)ld_down_the Shift key w_hlle
;: uto Sosle clicking directly on desired
e waveforms to add multiple
Help waveforms for group scaling.
: :
- Note: Both the selected and non-

selected traces’ x -axis scales
willbe changed. They all share
the same x-axis.
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Labeling and the Waveform Calculator

300

200

100

IntuScope provides a wealth of waveform calculator functions
(reference the Calculator menu pulldown). Amongstthese, labeling
enables youtolabeltypical values such as average, peak to peak
and minimum, directly on graphs.

 Click on the home button for both of the active cursors.

¢ Select Calculator menu, Labels, Average. OR Right click
on the Graph window and select Label, Average.

* Double click on the label to bring up Label Text dialog.

¢ SelectRotate and Transparent.

* Highlight the text and click on the Font button.

¢ Select Font Style, Bold and Font Size, 12. Click OK.

¢ Click OKto apply the changes and close the Label Text dialog.

¢ Draganddropthe Label Boxto afree spaceinyourgraph.

To label a specific point on your drawing:

¥y [mean] = 13.6 volts

i X (first) = 27.3m seconds i

] between 20.0m and 80.0m seconds [——

T AT T | |
‘ /\ Y /] :
/ﬂ\ 1/ X
| -
— v [mean] = 136 vaolts J
/ ! N [rlfistl= 27 3m seconds
i between 20.0m and 80.0m seconds

LAz 1=, -
\

Justification:
i \ Left - Fant... ‘ Backgnd Eo\or..‘

1
\ / I v Border [ Rotated [~ Transparent

VA - w

10.0m 300m ‘ 0k | Cancel ‘ Help ‘

» Select Calculator menu, Labels and Trace Comment.
The circle end point can be dragged along the waveform.
» Select Options, Save Preferences to save your settings.

Note: Labels can be placed by selecting Editmenu, Text Label,
Calculator menu, Labels, or by right-clicking in the graph.
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Plot1
v_8 in volts

V_8 graph

Working with IntuScope Scripts

ﬂ v_8

Intusoft has extended the Interactive Control Language (ICL)
script commands and functions to work in IsSpice4, IntuScope
and SpiceNet. These Scripts enable automatic extraction of
important waveform information; ability to build and save new
waveforms; compare data from previous simulations; and save
results within the schematic database. The results of the
simulations are automatically post-processed and made available
for further analysis.

You can perform an exercise to get familiar with scripts.

* Open Sample.DWG circuit in the following directory:
:spice8\Circuits\Demo\Sample.DWG

¢ Set configuration and simulation setup drop-down boxes,
respectively to “Config1” and “all” on the top schematic

toolbar.
@fconfigt =] 2]al -

240
2.00
1.60
1.20

800M

e Click the Run Simulation icon.

» Select the toolbar icon, Scope.

* InIntuScope, doubleclickonV_8
and choose defaultforthe X Axis.
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* In IntuScope’s File Menu, select Load Script.
* In the Load Command Script Dialog, choose the
Measurements folder and Peak to Peak.scp.

If you don'’t see the same script file, use its path to browse:
:spice8\In\scripts\measurements\Peak to Peak.scp The Script
will be loaded in the Commands Window at the lower-right
corner of the IntuScope program.
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* Press <CtrI>+R to display the resuilt.
The result will be

displayed in Fiabteore [0 o] 1] ] e o VBB e

IntuScope’s e oo Ot 1 e [5T o e 1 e W] VfURD et

accumulator field”  Gafed o 4o o L) : i
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button. | )
0 @ muy

240 T00F

o+ Clickthe Calculator
menu, Functions, 20
Lgt.

1205 100F

N R R N NN R R
10.0N 30.0N 700N 90.0N

IntuScope has many useful scripts commonly used. You may
select the scripts from the Calculator menu as desired. You can
create or modify a script in IntuScope’s Command Window for
further analysis. For additional information on scripts, including
format, syntax and dozens of examples, go to
<http://www.intusoft.com/in/script/Scopelndex.html>.

Updating A Waveform

IntuScope enables you to update current waveforms and make
comparisons between the new and previous ones: e.g., after
changing a component’s parametric value.

Let’'s use the same circuit, Sample.DWG, to do the following
exercise.

¢ Select New Graph from the File Menu.

* InIntuScope’s Add Waveform dialog, select Test Pts Only
in the Show section.

* Click onV_8 to display the V_8 waveform.

¢ In the Action Menu, select Update, Add Updated Traces
(Note two other choices above and below this one).

¢ Switch IntuScope back to the SpiceNet window.
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* Inthe SpiceNet schematic, change the R18 value from 1K
to 10K.
¢ Click on the |#| Run Simulation icon.

* Switch the window back to IntuScope from IsSpice4 by
pressing the ALT +TAB key, or IntuScope’s desktop icon.

¢ Selectthe Actions menu, then Update. Use Selected Mode
or (<Ctrl>+U) to display the updated waveforms.

v_8#1

Plot1
v_8#1 in volts

You can have
the update
happen during
mode change
by checking
"Update on
Mode
Change."
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The new V_8 waveform will be displayed in the same plot with
the old one as shown above. You can easily compare and
analyze how different R18 values effect the behavior of V_8.

Make sure the desired update method is checked before you
update. Check “Update Current Document” to replace old
waveforms with new ones when you update. Check “Add
Updated Traces” to display new waveforms next to previously
plotted waveforms. Finally, check “Add Updated Document” to
plot new waveforms in a separate graph.

You can also toggle "Use Original Analysis Type" or "Use
Selected Analysis Type." “Use Selected Analysis Type” is
useful for multi-pass simulations since you can plot a group of
waveforms for one analysis type, change to another analysis
type, and update all existing waveforms based on currently
selected analysis type. Choose Save Preferences under the
Options Menu to make these update methods the default
setting for every time you open IntuScope.
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Customizing The IntuScope Toolbar

¢ In the IntuScope Options Menu, check Show Toolbar.
* Select Customize Toolbar.
¢ Select Category, Scripts.

] Em% El2MIS 76 add an Icon to the toolbar:

Categoy:

Revet | Hep | sz |

Select a category. Click a button to see its description, or drag it to the MAIN toolbar,

* Drag the bode plot button
Brag lcon from the Customize
into Toolbar dialog to the toolbar.

Buttans:

A=A

|

— The destination will be
{createaandemaguam for vin and vaut | marked by a vertical line.

Description of the chosen icon.
To Remove an icon:

¢ Drag the Bode plot icon off the toolbar onto the open
Customize dialog.

|
Print Preview
* Select File menu, Print to display the print preview

window.
=1 >
)
—
o v = - e Sl
200 T o

Plett

40 Flinvals
3
H

a0

N

For Help, press F1 wlstar: |
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¢ Click on the Copy to Clipboard button to place the
image on preview page into the system clipboard as a
Windows Meta File ((WMF).

Encapsulated PostscriptFile (.EPS file) may also be supported
Enter exact depending on your printer. The clipboard allows IntuScope
values within graphs to be imported into most word processing or desktop

the bounding publishing programs.
box or just drop

and drag it to « Click on Print button to print everything shown on the
manipulate the graph except cursors.

size of your

graph.

Working With Smith Charts

The Smith Chart function built into IntuScope enables you to
determine the effects of altering network geometry during a
Two-port network analysis.

Let’s get familiar with Smith Charts by doing an exercise.

¢ Openthe TwoPort.DWG circuit with the following path
:spice8\Circuits\Networks\TwoPort.DWG

e Set the Configuration and Simulation setups to be
Sparams and 1k-1meg respectively.

e Click the Simulation icon.

* From the IsSpice4 Actions menu, select Scope.

¢  From Scope, select Calculator, Smith Chart, vs11

You will see a graph plotted similar to the one on the following
page.

From the plots you can see how the real part (waveform1) and
an imaginary part (waveform2) of S11 behave within a defined
frequency range, from 1kHz to 1MegHz. You may also be able
to see how vs11 moves in a Smith Chart at this frequency
range.
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Plot1

@ srett @ sim1 @ vsi1
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A Smith Chart and a plot of the

/ .
/ sre11andsim11waveformsare
3 // the result of selecting vs11 in
5 the Smith Chart submenu of
T T 1\ i = IntuScope’s calculator.
\
20.0m 140m IP
%—ZOOM % 100m \\ II
g -60.0m é 60.0m V
® 100m “ 20.0m /\\
-140m  -20.01 \
1 * * — k 0k 100k 200k 500k 1Meg
frequency in hertz
To View the full Smith Chart:
e vs11 i1

Smith Plot

040608

0.8

x
-Source:
| ex\spice@hcicuitsnetworkshwopor cir |
Brawse.. Type: [a01 -
- Shaw
Y s |g I I TetPredny —
T [feal I¥ Vakage
(2] (Imag v Curent
ife3) :'B“ase I Power
iicd) ™ Suboiuit
i)
W@ ~Aulo Scale
W -l & New Trace Only
o  With Like Traces
o © Scale and Tile

defaul - frequency -

I~ Make New Plot

AR ||| ez || B || FEs

* Clickthe Semi-Smith Chart.

* HoldDownthe Shiftkeywhile
clicking on the Auto Scale
button inside the Scaling
dialogto display afull Smith
Chart.

IntuScope enables you to choose the
type of waveforms displayed in the
pulldown menu under the Y Axis
section.

121



122

You are also able to create or modify the circuit inside of a
TwoPort network box.

* In SpiceNet, select File menu, Open.

L2
Su

- <
o le

2n
I% >

2 [}
2
0.1

* Open :\spice8\Circuits\Networks\TwoPort0.DWG

e Change C2 2n value to 5n.

* Select Subdrawings menu, Modify Subdrawing.

¢ Subdrawing Name must be TwoPort to replace the
TwoPort part in TwoPort.DWG.

* Nodes 3, 2, 4 and 1 on the schematic above are nodes
1,2,3,and 4 onthe created box symbol. How this works
is that we select the schematic nodes on the left and
add it to the pin list on the right going in a
counterclockwise direction, starting from the top left
corner of the box symbol.

Modify Subdrawing Properties ﬁ

Schematic
Nodes of the
Subdrawing Mame mo ql f/ e d
Modes: F’|ns draWIng

! >> Add ¥
3
: Hemove I
— Nodes named
Huddeans for the TwoPort

Symbol:
e _ network box
" Use'Wizard to Create Syrbol . " Edit Curent Syrnbol...

" Uze Default Symbol (¢ Mo Change SymbO/'
" Get Syrnbal Fram Library...

ak. Cancel Uszers. . Delete... Help

Drawing to Use: |C: YspiceB Cirouits\M etworksh T woPort. dwg

Dirawing Configuration to Lze |E0nflg 1
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¢ For Symbol, select “No Change” then OK.
¢ Select File menu, Export.
¢ Choose SubCkt from the pulldown menu and click OK.

For users who don’t have Library Manager:

[} Flease update wour library and rum the MakeDE utility.
L3 Make sure this appended model in NOT duplicated!

¢ Click OK for both
message dialogs.

x

L ] ‘: Found Twy
]

Now you will see a IsEd-From_lcaps.Lib dialog. Every time you
export SubCkt, the exported model will be added to the bottom.

g =2= °* Highlight the top
DlElE] 8] sIHe) Slne) el D 2] dyplicate TwoPort

| netlist and delete it.

* Savethechanges

* In SpiceNet select
s . Update PartDatabase...
TR b e from the file menu.

C212tn
R2 2 4 0.1
ENDS

s i

For users who have Library Manager:

 Library Manager will be automatically activated once you

click OK in the SubCkt dialog.
* If the library listing does not exist, give it a name:

TwoPort.lib

* Click Yes to rebuild the database.

* Click Save to save the new netlist displayed in the Library
Manager window.
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<leapsDi prt

Patumber | _Pantoe | st | Mot [ [ Lpumy yupsrecponts
HepRel | DWGRel | Symbol Include Model TwoPot

7 Ciean whisspace.

*SRC=TwoPort TwoPort, PartType; SubType:Notes
*SYM=04pin

SUBCKT TwoPort 324 1

'EAMILY ANALOG ANALOG ANALOG ANALOG

2915y

c2

R22401 [Ty oses S
ENDS oPor

T Loy Oy

|| || 7amcus il

For both types of users:

* Close TwoPort0.dwg

* Open :\spice8\circuits\networks\TwoPort.dwg

¢ Select Update Cache under the Parts menu.

* Click Apply button to update the netlist information

The old netlistinside of TwoPort network box has been replaced
by the newly created one.

The changes made can be verified as follows:

¢ In SpiceNet, double click on one of the TwoPort symbols
in the schematic to bring up its Properties dialog.
» Selectthe Valuefield of . SUBCKT and click the Enter button.

You will see the netlist of TwoPort network box shown in the Edit
Subcircuit dialog.

Library Lising [ SUBCKT TwiaPort ot | [T

To make a hidden node editable, add & '#' character to
the beginning of ts “FAMILY designation

3241 =]
FAMILY ANALOG ANALDG ANALDE ANALOG

231 6u

C2128n

Fiz2401

ENDS




Plot1
sim11#1, sre11#1, sre11, sim11 in volts

o sre11

0.6

TuTtoRrIAL #5 - INTuScorPE WAVEFORM ANALYZER

Run another simulation with Configuration and Simulation
setups still setto Sparams and 1k-1meg respectively.
Change to the IntuScope window.

In IntuScope, press <ctrl>+u to update the waveforms.
Select Plot1 at the bottom, right mouse click and check
Link Master Trace.

Selectwaveform 3 in the Smith Plot, right mouse clickand
check Auto Label, Cursor 0.

Selectwaveform 4 in the Smith Plot, right mouse clickand
check Auto Label, Cursor 0.

Move Cursor 0 in Plot1 below and the Auto Labels above
will update depending on where Cursor 0 is moved to.

@ simi1 vs11 @ vs11#1 @ sre11#1 @ sim11#1

frequency = 350k hertz
vs11=-23.9m +]5.53m

Smith Plot
o

frequency = 350k hertz
vs11#1 = -118m +j -126m

-j0.8 -i1
0
300mf |
100m ﬁ
— 1~
-100mf 3
: N 1)
-300mf \\
-500mf
1k 2k 5k 10k 20k 50k 100k 200k 500k 1Meg

frequency in hertz
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Working with SendScript

ICAP/4’s SendScriptfeature enables users to optionally send an
ICL scripteitherfrom SpiceNetor IsSpice4, directly to IntuScope.
The script is automatically run in the IntuScope waveform
analyzer.

Let’'s do an exercise to get familiar with this feature.

W1

Sample Circuit %”‘

Open Sample.DWG. The path is
:\spice8\sn\Sample2\Sample.DWG.

R6 =

H2 vled
HLTEDW E
R12
ak

Win J
\r AH 2NZ222
c1
—

sl =, [

vz — VEE
: ﬁH ;
& rB

T —

R13
100
L lin

—Mwm——
=
o

‘||>

B

RS

+
1A
LM7411 ‘ Le2
T.0Mu
I
1

Select Closed Loop and Tran for Configuration and
Simulation Setup, respectively. #[cusciion =] “[tman B

Click the Run Simulation icon to run the simulation.
Press (<CtrI>+T) to autoscale the waveforms.
From the Actions menu, select Scope.

Inthe Add Waveform dialog, select Test Pts Only under
the Show field.

Double click on the Vled under the Y Axis to plot the
waveform.



Flot1
vied in volts
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* From the Calculator menu, select Labels/Maximum to
label the maximum point on the waveform.

@ vied

108m |

yimad) = 101m valts
H= 70.0n secands
bebwean O and 1000 seconds

95.0m

§5.0m

75.0m

65.0m

PR R PRI R PRI R
50.0n 70.0n 90.0n
time in seconds

e
30.0n

* Fromthe File menu, select<Save As Script>to create the
script for actions you preformed.

» Save the script file as Example.SCP.

Save As Script 2lx|
Becent: | Chspicefiintscipts =
Save i Ia Scripts j =) ¥ B

\Drawing AEMITEC SPECS (L Time Domain
Wser D Functions D Trig

Build CaaFr

Calculus [IMath

Complex [ IMeasurements

Control Systems L2 Smith Chart

Fil marne: |Example E Save I
Save as lype: IInluScopeE Scripts [5CF) j Cancel

VA
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» Click Save to close the dialog.
* From the File menu, select Load Script.

* Select and Open Example.SCP in the pop-up dialog.

Load Command Script E 2l x|
Becent: | CiispiceB\Intscipts =l
Look ju: | 23 Seipts - - ®m ek Em-
IDrawing (_JEMIIEC SPECS ) Time Damain
Wser (CIFunctions ([ Trig
Build (et
Caleulus (I mMath
Complex (O Measurements

Control Systems (] Smith Chart

Filename:  [Example. scp Open |
Files of type: IIr\tuScope5Scrlpls[‘.SCF] =l Cancel

I~ Dpen as read-only

Commands |

* Cn=picef-~In~Scripts=~Examnple. =cp -
newplot plotl

metsource o wspicefhents=anpleftsanple . cir
plotl wled = tranl. wled

plot plotl . wled

=etzcaletype lin lin

settracestyle solidln med

setxlimits 0 100n

==twlimits 60.0m 110m

==tplot Plotl

setwvec wled

=stcursor 0 0

setcursor 1 100n -
KT} 3|

Now the example script has been loaded into the
Commands window.

Highlight the script in the Commands window and
press (<Ctrl>+C) to copy to clipboard.

\ » Switch back to the SpiceNet window.
Text icon

Click on the Text icon on the right toolbar.

¢ Put the cursor in a free space in the schematic and
press (<Ctrl>+V) to paste the script into the schematic.

LRSI PR A g
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* Type Scopeinthefirstline to send the scriptto IntuScope.

* D:\spice8\In\Scripts\Example.SCP
newplot plot1

setsource d:\spice8\sn\sample2\sample.cir
plot1.vled = tran1.vled

plot plot1.vled

setscaletype lin lin

settracestyle solidin med

setxlimits 0 100n

setylimits 60.0m 110m

setplot Plot1

setvec vled

setcursor 0 0

setcursor 1 100N

setlabeltype plaintext

makelabel max

setlabel border true

setlabel justify left

setlabel rotated false

movelabel 0 0

* Press <Esc> key to go back to Normal Mode.
* With the mouse cursor over the text block, click the right
mouse button and select Send Script.

Part Properties. ..
fechianical Properbies. ..
Nade Hames, .

Item Charackeristics, .,
Edit Symbuol. ..

Send Scripk

Zoom In (2 x)
Zoom ©ut (1)2 x)
Fit to Page

1/4 Defaul Size
1)z Default Size
Default Size

2x Default Size
4 Default Size

Drawing Properties

The script you just created in SpiceNet has been sent to
IntuScope and run in the waveform analyzer.
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» Switch to the IntuScope window. The Vled graph has
been plotted as shown below.

@ vled

105m

yima) = 101m walts
x= 70.0n seconds
between 0 and 100n seconds

85.0m

35.0m

Plot1
wled in wolts

75.0m

65.0m

I I I I
30.0n 50.0n 70.0n 80.0n

time in seconds

I
100n

The graph is the same as the one plotted without using
SendScript.

» Switchfromthe IntuScopewindowtothelsSpice4 window.

* Enteradifferent scriptas shown below, which plots Vinin
the simulation control dialog.

Note: Always
keep IntuScope
activated before

<% Simulation Control =101l | Click
Explessionl Meazue | Mt O Tem button for
Stirnuluz | Cormand | " AC € Noise he|p on Script

sending scripts. Plats: [tanl v DL £ Disto syntax and
Persistence: |1_ 0P © Sens reference
[ Accumulate Plats Script Atoms
Start | Fauze I Hesumel Abort |DUScript|

endscript plot vin] ﬂ

24

sendscript plot vin
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¢ Clickonthe DoScriptbutton to run the script in IntuScope.

¢ InIntuScope, drag and drop the label to a desired position.

The graph looks similar to the one shown.

o wled o win
94.0m 180m
[ yimaxi= 101m volts
B w= F0.0n seconds
Ta4.0m 140m B betuveen 0 and 100n seconds
2 [
=l L
S40m I 100m
c
=
34.0m G0.0m f
14.0m  200m [
I I I I I I I I I
10.0n 30.0n 50.0n 70.0n 90.0n 9

time in seconds
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Quitting IntuScope
Let’s exit out of the IntuScope program
¢ Select File menu, Exit/Quit.

¢ Select Save to begin the graph saving process or
select “No” to discard the graphs and exit IntuScope.

To quit SpiceNet and IsSpice4:

e Select Exit/Quit from the File menu in SpiceNet.
Congratulations, you have completed the IntuScope tutorial.
IntuScope contains a tremendous number of capabilities, only
a few of which have been discussed here. The vast array of

functions are accessible through the pulldown menus, and are
explained in the in-application help system.
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Tutorial #6 - Monte Carlo, RSS Analysis and Optimization

This tutorial focuses on the Monte Carlo and Root Summed
Square (RSS) analysis capabilities of ICAP/4. A third-order
Butterworth approximation of a passive bandpass filter is used
for the analysis. To proceed, you must be familiar with all of the
programsinthe ICAP/4 package. Foramore in-depth discussion
of the Monte Carlo analysis procedures, please refer to the
IsSpice4 User’'s Guide.

Setting Up A Design for Monte Carlo Analysis

* Open the BUTTFIL1.DWG drawing using the
:\spice8\Circuits\butfi\BUTTFIL1.DWG path

Vin
volts R1 600 L21.91 C2.01329U
~Y ]
1 AA'A" 2 4 |1 5 Vout
+ | e | c3
V1 ——2.653U 9 L1 ——2.653U L3 R2
9.573M 9.573M 600
I
- In this circuit, the voltage source has an AC stimulus of 1.
x| » InSpiceNet, select Actions,
s = Simulation Setup, Edit.
‘wWizards Configuration ¢ In SpiceNet,s Isspice4
| [ omeae erm— T Simulation Setup dialog,
anees e = click AC analysis.
i AC Analysi i * Decade imulator Options... ° In the AC Analysis BOde
Mo, of Poirts  |FI0 per 7 Octave . .
r DC Sweer # e cuit Temperature.. Plot dlalog’ enter (lf not
Dl E— e mna entered) 500 points per
I Operating Pc CAAC Sensitivity..
—  |smim [0 H: G decade between200Hzand
Ending |2 Hz e 2kHz.
Uszer Staterments: ° CliCk OK tO C|Ose AC
E Dene Analysis - Bode Plot dialog.
e Click Done to close
JJ T IsSpice4 Simulation Setup

dialog.
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I
ain | veotors
Measuremen! s o =

Cancsl
= Corfig 1 o] "
ianal
s '“:é M. 0Vsignal thet. = | I
bandwidth M, it Script I~ Set Report Alarm

" Measurements eript =]

batdwidth = GetCursord(1] - GetCursoRd(0]

it bandsvidth °

KT

From SpiceNet’s Actions menu,
select Actions, ICAPS. Or,clickon
the ICAPS icon (blue/white square)
togetthe Simulation Control dialog.
Selectthe Measurements Tab.
Select “bandwidth” in
Measurement Tree.

Click on Edit Test Group button to
see the Measurement Script.

the

I *Cursor Script

HomeCursors

*MeasurementScript
bandwidth = GetCursorX(1) -
GetCursorX(0)

print bandwidth

Vsignal = db(vout)

theMax = max(Vsignal)
MoveCursorRight(0,Vsignal,theMax)
Fmax = GetCursorX(0)

SetCursor(1,Fmax)
MoveCursorRight(1,Vsignal,theMax-3)
MoveCursorLeft(0,Vsignal,theMax-3)

¢ Click the Cancel button to dismiss the
Edit Test Group dialog.

In order to run a Monte Carlo analysis, tolerance values need to
be specified. These tolerances will be used to vary the component
values during the Monte Carlo analysis. Three tolerance values
are chosen for this simulation:

Resistors 1% tolerance
Inductors 5% tolerance
Capacitors 10% tolerance

All these setups should be ready for you once you open the
circuit. However, if they are not, you are able to enter them
yourself by double clicking on a passive component, going to
the tolerance/sweep/optimize tab, entering the desired
tolerance, and click apply tolerance to all similar parts button.

Monte Carlo Simulation

* Select the Main tab in the Simulation Control dialog.
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Simulation Control

tain | Measurementsl Vectorsl Faultz I Test Eonfigurationsl

Test Configuration
Setup | ak |

Config 1 + Setupl
Monte Parts | Help |
Fesults Teszt Design
e _ fesuts [ TestDesig|
Simulate Selections |

M Include Cancel

i

Lats I'I Cases |12 Help | ﬂl Fault: [none)
Sitatus
—Mode | B
™ Standard % Simulation Template - Data Reduction
¥ |rteractive
i~ " Batch
Mants Carla OFTIMIZE - ate .
[ | Srcript
OPTIMIZE 2
® s 2| |rss =
 Save Data From:
rAdvanced Setup Optiors ————————| | & All ™ Test poifits
Standard | Optimize | Parametelsl " Modes + test points
Mante | Sweep | Talerance | [~ Remate Spice

In the Simulation Control dialog’s Advanced Setup
Options section, click on the Monte button.

Enter a Lots value of 1, and a Cases value of 12, then
click on OK.

Click on Monte in the list to the right of the ‘?’ button.
This Monte Carlo enables postprocessinginIntuScope
and the plotting of histogram or probability plots. Any
“Measurements” established from the Simulation
Control’s “Measurements” tab will be recorded in the
“Results” box, but “Mean” and “3-Sigma” data is not
recorded. This statistical data is obtained from the
slower running “Monte” radio button selected on the
left. This non simulation-template Monte does not
produce statistical waveform data in IntuScope.

Click on the Simulate Selections button to launch the
Monte Carlo simulation.

This will invoke 12 Monte Carlo cases, or runs. The list of
simulations will appear in the Output window. You can view any
test point waveform for any simulation case by selecting the
case in the Plots popdown list.
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¢ In IsSpiced4’s Action menu, select Text Edit.

* Click on Output file icon Dut|to view the output file.

4 1sEd - [BUTTFIL1.0UT] E I =]
[7] File Edt Search Options Actions  Window Help == x|
] o I =l = e e e = e 5 e

= &=

**xxxx%xx% The folloving paramsters have tolerances xx®xxxx EI

c2 Capacitor: :capacitance 13,298 + -259.3F
c3 Capacitor: :capacitance 2.6530 + —6. 493N

rl Resistor:  resistance 600.0 + 423.74
r2 Resistor: resistance £00.0 + 2.517

11 Inductor::inductance 9.573H + 133 30
12 Inductor::inductance 1.810 + -19 13K

13  Inductor::inductance 9.573H + 7 68807
cl Capacitor: capacitance 2 6530 + 54 1G6W

wmxxxmuxx The folloving paramsters haove tolorances wsessxs
c? Capacitor: :capacitance 13298 + —180.4F

c3 Capacitor. .capacitance 2.6530 + —93.68H

rl Resistor: resistance  600.0 + -1.062

rZz Resistor: resistance 600.0 + -183. 2K
1l Inductor::inductance 9.573M 4+ 498.00
1z Inductor::inductance 1.910 + -17.984
13 Inductor::inductance 9.573M + -138.00

cl Capacitor: :capacitance 2.6530 + —43.35N

a1y o

* InIsSpiced’s Action menu, select Scope (or with icon in SpiceNet).
¢ In IntuScope’s Window menu, click Add Waveform dialog.
¢ In IntuScope’s Add Waveform dialog, Click on the Monte button.

« Select dB: CETE— x
Post process data to plot s S
= ;

L]

Select the vout = [ ® Helo

Wector Argument [
Vector ArgumerN " v

Histogram
* Click plot all Py

cases 4 s ) e Show Telerance
: Wag =] Use Soipt

nliahvalefselect] Report
defaul - fiequency =
Plot 4l Cases

Cursor Function Plot Name
hamecursors ‘

L

¢ Under IntuScope’s
Option menu select § .
Graph Type, Linear |
to change to linear
scale.

¢ Highlight“bandwidth”
in the Monte Carlo
dialogbox, then select g
the Histogram & :.|
Probability boxes to = —w =
the right. ‘

acd dovout @ oc5_cbvost @ 2c6_dovout @ agT_dovo
u ac10_dovout aci_dovou @ act2_dovou @ ac13. dovou

120K
fracuency in herz

136



TuToRrIAL #6 - MonTE CARLO AND RSS ANALYSIS

Two new graphs will be plotted.

ag2_dbvout

ac3_dbvout ac4_dbvout ac5_dbvout e ac6_dbvout e ac7_dbvout
ag8_dbvout ac9_dbvout ac10_dbvout ac11_dbvout m ac12_dbvout @ ac13_dbvout
montemax_dbvout @ "Quantity in 1 sigma Interval" @ prob( ) @ pi _p1
3 200
%, -20.0 ///K
5 ° 600
z
-100 @

5 140

400 800 1.20k 1.60k 2.00k
frequency in hertz

79.0 87.9 96.7 105 m 114
bandwidth
/:s
2.00 1.00 0 1.00 2.00

probability_ in sigmas
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©

@

o
T

Plot3
prob(bandwidth), prob(bandwidth)_p1 in unknown

©

i

o
T

OuTtpuT RECORD

Polynonial Regression of prob(bandwidth)

90.0f
+ 96665065, 3.9079593.
rns(previous-curren! t) = 2.00254 unknown
lparameters from plot acll bandwidth [
FARMETER  VALE  SIGHAS
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It a1 eon .
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T - R -2.00 -1.00 0 1.00 2.00
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¢ Select the Probability plot to make it active.

¢ Click on Y<- 0 and 0->Y to move cursor 0 along the
datapoints of the Probability plot. Each datapoint
represents results from a simulation run.

¢ Clickonthe Reportbuttoninthe Monte Carlo Dialog’s Show
Tolerance Section on the right. For the simulation run that
cursor 0 selects, parts with tolerance will display “value
used” and “sigma value” in the Output Record field.
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Preparing for RSS Analysis

Now we will define a few circuit measurements performed
automatically when the RSS simulationis run. The analysis will
be performed in a standard time domain, and the measurement
limits will be set using the nominal calculated values.

This overview shows youwhere the commands are located inthe
Simulation Control dialog, prior to using themin the tutorial onthe
next page.

simulation Control

The Results button
enables you to view

Main | Measuremerts | Vectors | Fauls | Test Corfigurations |

Test Canfigurat
(EHEGEIETE o R

Confia 1+ Setunl

If Set Report Alarm is
checked, the alarm
will be shown when
any of the
measurements are
out of tolerance. It is
optional.

Parts /lélu

Results 4 Test Design|

SimLats Selections
[ Mode

Alarm
Fault: (none]
Status
& BEndsd O Simulation Template | [ Data Reduction
=] || * Interactive
© Monte Carla o £ Batch
GFTE ¥ Seript
12| |sFree =

st

g Cop

o o | [59|
N =
B
Sl

© Fauits
i
aints
csements | Vetor | Pt | Test Cofpaatons |
points
e Help 5
b | —
a1/ |

measurement results.

Scripted
measurement is
evaluated if the
Script button is
checked.

Select the Add
button to
display the

. — Measurement

Wizard dialog.

W Measurement Results [ (O]
[Bl Measurements [Config 1 : Setupl : AC— NoFauls — 125ep 07. 14:47 — faiftotal = 0/1
= Config1 Meter _bandwidth | Measured | Pass/fal | M| MNominal | Max [y
- Setupl [ ] bandwidh  33.78 Pase [ [ 9378
bandwicth

Set Measurement Li x|

The selected nominal and tolerance
methods wil be applied to all measurements

Set Tolerance

x|

[ Selected Measurement

cortained in the selected tres leaf
Absolute  Percant

High Limit [0 o Cancel | | ¥ Skiptest groups if Report Alam is set

o [ Her | | ~Noring Click by Tol to

Nominal [0 et " Mean .

LI " Last Measurements Sy dISplay the

RepottView [Measuement ][] e b Tef | i
i [ soetint | petosti | = Set Tolerance dialog.
Copyto Cipboard | fotons | Save Aepatt | ok | Tolerance ﬂ

1 " Sigma Limit Sigma [4.75

" Default

I
Click the Set Limits button
to display the Set
Measurement Limits

dialog.

Prabability(sigmal
Te-00E

Walue |1.000u

(" Espand to Pass
™ with symmetry

* Unchanged

" Walus
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Specifying Measurements

This setting will
generate a sine
wave that has
no DC offset,
5.0 Volts p-p,
and a
frequency of
1kHz.

Since we’ll be making time domain measurements, we must
first specify a transient time domain signal source and transient
analysis request.

* Quit the IntuScope program and discard the data.

* InSpiceNet, Clickthe OKbuttonto close the Simulation
Control Dialog.

* Double-click the voltage source V1 and click on the
Value field for the Tran Generators parameter.

Woltage Source Properties x|

Label | Tolerance/Swesp/Dptinizz | Faiure todes |
Comment Mot List Presisw

=] =l
“ttaave @V (] @[] m
Propetiies Label
Parameter 3V alue Parameter Walue
Z FefDes 1 2 Add> |17 RefDes W1
o]
AC 5 Remove Parameter =xWalue
pasitive node 1 FefDes W
negalivenode 1 e oo -
DistoF1 -
et S Move down
Tran Generatrs none
icurent  yes Propetty Help Label stle
ppower  yes NextPat || & 1

 Wide Tran Generators
Prev Part o~
4 Spit i cum
Apply ) ‘ Dwver yes

The “Enter...” button will appear.

positive node 1
hegative node 1]
DristaF1 -

\z\a\z%%

\z\zgzgz\zw\z

DistaF2

¢ Click the Enter button to enter the Transient Generators
dialogto define the characteristics of ourvoltage source.

e Click the “Sin” tab and enter 0 for Offset, 2.5 Peak
Amplitude, and 1K Frequency values as shown.

|

Transient Generators

PULSE SIN | PwL | sFFM | ExP |

SIM

ot Difsat [0 Click He/p to
‘ Pesk s [75 ,
ampliude Freauency [f] view the

DelayTime
o — default values.

Fhase Delay
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* Click OK and OK again to close both dialogs.
Next, we’'ll specify the Transient analysis request.

* Select the Actions menu, Simulation Setup and Edit to
open the Simulation Setup dialog.

* Click on the Transient analysis button.

¢ Enter 0.1m for the data step time and 10m for the total
analysis time as shown.

Transient Analysis x|

Times

Time in Seconds

Data Step Time lr
Tatal Analysis Time lmﬂi
Time ta Start ]
Recording Data li [Optional]
 amimumm Time Step li [Optional)

I Usze Initial Conditions [1J1C]

0k, | Cancel Help

* Clickonthe OKbutton to close the Transient Analysis
Dialog.

* Uncheck the AC Analysis and press the Done button
to dismiss the simulation setup dialog.

Now we’re ready to specify our measurements.

* From the Actions menu, select ICAPS to open the
Simulation Control dialog. Or click the ICAPS icon

[Z]1 | from the toolbar.
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The
“Interactive”
Data Reduction
mode allows
the simulator
screen to
appear while
the simulation is
running. The
“Batch” mode
prevents the
simulator
screen from
appearing so
simulations run
more quickly.

simulation Control

Main |Measu|ements| Vectmsl Faults | i

Test Configuration

est Configurations |

Setup | oK |
Parts | Help |
Fiesults | TEstDesignl
Simulate Selections |

Alam |
Fault: [none]
Status |
|

" Simulation Temglate

" Mante Carla

Cras 2]

7 réta Reduction
% Interactive
" Balch

IV Seript

[ &dvanced Setup Options

Slandardl Optimize | Paramelersl

[~ Sawe Data From:
@ Al 7 Test points
" Nodes + test points

Mante I Sweep | Tolerancel

™ Remote Spice

* Make sure that the Script box is checked. It enables the
automated ICL measurement features.

Next, let’'s select the circuit vectors that will be measured.

¢ Click on the Measurements tab toward the top of the

Simulation Control dialog.

simulation Control

Main  Messurements | estors | Fauls | Test Configurations |

Measurements

= C_onhg 1
- Setupl
TR&N

e OB

Add
[Velete:
Edit Test Hroup
Ediit Tal

¢ Select the “TRAN” branch in the measurementtree, then
click on the Add button to open the first Measurement
Wizard.
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Measurement Wizard

Simulation——

i AR

 DC ¢ Tran Eace]

Help

Pl

tethod ———
Icgnhg'] vl ) Wectar
Setup ' Function
ISetup1 "I " Seript

Mame

¢ Click on the Tran radio button if it is not already
selected.

¢ Check the Set Report Alarm box.

¢ Click on the Next button to open the Cursor Wizard.

Cursor Wizard

Curzor Seript
homeCursors ;I

Cancel |
j Help |

You may et the curzors ba
Igell:ursorx 'I explicit vwalues, or move them

Cursor Functions

as a function of other vectors,
Wiesiore They are initialized to the

I - I default simulation limits.

ICL Cursor Basics:

A cursoris an abstract marker that is connected to the IsSpice4
default plot vector (i.e., x axis data, time for transient, frequency
for AC). Cursors 0 and 1 are the default, and most measurements
are made between these default cursors. The “homeCursors”
function sets cursor 0 to the beginning of the plot, and cursor 1
to the end of the plot. For more information about the cursors,
press the Help button. For now, let's use the default,
“homeCursors.”
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¢ Clickonthe Next button to open the final Measurement
Wizard dialog.

¢ Select Max from the Functions drop down list.

* Then select the vectors for which to measure the
maximum value: @C1[i] through @R2[p]. You can left
click on the first entry, then hold down the Shift key and
clickonthelastone. Thisalso selects all thatlie between.

Measurement YWizard ﬂ

Wector Ligt <VMec[n]:>
[ Cancel |

Functions

Irmitialfalue ;I
Irnitialyalue -

or
kdean

kdir

a: Pl_Pl
el RrS
oy L e [ P | SthE"-" -

e Then, click on the Finish button to close the dialog.

The new branch named “Max” appears underthe “ TRAN” branch.

Now let's add a peak_peak measurement for the same vectors
as we selected for the maximum value measurement.

*+ To add a peak_peak measurement, follow the same
steps used above to add the Max measurement.
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Running the Standard Simulation

Now that we’ve specified the measurements that will be made
when the simulation is performed, let’s return to the Main tab of
the Simulation Control dialog and launch a standard simulation.

[Simulation Control

Main | Measuements | Vectors | Fauls | Test Configuwations |

Selup i3

Pais Help

Resuts | Test Desion|

Siniiale Seleplions

Alam
Siati

Faul: [rone] ‘

& Standard Data Redustion———

" Simulation Template
€ Interactive

@ Batch
I Seipt

€ Monte Carlo

© Fauls

= Save Data Fiom:
ckvanced Setup Optins £ 81 Testpoints
Standard | Optinize | Parameters| | | € Nodse +test poits
bonte | Sweep | Tolerance [ | I Remote Spice

=100 x|

Abort

Config 1 + Setupl
Fault; [hone]

Frogresz  1of 1

[

Click on the Main tab in the
Simulation Control dialog.

Select “Standard” radio button and
“Batch” radio button. “Batch” will
speed up the simulation by turning
offthe IsSpice4 real-time waveform
display.

Click onthe Measurements Tab of
the Simulation Control dialog.

Click on the Simulate Selections
button in the Main Tab.

The status dialog on the left appears
during the simulation. Thisillustrates
which configurationis being simulated,
and the name ofthe componentfailure
mode that has been inserted. In this
case, there is no fault inserted.

Alarm Summary Report
Failed Measurements v futa
Test | Test Group | Canfig | Setup | Simulation | -
@[] [GEY Config 1 Setupl TRAM
@[] [GEY Config 1 Setupl TRAM
(@C3] [EEN Canfig 1 Setupl TRAM |
@@L [GEH Config 1 Setupl TRAM
@L2[] [GEY Config 1 Setupl TRAM
&L [GEY Config 1 Setupl TRAM j

The Alarm Summary dialog reports which electrical
measurements you specified failed. Since the test limits for the
Max or pk-pk measurements were not yet set, you can ignore
this dialog. Component Stress Alarms are covered in the next

tutorial.



Because we
have not yet
set the pass/fai
limits, all ten
measurements
fail.

TuToRrIAL #6 - MonTE CARLO AND RSS ANALYSIS

¢ Click on the
Results button.

» Select the Max
test group in the

cocooooooofg|\

. GR%p)

tree.
ReportView: [ Mcasarement R | K1 | |
e o Sations SavoLinds |
CopytoCipboad | Opiors | _SaveRepon | [ 8K ] o |

All the results of the simulation for the maximum value of
each vector are displayed.

Setting the Standard Simulation’s Test Limits

Let’'s set some testlimits based upon the calculated values from
the simulation. This will establish a pass/fail region for each
measured vector (e.g., node voltage, pk-pk value, rise time,
etc.). There are anumber of ways to set test limits. Here, we use
a simple default (+/- 10%).

¢ Click on the Set Limits button in the Measurement

Results dialog.
. The selected nominal and tolsrance
¢ Uncheck the “Sklp test \methods will be applied to all measwrements

Ix.

groups if Report Alarm contained in the selected tree lzaf.

isset” check box, since [~ Skip test groups if Repart Alarm iz set

this is a Stress Alarm e E—
measurement. £ Mean —
(* | ast Measurements s

" Unchanged by Tal
Help

* Select the Last [y

. Sigma Limit Sigma [4.75
Measurements function o i
: : e Probability(sigma)
in the Nominal group, | © ExpardioPass visig
and the Default I with yromety | 1= 0
function in the (" Unchanged | Value |1.000u
Tolerance group. 8 U
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¢ Click on the OK button.

This sets the test limits for each measurement based upon its
calculated value. Notice that all of the maximum value tests
now pass.

Bl Measurement Results [_ O]
(Al Measurements Config 1 Setupl - TRAN-— No Fals - 12 5ep 07, 1512 - (alliotal = 0710
= Config 1 Meter Max [ Messued | Pass/fal [ Min | Nominal |  Max | h
- Setupl [ ] =50 27.%m Pass 24Bm  22Bm 008w
& TREN ] @e) 2167m Pass 1980 2167w 238m
[ Max [EEA )| 14.27m Pass 12.84m 14.27m 15.69m
Ph_Pk L EE L@ 26.13m Past 28m  61m 2B7Hm
] @Laf] 2167m Pasr 1.950m  2167m  23%3m
] @L3l) 14.75m Pasr 1320m 475 1622m
] @R10l 383Im Pasr 3450m 38\m 4217m
[ @Rl 2.817m Pass 7ETm  8817m  3817m
[ @R2f] 1.453m Pass 1308m  1453m  1538m
] @Rz2lp] 1.447m Pass A48E0 LMTm 2447m
Reportiew: [Messuremer =] |4 | |
Precision: |+ : Save Linits Restore Lirits Vatiation: Mo Fauks ~
Copy o Clpboard | Opiions | Save Repart | o | Help

e Similarly, select the “Pk-Pk” branch of the tree and
then set the test limits to the “Last Measurement”
function in the Set Limits dialog.

Since this is not a Stress Alarm measurement there is no need
touncheck the “Skip test groups...” checkbox. This sets the test
limits for each measurementbased upon the nominal simulation
value. Notice that all of the peak-to-peak value tests now pass.

If you perform any design changes and run a simulation, the
Results dialog will show the effects of the change.

[Confia 1 - Setupt - TRAN—Na Faukls — 125  faiotal 0710

ST * Click on the OK
ionn button to close

25m 25

Meler Pk i T Measued |
@ 5472m

T the Results
o dialog.

| ’

Save L RestoreLins | Vaision: [No Fauts -]

Save oot | o | |
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Running the RSS Simulation

Gaussian
distribution is
used by
default.

For more
information
about RSS,
EVA and WCS
analyses, as
well as
simulation
templates, refer
to the in-
application
help.

Inthe RSS analysis, after first running the reference simulation,
each parameter is perturbed. For each measurement vector,
the difference between the reference and the perturbed result,
and the sensitivities are saved. The square root of the result is
saved in an “rss” plot. The RSS results are saved in the
IsSpice4 output file for later read back. You can set the
measurement test limits by expanding the measurements to
"pass with symmetry" in the Results dialog.

Each tolerance is taken as the 3 sigma value, or 3 standard
deviations, and we reportthe RSS results as though they were also
3 sigma. The parameter perturbationis setto 1 sigma, a compromise
between a negligibly small value and the entire tolerance band.
Making the perturbation this way eliminates some errors due to
local maximum values occurring nearby.

Now let’s runthe RSS analysis and use its results to set the test
limits and see how they change.

¢ Select the RSS simulation template in the Simulation
Template List Box. Note that the selected simulation
template will not be run unless the radio button to the
left of the List Box and above the ‘?’ button is filled.

Mode
£ Standard

" Monte Carlo

€ Fauls

Advanced Setup Dptions

@ Al Test paints
Standard | Optimice

" Nodes + test points

I Remote Spice

¢ Click on the Simulate Selections button to launch the
simulator.
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In the Simulation Control dialog, click on the Results
button to open the Measurement Results dialog.

Click on the “Max” tab to view its results.

Ml Measurement Results [_ o] x]
[41l Measurements Config 1 Setupl : TRAN— No Fauks — 12 5ep 07, 15,25 — failftotal = 5410
& Corlig1 Meter  ba [ Measured | Passitail | Min | Mominal [ Maw | b
& Setupl B @CTi Im Fai 246lm  2n.Fm  30.08m
£ TRAN I @C2i 3026m Fai 1850m  2167m 238w
han L. | B eca 15.79m Fai 12.84m 14.27m 15.69m
Pk_Pk Bl @ 32.38m Fai 235Im 2613m ZB74m
I @2 3026m Fai 1850m  216m  238m
] @L3) 15.40m Pass 132m 47 16.22m
] @R[ 38Hm Pass 3450m  38Fm 4217m
] @Al 2.933m Pass 7EI7m  BE8ITm  9E1Tm
[ @R 1.532m Pass 1308m  14%Im 153
] @Rzl 1.635m Pass 44660 L4MTm 2447
Repor Visw: | =l | o
Precision 4 Gaillbdis Save Linits Restare Linits Wariation Mo Faults -
Copy to Cliphoard | Option: | Save Repart | s Help

Notice that several of the measurements now fail, based upon
the calculated RSS data. Let’s expand the limits and see how
they change.

Click on the Set Limits button to open the Set
Measurement Limits dialog.

Set Measurement Limits

Uncheckthe “Skiptest = The selected naminal and tolerance
groups” checkbox \ methods will be applied to all meazurements

contained in the selected tree leaf.

[ Skip test groups if Report &larm iz set

SelectUnchangedin ;

. —H [————— ok,
the Nominal gro anhilna -
and the Expand to L Cancel
p f ti in th  Last Measurements

ass function In the % |Unchanged by Tal
Tolerance g

r Tolerance ——— Help
i Sigma Lirrit Sigma W

" Default

Check the “with
symmetry” box.

Probability[zigma)
1e-006

W

Click on the OK

butto.n to close o Ll an |—1.DDDu
the dialog. O Value




TuToRrIAL #6 - MonTE CARLO AND RSS ANALYSIS

The new results are displayed. Notice that all of the maximum
value tests now pass, and how the limits have changed.

Bl Measurement Results [}
A1l Measwements Conlig 1 - Selupl - TRAN— No Fauits — 12 Gep 07 16:26 — faillotal = 010
= Config 1 Meter  Max [ Measured | Pass/fal | Min | Nominal | Max |
& Setupl [ ] @il T57m Pass 07zm  Zidm 34.97m
] @] 3.026m Pass 130 216fm L0%m
] @ra) 15.7m Pass 1274m 142im 15.78m
] LI 32.3m Pass 198m  ZE1Em 32.38m
] @LI] 3.0%6m Pass 130Em  Z16fm 30%m
] @LI 15.40m Pass 1327m  147m  16.22m
] @R[ 3574m Pass 3450m  383m 4207m
] @RI 8.5%3m Pass 7617m  8817m  9B17m
] @R 1.532m Pass 1308m  1.483m 1.5%8m
] @R2E] 1.6%m Pass 4B6u 144im 2447m
RepoilView: [Messuement =] | 4] | >
Precision: |4 Setmits | Save Linits | Festore Limis | Varistiorr[Ho Fauls -
Copy to Clpboard | Option: | Save Report | ok | Help

¢ Select the “Pk-Pk” branch of the tree.

Bl Measurement Results [}
(A1l Measurements Corfig 1 : Setupl : TRAN— No Faults — 12 Sep 07, 15:25 — fallitotal = 5/10
= Corfig 1 Meter  Pk_Pk [ Measwed | Passital | Min | Nominal | Max [
- Setupl B\ @C1] 67.16m Fal 4524m B47am  ED18m
1 TRAN W @2 6.176m Fal 39%m  4373m  481m
Max @) 32.78m Fal ZEE2m  2358m  3253m
k_Pk i E00 64.85m Fal 4E53m  B220m  57.42m
a2 6.176m Fail 39%m 43I 48m
[ ] LA 23,99 Pass E8im  2867m  315dm
] @A) 7.230m Pass E4Z%m  71%m  7.85m
[ @R 1] 6.933m Pass 7ETm  8817m  3817m
[ @R 3.207m Pass 2705 3006m  3.306m
] @R 1.635m Pass 44660 L44Tm 2447m
Rieport View: | e | KT | 0

|4_

Copy ta Clpboard |

Precisiar:

Save Limits

Save Repart |

Set Limite

Optian: |

Restare Limits
ok I

Wariatior: | Mo Fauls ot
Help

e Click on Set Limits button, uncheck “skip test group”
checkbox, select Unchanged in Nominal group, and in

Tolerance group select

symmetry”. Click OK button.

[ Measurement Resuts S
e [Confi 1 - Setup1 : TRAN-— No Fauks — 125ep 07, 1525~ ailtota = 0710
& Cong | Moler PPk | Messwed | Posoflal | Min | Nomnal | Max [ &
& Sewpt T 6716n  Pess Zm 547 67%6n
S TR W ec) 61%m  Pass  2570m 43 61%m
) Mo T 27 Pas  B3m 28%n 3278
= PP W eun B Pass  3Sm 522 648m
e 61%m  Pas  257m 437 61%m
e 2% Pss  Z8m 26m  315m
[ —cn) 72m  Pas  Gd%m 718 782
ME . GRIpI 83 Pass 78 &8 98im
-] 3207m  Psss  270m  3006m  3306m
WE @R 16 e MGRu L4 2447
ReportView [Measuement v] |4 | ]
Precson [+ Save Ui RestoeLinis | Varlon: [NoFauts 7],
Copy o Cipbosrd Options Save Report ok Help

“Expand to Pass”

“with

All of the peak-to-peak
value tests now pass
because the minimum
and maximum test limits
have been “pushed out”.

¢ Click on the OK button to close the Measurement

Results dialog.
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Again, if you now change a simulation parameter and rerun a
simulation, the Results dialog will show the effects of this
change. Presently, the test limits will account for the RSS limits
of the measured vectors.

The RSS numerical simulation results may also be viewed in
the IsSpice4 output text file.

*x%ux XX X¥XFES DATARERRR X EXER

FARAHETER HAME: cl capacitance

HOMINAL VALUE: 2. 653007

TOLERANCE VALUE: 100. 000K
VECTOR SENSITIVITY: RS5_COHTRIBUTION
pk_pk(@r2[p]} —4.1389 —60. 74217
pk_pk(@r2[1]) -1.1373 —35.9877
pk_pk(@rl[p]) 974 74M 85,9410
pk_pk(@rl[i]} 933,824 6666007
pk_pk(@13[1]) —939 954 —269.5117
pl_pk(@12[1]) —20.396 —891. 9617
pk_pk(@11[i]) —-14 838 =7 . 7447H
pk_pk(@c3[i]) —1.8140 -536.510
pk_pk(@z2[1]) —20.396 —891. 9617
pl_pk(@z1[1]) -7.7731 -4 2532M
nax(@r2[p]) —4.1389 —60. 74217
max(@r2[i]} —225. 244 —3.27247
nax(@rl[p]} 974 74M 825 .9410
max(@rl[1]) 486.37H 18 6680
max(@L3[1i]) 306,928 45 2630
max(@L2[1]} —20.317 =440, 217
max(@L1[1i]} -15.3132 —4 . 0008
max(@z3[1]) —345 08K —134 8217
max(@c2[1]) -20.317 —440. 217
max(@c1[1]) —7.9570 —2.1758K

* Close the Measurement Results dialog and the
Simulation Control dialog.

* From the Actions menu, select the Text Edit function to
launch the text editor.

* Select the OUT icon Mt in the IsEd toolbar to display

the textresults.

This concludes the Monte Carlo and RSS tutorial.

¢ Close all open dialogs and exit the SpiceNet program.

You may discard the changes that have been made to the

drawing file.
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Optimizing Circuit Performance

Simulation Control E

Main  Measurements |Vect0rs| Faultz | Test Configurations'

Meazurements

With ICAP/4’s optimization feature, you can specify which
parameters to change and by what percentage. When a
simulation runs, the parameters are varied to try to minimize a
design objective (function), which is a function (e.g., phase
margin), bandwidth, etc.) that can be reduced to a scalar unit.

Let's try an exercise with the goal of obtaining optimized
values for all the active components with 30% tolerance so
that the bandwidth is 22.45K.

* Open ..\spice8\Circuits\Optimizer\bwopt.dwg.

* Double click on L1 in the SpiceNet schematic to bring up
its property dialog.

» Select Tolerance\Sweep\Optimizer tab, and enter 30%
for the value under the Optimize column.

* Repeat the former stepsforL2,L3,L4,C1,C2,C3 and C4.
OR simply click Next Part button and enter the values.

» Click on E||ICAPS icon

» Select Measurement tab, and

& Config1 Hep | select ofunc.
gy = » Click on Edit Test group button.
—— \(;ou will see thils script in the Edit Test
Cursor seript roup window:

hameC - .
omERLEaE 2l Cancel EditTestGroupl hOfneCUrSOI’S, i .
—l In the Measurement Script field:
e [ I et vsignal = db(v(5))
Measurement Script [™ Set Repart Alam themax = max(vsigna/)

movecursomght(0, veignal, themax)]
frnax = getcursors(0]
setcurson1, fmax]

waignal = db(w(3]) a
themas = max(vzignal]
[~

Lzer Mame Infunc

Test Hame quunc

movecursorright(0, vsignal, themax)
fmax = getcursorx(0)

setcursor(1, fmax)

movecursorright(1, vsignal, themax-3)
movecursorleft(0, vsignal, themax-3)
bandwidth = getcursorx(1)-
getcursorx(0)

ofunc = bandwidth-22.45e3

ofunc = ofunc*ofunc

print ofunc
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These scripts can be modified according to your needs. All
measurements such as min, max, rms, pk_pk, etc. are measured
between the default cursors, cursor 0 and 1. The other cursors
are for labeling and measuring delta values.

S L ]« Click the OK button to close

Sl mtelemesl | the Edit Test Group dialog.
R e | e ||| * Select Main tab.

_res [1aoen| || o Select the Optimize2

(B simulation template.

| e ¢ Click on the Simulation

Selections button.

(Mode |
£ Standard  {* Simulstion Template | D3ta Fieduction

e =] | | Interactive
~ MONTE o
Morissio  [MOMTE ot
| Seript
Craks 2|[RSs =l
Save Diata From:
[ Advanced Setup Oplions 1 | & a1 £ Tet points
Standard | Optinize | Parameters| | | ¢ Hodes + st ponts
Mante Sweep Tolerance I Remate Spice

All the modified simulation parameters and parameter changes
that give the bestval are shown in the Output dialog. The results
also can be viewed in tabular form at the end of the .OUT file.

From Output dialog: From .OUT file:
pljecihe unctin = 322 457663M 2l FEEEEEEEEEE optinized results #ESEEEEEEEE
750.099797U
clcapacitance 11 inductance 750.0997970
2298298070 cl:capacitance 22.98238070
12 inductance 12 inductance 75.2433580H
75.2493580M c2:capacitance 182 . 815714H
c2:capacitance 13 inductance BED. 3951360
182815714 ©3:capaci tancs 18.82257080
13 inductance 14 inductance 116 541626M
ng ﬁj‘sgém cd:capaci tance 136 0001290
16.8225708U
friied ac analysis msasursments
116541626
cd:capacitance test 1 ofunc
136.0001 28N ofunc = 3.2248792-001
- = Total run time: 22.783 seconds
< "

recommended Optimized for 22.45K bandwidth
using 30% tolerances
values

I1:inductance 750:100000U

c1:capacitance 22.:9913141U

1Z:iinductance 75.2500000M

c2:capacitance 182.815707N

13:inductance 850.457452U

c3:capacitance 18.8218750U

l4:inductance 116:543750M

cd:capacitance 135.998884N

Compare the optimized values with the recommended
values listed on the schematic. You will see that these two
results should be almost the same.
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Tutorial #7 - Design Validation and Automated Measurements

Tutorial#7 is for all ICAP/4 Windows products, ICAP/4
Professional and Test Designer users. In this tutorial, we’'ll
address the following ICAP/4 features:

Setting and charting desired electrical measurements
Data, setting limits, and reports for measured data

Alarm warnings for desired measurements

Monte Carlo analysis using Interactive Command Language
(ICL) simulation template

el N

Access to these features is controlled by the Measurements tab
in the Simulation Control dialog. This tab will display your test
configurations and simulation setups into a tree. You can then
add various measurements to the branches ofthe tree. There are
three basic kinds of tests that this tutorial will cover in detail:

1. Operating Point
2. Vector Measurement
3. Measurement scripts using ICL

Identifying Measurements

The first thing we need to do is define desired measurements,
and circuit locations where they will be taken:

¢ Launch SpiceNet and open the Sample2.DWG
schematic in the spice8\circuits\sample2 folder.

vee

’\/cc
%5 e ~>
x4 E
Q3
i, e = & e |aHLTBOIE
c1
TR - .
5 al 2N2222 " 2N2222
] | et vade
Rsa70 [ < =
R10
4 27

R13
sk

R14
100

153



Side Note:

The Save Data
functions (see
lower right) don’t
save data within
subcircuits. Use
“All” (default)
unless a large
simulation
requires more
RAM than is
available.
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Select the “ICAPS...” function in the Actions menu to
openthe SimulationCo ldialog, or selectthe ICAPS

icon from the toolbar.
o]+

Select Test Configuration: Closed Loop + Standard

Select Mode: Standard

Simulation Control

Main | Measurements | Vectors | Fauts | Test Configurations |

Test Configuration
Seh K
Clossd Loop + Standard _sew | ok |
Closed Loop + tran Parts Help
SafeToStart + DCOP [Fes [ &5 ]
Resuts | Tast Dasian
Simulate Selections
Alarmn
Fault: [nane]
Status
Mode—————————————— ;
& Siardad ¢ Simulstion Templats | | Data Reduction
GrToy 21| © Interactive
© Monte Carlo V\GAETPH’\E"E o  Batch
OPTIMIZE W Serint
€ Fauls 2| -
- Bawe Dot From
Advanced Selup Dptians | | & a1 Tes pairts
Standard | Optimize | Parameters| | | Nodes + test paints
Monte | Sweep | Toerance | | Remote Spice

Click on the Measurements tab.

Simulation Control [ %]

Main  Measurements |Vect0rs| Faults I Test Eonfigurationsl

Measurements

=] E_Iosed Laoop

“Closed Loop” Add |

is the defined

) . T
& SafeToBtat configuration, Elete |

& DCOP “Standard” is
Lop the setup, and Edit, Test Graup |
“OP” is the

simulation in Edit Tol |

this part of the
measurement
tree.
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“OP” is the
circuit’'s DC
operating point.

“TRAN’ is a time-
based
measurement.

Alarms can be set
to monitor current
dissipation, power,
etc. so that you
will automatically
be notified if an
out-of-tolerance or
hazardous
condition exists
during any
simulation.

Select the Closed Loop/Standard/OP branch in the
measurementtree, then click on the Add buttonto open
the Measurement Wizard dialog.

Check Set Report Alarm to activate the alarm feature
for this set of measurements. Press the “Next>>”

button.

Simulation—— Pt

Y |
Cancel

C DC 1 Tran

Pl

Help

The Configuration,

Setup, and bethod
Simulation that |Closed Loop x| | ® Veclor
you've selected in Setup o

the measurement [Standard =] " Seript
tree are already Mame

initialized for you.

Press andholdthe Ctrl key and presstheleftmouse button
toselectthe 14 resistorandtransistor power dissipations
(power only) in the list ( @R3[p] through @R14[p], then
also individually select @Q2[p] through @Q4[p].-

Similarly, select all 3 of the transistor collector current
values in the list (@QZ2[icc] through @Q4[icc] ).
Measurement Wizard

ClickontheFinish @ ‘ectorList <ecln]>

button. L] - Firish |
a2 ] Cancel
@03 cs]

b

J Select measuremt
parameters from the
Wector List, multiple
zelections will be
expanded into multiple
MESEUrEments
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Any vector(s) in
the list may be
selected.

You can
double-click on
any leaf in order
to view its
contents.

156

This creates a
new leaf called
“Operating Point
that contains all
of the waveform
vectors just
selected.

Main  Measurements |Vectors| Faults I Test Configurat\onsl
Measurements
;I Help I
- @i2lp) [
- (@0 Hice]
- @03[p] Delete
- @0 4[iec]
- @E4[p]
- @R3p] Edit Test Group
- @R4[p]
- @R5[R]
- RG] Edit: Tl
- @R7[p]
- @RIR]
- @A10[p] I
- @R11[p]
-~ @R12lp]
- @A13p]
- (@R 14[p]
- TREN =

¢ Selectthe Operating Pointbranch and click the Edit Test
Group button to open the Edit Test Group dialog.

Edit Test Group

Cursor soript

: Cancel
J Help

¥ Set Report Alam

Measurement Script

SR

User Name [DperatingPointélam

Test Hame  [DperalingPoint

Test Group Description

|

/]

Change the User Name to
“OperatingPointAlarm.”

Click on the OK button
to dismiss the dialog.

Click on the Add button
again, and click on the
“Next>>" button to proceed
to the vector selection
Measurement Wizard.

¢ Scrolldownthevectorlisttothe entry “V(1).” Clickthe
left mouse button to select V(1).

* Scroll down the list until you get to the “V(VEE)” entry.
Press and hold the Shift key and click the left mouse
button on the “V(VEE)” entry. This will select the entire
list of node voltages between “V(1)” and “V(VEE),”

inclusive.
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¢ Scrolldown thelist until you get to the “@Vccl[i]” entry.

15 vectors Press and hold the Control key and click on the “@Vccl[i]”
should be entry to add Vcc current to the selected list.
selected.

¢ Click on the Finish button to dismiss the Measurement
Wizard.

¢ Click on the Main tab, then click on the Simulate
Selections button.

Simulation progress and Alarm Summary Report dialogs will
appear once the simulation is done.

Setting Alarm Limits

Let’s set the alarm limits.

* Click on the Results button in the Simulation Control
dialog to open the Measurement Results dialog.

* Selectthe OperatingPointAlarm test group.

Bl Measurement Results =
Al Measurements Closed Loop : Standard : OP-- Mo Faults - 12 Sep 07, 16:10 -~ ailtotal = 12417
Meter  OperatingPoi... | Measured | Pasz/fail | Min | MNominal | M an | -
tandsrd L [ @0 2icc] 1.287m Fail -1.000u 0 1.000u
=-0P B 0 2(p] 4.E5Zm Fail -1.000m 0 1.000m
: OperatingPointdlarm L. [ @a3icc] 11.58m Fail -1.000u 0 1.000u
pertingPaint L [N 203 24.76m Fail -1.000m a 1.000m
TRAN L. [ @04ficc] 76.02m Fail -1.000u 0 1.000u
L [D @0 4[p] 83.62m Fail -1.000m 0 1.000m
o TRAN L, B @RI 10390 Fass 1.000m 0 1.000m
[ | ER4[p] 0 Pass ~1.000mm 0 1.000rm
E E’Eggg:f" . I @RSl 10.45m Fai A 000 0 1.000m
e B ERER] 207dm Fal -1.000m 0 1.000m
L. [ &R 7o) 18.11m Fail -1.000m 0 1.000m
L [ @R4p] 17.60m Fail -1.000m 0 1.000m
L [ @R 1] 0.1597 Fail -1.000m 0 1.000m
[ | @R11[p] 28 26u Pasz -1.000mw i} 1.000m
[ | @R1Z[p] 3E4p Pazs -1.000mm 0 1.000rm |
I @R 3p] 4.80Em Fail -1.000m 0 1.000m
@R14[p] 96100 Pass -1.000m 0 1.000m T
Feport View:  [M | LRk | »
Precision: |4_ Set Limits Save Limits | Fiestore Limits Wariation: | Mo Faults =
Copy ta Clipbosrd Options | Save Report | Help

Since we haven't set the test limits for the alarms, 12 of the 17

tests have failed.

¢ Click on the Set Limits button to open the Set
Measurement Limits dialog.
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Click on the

Help button for

a detailed

explanation of
how to set the
Absolute and

Percent
Tolerance
values.

Selected Measurement

Mominal ||:| I

Uncheck the “Skip
test groups...”
check box.

Select Unchanged
function in the
Nominal group and
the Unchanged
function in the
Tolerance group.

Set Measurement Limits
The selected nominal and tolerance
methods will be applied to all measurements
contained in the selected tree leaf.

W Skip test groups if Feport Alam is set

r— M armninal
" Mean
' Last Measurements
& Unchanged

Cancel |
by Tol |

" Ewpand to Pass

™ with symmetry
& |nchanged
" Walue

- Tolerance iz |
" Sigma Limit : I
Sigma [4.75
" Default ST
Prabability[zigma)

|1 e-006
Walue I‘I 000w

Click on the “by Tol” button to open the Set Tolerance
dialog, which allows you to set asymmetrical

tolerances by percent or value.

Set Tolerance

Absolute  Percent
High Lirrit |5|3.unm |c| Eancell
Low Limit |0 o Help |

Set the High Limit
(Absolute) value to
50.00m

Click on the OK
button to set the
alarmlimitto 50m for
each measurement.

Ml Measurement Results = S
[ Moo [Faso5 Lo - Standere - 07~ o Fas = 12 52p 07, 16:10 -~ faitotal = 3717
Notice that how E- Closed Loop Meter _ OpenatingPoi | Messued | PascAsl | WMin | Nomral | Max | =
| B Standed ] ®02cc]  1.297m Pass 0 0 50.00m
On/y 3ofthe 17 il oBop [ @02p] 4B52m Pass i 0 50.00m
OperalingPaintalarm ] @0Fes] 11.50m Pass i 0 50.00m
- DperatingPaint L Bl @03 24.78m Pass 1] 0 50.00m
tests have TRAN B @04l 76.02m Fai 0 0 50.00m
i o O a4l 83.52m Fail 0 0 50.00m
failed. This is i~ ] @RI 1039 Pass i 0 50.00m
] @Rap] 0 Pass i 0 5000
because we 5 sale] aStar ] @RSp] 10 d5m Pass i 0 L0
£ DCOP
_____ 0P ] @REp] 2014m Pass 0 0 50.00m
have not yet set [T @R 7le] 1811m Pass 0 0 50.00m
] @RI 17.50m Pass i 0 50.00m
all of the test . BRI 01597 Fal i 0 5000
] RN 2826u Pass i 0 50.00m
imjJ ] @R12[p] 4P Pass 0 i S0.00m |
limits for the ] @R13E] 4808m Pass 0 0 50.00m
R 9610 Pass i i 5000m >
alarms. I s | e | .
Precisior: |+ [“Satlimts | Save Linis_ | Restae Limits | Vatiation: o Fauls ~
Copy to Clipboard Opiions | Save Report | R Help

¢ Click on the OK button to close the Measurement
Results dialog.
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¢ Select the Measurements tab and double click the
OperatingPointAlarm leaf to open up the leaf.

(=l d|icc| . | ] 4 ’”
@04[o] o | Select “@Q4[p]

@R10[p] EdtTal | -« ClickontheEditTol
Set Tolerance button.
Selected Measurement » Setthe High Limitto
Abzolute  Percent 150m.

High Lirnit |15|Jm| |n Ear‘u:ell

Low Limit |0 |o Help |

Nominal |0 |@04ip] New |

e Select the Main tab and click on the Alarm button in
order to refresh the alarm measurements.

e Click on the OK
button.

@Q4[p] is no longer present in the alarm dialog, because we
increased its limit.

e Similarly, change the “@Q4[icc]” tolerance limit to
100m, and the “@R10[p]” tolerance limit to 200m in
order to cause the alarms to pass.

You can look in the Measurement Results dialog to see the
calculated values in order to setthe alarm limits. Typically, each
alarm limit is set such that the alarm is not triggered unless a
circuit fault condition exists. If you do this while the Simulation
Results dialog is open, you must close the dialog and reopen
it in order to update the test results.

e
Setting Operating Point Measurements

Let’s set the limits for the Operating Point (OP) test vectors so
that all tests will pass. In one step, we’ll set all test limits to
default limits about their last measured values.

¢ Clickonthe Results button (in the Main tab) to open the
Measurement Results dialog, selectthe OperatingPoint
test group.
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Click on the Set
Limits button.

Select the Last
Measurements
function in the
Nominal group
and the Default
function in the

Tolerance group.

¢ Click on the OK
button to
dismiss the
dialog.

The zelected nominal and tolerance
methods will be applied to all meazurements
contained in the selected tree leaf.

[v Skip test groups if Beport Alam is set

(o |

— Marninal
™~ tean
¥ |ast Measurements
" Unchanged

Set Measurement Limits

— Tolerance

(™ Sigma Lirnit

" Expand to Pass
[ with spmmetry

" Unchanged
" Value

Sigma |4.75

Probability[zigmal)
1e-006

Walue |1.000u

1

Help

Cancel

by Tal

The tolerances are now set to default limits about the last

measurements, so everything will pass.

Bl Measurement Results = B
[aiTteasuements [Fiosed Loop - Stendad | 0P — o Faults — 125207, 16:10 — failolal = 0415
) Closed Loop Meter  OperatingPoint | Measwed | Passffal | Min | Mominal [ Max [ b
£ Standard [T (1) 3202 Pass 3206 3202 3193
P [T v(7) 0 Pass -100.0u i 100.0u
5 OperatingPoirtdlam L B . V(3 0E516 Pass 0.E510 06516 06523
OperatingPoint L Hm i 0.E51E Pass 0.E510 06516 06523
L TReN [T w12) 3561 Pass 3577 3561 3584
 Bban [T w13) 3166 Pass 3163 3166 3169
: CTRAM [T w1E) 2868 Pass 2865 2868 2870
SafeToStat [T w17 2077 Pass 2074 2077 2073
= by ] viig) %.57m Pass %47Tm E5m 96.67m
e [T v(19) S7.01m Pass %9m  90Im  F71Im
[T wi20) 55.99m Pass SE8m  9599m  9609m
[T el 56.03m Pass S8 980 981m
[T CE) 5,000 Pass 4,995 5.000 5,005
[T WVEE) 5000 Pass 5005 5000 4355
[T @vecli -91.67m Pass J008m  9167m  -B250m
Report Visw:  [M i ~| 4] | |
Precision: |4 TEE T Save Linis_ | Restore Limits | Waration: [Kn Fauits -
Copy to Clipboard Options | Save Repart | oK. | Help

¢ Click on the OK button to dismiss the Measurement

Results dialog.
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Running a standard Monte Carlo Analysis

Youcanimprove these testlimits by running a “standard” Monte
Carlo analysis, which as mention previously provides Mean and
3-Sigma datafor any device/node measurement specified by the
user. It will not provide special statistical waveform data in
IntuScope (i.e., curve family, histogram and probability plots).

* Click on the Monte
Carlo Mode in the Msin | Measurements | Wectors | Faus | Test Configurations |
Main tab T _sew | o |

) bzl I

e SelectBatchinthe Resubs | Test Design
Data Reduction Simulate Selections
box to the right. 5|

Status

[~ Data Reduction

" Standard

\'— Monte Carlo
* Then click on the Cras 9 ST

Monte button to [ Advaneed Setup Optians—————| | @ Al © Test points

th Standard | Optinize | Parameters| | | © Hodes « st points
open up_ e N Monte Sweep Tolerance [~ Remote Spice:
Monte dialog.

" Interactive
~
' EBatch

OFTIMIZE I Serfnt

¢ Change the number of Cases to 6 and click on the OK
button to dismiss the dialog.

Monkte |
v Param OF.
v Include Cancel

Lotz I1 Cazez |E1 Help

¢ Click on the Simulate Selections button to run the
simulation for Monte Carlo analysis.
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The following dialog appears. Because simulations may
sometimes require large amounts of time, you are given the
option to continue or to cancel the simulation request.

¢ Click on the Yes button to run the simulations.

browser

& Q. to perfarm & zimulations
Hao |

Simulation progr... Sl E3

During the simulation, the
“Simulation progress”
dialog appears to inform = Clazed Loop + Standard
you of the progress. Faulk: [Fione)

Frogrezz  Zof B

After all of the simulations have been run, you will be asked if
you want to run a standard reference simulation. If you select
Yes, an additional simulation will be performed, and the data
from thatrun may then be used to setthe nominal measurement
limits.

browser

B Simulations completed
Do pou want ko mun a standard reference simulation?
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e Click on the Yes button so we’ll have the nominal
simulation results saved for the “Last
Measurements” data.

¢ Click on the Results button in the Simulation
Control Dialog.

* Selectthe OperatingPointbranchinthe measurement
tree.

* Scroll the report to the right and view the Monte
Carlo statistics.

Ml Measurement Results

(& Measuemerts Closed Loop  Stardard: OP— Mo Fatlks — 12 Sep 07, 1640 — faiftotal = 015
=) Closed Loop Meter  OperstingPoint | Measwed [ Passifal [ Min Momind | Max | Ms 3 sigma
- Standard VTl 3202 Pass 2208 3202 319 220 3.6
m. v 0 Pass A000u 0 100.0u 0 0
singPainitlam | | BB, %) 06515 Pass 06510 0ESIE 0623 016\ | 504
S v 06516 Fass 08510 OSS1E  DEEZE 08616 \| 50%m
v 3581 Fass 3577 3581 3584 3574 | 223m
v 3168 Fass 3183 3168 3163 3186 | 8%du
i Ve 2858 Fass 2885 2858 2870 2881 22.26m
VIT7] 2077 Pass 2074 2077 2073 2070 | 21.06m
GafeTaStat I
B i ] g 95.57m Pass %ATm  955m  %E/m  9Sm | 2567m
e w09 2.01m Pass ®Fm  90m  Wlim F4Om | 258
., ven 35.99m Pass ®Em B9 %m  %HEn | 25m
m V21] 98.03m Pass 97.93m 98.03m 98.13m 98.41m 2.569m
B . veD) 5000 Pass 4935 5000 5005 5000 0
BN . MiEE) 5000 Pass 5005 5000 438 459 | 02580
] @Veel] S6m  Pas  006m  9167m  0250m & | 5323
Fieport View: [ > L (fa}
Precision 4 Set Limits Save Limits Restore Limits Variation:  [Mo Faults =
Copy to Ciphoard | Option: | Save Report | oK | Help

Set Measurement Limits
° Clickon the Set Limits The zelected nominal and tolerance
button. methods will be applied to all measurements
contained in the zelacted tree leaf.
. Select the Last ¥ Skip test groups if Report Alarm iz set
Measurements button - Maminal———
in the Nominal group £ Mean Cancel

i+ | ast Measurements
" Unchanged by Tal

- Tolerance————— Help

and SigmaLimitin the
Tolerance group.

. .
Click onthe OK button Sigma [4.75
to close the Set ™ Default S e
Measurement Limits € Expand o Pass | obabitylsignal
. . 12-006
dialog. [ with spmimetry
" Unchanged Walue [1.000u
" Walue
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You may change the default Sigma value, 4.75. The probability
calculator shows the probability for one side of a normal
distribution. The tolerances for all measurements are now set,
based upon the Monte Carlo results.

¢ Click on the OK button to close the Measurement
Results dialog.

Expanding Measurement Limits

You may also set limits based upon other measurements, such
as temperature tests and power line variations. It is
recommended that you perform these test limit expansions for
all parametric variations for which you are aware.

Let's run a simulation with the circuit temperature set 10
Degrees higher than room temperature.

¢ Click on the Setup button in the Main tab.

¢ Clickonthe Circuit Temperature button and enter a value
of 40.

¢ Click on the OK button to close the Circuit Temperature
dialog.

e Click on the Done button to close the IsSpiced4
Simulation Setup dialog.

* Then, click on the Standard mode radio button in the
Simulation Control dialog.

* Select the “Closed Loop + Standard” test configuration.

* Click on the Simulate Selections button to run the
simulations.

¢ Click on the Results button after the simulation.

* Select the OperatingPoint branch and click on the Set
Limits button.

* Selectthe Unchanged function in the Nominal group and
the Expand to Pass function in the Tolerance group.
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This will retain all previous tolerances except for those that fail;
it expands failed tolerance values in order to pass the last test.

¢ Click on the OK button to dismiss the dialog.

The Result is shown below.

Wl Measurement Results H=
Al Measuements Closed Loop - Standard: 0P~ No Faults — 12 Sep 07, 16:44 — fail/total = 0715
Bl Closed Loop Meter  OperatingPoint | Measwed | Passffal | Min | Mominal | Max | b
T & Standard [ ] Vi) 3487 Pass 3487 3202 3132 Ei
B-OF 7 0 Pass 0 0 0
. OperatingPointlam | (BB , (V8] 06260 Pass D20 OESIE  0ES O
N it T 06260 Pass 0620 NESIE  0BS3E 0
TRAN ] vii2) 3683 Pass 3545 asa1 3683 E
S tran ] vii3) 3207 Pass 3165 2166 2207 :
L TRAN T 2383 Pass 2832 2868 238 F
! ] w17 2213 Pass 2043 2077 2213 2
= ‘E’i;;:f" [ (18] 96 52m Pass 92 50m 96.57m 01008 at
ra ] viis) 97 48m Pass w8 70w 01011 9
""" ] viz0) 9 40m Pass 319m  86%9m 01001 9
- viz1) %.03m Pass %3%m  980Im 01021 ¥
] VLD 5000 Pass 5000 5.000 5000 E
] VIVEE) 5000 Pass 5409 5000 4591 y
] @vee) 87.20m Pass S700m  916fm  An@m -9
ReportView: [ ro | T | |
Frecision: |4 Save Linits_ | Restore Limits | Vaiation: [No Fauts -
(B o B gl Options | Save Feport | R Help

e Similarly, rerun the simulation for low temperature (15
Degrees) and expand tolerance to pass.

[T Mesrererts [Csed Loge - Standard 0P~ M Fauls — 12 52p 07, 1703 — falltatal = 0715
Bl Closed Loop Meter  OperatingPoint | Measwed | Passffal | Min | Mominal | Max | b
" & Standad [ ] i) 2840 Pass 3487 3202 2510 Kl
- 0F ] vi7) 0 Pass 0 0 0
. OperatingPoirtdlam | | BB (V8] 06749 Fass 06260 0656 0EM3 O
DR ] (i1 06749 Pass U260 OESIE 0EMI O
TRAN [ 3485 Pass 3485 EEG 3603 k|
- b [ 3128 Pass 3128 3166 3207 E
o TRAN [ 2754 Pass 2754 2868 238 F
[ 1350 Pass 150 2077 2213 F
= E_'E[I;é:f" [ 9.54m Pass @sm S 01008 9
0P [ 97.49m Pass 92.94m 97.01m 01011 9
[ 9 42m Pass stam 8699w 01001 O
%.03m Pass 3%m  980Im 01021 ¥
5000 Pass 5000 5.000 5,000 E
5000 Pass 5409 5000 4591 ,,
-B6.55m Pass -97.20m -91.67m -B6.55m -3
Report Visw:  |M ¥ - | |

Preckior: |4 Save Linits | Restore Limits | Variation: [Na Fauls -
Copy to Cliphoard Options | Save Report | oK | Help

¢ Change the circuit temperature back to its nominal
value (27 Degrees Celsius).

¢ Change the value of Vcc by plus and minus 5 percent
and expand the tolerances to pass.
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You can do this by:

1. Define parametric “faults” for Vcc.

2. Manually changing Vcc DC value in the Part Properties
dialog.

We'll discuss how to perform the first of these activities in the
following section.

L[
Defining Parametric Fault Variations
To change Vcc by introducing a “soft” out-of-tolerance fault:

* Return to the Main tab in the Simulation Control dialog
and click on the Parts button to open the Net List Editor

dialog.
Met List Editor
i Hetbetlee P Fropetes.. | NetUpdate,. | MestPar [0 ]

[vee =] [Homal =

Mechanical Fropetties | F‘levFarl‘ Help

]

e SelectVccfromthePartlist box. Then, click onthe Part
Properties button to open the Voltage Source Properties
dialog for Vcc.

¢ Click on the Failure Modes tab.

WVoltage Source Properties

Label | Tolerance/Sweep/Optinize  Failre Modes |

Paameters [ 1| »o1 [ 2 | 3 [ 4 | 5 [
RefDes | [od -
[ Opens
AC
positive rode
neative ride
DisteF1
DisteF2
Tran Generstors
icument
. power
s pa] | »] L L
o e pply il modss to il parts | I CantFai
iee VEL 0 DC=Opers Hel
v B =
Prey Part | Cancel
=l oK.
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¢ Click on the column 1 header (the “>>1” button at the
top) in order to open the Failure Parameters dialog.

¢ Enter the name “4.75” in the Failure Name field.

Failure Parameters

Failure: Mame |4-?5

Failure D'ezcription

Stuck Exprezsion ‘\‘ED

Now the column Open Circuit Fesistance [100.0Meq

Cancel
1 header now Short Circuit Resistance 01000 SlsS

has the name Stuck Resistance |10.00 ok |
4.75.” Failure Weight |1.000

e Then click on the OK button to dismiss the Failure
Parameters dialog.

¢ Clickonthe value field for the “4.75” column, “DC” row
entry and enter the Vcc fault value, 4.75.

Low and high Vcc «  Make sure that the Can’t Fail box is unchecked.
failure modes

have justbeen «  gimilarly, define another failure mode for the Vcc high
defined to be 4.75 voltage test (5.25) and click on the OK button to return

and 5.25 to the Net List Edit dialog.
respectively.
'Voltage Source Properties
Label | Tolerance/Swesp/Optinize  Failue Modes |
Parametars 4/ [ 525 ] 3 I 0 [ : I
FefDes | 697 - -
e 475 525
A - -
posiive nods
negative nade A
Distof1 | |69"
DistoF2 | |69"
Tran Generators | |69
icurent | |8
ppower | |6
2id 09 | »| Ll — i
N i Ay e modes 1o simiar arts|  CantFal
Voo WCC 0 DC=5.25 Hely
“tisawe @vecl] Gheelp] 2l nepat | e |
Prev Pat | Cancel
=l 0K

167



¢ EnsureVccisselectedinthe Partpulldown. Clickonthe
Netlist Type pulldown list to view the defined failure
modes for Vcc.

Met List Editor
i:;j:c j FNB;::T}IDB ﬂ Fart Pruperlies..| Met Update... | Mext Part |

Wet List e techanical Pmpertles...| Pres Part ‘ Help

I

¢ Clickonthe OKbutton to exit the Net List Editor dialog.
¢ Click on the “Faults: (none)” button in the Main tab of
the Simulation Control dialog.

Since we were just working with Vcc, itis already selected in the
Part list.

¢ Select the “4.75” entry from the Net List Type list and
click on the OK button to dismiss the dialog.

Select Failure Mode

- [ ©
(]
— - [
Met List Type Cancel
|4.75 I Dar't Fail
Marmal
5,25
Setup | 0k |
Notice that the name of the Fault
Farts | Help |
button has become
Fieaults | Teleesi9n| “Faults:Vcc:4.75” in order to let
Sirulate S elections | you know which fault has been
selected. It will be simulated this
Alarm || . .
| Faults: Voo 4,75 way when the simulator is
\ e ? launched.
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¢ Click on the Simulate Selections button.

¢ Clickonthe Results button and selectthe OperatingPoint
branch. ICAP/4Windows just shows you the results for
the last simulation. Ifyou are using ahigher package like
ICAP/4Professional or Test Designerthenin the variation
drop down choose Vcc::4.75 to view the results. The
higher packages accumulate results formultiple fault cases
andallowyouto switch between themwithout resimulating.

¢ Clickonthe Set Limits button and select the Expand to
Pass function in the Tolerance section.

¢ Next, repeat this procedure for the 5.25 volt fault and
rerun the simulation and expand the tolerances to pass.

Bl Measurement Results W= E
Al Measements Ciosed Loop - Standard (0P~ No Faults — 12 Sep 07, 17:14 - falitotsl - 0715
= Closed Loop Meter  OperstingPoint | Measursd | Passffal | Min | MNominal | Max | b
] Vi) 23 Pass 3487 3.202 2340 K|
[ — 0 Pass i 0 0

] i) n67a Pass 0620 NESIE  0BM3 0

] it n67a Pass 060 NESIE  0BM3 0

] vii2) 3485 Pass 3485 3581 3683 E

] vi13) 3128 Pass 2917 3166 3.415 :

P ] V(18] 2754 Pass 2754 2868 2989 2
] w7l 1850 Pass 1950 2077 2213 E
E E;'ig;:f" T 18] 56 54m Pass SiEm 9557w 01014 E
P ] viia) 37.43m Pass @5m  970Im 01024 5

""" ] vi20) %.42m Pass 3143m  9539m 01013 %

] V(1) 98.03m Pass 9313m 980 01029 9

] VVED) 5000 Pass 1750 5000 5 250 £

] VIVEE) 5000 Pass 5409 5000 4591 .,

] @vecl) 86.55m Pass S720m  916%m  SEFn 9

Feport View:  [M y =]l | |

Precisior: |+ Sat Livits Save Linis_ | Restae Limits | Vatiation: o Fauls -

Copy to Cliphoard Opiions | Save Report | @ Help

Notice that the Vcc limits are now 4.75 and 5.25 Volts, as
expected. While Vcc didn’t actually fail, the use of these values
as pseudo-failures was a convenient method since we didn’t
have to change the Vcc value manually and then remember to
restore it.

Another way of introducing parametric variations is by way of a
Monte Carlo analysis.

* Close the Measurement Results dialog (if it’s still
open), close the Simulation Control dialog and double-
click on the Vee voltage source in the schematic.

* Selectthe Tolerance/Sweep/Optimize tab.
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. _________________________________
Measuring Vectors

Notice thatithas already been done. A 5% tolerance has already
been assigned to Vee. The Monte Carlo limits were already setin
the previous “Running a standard Monte Carlo Analysis” section.

¢ Youcan verify this by looking at the measurement limits
for Vee in the Measurement Results dialog. In Test
Designerand ICAP/4Professional you can select V(VEE),
and view all the fault variations together.

Bl Measurement Results = E
IAH Measurements IE\DsEd Loop : Standard : OF -~ OperatingPoint YVVEE] — 13 Sep 07, 1312 - fail/total = 0/2
' Meter  FefDesFal. | Measwed | Passftal | Min | Nowral | Max [
[ ] Wecnd 75 -5.000 Pasz -5.403 -5.000 -4.591
[ | Weenh 25 -5.000 Pasz -5.403 -5.000 -4.591
Report View:  |M !l -] L4l | —>|
Precizion: 4 Set Liits Save Limits | Restore Limits | Wariation: | Mo Faults I
Capy to Cipboard Ogiions | Save Repart | o Help

Notice thatthe tolerance is wider than 5% because we used 4.75
sigma limits to expand tolerances, but defined the tolerance
using 3 sigma limits.

It is a commonly accepted practice to assign the 3 sigma limit
to the manufacturer’s tolerance for a single component.
However, when dealing with an assembly that must maintain a
high degree of functional reliability when manufactured with
these parts, the test limits must be greater than 3 sigma.
Because of this, you may wish to assign a tolerance (in the
Tolerance Properties dialog) thatis less than the manufacturer’s
limit in order to more closely approximate real-world behavior,
rather than using the typical 3 sigma assignment.

AC, DC, and TRAN simulations produce IsSpice4 vectors of a
size greater than 1 because they include many data points.
There are a set of common measurement functions that can be
applied to these vectors. This set includes rise time, standard
deviation and many others.
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To perform these measurements:

¢ Selectthe Measurementstab and highlightthe “Closed
Loop/Standard/TRAN” branch inthe Measurements tree.

Simulation Control [ %]
Main  Measurements |Vect0rs| Faultz I Test Eonfigurationsl

Measurements

=1~ Clozed Loop Help

:

Add

Delete

Edit Test Graup

L

Exdit T

In the Method

group, “Vector’ s
rayed out and . Simulation——
grayec U 2 - Click on the Add it
selected buttontoopenthe T |
' Measurement e
. . [
Wizard dialog. [~ Set Report Alarm p
Canfiquration Method
ICInsed Loop vl ) ety
Setup & Function
IStandard vl " Seript
M arme
e Click on the Next s
button to open the  |rometusos El
. p Cancel |
Cursor Wizard.
LI Help |
Cursor Functions
*r'ou may zet the cursors to
IgetEursorX 'l explicit values, or move them
I vl default simulation limits.
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Standard
deviation is the
result you get
when you use
an AC-coupled
true RMS
meter, as the
low pass
bandwidth
approaches
zero.
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Cursor Basics:

A cursor is an abstract marker that is connected to the IsSpice4
default plot vector (i.e., x axis data, time for transient, and
frequency for AC). Cursors are numbered, beginning with zero.
There are two default cursors, zero (0) and one (1). Many
measurement functions use these cursors. For example,
standard deviation is measured between cursor 0 and cursor 1.
The “homeCursors” function sets cursor 0 to the beginning of
the plot, and sets cursor 1 to the end of the plot. This methodology
allows you to record measurements across a set of waveforms.
For more information about the cursors, press the Help button.
For now, let’s use the default “homeCursors.”

Measulemenl Wizard (<] * g";;k OI.: the NeXt
ution to open
Wector List <Wec[n]> p
i - the Measurement
el Cancel | Wizard.
W[11) Functions
Sﬂ %} I Initiafh alue 7 l
EH g} Select the function
YiHE) argurment fram the _\u"ec:tor
ik Ll_st, multiple selec_:tlons
Yi[20) will l_Je expanded inta
Wiz LI multiple measurements

To perform Standard Deviation Measurements:

¢ Select “StdDev” from the Functions drop down list.

¢ Then, select the vectors for which we want to measure

the standard deviation: v(7), v(16), v(17) and v(18).

Functions

£ Wector List <Wecn]>
[ritiahy alue "I

— Cancel |
Initial ale E '
b ax Functions
fean I StdDev = l
Min Select the function
Pk_Pk argurment from the Yectar
RS List, multiple selections

will be expanded into
multiple measurements
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Note: Make sure
the TRAN leaf is
still selected.

Click on the Finish button to dismiss the dialog.

To Perform Rise Time Measurements:

Click on the Add button in the Measurements tab.
Click on the Next button in the Measurement Wizard.

Replace the “homecursors” entry (in the Cursor Script
edit box) with the following:

setCursor(0,25n)

setCursor(1,75n)

Cursor Wizard

Curzor Script
=

setCursar0,250)

zetCurzor1,75n) Cancel
i Help

Youmaytypethelinesdirectly, oruse the Cursor Functions list
to paste the “setCursor’” command into the Cursor Script edit
box. This script sets the cursorsto 25ns and 75ns, respectively.
It is used to find the initial and final values on the waveform.

¢ Click on the Next button to open the Measurement
Wizard.

e Select “Trise” from the Functions drop down list.

¢ Then, selectthe vectors forwhichwe wantto measure
the rise time: v(7), v(16), v(17) and v(18).

* CIiCK on the FiniSh Measurement Wizard
bUtto.n to dlsmlss Wector List <Vec[n]»
the dialog. o —— [_Fiish ]

7] Cancel
Functions
Trize -

Select the function
.......................... argument from the Yectar
List, multiple selections
will be expanded into
J multiple measurements

-
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To make a scripted measurement:

The full power of the IsSpice4 ICL (interactive command
language) is at your disposal for making measurements. Several
of the more common measurements are documented in the
help dialog. In this example, we will perform a propagation
delay measurement between the input at node 7 and the output
at node 18.

* Again,selectthe TRAN branch and pressthe Add button.

¢ Then,select“Script” radio buttoninthe Method boxand
enter the name of your script, “propDelay” in the Name

field.
e Click on the Next R
I @t
button. CAC C 0P
0T O T Cancel
* Click on the Help T
button, click on the [ Set Report Alam Q
Measurement Configuration Method
H - i
Examplesitem atthe Sc'md Loop i
topmiddie ofthe help ;tupd . b
screen, and select tandar g * Seript
. Marne
the Propagation
|prnpDeIa}l
Delay example.

¢ Copy the Cursor Wizard Script (<CtrlI>+C) and paste
(<CtrI>+V) it into the Cursor Script edit box in place of
the “homeCursors” script.

¢ Manually replace the “???” entries with v(18) and v(7),
respectively.

= The pasted script appears as follows:

i HomeCursors
Curzar Script Vresult = 27?2

Vsource = ??7?
sourceValue = (max(Vsource) + min(Vsource))/2

HomeCurzors

Wresulk =[185] resultValue = (max(Vresult) + min(Vresult))/2
Weource = V[?] MoveCursorRight(0, Vsource, sourceValue)
sourcel alue = [maxysource] + min| Tsource = GetCursorX(0)

- SetCursor(1, Tsource)

MoveCursorRight(1, Vresult, resultValue)
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¢ Click on the Next button and copy and paste the Script
Wizard scripttext underthe Propagation Delay Example
fromthe help dialog, into the “EnteranICL Script” field.

propDelay = GetCursorX(1) - GetCursorX(0)

Measurement Wizard E3
Enter an ICL Script B I
ropDelay = GetCursor<(1] - GetCur =] Eatize] |

Help

d

|

kdm e rmrm b

¢ Click on the Finish button to dismiss the dialog.

Simulation Control [ <]

Main  Measursments IVeclols' Faults | Test Eonfigurat\ons'

Measuremerts

(= Closed Loop Help
[ Standard

i E-OP
[ DperatingPairt4lam idd

i [ OperatingPaint

= TFAN Delete
StdDev
& Trise
8 ororDelay Edit Test Group
£ tran
L TR&N !

[=- SafeTaStar Edit Tal

E-DCOP

LOP

Todesign new scripts, run the simulator in interactive mode and
debug your scriptin the IsSpice4 interactive script window. The
debugged script can be saved and later recalled using the IsEd
text editor.

In order to get proper results, the test limits for all the added
measurements should be established. Ordinarily, you would
define all of the measurements and then set up tolerances so
that the Monte Carlo and parameter variation simulations
would be run only once. In our example, we will add tolerance
directly.
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¢ Open the Result dialog, and individually select the
desired branches.

« Click on the Set Limits button, select the Last
Measurements from the Nominal group. Select Expand
to Pass from the Tolerance group.

¢ Switch back to the Measurements tab and fold the
measurements tree out to “Closed Loop/Standard/
TRAN/ StdDev/v(7).”

¢ Click on the Edit Tol button and select the absolute
value for each of these measurements to be 2mv.

* Usethe Nextbuttonto cycle through the measurements
in each group.

* Repeat this process for Trise and prop delay, but use
.5ns and 10%.

Summary

You have established a baseline set of measurements and
tolerance limits for a design. Make sure that you save the
design example. You can now make design changes and see
whether or not the design passes your performance tests. You
can also simulate device failures individually, see if other parts
are over stressed, and note if the failures are detectable by the
tests that have been defined.

It should be noted that ICAP/4’s Design Validator feature set is
general in nature. The preceding capabilities allow you to make
virtually any type of measurement and to compare the stored
data with the results of virtually any design change or set of
designchanges.

If you have purchased the Test Designer package, please
proceed to the next tutorial. This will show you how to automate
many failure analysis steps, as well as synthesize and sequence
tests into a fault tree.
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Tutorial #8 - Test Designer

Important: This
tutorial is for
Test Designer
users only.

Overview

One of the most important applications of circuit testing is the
detection and isolation of faulty components. Test Designer
facilitates rapid development of effective detection and isolation
testing strategies. It provides an environment for automated
computation of a test’s failure detection characteristics and
automated generation of test sequences that are optimized to
isolate failures using the minimum number of tests. This tutorial
will introduce you to these powerful capabilities.

A testing strategy is commonly presented as a Fault Tree,
which is similar in appearance to a hierarchical directory tree.
Each node of the fault tree represents a test, and has one input
connection and two output branches. The input contains a list
ofthefaults (or remaining faults). Two output branches link to two
tree nodes. One tree node defines the test with a PASS test
outcome, and the other defines the test with a FAIL test outcome.
Traversing the tree from the root node to a terminal leaf node of
the faulttree, defines the sequence of tests and their associated
PASS/FAIL outcomes. Through an extensive test algorithm, the
process leads to isolation of one or more failure modes, or
verification that no fault exists.

In a perfect world, a fault tree would contain all tests needed to
uniquely isolate each componentfailure in a circuit. However, in
the real world, this is not always possible. Therefore, a terminal
leafnode of the fault tree may isolate to a group of failure modes,
beyond which no further isolation is possible. This failure mode
group is known as an Ambiguity Group, and contains the failure
mode that actually exists at this terminal node of the test
sequence. The term “ambiguity group” is often generalized to
represent any group of failures, one of which caused traversal
through the fault tree to the associated node.

Afault tree defines a test sequence that leads to one of several

conclusions, e.g., the circuit contains no failed components,
transistor Q5 has a shorted base/emitter, etc. The initial set of
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conclusions, which is operated on by the fault tree, consists of
all defined component failure modes for the circuit, and the
conclusion that no failures exist. Each test in a fault tree has an
associated set of failures, or conclusions, that will cause it to
have an outcome of FAIL. If a test fails, then the circuit failure
mode is assumed to be among the set of failures that are
detected by the test. If the test passes, the failure mode of the
circuit (if there is one) will not be in the set of failure modes that
are detected by the test. By applying this assumption on a test-
by-test basis as the fault tree is traversed, it is possible to arrive
at a fault isolation.

Consider a testing sequence as defined by a fault tree. The
assumption going into the first test is that either there is no
failure in the circuit under test, or one and only one of the failure
modes defined for the circuit exists. We perform the first test
defined at the root node of the fault tree. If the test fails, we
eliminate all failures that are not detected by the test, plus the
no-fault conclusion from the conclusion space. The conclusion
space now consists of only those failure modes that are
detected by the root node test. The “test failed” branch leading
from the root node of the fault tree identifies the next test to be
performed. However, the conclusion space for this second test
consists only of the failure modes detected by the first test. If
the second test also fails, the conclusion space is further
reduced to the set of failures defined by the intersection of the
set of failures in the conclusion space “handed” to the second
test, and the set of failures detected by the second test.

If the first test (defined in the root node of the fault tree) passes,
all detected failure modes from the first test are removed from
the conclusion space. The “pass branch” from this node defines
the next test to be performed. This second test then operates
upon this reduced conclusion space.

Let's use Test Designer to build a fault tree by completing the
following steps:



Step
1.
2.
3.

4.

TuTorIAL #8 - TEST DESIGNER

Description Window/Dialog
Capture a schematic drawing of the circuit. Schematic

Define or modify failure modes and tolerances, Tolerance/Failure
if required (reasonable defaults are provided). Modes tab

Define the simulation setups (analyses that Simulation Setup
will be performed).

Define the various test configurations in the Simulation Control/
schematic (pair schematic configurations Test configuration
with simulation setups).

Define the measurements that will form the basis Measurements tab

of individual tests. Typically, you will include more

measurements than you will include in the final fault

tree. Making extra information available here allows

you to adjust the tests later, without having to re-run

simulations in order to acquire more data.

Create test limits by adding tolerances that define Results
the pass/fail boundaries for the measurements, directly

or by using Monte Carlo, temperature variation, power

supply variation, etc.

Simulate component and model, hard or soft Simulation Control
parametric faults.

Iterate back through step 3 in order to add tests that

detect non-convergent and overstressed failure modes.

Later, these tests are used in order to detect these failure

modes early in the test sequence, so that other parts in

the circuit are not damaged due to the presence of one

of these faults.

Adjust the fault modes so that the active modes are Simulation Control/
the ones that are being tested in each group. Faults tab
Remove faults that are not detectable or are not required

for consideration - for example, open circuit failures for

bypass capacitors.

Now you are ready to design a test sequence. This will be an
iterative process thatrequires yourjudgmentin orderto make an
optimal decision about the quality of the test flow, plus the
number and types of tests and test points that will be used. It's
usually best to select from all of the tests that you previously
designatedin orderto see whether the tests are sufficient. Inlater
phases, you may remove unwanted tests.
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12.

13.

14.

15.
16.
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Description Window/Dialog
Remove unnecessary tests. Measurements tab
Identify each test group and its measurement components. Measurements tab
A test group stands alone. It may be part of a larger test,

or it may be complete by itself. Examples include:

Safe to Start (Safe-to-Turn-On); Product Acceptance Test;

Depot Maintenance and Fault Isolation; and Built-In Test.

Choose a test “guard band;” this is a region located Test Design
just outside of the test limits that will be used for

screening tests that are being considered for assignment

to a fault tree node. If any failure modes in the conclusion

space passed to the test, cause a measurement value for a

test to fall within the guard band, that test will not be

selected for use at that node of the fault tree. The guard band

ensures selection of tests that demonstrate a high detection

confidence level. The software scales guardbands to the active
measurement tolerance band. For example, a guard band of

0.5 (this is the default) is 1/2 the difference between the

Max and Min test limit.

Decide on the measurement mode (tertiary is the default). Test Design
There are four available measurement modes:

Binary: The test fails if the measurement is above the

upper limit or below the lower limit.

Tertiary: The test fails high, low or passes.

Histogram: The test detects failures that are within a

histogram bin.

Vector: The test detects failures centered about each

known failed result.

Select tests from groups that can be run at the same time. Test Design
A maximum entropy strategy is built in. The “Auto Build”

function executes this strategy and can complete the fault

tree at any time.

Iterate back through step 12 until the fault tree is complete.

Iterate back to step 10 until you are satisfied with each test

flow (remove measurements and faults until you reach the

optimum balance between fault detection and test complexity).

Fault-tree based tests also provide fault detection for product
acceptance tests. Each fault tree has an input, which is the list
of failures that are to be detected, including “no fault.” Perfect
fault detection requires the final tree exit to contain only the “no
fault” failure mode. The best fault detection sequence is the one
that arrives at this “no fault” conclusion with the least amount of
work.



“No fault” is the
situation in
which the circuit
functions

properly.

Probability
weight can be
set using the
Set Limits
function in the
Results dialog.
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Test Designer accomplishes this task by sequencing tests
based upon an entropy algorithm, which measures the
probability of the pass/fail outcomes. For fault detection, setting
the “no fault” probability weight to a high value will bias the test
flow such that the no-fault outcome will occur with the minimum
number of tests; this is the least amount of work. Fault isolation
information is still available and can also be used to repair faulty
units, or simply as quality control feedback if the circuit can’t be
repaired (e.g., an integrated circuit).

The philosophy of generating a test sequence based on known
faultbehavior assumes that most failure modes can be predicted,
and that they tend to be catastrophic. The assumption doesn’t
need to be perfect in order to be effective; however, it must
account for the majority of the failure rate. When most of the
failure rate is predictable, then the fault isolation process will
only be incorrect in unusual situations. In other words, the
strategy will be correct most of the time, which is the desired
result. Two special cases that are handled differently are:

1. Global parametric failures within IC’s: For example,
threshold voltage in a MOS circuit would cause multiple
failures and would produce poor results using this strategy.
The good news is that this kind of process failure doesn’t
need to be detected using circuit functional tests because
itis detected using process control devices on the IC wafer.
The circuit is presumed to be designed so that it will work
when process variations are within acceptable limits.

2.  When parametric culling is employed: An example of this is
selecting from the central part of the statistical distribution
in order to get high precision parts. The appropriate yield
prediction technique is the Monte Carlo analysis. The
division between catastrophic failures and functioning
circuits is still well-defined using the fault model approach.

Thus far, work that has been used to model IC failure
modes from local defect models has confirmed the tendency
toward catastrophic failure modes. This validates the fault
model approach, which is used in Test Designer.
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Beginning the Test Designer Tutorial

This tutorial is a continuation from the Design Validator
tutorial, and assumes that you have walked through that
tutorial.

Inthis Test Designer tutorial we beginat Step 11 (see the overview
section of this tutorial) and make a single pass through the test
sequence. We’'ll find several failure modes that must be tested
in a “safe to start” test, and eliminate them from the first pass.
You can take a look at the Sample3.DWG file (in the Sample3
directory) if you'd like to see how these tests were handled.

¢ Openthe Sample2a.DWGfile (inthe Circuits directory).
Sample2a.DWG is the drawing that is obtained after the steps

in the Design Validator tutorial have been performed on the
sample2.DWG file.

Setting Alarms, Faults, and Limits

Notfice that 2
alarms have
been activated.

You can
remove an
alarm by
changing its
tolerance, or by
removing the
fault from the
fault list.
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e Select the ICAPS function from the Actions menu to
open the Simulation Control dialog.

¢ Click on the Alarm button to view the alarm report.

f Alarm Summary Report M= B3
\ Failed Measurements v Auta ; :
Test | Test Group | Canfig | Setup | Simulation |
@4[p] Yoo b.25 OperatingPoint... Clozed Loop Standard ap
@R10[p] OperatingPoint... Clozed Loop Standard ap

In order to remove an alarm, you must either change the
tolerance or remove the fault from the fault list. Let’'s remove the
failure for @Q4[p]Vcc:5.25.



Simulation Control
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Main | Measuwements | Vestors Fauls | Test Configurations |

Measurements

Failure Modes

(= Closed Loop
Standard
tran

The “Closed
Loop/Standard”
branch has
already been
selected for
you.

04 sharCE
¥ Fi10:0pen
¥F11:Open
¥ Fi12:Open
¥A13:Open
¥ A14:Open
¥R3:0pen
¥ A4-Open
¥A5:Open
¥RE-Open
¥R?7-Open
¥ R5-Open

d4:noLight
¥ 345: openut
¥ ¥GsharlVee
KRB shotvee

Switch Selected State

J Pressto

switch state

Click on the Faults tab.
Select the Closed
Loop/Standard leaf in
the Measurementstree
Scroll down the failure
modes list to select
“Vcc::4.75”and
“Vcc::5.25".

Click on the Switch
Selected State button.

This will remove these faults from the active faults list for the
selected test (“Closed Loop/Standard”). Notice that the “check”
symbols have been changed to “Xs.

“Checks”
indicate the
faults that will
be inserted
when the
simulations are
performed. “X”s
indicate faults

Click on the Main tab.

that will not be
simulated.
.

Main  Measurements |Veclurs| Faults | Test Configurations |

Measurements

Set Tolerance X

Selected Measurement
Abzolute  Percent

High Limit {0.3750 |0

Low Limit [0 |u

Mominal |0 @R100p]

Cancel

Help

d&HE

Mext

Help

Add
Delete
Edft Tiest Gioup
Edit Tal

Click on the Alarm button to view the Alarm summary
reportagain.

The “@Q4[p]Vcc:5.25” alarm has been deleted. Let’s remove
the “@R10[p]” fault from the Alarm window.

Click on the Close button to
dismiss the alarm dialog.
Click on the Measurements
tab and expand the Closed
Loop/Standard/OP/
OperatingPointAlarm leaf.
Selectthe “@R10[p]” entry.
Click on the Edit Tol button
and change the High limit
(Absolute) to 0.3750.

Click on the OK button to
dismiss the dialog.
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. * Click on the Main tab.
" Standard € Simulation Template ¢ Click on the Faults radio
button in the “Mode” group.

OPTIMIZE
o REIVETEE. + Select the “Closed Loop +
9| = r Standard” test configuration.

e SelectBatchradio button.

R e Click on the Simulate

Standard | Optimize | Parametersl Selections button
Monte | Swesp | Talerance | i Click on the Yes button.
Simulation Control

tain | Measurementsl Vectorsl Faultz I Test Cnnfiguratinnsl

Test Configuration Setup | K |

Cloged Loop + Standard
Clozed Loop + tran Paitz | Help |

SafeToStart + DCOP

Results | Test Designl

browser [=] Selections |

30 faults in the 1 ‘: QK o perform 30 simulations  Fault: [none]
i
Faults tab were S,
selected for this ' Sk Na clion
test. tive
's OPTIMIZE & Batch
Monte Carlo OPTIMIZEZ ated .
RSS ¥ | Script
' Fauls 9| |sens =l
r~ Save Data From:
Advanced Setup Options ———————— | | @& a) ¢ Test Bfs
Standard | Optirize: | Parametersl € Modes + test paints
Monte | Sweep | Tolerance | [~ Remate Spice

e  After simulation, click on the Yes button to performthe
reference (nominal) simulation.
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Deleting Failure Modes that Overstress Components

Notice that the
first failure is
Q2Z2Jicc], caused

by the”R6::Open”

failure mode.

You might need
to move the
Alarm Summary
Report dialog
out of the way
so that you can
see the Results
dialog.

The Alarm Summary Report dialog for the OP Alarm group of
measurements is displayed when the fault simulations have
been completed.

Alarm Summary Report M= B3

Failed Measurements W Auto
Test Test Group Config Setup Simulation
@0 2ficc] AE:Open OperatingPoint... Clozed Loop Standard ap
@0 Hicc] G4:shortBE OperatingPoint... Clozed Loop Standard oF
@0 icc] G4:openC OperatingPoint... Clozed Loop Standard oF
(@03[p] G4::shortBE OperatingPoint... Clozed Loop Standard oF
@03[p] G4 openC OperatingPoint... Clozed Loop Standard oF

¢ Click on the Results button and select the first failed
measurement in the report, e.g., “@Q2[icc]” in the
OperatingPointAlarm measurements group.

The “R6::Open” failure mode makes this go a bit negative, so
it's notreally over stressed. The “R5::Open” test failed since the
simulator was not able to converge onto a solution for this case.

Meazurement Results

|AII deazurements |I:I|:|sed Loop : Standard : OF - OperatingFoi

= DI3Efflt|ﬁEIF"Z"”t-"""lf'f"'" J teter FefDes:Fail.. | teazured
: [RER| RE:Open -1t
L. BN, 0Z:shotCE 4487
30 3icc] - 03 zhortBE 9517
3l Aml 3 anenl 1R7n

¢ Clickonthe Measurements tab andfold outthe “Closed
Loop/Standard/OP/OperatingPointAlarm” leaf.

e Select the “@Q2[icc]” entry and click on the Edit Tol
button.

¢ Changeits LowLimit(absolute) valueto1.000m so that
it passes the test.

¢ Click on the OK button to dismiss the dialog.

¢ Selectthe Measurement Results dialog.
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Look in the
Measurement
Results dialog.
The largest
measured value
for @Q3ficc]
was about 0.1
volts
(“Q4:ShortBE”
failure mode).
The largest
measured value
for @Q3[p] was
about .24 volts
(“Q4:ShortBE”
failure mode).

The Edit Tol
button is only
available in the
Measurements
tab.
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Next, we’ll alter the tolerances for “@Q3][icc]” and “@Q3[p]” so
that these tests pass also.

e Select the “@Q3[icc]” entry in the Measurements tab,
and click on the Edit Tol button.

¢ Change the High Limit (absolute) value to 150m.

The value of 150m was selected because the largest measured
“@Q3[icc]” value was approximately 100m (see the
“Q4:ShortBE” failure mode in the Measurement Results dialog).

¢ Click on the OK button to dismiss the dialog.

e Select the “@Q3[p]” entry in the Measurements tab,
and click on the Edit Tol button.

¢ Change the High Limit (absolute) value to 250m.

The value of 250m was selected because the largest measured
“@Q3[p]” value was approximately 240m (see the “Q4:ShortBE”
failure mode in the Measurement Results dialog).

¢ Click on the OK button to dismiss the dialog.

Main  Measurements |Vecl0rs| Faults | Test Configurationsl

Measurements

1+ Cloged Loop = Help
El- Standard

s
| peratingFointalam LI

@02icg]

@] Delete
@0 3icc]
@03
@04[icc] Edt Test Group
E04p]

@1 0] :

@Rl Bl

Selected Measurement
Abzolute  Percent oK

High Limit |2SD O0m |0 Cancel

Law Limit |0 |n
Hominal ID I@Q3[D]
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Alarmsummary  While the power and current are a bit excessive, they’re not
shows that destructive.

C2::.openand

R5::0penfailed. Note: If the Measurement Results dialog was open when you
This is because changed tolerance limits, it must be refreshed by closing it and
the Test Failed reopening it, or by selecting a different leaf.

to converge to

a solution. J Click on the Alarm button in the Main tab.
. ___________________________________________|
Building the Fault Tree
¢ Clickonthe Test Design button in the Main tab to open
the Test Design dialog.
Test Design: Fault Tree with Entropy Selection
Group sequence and selection Fault Tree Stiucture Test Description
Sequ Test Grou Confi =
£ OperatingPoint... Cloged L
£z OperatingPoint Cloged L
£3 StdDew Closed L
E Trise Closed L/
X5 propD elay Closed L
Test Design
windows and ‘ i
fUnCﬁO”S are SEquEnDEl Mane lv & iPasd O FT\\
documented In - e e Fault Tree Selection Failure Stat
the on-line help. | ciray
e ||| ¢ Hinogn
 Wector
Guard Band, [05 Insert | Delete | Recale ﬂl ﬂl Summary | Auto Build
¢ Selectthe “Standard” testfromthe Fault Tree Selection
L list.
If the list is

empty, the Fault
Tree dialog will

automatically Isafe ko shart j
prompt you to
enter a name.

Fault Tree Selection Failure States

" Binary
% Teartiany
™ Histogram
™ Wector

New | Edit |

Done

Savel Help | Summar_l,ll At Euildl
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¢ Next, renumber the sequence numbers in the Group
Sequence and Selection list, as shown below.

Test Design: Fault Tree with Entropy 1

To change a Group sequence and selection |
Sequence value, Sequ.. | Test Group | Confin
double-click on the XA OperatingPoint. .. Closed L

ber. This will ¥ DperatingPaint Cloged L
number. 1his wi V1 StdDew Closed L
activate an editing ¥ Trise Clozed L
field. Then, enter a v propDelay Closed L
new value.

¢ Select the “1” entry in the “Sequence” drop-down list.

e Then click on the Auto Build button.
The Auto Build button automatically creates the entire fault tree.

If desired, Test Designer also allows you to
manually build the fault tree. You may
choose atestsequence, selecta testwithin
that sequence and then click on the Insert

equence [1 ] € Pass © Fai button. The testinformation will be added to
Test | Entropw|  TestGroup = the fault tree, and the test will be removed
Y[12] o QLEE1E  OperatingPaint . .

ViElle  DEEIE  StdDev V(1) from the test list. If you sequentlally press
W] hi 06211 OperatingPoint the Insert button without first selecting a
Y[12] ki 0211 OperatingPoint = :

VBl 06211 OperatingPoint Fest, the fault treg will be created by
W17]la 05623 OperatingPoint incrementally stepping through the steps of
Y[19] o 04826  OperatingPaint i i

l'ai\."r:r:[i] hi N 37TRA nnerann.-lpnm_rl;l Auto Build function.

4

Guard Band: [05 et | Delele|  The “Fault Tree Structure” labels
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the fault tree nodes starting with
the test vector name, followed by the size of the pass, then the
size of the fail ambiguity groups. When you select a fault tree
node, its detailed informationis displayedin the Test Description
text field. The Save button creates an output file that can be
used to code your test program. The Recalc button recalculates
the fault tree. It’'s useful if you’'ve made changes to the circuit or
to measurement tolerances. A dialog will inform you if any
changes have been made, and will suggest actions if the fault
tree no longer makes any sense.



Note: The
Test Design
dialog must
be closed in
order to
access the
Simulation
Control
dialog, eftc.

TuTorIAL #8 - TEST DESIGNER

Notice that we achieved 93.9 percent failure coverage.

Test Design: Fault Tree with Entropy Selection [<]
Gioup sequence and selection Fault Tres Structure Test Desciption
Sequ Test Giou Corfi | = FNEINNENER =] [Giep1 -
X4 DperalingPont..  ClosedL | = wiijhi 10.5 V18110 16,15
v OperatingFuini Closed L Eviig)le 2.3 B e
¥1 StdDer Closed L ; el
(=R R s
1 Tise: Closed L v 1.1 | Heese
v propDelay Closed L ol
WAk 1,1 goto Step 14
E-¥(12)1a 6,4
! Test Descrption
Evi)e 1.3 Test Fails it measurement is
v(12lo 1.2 below low limit
EF @Vl hi 2.4 Measurement imits are:
High Limit = 01016
1 | Eﬂ 5: :Z g } Low Limit = 91.56m
Sequence [1 v| & Pass  Fail L @veelillo 1.1 Guard Band = 5.012m
e || © \E[;.E\”fo E\I\Amh\gu\lyﬁrnup,pFalI:EI5333 _>|LI
V(B 0E9F  StdDew V(1E] o
WiTllo 033 StdDew(17] E-V2Ihi 2.2 Fault Tres Selection— — Fajlue States
Y18)lo  0B331  StdDew (18} V1B o 1.1 standard 1|l Binay
V{IBIh 05829 OperatingPoint @l 1.1 & Torgan
i W
Y{1lhi  OBS18 OperatingPoint Bk 2.2 New Edit  Histogram
Y12k 0BS5S OperatingPoint Vel hi 1.1 b=
VEOR 05983 OperatrgPoirt | ooyprzjk 5 3 - Vector
i i 6 ”'"“”r'””_,'—l i | LlJ 93,3 Percent of Faiures Detacted
Guard Band: 0.5 Insert | Delete | Recale Save | Help | Summary | Auto Build

To see which failure modes haven’t been detected:

¢ Select the “Vcc]ilhi 3,1” item in the Fault Tree.

¢ Then scroll the Test Description list to view the “Pass
Ambiguity Group” information.

B Y(1E]la 8.8 Pass Ambiguity Group
S lo 4.4 C3:0pen
oL . R5:0pen

E-W20hi 2,2 MNaFault

W18l 1,1 e
@vieefillo 1.1 KN | »

E| W[1lhi 2.2

| Fault Tree Selection Failure States
£ @ecli hi 1.1 [tandad | ¢ Binaw
E-¥[12)hi 5.3 ' Teriarny
ST R 201 Hew Edit " Hizto
£l | | gram
- @eclil hi 4.1  Wectar
& icclil hi 3,1 -

| : | »[ 933 Percentof Failes Detected

Inzert | Deletel Hecalcl Savel Help | Summaryl Auta Buildl

The“C3::0pen”and “R5::Open”failure modes were not detected.
It can be seen that R5 isn’t really needed to bias Q3 in this test.
In order to detect “Q3::Open,” the laser would have to be
extinguished. The feedback would prevent us from setting up a
meaningful test, so we should accept “R5::Open” as an
uninteresting failure, or devise an open loop test. C3 and C2
affect stability. Open circuit failures could make the circuit
oscillate, and possibly destroy the laser diode. We need a test
that performs a controlled start-up so we can see the onset of
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instability. Applying power, monitoring peak-to-peak ripple and
maximum laser current will probably do the trick. Next, we need
a safe-to-start test in order to detect the faults that might cause
an overstress condition (indicated by the previous alarms).

¢ Click on the Done button to dismiss the Test Design
dialog.

Adding Safe-to-Start Tests

We already have a test configuration for this case. Itreduces Vcc
to 2 volts and uses a current limited power supply to protect the
laserdiode.

e Click on the Measurements tab and select the
“SafeToStart/DCOP/OP” leaf.

¢ Click on the Add button.
¢ Click on the Next button.

¢ Select all of the node voltages in the vector list (e.g.,
V(1) through V(VEE) inclusive).

e Click on the Finish

button.
. Click on the Main tab Main  Measurements |Veclurs| Fauls | Test Configuations |
. Massunsments
then click on the OK [z it Heb
. . | B Standard
button to dismiss the b 0P —
. . DperatingPointa/arm
Simulation Control & DpelrcPan
. il E-TRAN el
dlalog. | StdDew _ ok |
T ]
pro
B tian Wector List <veclnl
TRAN n
El SafaToStat B
&-DCOP Cancel
o
Select st
pramsters o He
Vector List, muliple
selictions wil b
-------- expanded into muliple
measuiements




We’ve entered
a 5% tolerance
for the output
voltage of
power supply
X2

TuTorIAL #8 - TEST DESIGNER

You can define a tolerance for the current limited power supply
so that the Monte Carlo analysis will provide all of the test limits
based upon this tolerance variation.

Click on the Tolerance/Sweep/Optimize tab.

Enter “5%” in that box and click on the OK button.

Iain | fdeazurements | Wectors I Faultz | Test Configurations I
Test Configuration
Setup -DK
Clozed Loop + Standard -
Clozed Loop + tran Part: | Hel
SafeloStart + DCOP = ] = s
|
Label  Tolerance/Sweep/Optimize | Failure Modes |
Paamneters [ | [ LatTal [ »»CaseTol | Gweep |
Fef Des |ow” - - -
Parl number | |&”
SUBCKT &g
Type |6’ -
Mode 1 |&” -
Mode 2 | -
Wolkage =5 ? IE‘Z
ILirnit =1 -
Rirnin = 1u | &~
USER k2
Apply tolerance ta all similar parts | Specified: [ Tolerance [

Met List Praview:

|><2 WEC 0 PwRSPLY { Voltage=2 TOL=5% ILimit=.05 }

Select the SafeToStart configuration from the Options/
Configurations menu.

Double-click on X2, the power supply in the upper left
corner of the schematic.

Clickonthe “Case” columninthe box, whichis directly
across from the “Voltage” parameter.

Next, let’s set the test tolerances based upon the Monte Carlo
results, just as we did in the previous Design Validator tutorial.

Select the ICAPS function from the Actions menu.

Select the “SafeToStart + DCOP” test configuration.
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Make sure that
the
“SafeToStart +
DCOP” test
configuration is
selected.

Entering a
value of 6 here
will cause six
simulations to
be performed
when the Monte
Carlo analysis
is launched.
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Select the standard Monte Carlo Mode in the Main tab.

Main | Measurementsl Vectorsl Faults I Test Eonfigurationsl

Test Configuration
Setup ak.
Clozed Loop + Standard —I —I
Clozed Loop + tran Partz Hel
SafeT oStart + DCOF _I _DI
Fiesultz | Test Designl
Simulate Selections |
ilarm
Fault: [none]

Stafuis

LI

 kode :
" Standard ' Simulation Template - Data Reduction

\r 7 Interactive

& Batch
¥ Seript

7 Fauls
Save Data From: ——
rAdvanced Setup Options = | & 4l ¢ Test points
Standard | Optimize | F'arametersl  Modes + test points
Mon}e | Sweep | TDIerancel I Remote Spice
7

/

Click on the Monte button.

¢ Change the number of Cases to 6 and click on the OK
button to dismiss the dialog.

v Param oK.
W Include
[ Param after Monte

Lotz I'I Cazes |E\1 s

Make sure that the Batch (in the Data Reduction group)
are selected.

Cancel

s

We’re now ready to run the Monte Carlo analysis.

¢ Click on the Simulate Selections button to launch the
simulations.



Vectors V(1)
through V(VEE)
will be
measured
during this test.

TuTorIAL #8 - TEST DESIGNER

The following dialog appears. Because simulations may
sometimes require large amounts of time, you are given the
option to continue or to cancel the simulation request.

browser B

& 0k to perform B simulations
] 1o |

¢ Click on the Yes button to run the simulations.

Since the Batch mode radio button was selected before the
simulations were launched, the six simulations are run in the
background in order to optimize the simulation time. The
simulator screenis notdisplayed and updated as the simulations
proceed, but the “Simulation progress” dialog appears in order
to inform you of the progress as the simulations are performed.

After all of the simulations have been run, you will be asked if
you want to run a standard reference simulation. If you select
Yes, an additional simulation will be performed, and the data
from thatrun may then be used to set the nominal measurement
limits.

browser |

E Simulationz completed
Do pou want to run a standard reference zimulation?

e Click on the Yes button so that we’ll have a nominal
simulation saved for the “Last Measurements” data.

¢ Click on the Results button in the Main tab.

* Selectthe “SafeToStart/DCOP/OP/OperatingPoint” leaf
in the measurement tree.
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¢ Scroll the report to the right and view the Monte Carlo

statistics.
Bl Measurement Results [
,W SafeToGtart : DCOP - OP-— No Faults - 17 Sep 07, 15:19 - fal/lotal = 12714
£ Ciosed Loop Meter OperstingPont | Messured [ Pessrfal | Min | Mominal [ Max Mean [ 3sigma
=) S_landavd V(1 -3.819 Fail ~100.0u o 100.0u 3844 0.2575
L AoF v 0 Pass 0000 0 100.0u 0 0
H OperatingPointdlam BB V(8] -686.3m Fail -100.0u o 100.0u -708.6m 01159
| @ OperetingPaint [= (1) 555 3m Fai 0000 0 10000 | TOBEm 01153
i E=-TRAN L. [N 12) 1832 Fail 100.0u 1] 100.0u 1.826 01053
StDev L i—(13) 03580 Fai 0000 ] 10000 | 031 88w
Trise . i—(1E) 110 Fai 000 0 100.0u 102 %dIm
: propDely . —(17) 03436 Fai 0000 ] 10000 | 036 868w
B tn P 1989 Pass 000 0 0000 | 195 LS
o an (1) 36.99n Fai 0000 ] 10000 | 37Bm  1.860m
L I—v(20) 62260 Fai 000 0 000 | Bl4E S
B SafeToStart L i) .19m Fai 100.0u o 100.0u B%m 1901m
E-DCOP ] 2000 Fail 0004 0 1000y 1.991 01032
=-0P | VIVEE] 5,000 Fail 100.0u i 10000 5026 02543
OperatingPonnt
RepottView: [Memmemers =] |4 i
Preciion: [+ Set Linits Save Linits Restore Linits Variation: [Ha Fauits -
Copy ta Cliphoard apiins | Save Fieport | ] Help

¢ Click on the Set Limits button.

e Select the Last Measurements button in the Nominal

group and Sigma Limit in the Tolerance group.

Set Measurement Limits | x|

The zelected nominal and tolerance
methods will be applied to all measurements
contained in the selected tree leaf.

¥ Skip test groups if Report Alam is set

— Momina ——— m
" Mean
...... Cancel
leasurements: —I
= Unchanged by Tal |
 Tolerance ————— il |

i Sigma Limit Sigma [4.75

" Default

= Expand to Pass
™ with symmetry

= Unchanged Walue I'I.DDDU

 Walue

Frobability(zigma)
1e-006

¢ Clickonthe OKbuttonto dismissthe Set Measurement
Limits dialog.

The default Sigma value is 4.75, but you may change it. The
probability calculator shows the probability for one side of a
normal distribution.
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Thetolerances for allmeasurements are now set, based uponthe
Monte Carlo results.

The test limits
are now set

B Measurement Results [_[T]x]
uslng the Monte (Al gasurements SaleToStart: DCOF : OF-— Na Faults -~ 17 Sep 07, 15:19 - fallctal = 0/14
C / I . =) Closed Laop Meter  OpeiatingPoint | Measwed | Passffal | Min | Mominal | Max | Mean | 3sigma
arlio ana ySIS £ Standard [ (1) 2819 Pass 4227 2818 2411 3344 0.2575
opP [ a Pass a o a o a
va /ue S ( mean | wTRAN ] VIEl £86.3m Pass 9699m €53 60ZEm  708Em 01159
B tran [ V(1) 686 3m Pass 869 9m 686 3m 502.8m 708 Em 01159
TRAN [ V(12) 1.822 Pass 1,888 182 1.888 1.826 01053
and 4 75 - SafeTaStat ] v(13) 03580 Pass 02173 0.3580 04386 03511 3.83m
B e [ V(1E) 1.108 Pass 03533 1108 1.285 1102 % 41m
SI ma) & 0P | | V(17] 0.3436 Pass 0.2060 03436 04811 03368 86.87m
g - R EA (1] JEEEN Pass 1746 13884 2231y 198 153l
L 2 [ ] V(19] 36.9%m Pass 34.05m 36.99m 39.94m 36.76m 1.860m
] v(20) E226u Pass BB E22Bu  7ID3u Bl43u  BBddu
[ V(1) 39.15m Pass ®ATm Wism  422m B/HE 1900w
] VIVEL) 2000 Pass 1.837 2.000 2183 1.591 01032
[ VIVEE] -5.000 Pass 5419 5000 4,581 5026 0.2643
Note: Be sure Fepatvi [esmaemere =] |4 |
to Close an Precision: 4 TS Cimits Save Limits Restore Limits Wariation: | No Faults -
y Copy  Clpboard | optons | Save Repart | o | Help

Measurement
Results dialogs
before you run
the simulations,
or the results
update might
make the
simulation run
time very long.

There are five
(5) failure
modes that will
be inserted for
the SafeToStart
tests:

¢ Click on the OK button
Results dialog.

to close the Measurement

Next, let's run the Test Designer simulations to get the fault

data.

¢ Make sure that the “SafeToStart + DCOP” test
configuration is selected.

¢ Click on the Faults radio button in the Mode section.

Click on the Simulate Selections button to run the Test

Designer simulations.

Click on the Yes
button to run the 5

Main | Measurements | Vectars | Faults | Test Canfigurations |

Test Configuration

Closed Loop + Standard
Clozad Loop + tran

Setup oK
Parts Help

C1 short, Q2 simulations. R | e
Cirnnilate Selections
SZOZ g’i; gg « Clickonthe Yes button bronser
Sno !d X5 to run the reference B OK to perform S simulations L)
. . -~ Mode 3
open, an simulation. - = =
short Vee ) e 2 i
(look in the ¢ Clickonthe OKbutton i S
Faults tab) to dismiss the “™ dmE s
. SIm ulation COI’\tI’Ol - dvanced Setup Options Al O Test poirts
Standard | Optimize | Pavameters| | | Nods + test points
dialog. T || [ Seme || [Tms]|| Rt

1

©

5



Adding a Special Non-Destructive Test

These are the
existing
configurations.

196

Inordertodetectthe “C2::0Open”and “C3::Open” failure modes,
we need to add another test. This test will merely apply power
using a ramped power supply. We’ll monitor the voltage at the
summing junction, and the error voltage of the op amp. We’'ll
create a new configuration for this test.

Select Configurations/Edit from the Options menu.

Configurations E

Configurations | Subdrawings | Included Layers |

Froduction <nones Core Circuitry

Components <nones Feedback

Clozed Loop <nones Testd

Cpen Loop < FIONES testS afe

SafeToStart <nohes

Hew. | Edit... | Delate | Make Subdrawing... |

s I Lancel | Help |

Click on the New button.

Enter the name “ramp start” in the New Configuration

Name field.

Deselect all layers but the “Core Circuitry” and

“Feedback” layers.

Mew Configuration E3

MHew Configuration Mame: Iramp start

Layerz To Be Included:

]

Components -
Test

Cancel Help |
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¢ Clickonthe OKbuttonto dismiss the New Configuration
dialog.

e Click on the OK button to dismiss the Configurations
dialog.

Next, we’'ll create a new simulation setup called “ramp.”

¢ Select the Simulation Setup/Edit function from the
Actions menu.

¢ Click on the Edit button.
"Cm‘iguatbn

[ocop o Ea

¢ Click on the New button.

Edit Configurations E
Configurations i~ Diescription

LaserSwesp Cloze
PS_SWEEP

(QSWEEF e
Standard

tran Fienarne...

Delete

didds

¢ Enter the name “ramp” in the Name field.

Mew Configuration Ed

Iramp
Cancel |
Bazed Or:

I M e -E mpty- j
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¢ Clickonthe OKbuttonto dismiss the New Configuration
dialog.

¢ Click on the Apply button to dismiss the Edit
Configurations dialog.

Now, let’s add the definition for the new “ramp” simulation setup
that we’ve just created.

¢ Clickonthe Transientbuttoninthe lsSpice4 Simulation
Setup dialog.

¢ Enter a Data Step Time value of “1u” and a Total
Analysis Time value of “200u.”

¢ Clickonthe OKbuttonto dismissthe Transient Analysis

dialog.
Suntax: OPTIONS acct | reltal=01 ...
Currently no statement et
— Transient Analysis
The “ramp” Analysis Wi Uiies
simulation S NS B S Time in Seconds
. S [rata Step Time Tu
Setup WI” [ AL Analy
pel’form a 200 r DC Swer Total Analysis Time {2000
microsecond I— Tranziet | Time to Start ;
. A Fiecording D ata LEtet=l]
transient I Operating F
ana/ySiS | M aximumn Time Step [Optional]
™ Use Initial Conditions [IC)
Uzer Statemnents:
ak. | Cancel Help |

ol

¢ Click on the Done button to dismiss the IsSpice4
Simulation Setup dialog.
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This will place
voltage source
V7 on the VCC
node, and place
a ground
connection on
its low side.

TuToRIAL #8 - TEST DESIGNER

Next, we’ll create a new schematic layer called “vinpulse.”

Select the Layers function from the Options menu.

Click on the New button.
]

Mew Layer

Mew Layer Mame: ’W
_ ak. | Cancel | Help |

Enter the name “vinpulse” into the New Layer Name
field.

Click on the OK button to dismiss the New Layer
dialog.

Click on the OK button to dismiss the Layers dialog.

On this new “vinpulse” layer, we’ll connect a new VCC source
and a new VEE source. These two sources are pulse sources
with 100usecrise times. The “ramp start” configuration will then
contain the core circuitry, feedback and vinpulse layers.

Click on the VCC node in the schematic.

Select the Voltage Source function from the Parts
menu.

¢ Select the Ground function from the Parts menu.

Parameter

el positive hode
negative node

DistaF1

DistoF2

Tran Generators

i current

p power

»»Walue

¢ Double-click on V7 and enter a DC value of 5.

¢ Click on the Tran Generators value field.

 Click on the Enter button.
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~PULSE
Iiitial Value |0
Pulsed Value
Delay Time:
Rise Time | 100u

Fall Tirne:

Pulse Wwéidth

Period

11

Phase Delay

1

This will create
R15, rotate it,
and connect it
to ground.

This will create
a continuation
node called
“VEE’, place
voltage source
V8 on the VEE
node, and place
a ground
connection on
its low side.
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Enter the following values into the first four parameter
fields in the Pulse tab: 0,5,0 and 100u.

Click on the OK button to dismiss the Transient
Generators dialog.

Click on the OK button to dismiss the properties
dialog.

Click on the left pin of capacitor C1.

Select the Passive/Resistor function from the Parts
menu.

Select the Rotate function from the Edit menu.
Select the Ground function from the Parts menu.

Double-click on R15, then select the Label tab and
enter a value of 0.1.

Click on the OK button to dismiss the dialog.

Click on an empty area of the schematic (about 1/2inch
below the ground for R15).

Select the Continuation function from the Parts menu.

Select the Voltage Source function from the Parts
menu.

Enter “VEE” in the continuation’s name field and click
on the OK button.

Select the Ground function from the Parts menu.
Double-click on V8 and enter a value of -5.

Click on the Tran Generators value field and then click
on the Enter button.
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TuToRIAL #8 - TEST DESIGNER

¢ Enter the following values into the first four parameter
fields in the Pulse tab for V8: 0,-5,0 and 100u.

e Click on the OK button to dismiss the Transient
Generators dialog.

¢ Click on the OK button to dismiss the Properties
dialog.

These are the
parts that we
have just
added.

The schematic will then appear as shown below.

Sample Circuit
=

RE |
Tk
e
[EE]
I HL7E01E
oz [E)
NP2 | 2N
A wijde
R5 470
R3 R10
470 27
1

R11
330

C2 .0Mu

N | N
‘ T ‘ RE 10k
|
e R12 10k
ue ey J—r%ﬁu
' L

Next, we’'lladd the new configuration, “ramp start + ramp” to the
list of available test configurations.

e Select the ICAPS function from the Actions menu.
¢ Click on the Test Configurations tab.

¢ Select the “ramp start” drawing configuration and the
“ramp” Simulator setup.

¢ Click on the Add button.
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These are all of
the available
test

Simulation Control E

Main I Measurementsl Vectorsl Faults  Test Configurations |

Drawing Configuration Simulator Setup
Clozed Loop DCOF
Components LaserSwesp
Open Loop

Praduction

SateToStar Standard

Test Configuration

configurations Bred Lone  para ]
St oBtan < B
Delete |
Now we’ll define a measurement for this configuration.
e Click on the Measurements tab.
Note: A dialog will inform you if any component’s reference
designator has changed. If this happens, dismiss the dialog.
*  Select the “ramp start/ramp/TRAN"
i leaf and click on the Add button
Cursor Script N .
setCurzor0,75u) ;I

Curzor Functions

I zetCursor A l

Wectars

I jv
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Corcel_| * Click on the Next button.
LI Help |

“r'ou may zet the cursors to

¢ Delete the “home Cursors” script

explicit values, or move them from the Cursor Script window, and
a2 a function of other vectars. « ”»
They are initialized to the enter SetCursor(0,75u) .

default sirmulation limits.

This will set cursor zero’s position to 75u.

e Click on the Next button.
¢ Select vectors V(1) and V(8) from the Vector List.

¢ Select the “getCursorY0” function from the Functions
list.



V(1) and V(8)
will be
measured
during this test.
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Simulation Control Ed

Main  Measurements |Vectnrs| Faultz I Test Eonfiguratinnsl

M eazurements
El- Clased Loop Help |
=l Standard
-- oF
. @ TR&N Add
=l tran
""" TRAN Delets |
= ramp start
e
L TRAM
- SafeT oStart Wector List <Mecn]: -m
& DCOP =
& OF [T Cancel |
Y1) Functions
W12 o e
VE_I 3% qetCurzart'l
ﬁH % Select the function
i8] argument fron the Yector
YiE List, multiple gelections
Y[20) will be expanded inta
Wizt LI multiple measurements

¢ Click on the Finish button.

Note that for your final test, you’ll want to turn off power after
100us in order to protect against excessive current through the
laser diode.

. _______________________________________________________________________________________________________
Using IsSpice4 Interactively to Determine Tolerances

Interactive
parameter
variation is
discussed in the
IsSpice4 Tutorial
in the Getting
Started manual.

You can use IsSpice4 to interactively vary parameters in order
to observe the effects of troublesome failure modes (e.g.,
“R5::0pen”). The Persistence function in IsSpice4 lets you
superimpose the different results in order to see if there is a
good discriminant. This approach was used to decide which
testpoint(s) should be used, and atwhat time the measurements
should be made.
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C2 and R5
values were
changed in
order to
determine
which test point
and at what
time the
measurements
should be
made.

Failure modes
C2::0pen,
C3::0pen and
R5::0Open will
be inserted for
the ramp test.
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'3 c2-capacitance bt

el e [10.00000N

yoMp lEifangnnnn;
'3'9?0 PR 2000 I Always Revert| Set |
2.00 5 roacresistance

Tran

VED — [470.000K
-2.00 LRI

0 time 200U

[ Always HBVBﬂl

We are only interested in “C2::0Open,” “C3::0pen” and

“R5::0Open’” for this test.

* Select the Faults tab and select the “ramp start/ramp”

leaf.

e Select all of the faults in the Failure Modes list.

¢ Click on the Switch Selected State button to turn off all

of the failure modes.

¢ Select “C2::Open,” “C3::0pen” and “R5::0pen,” then
clickon the Switch Selected State button againin order
to activate these faults.

M eazurements

Failure bModes

=- E_I-:useu:l Loop
¢ e Standard

=) ramp start

Switch Selected State | -

A C1:0pen
X C1::Short

A C2:Short

CZ:Open

X C3:Short
X 02:0perBE
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Making the Final Product Acceptance Test

Limits that are
set within the
Measurement
Results dialog
apply to all tests
within the
selected leaf.

Next, we’ll run the Test Designer simulations for the 3 faults and
then run areference simulation.

¢ Click on the Main tab.
* Select the “ramp start + ramp” test configuration.

¢ Make sure thatthe Faults mode buttonis selected, then
click on the Simulate Selections button.

e Click on the Yes button to run the 3 simulations.
¢ Clickonthe Yes buttontorunthe reference simulation.

¢ Click on the Results button and select the “ramp start/
ramp/TRAN/getCursorY0” leaf.

¢ Click on the Set Limits button.

Set Measurement Limits
The selected nominal and tolerance

methiods will be applied to all meazurements
contained in the selected tree leaf,

W Skip test groups if Report &larm is set

ORI
" Mean
Cancel
# | ast Measurements J
" Unchanged by Tal
Help

— Tale
Sigma W
v Default ol e
™ Expand to Pass rob.abilitylsigme)
Te-00E

[ with syrmmetmy

" Unchanged “alue [1.000u

™ alue
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These are the
limits for V(1).
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¢ Set the Set Limits options to Last Measurement for
nominal and Default for tolerance.

¢ Click on the OK button to close the Set Measurement
Limits dialog.

¢ Click on the OK button to dismiss the Measurement
Results dialog.

Next, we’ll manually set the limits for the V(1) and V(8)
measurements.

¢ Click on the Measurements tab.

e Double-click on the “ramp start/ramp/TRAN/
getCursorY0” leaf in order to expand it.

¢ Selectvector V(1), then click on the Edit Tol button and
manually set the tolerances as shown below.

Set Tolerance

Selected Measurement

Abzalute  Percent Ok,
High Limit |n.5c|c|c| ||11nnn ot
Low Limit |0.5000  |0.1000

Help

Nominal [2343 [Vl

I et

These values would be acceptable, based upon the interactive
simulation data.

¢ Click on the OK button to dismiss the Set Tolerance
dialog.

¢ Selectvector V(8), then click on the Edit Tol button and
manually set the tolerances as shown below.



These are the
limits for V(8).

These
comments
represent the
steps we’ll
perform next.

TuTorIAL #8 - TEST DESIGNER

Set Tolerance

— Selected Measurement

Abzolute  Percent Ok
High Lirnit |u.1nnn |n.1nnn Bl
Lo Limit |D.1DDD |n.1nnn

Help

Nomiral [0.6603  [V(8] =

Click on the OK button to dismiss the Set Tolerance
dialog.

Selectthe Main tab and click onthe Test Design button.

Make a new fault tree by clicking on the New button in
the Fault Tree Selection group.

Enter the information that is shown below.

Fault Tree E
Mame MaFault b eight

composzite 100
! |

Cancel |
Description Help |

firzt do zafe to start, sequence 1

then do ramp, sequence 2

then do remaider, sequence 3

alwayz do binary then do tertiary for each
IEALIENCE

o
1| | »

Click on the OK button to dismiss the dialog.

Click on each sequence value and enter the values that
are shown below.
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Test Design: Fault Tree with Entropy
Tests can be

Group sequence and selection

grouped in -
different Sequ... | Test Group | Confn
“ ” A1 OperatingPoint. .. Clozed L
sequences:. v3 OperatingPaint Clozed L
v3 StdD e Clozed L

v 3 Trise Closed L

L propDelay Clozed L

v OperatingPaint SafeTot

L getCursort'l ramp st

¢ Select sequence #1 from the Sequence list.

Test Design: Fault Tree with Entiopy Selection

Giroup sequence and selection Faul Tree Stucture Test Description
Sequ. Test Goup Conli =|
X1 OperatingPoint Closed L
v3 OperatingPoint  Closed L
v3 StdDev Closed L
v3 Trise Closed L
v3 propDelay Closed L
v1 OperatingPoint  SafeToS
vz getCursory ramp st
RIE ] il

Sequence | & Pass " Fail

1
Test Test Group f
2
W) 5 peratingPaint . L]
] Mone  |peratingPoint . - Fault Tree Selection— —Failrs States

[
Wl
W7 TFTOT DperatingPaint ... composite = ' Binay
Rk 04101 OperatingPoint ...  Tertiary
W1E] 04101 OperatingPoint ... M Edit el
V{17 04101 OperatingPaint . ﬂ J -~ C:;,Df,ram

Guard Band: |05 Insert | Delete | Recale Save | Help | Summary | Auto Buid

¢ Click on the Binary button.

¢ Click on the AutoBuild button to build the fault tree for
sequence 1.

¢ Clickonthe Tertiary button, then click on the AutoBuild
button to rebuild the fault tree using tertiary logic.

¢ Similarly, create fault trees for sequences 2 and 3.
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Your Test
Design window
should appear
similar to this.

TuTorIAL #8 - TEST DESIGNER

Test Design: Fault Tree with Entropy Selection [ <]
Group sequence and selection Fault Tree Stiucture Test Description
Sequ. | TestGroup | Confii | =-M(8) 1.5 = [step -
X OperatingPoirt Clased L W) 4.1 V(81 1.5
¥ OperatingPoint Closed L Y[7) 3.1 OperatingPaint V(3]
v3 StdDex Closed L 13 2.1 el e
v3 Trise Closed L HRmEED
Vgl 1.1 ELSE
v propDelay Closed L Vil 2 1 goto Step 5
w1 OperatingPoint SafeTof M)la 2,
vz getCusord ramp st | £ VT8Il B, 23 Test Description:
B-¥12)le 11,12 Test Fails if measurement iz
EV[A)l 7.5 outside of limits
LRV 1,4 M easurement limits are:
H =TT 31 High Limit = 502 Bm
ol e | | Ly i 3] ’ Low Lirit = -85 m
Sequence m & Pass C Fal - Vi3 1,2 Guard Band = 0.1536
Test | Erhopy | TestGroup =~ & via ‘\2212] le 1.1 :\Ilﬁmb\gwty Group, pFail = 37.59m : -
V18l 04709 SteDevwi(iE) vitElle 2. |
Vii7llo 4463 SidDevi(l?) | oV T [Fault Tree Selection 1~ File States
hi 04200 propDelay o @feclillo 1.1 compasite =l (W Einan
W[20)lo 04067  OperatingPaint E-Y13)hi B8 O T
| ) it
VIE]lo 0397 StdDevV(IE) 5 @eofil hi 2,3 Mew Edit e [t
W[18)la 03768 OperatingPoint LV 21 r o
@ce.. 03613 OpealingPoint [(RITEOI eclo]
:‘T Flin (Lt nnﬁ'a"n"pn'Tr_}lJ | ILl—I 97.1 Percent of Failures Detected  Dore
Guard Band: IDE Izt | Delete ﬁgggl_t_:: Save | Help Summaryl Aute Bild

You can compare your results with the sample2c.dwg file.

Optimizing the Test

Some nodes
may be sensitive
to noise, or may
not be
accessible for
probing.

s 3251
4

nronllelay
|
Guard Band: |2

You might not have probe access to some nodes, and other
nodes might be sensitive to noise, so you may wish to delete
them from consideration. Vectors can be removed from
consideration via the Vectors tab.

¢ Eliminate undesirable test points, e.g., the summing
junctionV(11), by selecting them in the Vectors tab and
clicking on the Switching Selected State button.

*  Then rebuild the fault tree.

Notice that up to a point, the detection capability doesn’t

change; however, faultisolation becomes more granular. That’s

the trade-off decision you need to make, taking into account the

constraints that have been placed on your test design.

* Tryincreasing the value of the guard band to 0.5 or 2.0.
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This is the
collapsed fault
tree.
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Ifthe faulttree doesn’t change, the tests with higher guard bands
are better, provided the test decision point is centered in the
guardband.

Entropy isn’t compared across failure states. Sometimes, a
higher entropy test is possible using binary states instead of
tertiary states.

* Youmay press the Binary button at any time in order to
see if you should use the binary states.

A procedure that works frequently is to exhaust the binary
states using the Auto Build function, then finish with the tertiary
states, again using the Auto Build function. Thisis the procedure
that has been performed in our example. Be aware that vector
and histogram states require much better fault modeling in
order to produce robust test programs.

¢ Click on the expanded branches of the fault tree to
collapse it so that it shows only the root and its
siblings.

Fault Tree Structure

3B (0] 1.5
ST 21
&-4[18] o B, 23
F-Y2 ki 33
LR 2,1

You now have the necessary tests to make a product
acceptance test, without faultisolation. If you add to this
test suite the functional performance tests that your
product must pass, then you have created a test that
detects all catastrophic faults and screens the product
for its functional capability.
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Summary

You have just completed a product acceptance test and a fault
isolation test using the failure modes, which are recommended
by the U.S. Navy for their Consolidated Automatic Support
System (CASS) programs. Interestingly, you have identified
several components thatare notrequired for circuit functionality.
If these procedures are used properly, they satisfy contract
requirements for fault isolation.

There are many ways to use the Test Design features of the
program. We've pointed out a few; but there are many others,
including the ability to perform a manual fault tree design
without the use of our entropy recommendations. The Options
button in the Results dialog is just the beginning of a new way
to develop an automatic test. It finds all possible equations that
identify failures, and reports these equations in afile. If the cost
of making all measurements is equal, then we can use all of the
equations in order to make a fault isolation decision. This
furnishes a very robust mechanism, avoiding the pitfalls
associated with overestimating the accuracy of the tests. This
approach redefines the idea of a “best” solution, and requires
further research to prove its value.
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IAnang Simulation Examples

AC Analysis - A Butterworth Filter

In this example, we will introduce the PWL voltage source and
demonstrate the effect of sampling theory, including how it
applies to IsSpice4.

New Topics Covered
Sources
* PWL...Piecewise Linear Voltage Controlled Source
Transient Analysis Control
+ TSTEP...Time Step Control
Output Control
* Printout and Plot Resolution
* Magnitude/Phase Plot (.PRINT AC)
Analysis
+ .PZ...Pole Zero Analysis

Specification:

Given the circuit below, we’ll determine the magnitude and
phase response vs. frequency (Bode Plot) and the pulse
response. Using the PWL statement, the input pulse should
have the following time voltage description:

Open the schematic at :\spice8\Circuits\Examples\AC Analysis.DWG

V_4

L2 Time (s) Voltage (v)
38268UH 1.5772UH 0 0

i

The .PRINT
Statements are
generated for you
by the test point
symbols. You DO
NOT have to type
them in!!

o -~ -0

1 0824NF 1 5307NF 2u
T T 20u
20.1u

The PWL stimulus is generated by placing a voltage source on
the schematic, double-clicking on it to open the properties
dialog, double-clicking on Tran Generators field and then
entering the PWL data points in the PWL tab.

The .TRAN and .AC statements are created using the Actions
Simulation Setup Edit... function.
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Be careful to
enter the PWL
points correctly.
Be sure not to
enter the letter
“O”in place of
the number
zero.

Note: The
netlist
generated by
the schematic
will look
different.

Check the .ERR
file for a listing
of the IsSpice4
error and
warning
messages if
your simulation
does not run.
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AC Analysis - A Butterworth Filter

.TRAN 5US 50US

.AC DEC 20 100HZ 100MEGHZ

PZ2040VOL PZ ; The .PZ statement is entered in the
R112 10HM ; IsSpice4 Simulation Setup dialog
L12 3.38268UH ; in the user statement field.
L2341.5772UH

C130 1.0824NF

C24 0 1.5307NF

V110 PWL 0S 0V 1US 0V 2US 1V 20US 1V 20.1US 0V AC 1
.END

e After entering the schematic, simulate the circuit. Be
careful to enter the piecewise linear voltage source

properly.

Refer to the IsSpice4 User's Guide to clarify any syntax
questions. If any errors appear, check the error file by clicking
the ERR button in IsEd.

The voltage source, V1, has a piecewise linear transient signal
generator, as well as an AC source magnitude value. This is
perfectly all right. Sources can be assigned values for any or all
of the five main types of analyses: AC, noise, distortion, DC or
transient, on the same line. The values will each be used with
their respective analyses.

Bode Plot

After running a successful simulation, look at the plot of VDB(4)
and VP(4). You can look at various waveforms and variations
(magnitude, real, imaginary, phase, etc.) ofthe saved waveforms
using the IntuScope Add Waveform dialog. The schematic test
points automatically cause the phase and magnitude in dB to
be displayed in IsSpice4. The number of points we decided to
print per decade (20) is determined by the .AC statement. This
point interval determines how the output data will appear.

The magnitude/phase response for this example is shown on
the next page. Your X/Y axis labels may be different.
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@ voh 2 @ b2
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[Phase |
Phase J\
-1 ] \jl
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§§ 2m Zanof
oS ‘ \
= =
-3 rauuf ‘ \\
——p
Am 12
1 1K 10K 100k TMEG 10MEG 100MES
frequency in hertz
Interpolated data  Pulse Response

is used for the
waveforms when
the source is
“Active Project
Output File.”
Non-interpolated
“raw” data is used
for the waveforms
when the source
is “Active IsSpice
Simulation.”

Non-interpolated
data is normally
more accurate
and can be
controlled by the
TMAX and
RELTOL
parameters.

Proper specification of control statements is critical to the
transientanalysis. The minimum entries required for the transient
control statement are TSTOP and TSTEP. TSTOP is the total
analysis time. TSTEP is the sampling interval. The Nyquist
sampling theory will dictate the appropriate value of TSTEP.
TSTEP must be at least twice the frequency of the quickest
event in a simulation in order for the event to be captured.
However, in certain circumstances, trade-offs must be made
between acceptable accuracy and simulation time.

Examine the transient waveforms. Notice how the steep fall
time causes ringing at the output. Using inadequate sampling
can greatly effect the results you will receive from IsSpice4. The
graphs shown next were created by changing the TSTEP
parameterinthe . TRAN statement, thus altering the interpolated
data recorded by the simulation. It clearly shows the effect of
variations on the data printout interval, TSTEP. Too few points
will cause data to be aliased or distorted. Too many data points
will increase the total simulation time and may provide data
beyond the scope of interest. Note that no matter how many
data points were taken, the final value was always the same.
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Additional Notes On Accuracy

There are other parameters besides TSTEP that can affect the
accuracy of the output from a simulation. Some of these are the
TMAX parameter in the .TRAN control statement and the
RELTOL parameter in the .OPTIONS control statement.

The TMAX parameter in the . TRAN control statement controls
the maximum internal timestep of the simulator. The IsSpice4
simulator does not necessarily make calculations at every data
pointrequested by TSTEP. The internal timestep of the simulator
is variable, and changes depending on the conditions present

e et

J
)
!
!

1T T ]

] e

F

T =T ZuTT T Lo | Tl TT =T T 7T

TETEP=1UZ, TSTOP=320UZ TSTEP=.:5U3, TSTOP=50US

Ih__r'-\_.-\-—- —] 1 |

Erel | 17541 ) =l e | Froal) RETS ) =il el EETed |

TSTEP=1US, TSTOP=S0US TSTEP=SUS, TSTOP=50US
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Use the
Convergence
Wizard to
resolve
convergence
errors.

ANALOG SIMULATION ExAMPLES

in the circuit. All output data is interpolated from internally
calculated points. The TMAX parameter is used to control the
internal time step by limiting it to a specified maximum value.
This will allow the variable time points being used for interpolation
to be closer to the actual requested constant data pointinterval.
(TMAX should be set to one-half or one-fourth of TSTEP if
interpolation problems are suspected.)

The RELTOL parameter in the .OPTIONS statement controls
the overall accuracy of the simulator. The default value is set to
0.001. For most applications, RELTOL can be set to .01 (or
0.1% accuracy) to speed up the simulation without significantly
affecting accuracy.

VSECTOL

A new VSECTOL option reduces the usual SPICE time step if
the product of the absolute value of the error in the predicted
voltage (prediction — solution), and the time step, exceeds the
VSECTOL specification. Asin most IsSpice4 options, its default
is zero, which turns the option off. In testing the VSECTOL
option, we ran some cases setting RELTOL=0.5, and at the
same time set VSECTOL to a reasonable value for the circuit.
The figure referenced below shows this new time step control
option for the simulation, based on node voltage accuracy.

For high switching circuits like :\spice8\Circuits\Snubber\
snubber.dwg, the standard SPICE time-step algorithms wont
ensure that you acquire enough data points to accurately view
the design’s switching characteristics. Normally, you must
specify a very small TMAX (maximum time between data
points) to get adequate accuracy. However, VSECTOL is used
to maintain volt-second accuracy. Itensures adequate detail in
the switching transitions while avoiding unnecessary data
points that otherwise greatly increase total simulation time.
Rememberto always set Bypass=OFF when using VSECTOL.
Bypass normally controls whether the device operating pointis
calculated for each time step. When Bypass is ON, these load
operations are skipped, if errors are low enough. However,
Bypass=0ON does create problems for the VSECTOL algorithm.
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Use the User
Statements field
in the IsSpice4
Simulation
Setup dialog to
enter the .PZ
statement.

ANALOG SIMULATION ExAMPLES

Results using VSECTOL to control the time step produces
higher accuracy during the turn-off transition and uses less
computational resources when there is no switching activity.

Transient timepoints = 26015
Accepted timepoints = 14217
Rejected timepoints = 11798
Total Analysis Time = 35.15

Pole-Zero Analysis

IsSpice4 has the capability to calculate the poles and zeros of
a transfer function. The syntax for the Pole-Zero analysis is
listed in the IsSpice4 User’s Guide. In this example, the poles
and zeros are requested for the transfer function defined by the
input nodes, 2 & 0, and output nodes, 4 & 0. The transfer
function is defined by the VOL entry to be: (output voltage)/
(input voltage). We could have instead used the CUR entry to
define the transfer function as (output voltage)/(input current).
The .PZ entry causes the calculated poles and zeros to be
placed in the output file. An example is shown below.

Poles Real Imag Number
-9.87068e+005 5.557209e+007 1
-9.87068e+005 -5.55721e+007 1
-3.19507e+005 1.798896e+007 1
-3.19507e+005 -1.79890e+007 1

* Tryexpandingthe frequencyrange forthe .AC analysis
by changing the .AC control statement to the following:

.AC DEC 20 100KHZ 1GHZ

¢ Resimulate the circuit with the new .AC statement and
examine the output.
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Transient Analysis - A Rectifier Circuit

Since not all circuits are made with passive components, it is
time to advance and see how to use active devices. This
example will demonstrate how to call and use IsSpice4's built-
in diode model.

New Topics Covered
Sources
* V..Independent Voltage Source
SIN...Sinusoidal Transient Statement
Semiconductors
* D...Diode call
Miscellaneous
« .MODEL statement

Specification:

The circuit we will construct and simulate is shown on the next
page. The input stimulus consists of a sinusoidal signal with 0
volt offset and a peak value of 1 volt at 1kHz. The SIN stimulus
is generated by placing a voltage source on the schematic,
double-clicking on it to open the properties dialog, double-
clicking on Tran Generators field and then entering the SIN data
into the SIN tab.

The DC voltage source will have a value of .5 volts. Data will be
collected every 10ps for 2ms at nodes 1 and 2 using a transient
analysis and two test points. We will use the 1N4148 diode. This
diode can be found using the X Parts Browser.. function under
the Parts menu.

¢ Enter the design and run the simulation.
Note: It is not necessary to type the .MODEL statements.

SpiceNet will retrieve the models from the ICAPS SPICE model
libraries in the PR directory automatically.

Open up the drawing
:\spice8\Circuits\Examples\TRANAnalysis.DWG
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The IsSpice4
model and
.PRINT
Statements are
only shown for
clarity. They DO
NOT need to be
typed in!

ANALOG SIMULATION ExAMPLES

Transient - A Rectifier Circuit
*#save V(1) @V1[i] @V1[p] V(2) V(3) @R1[i] @R1[p] @V2[i]
*#save @V2[p] @D1[id] @D1[p] @D3[id] @D3[p]

*#alias vin v(1)
*#view tran vin

*#alias vout v(2) Vi ) D1 1N4148 V(2)
*#view tran vout In L1 VOUT
.TRAN 10u 2m TN 2

*#save all allcur allpow +

PRINT TRAN Vin V1 R1

.PRINT TRAN Vout SIN 1

D12 1 DN4001

.MODEL DN4001 D BV=75V CJO=55PF
IS=1.38E-09 M=.38 N=1.7 — 8 .
+RS=.04 TT=5U VJ=.34V V2
V110SINO 11k (

R1231 -

V2 3 0DC=0.5 _Prlnt, Save, and
END Alias statements are 1
' generated by the —

test points symbols

In the above netlist, you will notice the .MODEL statements. All
semiconductor devices used in an IsSpice4 simulation must
have a.MODEL statementassociated with them. This statement
is used to describe the semiconductor device by passing a set
of parameters that fill predefined equations. These equations
are then used to simulate the device. Semiconductor devices
require two statements in a netlist. One line, the diode call line,
describes the connections (i.e. D12 1 DN4148). The second is
the associated .MODEL statement, which is referred to by the
diode (i.e. .MODEL DN4148 D (CJO=...). The model name in
the .MODEL line must match the one on the diode call line
(DN4148). The schematic handles this syntax for you.

As explained in the previous example, the .TRAN parameters
are extremely important when performing a transient analysis.
The output is a direct result of the TSTEP entry in the .TRAN
statement, and should be set to adequately sample the
waveform. Unfortunately, the highest output frequency is not
always known. Hence, the .TRAN statement should be set to
examine the expected output from a circuit. Unresolved artifacts
can always be examined with another simulation at an reduced
samplinginterval.

221



In this circuit, we used a 1kHz SIN wave. One period occurs
every 1ms. Since the main interest of the circuit focuses on the
response to the 1kHz sin wave, we must choose a sampling
interval that will generate acceptable output. By adhering
strictly to the Nyquist theory, the output should be sampled at
least every 0.5ms. The choice of 10us was used to obtain
detailed output without causing excessive simulation time.

¢ To continue the example, replace the DN4148 diode
with a DN4001 diode.

Note: After placing more than one model for the same kind of
part, you can switch between the different models by using the
.Model field in the part’s properties dialog.

¢ Rerun the simulation.

The results of the simulation for the circuit containing the
DN4148 and DN4001 diode are shown below.
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Normally,
models are
retrieved
automatically
from libraries.

ANALOG SIMULATION ExAMPLES

Proper Use of Semiconductor Devices

When using semiconductor devices, care should be taken to
ensure that the proper connections are made. An incorrectly
connected device may satisfy simulator connectivity
requirements, but may cause your circuit to run improperly or
cause IsSpice4 to abort the analysis.

Listed next are five types of semiconductor devices that are
available in IsSpice4, their connections, and an abbreviated
example of each device's model statement. The model
parameters can be edited directly in the schematic using the
part properties dialog. Any changes will be local to the schematic.
The semiconductor devices are called using the D, Q, J, M, or
Z keyletters, and must be properly defined by an appropriate
.MODEL TYPE parameter. For example, Q should list an NPN
or PNP type.

D1 NA NC DN4148 Q1 NC NB NE QN2222 M1 ND NG NS NB N1
.MODEL DN4148 D .MODEL QN2222 NPN .MODEL N1 NMOS
NA NC NC ND

NB G
et ] TS

NE NB
J1 ND NG NS J2N Z1 ND NG NS J2N
.MODEL J2N PJF .MODEL GAS NMF
ND ND
NG NG
NS
NS
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DC Sweep - Device Characteristics

In this example, we will explore the use of the IsSpice4 JFET
model and how to obtain its forward DC characteristics.

Specifications:

A DC analysis will be performed and the DC sources VDS
(Drain-Source voltage), and VGS (Gate-Source voltage), will
be swept to obtain the drain current characteristics. VDS will be
swept from 0 to 5V in .2V steps, and VGS will be swept from
-5v to -7V in -.5V steps. The voltage source, V2, will be used
to measure the drain current. Output will be obtained for the
Drain-Source voltage, VDS, and the Drain-Source current,
I(V2).

Note: You must make the reference designations in the voltage
source properties dialogs match the ones shown inthe schematic
below if the .DC statement is to work properly.

Open up the drawings at
:\spice8\Circuits\Examples\DCSweep.DWG Y3

The IsSpice4
model and
.PRINT
statements are
only shown for
clarity. They DO
NOT need to be
typed in!
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New Topics Covered
Sources

e Current meter
Semiconductors

« JFET
Analysis

« DC Sweep
Output Control —

« .PRINTDC

DC Sweep - Device Characteristics

#save all allcur allpow

.PRINT DC IY1

VGS 30

J2130J105

.MODEL J105 NJF AF=1 BETA=5M CGD=1.40E-10 CGS=8.00E-11
+ FC=.51S=9.48E-14 KF=3.886E-16 LAMBDA=.035 RD=4.20E-01
+ RS=3.78E-01 VTO=-7.25 PB=1.00

V221

VDS 20

.END
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DC Analysis

The .DC control statement is used to specify a DC analysis. In
a DC analysis, any voltage or current source may be swept.
Node voltages or branch currents requested in the .PRINT DC
statements will be recorded. The DC analysis statement .DC
VDS 0V 5V .2V VGS -5V -7V -.5V will sweep the voltage
source VDS from 0 to 5V, in .2V steps. For each step of VDS,
VGS will be sweptfrom -5V to -7V in-0.5V increments. Data will
be saved for each combination of VGS and VDS. In this case,
the current through the voltage source, V2, (.PRINT DC I(V2)),
will be measured. The value of VDS is obtained automatically
from the DC analysis, because it is the first swept variable.

You are likely to notice that the voltage sources do not need any
values. In a DC analysis, the source values are driven by the
.DC control statement. The .DC statement will override any DC
or transient values entered into the properties dialog during the
.DC analysis, but will allow the values to be used for the AC and
transient analyses.

JFET Semiconductor

Like the diode, there are two lines that identify a JFET. The call
line, (J1 1 3 0 J105), and the .MODEL statement, (MODEL
J105 NJF (VT=...). The .MODEL statement DOES NOT have
to be typed into the schematic. It will be added to the netlist
automatically.

Current Measurement

Another new function performed by this example is the
measurement of current. In IsSpice4, current can be measured
through any element. In this example, the current meter, V2,
does not contribute stimulus to the circuit since its value field is
not stated. It only exists to measure current flow. A blank value
field is interpreted as zero volts. For other devices, current is
specified by inserting a current test point (Parts Menu, 3Y) in the
symbol. You can also use the .PRINT DC statement by placing
the @ sign before the model's Reference Designation, followed
by the desired current (between square brackets).

. Forexample; .PRINT DC @J1[ID]
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Plot i_v2, then
run parametric
cursors by
invoking
IntuScope;
Calculator
menu;
Measurements;
parametric
cursor. Move
cursor1 along
the created
curve at the
bottom to obtain
all the values of
the DC sweep
curve at the top.

The output for this example is shown below.
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: { vGs=-5v |
0 25.0M | et 7
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2T 150M T 7 1
o= e ] { vGs=-6v |
G = 5.00M
1
-5.00M
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wis invalts
0
35.0M . datapoint = 65.0
< [ it = 5.48M amps
oy
£|, 25.0M //"" |
olE
25 { 1 |
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£/ 500M / 'i(/ Y
o ) ! L 9
-5.00M
[
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datapaoint

Transmission Lines - Buffering and Impedance Matching
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In this example, we will demonstrate three new elements, the
voltage controlled voltage source (VCVS), and two transmission
lines (T-Line - both lossless and lossy). We will use the VCVS
to simulate an ideal op-amp and the T-line to investigate
impedance matching.

New Topics Covered

Sources

« E...Voltage Controlled Voltage Source
Passive Elements

* T...Lossless Transmission Line

+ 0O...Lossy Transmission Line
Specification:
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Forthe circuit shown below, the input voltage source will consist
of a pulse train with an initial value of .5V, a final value of 3.5V,
no delay, rise and fall times of 3ns, a pulse width of 22ns, and a
period of 50ns. The VCVS will have a gain of 10,000. The
lossless T-line willhave atime delay (TD) of 2ns, a characteristic
impedance of 75Q and a length of 1 meter. The lossy T-line will
have atime delay of 2ns, animpedance (Zo) of 75Q and a series
resistance of 4Q/m. Transient analysis data should be collected
every 1ns for 100ns, starting at time 0. We will investigate the
output of the op-amp and the T-line. We will also investigate the
effects of losses and length for the best matching circuit.

Open up the schematic at :\spice8\Circuits\Examples\TLine.DWG

“Z0=75
TD=2N" must
be entered into
the lossless
transmission
line’s Properties
dialog.

T-Lines - Buffering and Impedance Matching
*#SAVE ALL ALLCUR ALLPOW

.TRAN 1N 100N 0 1N

.PRINT TRAN V(1) V(3) V(4)

R1121K
E13002 10K
R2 2 3 10K
T13050 ZO=75TD=2N ; Symbol Ideal T line
R3 54 150
C14010P
V110 PULSE .5 3.50 3N 3N 22N 50N
.END
Buffering
The VCVS in this circuit is modeling an ideal op-amp.
R2 10K 3
v A volts v
volts .y R2 150  volts
R1 5
1K | 75 C1
YT e o
10K N2
W + 1
FPulse — — —

The_resistors, R1 and R2, create a simple inverting amplifier
configuration with again of 10. This inverting amplifier essentially
buffers the input voltage source to the transmission line.
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Impedance Matching

The 150Q resistor and the 10pf capacitor form a series
impedance match to the transmission line. As the output
shows, this termination scheme is quite poor.

© outparate
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10.0K 30.0M 50.0M T0.0M 90.0M
time in secs

* Toimprovethe matching, replace the 150Qresistorand
10pf capacitor with the parallel termination shownto the
left. Simulate the circuit again. The new statements are

:01“8 shown below for reference.
R TS R34 075
" °F C1405P

— Now that the circuit has better matching, let's examine the
impact of a longer transmission line and the effects of a less-
than ideal T-line.

* Todothis, replace the current Lossless T-line symbol
with the RLCG Lossy Tline symbol.
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The symbol RLCG Lossy T Line is found under the Parts menu,
Passive submenu.

¢ Enterthe modelname “line” inthe Lossy Tline’s .Model
pop-up field in the properties dialog.

The model name links the lossy transmission line element to a
set of model parameters. To calculate the necessary
parameters, we will use the following conversions.

=Ny LEV
. D
L
ZO:\E:L:ZOZC
1 1
V, = ==
°oJLe J

In this example, LEN=1 meter, TD=2ns, Zo=75Q, Vp is phase
velocity (m/s), Lis inductance (H/m) and C is capacitance (f/m).
Evaluating the equations yields the parameters for the following
.MODEL statement.

.MODEL LINE LTRA(R=0 L=150n G=0 C=26p LEN=1)

e Enter the LTRA parameters values in the Part
Properties dialog. Simulate the parallel and series
termination circuits with this new transmission line.
The results should be comparable.

¢ With the transmission line in this form, it is quite easy
to investigate the effects of lengthening the line. To do
this, simply change the value of LEN in the Part
properties dialog.

¢ Simulate the series terminated circuit with different
lengths. The results for simulations with 1, 5 and 10
meter segments are shown on the following page.

Finally, we can determine the effects of losses in the line. This
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is done by setting R to a nonzero value. Unfortunately, it is not
aseasyas plugginginavalue. IfRisincluded, the characteristic
impedance (Zo), and phase velocity (Vp) will change. This will
change the values of L and C. For this example, however, we
will simply add a unit resistance of 4Q/m and simulate the circuit
for a 50m line.

* Replace the values for the lossy line parameters with
the following parameter values.

R=4 G=0 L=150n C=26p LEN=50

By increasing the length of the line, we have also increased the
time delay. Because of this, the TSTOP parameterinthe .TRAN
statement must be increased. Replace the .TRAN line with
.TRAN 1N 200N O 1N.

* Simulate the series-terminated circuit with the new
lossy line. The results are shown next. Note the
attenuation in the line caused by R.
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o vout_r0_series £y vout_rd_series e vout_r0_parallel o vout_rd_parallel
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Noise, Distortion, and Fourier Analyses - Bipolar Amplifier

So far, we have investigated the AC, DC, and Transient
analyses. All of these fundamental analysis types are important
when designing and troubleshooting a circuit. However, there
are numerous circuit specification requirements that are not
tested by these three analysis types. This example uses a
simple bipolar amplifier to perform: distortion, Fourier, noise,
and DC transfer function analyses.

New Topics Covered
Analysis Control
* .FOUR...Fourier Analysis
+ .DISTO...Distortion Analysis
* .NOISE...AC Small Signal Noise Analysis
+ .TF..Transfer Function
+  .OPTIONACCT
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Open up the drawing at :\spice8\Circuits\Examples\NoiseDistoFour.DWG

All the ICL
(control block in
bold below)
statements are
entered in the
User
Statements field
of the IsSpice4

ICL Control Block
» show...Device Operating Point Information
* showmod...Model Operating Point Information

Specification:

We wish to determine the harmonic content, intermodulation
distortion and the equivalent input and output noise of the
following amplifier circuit. The input stimulus will be a sinusoidal
waveform with OV offset, a magnitude of 1V and a frequency of
100kHz. The AC input stimulus will have a magnitude of 1 and
a phase of 0. Distortion sources will have a magnitude of 1 for
the primary frequency, and a magnitude of .1 for the secondary
frequency. Transient data should be collected every 100ns for
20us, starting at 20us. AC data should be collected at 20 points
per decade from 1Hz to 100MEGHz. Noise data should be
collected at 10 points per decade from 1Hz to 100MEGHz.
Distortion output should be collected from 10kHz to 1MEGHz
at 5 points per decade. Output should be collected for node

Simulation .
; voltage 9. Transient data should be collected for node 1. The

Setup dialog. o L ) ) L ;
circuit accounting information, operating point information, and
model parameterinformation should all be collected and displayed
in the output file.

Advanced Analysis Types .PRINT DISTO V(9) VP(9)

“#SAVE ALL ALLCUR ALLPOW .NOISE V(9) V1 DEC 10 1 100MEG

.CONTROL .PRINT NOISE INOISE ONOISE

OoP TF V(9) V1

SHOW Q : VBE VBC ICC IB IE GM GO FT TEMP “#ALIAS VIN V(1)

SHOWMOD ALL H#ALIAS VOUT V(9)

.ENDC PRINT AC V(9) VP(9)

.MODEL QN2222 NPN (IS=15.2F NF=1 BF=105 PRINT TRAN V(1) V(9)

+ VAF=98.5 IKF=.5 ISE=8.2P NE=2 BR=4 R112 100K

+ NR=1 VAR=20 IKR=.225 RE=.373 RB=1.49 Q1623 QN2222

+ RC=.149 XTB=1.5 CJE=35.5P CJC=12.2P Q2403 QN2222

+ TF=500P TR=85N)

R2462.7K

.MODEL QN2907 PNP (I1S=1.1E-12 BF=200 BR=6 V26010
+ NF=1.21 RC=.6 IKF=100E-3 VAF=50 XTB=1.5 R3 3 5 20K
+NE=1.9 ISE=1.3E-11 CJE=23PF VJE=.85 MJE=1.25 V350-10
+ CJC=19PF VJC=.5 MJC=.2 TF=5E-10 TR=34E-9) R4 481K

.OPTION ACCT Q394 6 QN2907

.TRAN 100N 40U 20U C189 100P

.AC DEC 20 1HZ 100MEGHZ R5 9 2 100K

.FOUR 100KHZ V(9) R6 9 5 10K

.DISTO DEC 5 10K 1MEG .49 V110Sin0 1 100K AC 1 Distof1 1 Distof2 .1
.END
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AC 1, Distof1 1
and Distof2 .1
are entered into
the V1
Properties
dialog.

Sin 0 1 100K is
entered using
the Tran
generators field
in the properties
dialog.

The QN2222
and QN2907
symbols are
listed in the Part
Browser dialog
under BJT Part
Types, and
General
purpose Sub
Types.

ANALOG SIMULATION ExAMPLES

g
N
o)

— +
- R2
2.7K
K a3
v . QN2907
Q2
R1 100K a1 QN2222 R4
1K
7 5 QN2222
+ — C1100P
V1 .
3 R5100K | A
NVN—
— <3 ;?(?K
R3
20K
V3
_I__O 5

*  Aftersimulating the circuit, scan the outputfile and look
at the results produced by each different analysis.

The analyses performed by this IsSpice4 simulation generate
a tremendous amount of output data. The parameter options
usedto generate the output may appear allittle confusing. We will
go over each analysis.

Fourier: This analysis is specified by the Fourier dialog in the
IsSpice4 Simulation Setup dialog. It
defines the fundamental frequency
and the output variables. Data will be
takenfrom TSTOP-periodto TSTOP,
where periodis one period of the fundamental frequency specified
on the .FOUR line as a frequency. The first nine harmonic
components and the DC componentwill be calculated and placed
inthe outputfile forevery output variable specified onthe .FOUR
line. In this example, a Fourier analysis was performed on data
collected from 40us-10us (30us) to 40us for node 9. The output
generated for the Fourier analysis is shown next. The Fourier

.TRAN 100N 40U 20U
.FOUR 100KHZ V(9)
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Fourier output
data is placed
in the IsSpice4
Output file.

This Disto
analysis is
specified by the
Distortion dialog
in the IsSpice4
Simulation
Setup dialog.

234

analysis is performed in conjunction with the transient analysis,
so a .TRAN statement with a valid TSTOP interval must be
included.

Fourier analysis for v(9):
No. Harmonics: 10, THD: 0.602413 %, Gridsize: 200, Interpolation Degree: 1

Fourier analysis for v(9):
No. Harmonics: 10, THD: 0.604437 %, Gridsize: 200, Interpolation Degree: 1

Harmonic Frequency Magnitude  Phase Norm. Mag Norm. Phase
0 0 0.277301 0 0 0

1 100000 1.0159 173.164 1 0

2 200000 0.00591471 -52.971  0.00582215 -226.13

3 300000 0.00160939 88.8066 0.0015842 -84.357

4 400000 0.000350401 -146.93 0.000344918 -320.1

5 500000 8.12824e-005 -60.837 8.00104e-005 -234

6 600000 1.72764e-005 128.956 1.70061e-005 -44.207
7 700000  3.24918e-005 134.603  3.19833e-005 -38.561
8 800000 1.91887e-005 128.858  1.88884e-005 -44.305
9 900000 1.54897e-005 117.339  1.52473e-005 -55.825

Distortion: The distortion analysis is a small signal analysis that

will produce the second
.DISTO DEC 5 10K 1MEG .49 and third harmonic
V110AC 1DISTOF11DISTOF2 .1 intermodulation product

frequencies and the
second intermodulation component. The three statements required
to perform the distortion analysis are shown. The .DISTO line
tells 1sSpice4 to perform a distortion analysis from 10kHz to
1MEGHz at 5 points per decade. The final parameter on the line
is the distortion parameter “f2overf1.” This sets the second
frequency component to “f2overf1x*fstart,” in this case, 49kHz.
When f2overf1 is present, the intermodulation components are
calculated. When this parameteris absent, only the 2nd and 3rd
harmonic contents are calculated. The second line tells IsSpice4
to outputthe voltage, inmagnitude and phase, atnode 9. Thefinal
line defines the input magnitudes for both the primary frequency
(distof1), and the secondary frequency (distof2), as 1 and .1,
respectively. Output for the distortion analysis is tabulated in the
output file for the range and points specified in the .DISTO line.




This .Noise
analysis is
specified by the
Noise dialog in
the IsSpice4
Simulation
Setup dialog.

Noise output
can be
converted to dB
with INTuScorE.
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ANALOG SIMULATION ExAMPLES

Noise: The noise analysis is a small signal analysis. It calculates
the total output noise and
the equivalent input noise,
as well as the noise
contributions of each component or model parameter. The noise
analysis requires the presence of two lines in the netlist, as is
shown in the text box. The firstis the .NOISE control statement.
This statement specifies the frequency range and how the data
should be collected. This is very similar to the .AC and .DISTO
statements. In this example, the .NOISE control statement will
cause output to be calculated for all noise contributing sources
in the circuit (resistive and active elements) at 10 points per
decade from 1Hz to 1T00MEGHz. To generate data, SpiceNet
issues the .PRINT NOISE statementwhen a .NOISE analysis is
specified. It does not have to be typed in. The .PRINT NOISE
statement works like any other .PRINT statement except the
only options thatare allowed are INOISE (equivalentinput noise)
and ONOISE (total output noise).

.NOISE V(9) V1 DEC 10 1 100MEG
.PRINT NOISE INOISE ONOISE

The output for the noise analysis is shown below.
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This .TF
analysis is
specified by the
DC Transfer
function dialog
in the IsSpice4
Simulation
Setup dialog.

The Transfer
Function (TF)
Output is
placed in the
IsSpice4
Ourpur file.
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Transfer Function: The small signal
transfer function analysis is used to find the
small signal DC gain from any input source,
to any output node, input resistance or the output resistance.
Only one line is necessary to implement this analysis. The .TF
line is used to specify the input source and the output node used
for the calculations. The results will be placed in the output file.
This example reports the DC small signal gain, from V1 to V(9),
tobe .997 with 180 degrees of phase shift (indicated by the minus
sign). Italso reports an input resistance at V1 of 100kQ and an
outputresistance looking into V(9) of 30Q. Only one .TF may be
performed foreach simulation. Theresults, as they appearinthe
output file, are shown below.

TF V(9) V1

k% SMALL SIGNAL DC TRANSFER FUNCTION
output_impedance_at_V(9) 3.038449e+001

v1#Input_impedance 1.000559e+005
Transfer_function -9.96127e-001

Operating Point Information: The show and showmod

commands are used to extract device

showq: vbe vbe... and model operating pointinformation.

showmod all

These commands are activated in the

IsSpice4 Simulation Setup dialog using the Operating Point
button, or by typing in the correct ICL syntax. This example
tabulates the operating pointinformation for all transistors for the
parameters specified, and all model parameters in the circuit. A
small section of the output is shown below;

BJT: Bipolar Junction Transistor

device q3 q2 q1
model  qn2907 qn2222 qn2222
vbe 0.642 0.607 0.603

vbc -9.07 -9.36 -10

icc 0.00103 0.000248 0.000216
ib 1.05e-005 3.24e-006 2.86e-006
ie -0.00104 -0.000251 -0.000218
gm 0.0327 0.00957 0.00832
go 1.75e-005 2.37e-006 2.04e-006
ft 4.91e+007 2.6e+007 2.29e+007
temp 27 27 27
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Using Subcircuits - Active RC Filter

The UA741 is
located in the
Part Browser
dialog under the
Op-amps Part
Type, Intusoft
Sub Type
listing.

R13.375K

7
+
V1 26U UA741
LA c2

There are four types of devices in IsSpice4; passive elements,
active elements, C code models and subcircuits. Thus far, we
have limited our examples to primitives. In this example, we will
introduce a 4th order Bessel low-pass filter circuit that uses a
subcircuit representing a UA741 op-amp. Since the UA741 is
too complicated to be represented by only one component, it
uses a collection of primitive components put together in a
topology that produces the characteristics of a UA741.

New Topics Covered
Subcircuits and Models

e X...Subcircuit Call

+ .SUBCKT .ENDS
Output

+ .PRINT Real Imaginary

Open up the schematic at
:\spice8\Cirsuits\Examples\Subcircuits. DWG

Specifications:

Given the circuit shown below, we will determine the frequency
response. The AC stimulus will have be 1. Data will be collected
at node 8 from 1Hz to 1GHz at 20 points per decade. The data
willbe displayedin magnitude and phase, and real and imaginary
formats.

R22.25K

e
3 x2
Ve R3 10K T R4 10K UAT41 <v.8
c1 X1 + VEl
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Using Subcircuits - Active RC Filter RL 14 6 1000

*#SAVE ALL ALLCUR ALLPOW CL 60 3PF
.SUBCKTUA7412 36 7 4 .ENDS

* -IN + OUT VCC VEE .AC DEC 20 1HZ 1GHZ
RP 47 10K *#ALIAS VOUT V(8)

Aliases are
RXX 4 0 10MEG generated by V(8) VP(8)
IBP 3 0 8ONA the Test PRINTAC VR(8) VI(8)

RIP 3 0 10MEG points R117 3.375K

CIP 30 1.4PF R2 7 3 2.25K

IBN 2 0 100NA C170.26U

RIN 2 0 10MEG X1304 29 UA741

CIN 20 1.4PF R34 5 10K

VOFST 2 10 1MV R4 56 10K

RID 10 3 200K X286 829 UA741

EA1101031 C260.031U

R1 11 12 5K C358.0806U

R2 12 13 50K C4 34 .0796U

C112 0 13PF R57 4 6.75K

GA 0140132700 V290-15

C2 1314 2.7PF V32015

RO 14075 V110AC 1

L 14 6 30UHY .END
Subcircuits

Node zero is
ground in
subcircuits. It is
the SAME
ground that is in
the main circuit.
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Important Note: As with .Model statements, .SUBCKT subcircuit
netlists DO NOT have to be typed in.

A subcircuit netlist is enclosed by a .SUBCKT statement at the
beginning, and a .ENDS statement at the end. All connections
into and out of a subcircuit are specified on the .SUBCKT line.
The subcircuit name is also given on the .SUBCKT line. This
can be seen in the partial listing of the UA741 subcircuit shown
below.

SUBCKT UA7412 36 7 4

* -IN + OUT VCC VEE

RP 4 7 10K

RXX 4 0 10MEG

L 14 6 30UHY
RL 14 6 1000
CL 6 0 3PF
.ENDS
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ANALOG SIMULATION ExAMPLES

The node liston the .SUBCKT line isimportant. The order of the
nodes determines the connections between the subcircuit
netlist and the “X” call line. In this case, the comment line below
the .SUBCKT line details the proper connections. The calling
line in the main IsSpice4 netlist would look like the following;

X1304 29 UA741

This call to the UA741 subcircuit would connect 3 to the
inverting input, 0 to the non-inverting input and so on. The
actual node numbers on the calling line are not important. Only
their position is important. Also, there must be the same
number of nodes on the calling line as there are on the
.SUBCKT line.

9 wreout 9 winagout ﬂ wphout

5.0 160 F ,\ ! !
/ -‘l Yout Imaginarny
380 BOOM E 7
’5 E —_ “.
z E l‘_/"' = n
1.80 S _400M E—r—rrrr = —
= o
E F aw
oM - a0F ',/ = 2
F A
220 -240F — Yaut Real
E [ [
170 1.00KE '\\
E \ Yout Magnitude
F00R g00 E
& " F \
% 3 - Fraa? =
soomM S 200k T
h = E et |
N ——
A3n  nE e —
230 -Boof Yout Phase Kiﬁ@
E T I

1 10 100 T 10k 100k, TMEG 10MES  100MEG 1z
frequency in hertz
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Note: The SpiceNet symbol takes care of generating the proper
Xsubcircuitcallline. If the symbols are made with the proper pin
order relative to the .SUBCKT netlist, then the subcircuit will
connect properly to the symbol.

The AC analysis output is shown below. If your output differs or
you are unable to obtain this output, look in the error file for any
errors and check the circuit values.

Advanced Macro Modeling - Saturable Core

The following example uses 2 parameterized subcircuits, an
ideal transformer and a nonlinear saturable core model to
perform an analysis of a complete transformer circuit.

New Topics Covered
Subcircuits

* Using Multiple Subcircuits

Open up the drawing at :\spice8\Circuits\Examples\MacroModeling.DWG

Specifications:

The following circuit is used to simulate a transformer and its
nonlinear core characteristics. We will investigate the input
current, secondary output voltage and the core flux. A transient
analysis will be performed and data will be collected every .1us
for 50us, starting at time 0. The input stimulus will be a pulse
train from -5V to 5V with no time delay, 1ps rise and fall times,
a 25ps pulse width and a 50us period.

, R1100 )
V_1 ANNN V.5

e o
+ VM1

+
Ov (O—<ow H 2
XFMR
3 R2
S5
4

—<V 4

X1
CORE

()]

\NANN




Saturable Core, Advanced Macro Modeling
.SUBCKT CORE#0 123

RX 32 1E12

CB 32 1E-7 1C=-250

F112VM11

G223121

E142321

VM145

RB 52 100K

RS 56 200

VP 7 2250

D16 7 DCLAMP

VN 2 8 250

D2 8 6 DCLAMP

.MODEL DCLAMP D(CJO=191P VJ=25)
.ENDS

The CORE part
is located under
Magnetic Cores

Part Type,

Generic Sub

Type. The

XFMR part is
located under

ANALOG SIMULATION ExAMPLES

SUBCKT XFMR#0 12 3 4

RP 12 1MEG

E5412300M

F 12 VM 300M

RS 631U

VM 5 6

ENDS

TRAN .1U 50U

R112100

VM123 0

X130 4 CORE#0

*(VSEC=50U IVSEC=-25U LMAG=10MHY
+ LSAT=20UHY FEDDY=20KHZ }
X2 2050 XFMR#0

* {RATIO=.3}

R250 50

V110 PULSE -550 00 25U 50U
END

The magnetic core and transformer elements are generic. They

can emulate many different kinds of nonlinear cores and

running the simulation.

Transformers.

transformers simply by specifying a set of parameters before

* After placing the CORE symbol, open the Properties
dialog by double-clicking on the symbol.

¢ Enter the parameters values in the correct Properties
fields using the following information:

VSEC=50u IVSEC=-25u LMAG=10m LSAT=20u FEDDY=20k

* Youwill need to do the same with the XFMR part. Use a
parameter value of “RATIO=.3".

Most subcircuits have default values for their parameters. If so
they will be listed in the properties dialog.

¢ To make the X-Y plot, select the v(4) md + (vm1) Add

Waveform dialog.
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If any errors
occurred,
remember to
examine the
error file for
error
messages.
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B-H Loop
flux in vaolts
=

Flux vs. lvm1 I
120

=

-120

:
/
/

J

-240 -

—?7

-48.0M -24.0M 0 24.0M 48.0M
ivm1 in amps

The results for this example are shown in the following graph:

¢ Thewaveformis createdinIntuScope using an X-Y plot
of the current through the core (vm#1branch =1(VM1))
versus the core flux.

A voltage equal to the core flux is brought out from inside the
subcircuit to a test point on the symbol. To measure the core
flux, simply attach a test point symbol to the symbol pin.

Although this example does not introduce any new IsSpice4
syntax, it does introduce a new concept, macro modeling.
Macro modeling is the name given to the process of combining
IsSpice4 primitive components in such a way that they perform
the function of a single device.

The Core subcircuit uses the macro modeling concept to model
the nonlinear saturation effects present in magnetic core
materials. A complete explanation of the core model is located
in the Working with Models book.
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In-line Math Equations - AM Modulator

This example introduces the nonlinear dependent source (B
element). The B element can generate an output voltage, or
current, based on a transfer function ormathematical expression.
Equations can use a predefined set of math functions and any
voltage or current in the circuit. As an example of the power of
this source, we will simulate a simple AM modulator circuit.

New Topics Covered
Sources
* B...Nonlinear Dependent Source

Specifications:
An amplitude modulated signal, s(t), is defined by combining a
carrier,

c(t)= Apcos(2 7 fut)

and a message, m(t), by the following equation;

sit)=[1+km(t)]e(t)

or,

s = Aa[l+ K m ()] ooz (2 mfat)

wherek is the amplitude sensitivity. If we consider a single tone
modulation such as;

mit= A,cos(2 .t

so that the amplitude modulated signal becomes;

()= Ap[l+ K dm cos(2 x ) cos(2 i)
This equation can be generated by the nonlinear dependent
source quite easily. The equation for the nonlinear source

would be
v=(1+V(1)*V(2)
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The netlist and circuit -TRAN .5u 1m 0 .5u

for the this example are PRINT TRAN Vin1
shown as follows. .PRINT TRAN Vin2

.PRINT TRAN Vout

Open up the drawing at V110SINO1 100k
:\spice8\Circuits\Examples\AMModulator.DWG| V2 2 0 SIN 1 100m 10k

Vin1
—<

+

244

B1 3 0 V=(1+.1%(v(2))*v(1))

.END
. B1
Vin2
Voltage
2 < Vout
+

B (1+.1%(v(2))*v(1))

We could have generated a current output with the B source by
replacing “v="with “i=". Forexample, B1 30 I1=(1+.1*(v(2))*v(1)).

The final signal generated at the output of the B source is;

s(8)=1%[1+ lcos(2 x10kt)]cos (2 100 ki)
where Ac=1, Am=1, ka=.1, fc=100kHz, and fm=10kHz.

A Fourier transform of this equation yields a spectrum of an AM
signal. Keeping to positive frequencies, delta functions appear
at fc, fc+fm and fc-fm.

Both the time domain and frequency domain waveforms of
V(3), alias Vout, are shown in the graph on the next page.

IntuScope can take the FFT of any time domain waveform (FFT
of s(t) shown on the next page). Both Time-to-Magnitude and
Time-to-Real/lmaginary transforms are supported.
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@ vout @ mag(fititemp))

©
S - =

o o
3 o o

Plot1
voutin volts

948m

899m

5.00u 15.0u 25.0u 35.0u 45.0u
time in seconds

90.0m

70.0m

mag(fft(temp)) in volts

50.0m

Plot1_f

30.0m

10.0m

90.4k 95.2k 100k 105k 110k
freaquency in hertz

If-Then-Else - A Comparator

The B source is also capable of making decisions using an If-
Then-Else expression. This is extremely useful when modeling
components or portions of a circuit where the output depends
on the state of the input compared to a known constant (e.g., a
comparator).

New Topics Covered
Sources
* B...Nonlinear Dependent Source

Specifications:

The comparator will have an on voltage of 5V and an off voltage
of OV. The comparator will trigger when the input voltage
difference is greater than zero. The easiest way to model this
comparator is with an If-Then-Else function. The output of a
comparator will change state depending on the condition of the
two inputs. This function can be written as; If the difference
betweenthe inputsis greaterthan zero, Then the outputis high,
Else the output is low. The syntax for this particular device is:

B130v=V(1,2)>07?5:0
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Vin1 C

Vin1

>+ Vin2 <>

This can be read as:
If (V(1,2) > 0) Then V(3)=5

Else V(3)=0
Open up the drawing at :\Spice8\Circuits\Examples\Compar.dwg

Vin2
B1 Vout

Voltage T
+ .

1.05|
VINT

-500M!
Tran 0

time 200U

V(Vin1,Vin2) > 0 ?
VINZ 5 :

150
ran

.

0 time 200U 0 \E;(Z?
Vin1 PWL 00 100U 1 200U O

Vin2 DC 0.5 -250M

Tran O time 200U

The B element can be used directly in a schematic, however,
it has no nodal input connections making schematic capture
arkward. This is due to the fact that the input to a B element is
an arbitrary expression and can be made of node voltages,
device currents, and other quantities.

An example B element dialog is shown next. It should be noted
thatif you refertoanode voltage or device reference designation
itis best to give the node or ref-des a unique identifier, such as
VTEST for a node and ROUT for a resistor ref-des. This will
prevent SpiceNet from changing the node or ref-des during the
course of capturing the design, and hence breaking any
expressions you may have entered for B elements. In our
example drawing we renamed v(1) and v(2) to vin1 and vin2
respectively.



Compar
vin1, vin2, vout, difference in volts

4.58

3.34

2.10

860M

-380M
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Behavioral Properties
Lakel l Tolerance!Sweep!Dptimize]
Comment et List Preview
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Fioperties Label
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oo
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The results of the simulation are shown below.

Q@ 'n1 @A\Vin2c O

vout @ difference

seedecccceces

........Q/k......

cesseccscdecece
.

‘ Vout ‘

Y=0VatX=50.0U se

If Y>0 THEN 5V ELSE 0V

CS

If Y>0 THEN 5V ELSE 0V
Y=0VatX=150U secs

Vin1 ‘

\

Vin2

etesssfecccheccche

o ceamceamtomocames
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Difference=Vin1-Vin2

-
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100U
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V(5]
VIN

Y2
PULSE

GaAs MESFETs - An Inverter

Open up the
drawing at
:\spice8\
Circuits\
Examples\
GaAsMEFET.DWG

i
V135 =—
2 Z1
NM1

v(2)
VOUT

—<
5 z2
NM
+
The .PRINT,

statement is
entered in the
User Statement
field in the
IsSpice4
Simulation
Setup dialog.
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IsSpice4 includes GaAs MESFET models based on the Statz
and Parker-Skellern models. The model parameters are detailed
in the IsSpice4 User’s Guide.

New Topics Covered
Sources
o Z...GaAs MESFET Model
Output
* .PRINT...Computed Device Parameters

Specifications:

Using the circuit below, we will investigate the response of the
GaAs inverter to an input clock with 125ps rise and fall times,
and a pulse width of 375ps.

An Inverter - GaAs MESFET

*#SAVE ALL ALLCUR ALLPOW

.TRAN 10P 1N

.MODEL NM NMF (VTO=-2.0 BETA=1M LAMBDA=1E-4
+ RD=100 RS=100 CGS=40F CGD=5F PB=.6)

.MODEL NM1 NMF (VTO=-1.8 BETA=.8M LAMBDA=1E-4
+ RD=100 RS=100 CGS=70F CGD=15F PB=.6)

.PRINT TRAN @Z1[GDS] @Z2[GDS] @Z1[GM] @Z2[GM]
.VIEW TRAN V(2) 0 3.5

.VIEW TRAN V(1) -1 0

.VIEW TRAN @Z1[GDS] 0 4M

.VIEW TRAN @Z2[GDS] 0 2.50U

.VIEW TRAN @Z1[GM] 0 4M

.VIEW TRAN @Z2[GM] 0 2M

V210 PULSE 0 -1 100P 125P 125P 375P 1

Z1422NM1

Z2250NM

V15035

.END

The GaAs MESFET is called by pressing the number 4 and the
letter Z. Once the MESFET is placed on the schematic, a
.MODEL statement must appear for every MESFET with a
different model name. In this example, two .MODEL statements
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ANALOG SIMULATION ExAMPLES

mustbe made, one for “MN” and one for “MN1.” Ifthe model was
the same for both devices, then only one .MODEL line would be
needed. You can enterthe model parameters foreach MESFET
through the MESFET’s Part Properties dialog. The parameter
values can be seen from the netlist on the previous page.

The .PRINT command uses the reference designators listed in
the circuit, and the MESFET parameters listed in the on-line
help (press Property Help in the MESFET Properties dialog).
This obtains the transconductance and drain-source conductance
for both MESFETSs. These device related parameters are not
generated by the test point symbol. They must be typed in by
hand by insertinga .PRINT statementin the IsSpice4 Simulation
Setup dialog, User Statements area.

The output for this example is shown below.

& w2

15404

1.44hd

1040

G400

2400

A
|gm(22)Transc0nductance ‘ / \
A AR
./ L
ANV
i\r(Z) Output Yoltage I \
S

100P 300P s00P FooP 00P
time in secs
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Simulating at Different Temperatures - Simple Amplifier

In this example, we will demonstrate how to simulate circuits
and components at different temperatures. This can be
extremely useful when determining the reliability of a circuit
design in a harsh environment, or when an active device in the
circuit is subjected to heat stress.

New Topics Covered

Temperature
+ .OPTION TEMP Parameter
*  Temperature Control of Active Devices
* Resistor Temperature Coefficients
Analysis Control
+ .TRAN...TSTART, TSTOP, TSTEP

Specifications:

Given the circuit shown, we will investigate the effect of
temperature variations on the base of the transistor. The input
stimulus will be a pulse train with an initial value of 0V, a peak
value of 5V, rise and fall times of 10ns, a pulse width of 500ns
and a period of 1ps. Data will be collected from 400ns to 1.2ps,
in 1ns steps. Output will be generated for node 3. The first
simulation will be performed at room temperature. The second
simulation will be performed with the entire circuit at 75°C. The
third simulation will be performed with the temperature of the
transistor set to 75°C and the rest of the circuit at room
temperature.

Open up the
drawing at
:\spice8\

Circuits\
Examples\
Temperature. DWG




Use the
Properties
dialog to enter
the values for
TC1and TC2
for RMOD. The
dialog will
generate the
RMOD .Model
statement.

ANALOG SIMULATION ExAMPLES

Simulating at Different Temperatures

*#SAVE ALL ALLCUR ALLPOW

.MODEL RMOD R(TC1=.01 TC2=1E-6)

.PRINT TRAN V(3)

R1 12 30 RMOD ; enter Rmod in the .Model Value field
V12030

R2 3450 RMOD

V24 0PULSE 050 10N 10N 500N 1U

Q113 0QN2219

.END

¢ Construct and simulate the circuit. If you encounter
any errors, remember to examine the error file. Be
careful to enter the schematic exactly as shown.

Notice that the .TRAN line has four parameters. In addition to
the TSTEP and TSTOP parameters, we have added the
TSTART and TMAX parameters. The TSTART parameter is
used to tell IsSpice4 to start collecting data after 400ns. The
simulation will still start at time zero. However, IsSpice4 will not
record any data until 400ns. This parameter is used to reduce
the amount of data saved in the output file. The last parameter
on the .TRAN line is used to set the upper limit on the internal
IsSpice4 timestep. Setting this parameter to a value less than
TSTEP will improve the data point interpolation and thus
increase the accuracy of the results placed in the output file.

You will also notice a .MODEL statement for a resistor in the
netlist. This statement is used to place the temperature
coefficients on all of the resistors in the circuit. The name,
“‘RMOD,” which is used to reference the .MODEL statement,
occurs on all of the resistors. You only need to enter the RMOD
model name once in one of the resistor properties dialogs, along
with the TC1 and TC@ values. You can then select the RMOD
model while in the other resistor properties dialogs. Thus, all of
the resistors will use the same temperature coefficients.

This simulation will produce output at the default temperature
setting, 27°C.
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Use the
IsSpice4
Simulation
Setup dialog to
set the circuit
temperature.
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¢ Setthecircuittemperature to 75°C by using the “Circuit
Temperature...” buttonin the IsSpice4 Simulation Setup
dialog.

The behavior of the entire circuit will be simulated at a
temperature of 75°C. All resistors and active devices in the
circuitwill be adjusted, based on the new simulation temperature.

¢ Uncheck the “Circuit Temperature...” button in the
IsSpice4 Simulation Setup dialog.

¢ Enter“125” inthe Temp field in the Properties dialog of
the QN2219 transistor.

Q10 1 3 0 QN2219 TEMP=125

This will cause the transistor to be simulated at 125°C. The rest
of the circuit will be simulated at room temperature.

The results for the three simulations are shown below.

Q@ in2r @iz [@ vin123 Results far room ternperature

at 27 degree C

Result for transistor at \,—. l)
134 125 degree £ é
N & @
£ 102 —
=]
= '1
=
g \
- Results for circuit
= at 75 degree G
= 700M
el
-
EI
=
-
™
£ 3806
BO.0M
\
4800 G7ON 850N 1.03u 1.21U
tirme in gecs



See the Alter
dialog for more
information on
sweeping the
circuit
temperature.

ANALOG SIMULATION ExAMPLES

The temperature set on an active device will override the
temperature setin the .OPTIONS statement. With this feature,
it is easy to simulate a device at one temperature, and the rest
of the circuit at another temperature.

e Set the operating temperature of the circuit to 50°C.

¢ Simulate the circuit and examine the output.

UIC\IC - Establishing Initial Conditions

In certain circumstances, it is necessary or just convenient to
set the circuit to a particular state prior to the start of a transient
simulation. This is done by setting initial conditions and telling
IsSpice4 to use them.

New Topics Covered
Sources
« |IC=...Initial Conditions

Specifications:
Given the circuit shown, we will examine the effect of initial
conditions on the state of the output.

Using Initial Conditions

*#SAVE ALL ALLCUR ALLPOW
.TRAN 1M 1000M

.PRINT TRAN V(3)

V1 10PULSE0 10

L1 231M R 10K L11M
R230 10K : — <v_3
R112 10K ; Lo
C12047U Vi 4 -

10K
END I

Open up the drawing at :\spice8\Circuits\Examples\Uic.DWG
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¢ Simulate the circuit.

The control Notice that the output voltage requires about 800ms to reach a
statement, .IC steady state value. In some circuits, this may be an obstacle. By
V(1)=2.5, will setting the initial conditions of IsSpice4, we can overcome this
have the same initial charge time.

effect as the

“IC="0n the * Enter“2.5” intheIC value field of the capacitor from the
capacitor. Properties dialog. Then, click on the Transient button

in the IsSpice4 Simulation Setup dialog.

The “UIC” ¢ Check the “Use Initial Conditions” (UIC) check box.
parameter must Select OK and Done.
be present on ) , , L _
the TRAN line This forces IsSpice4 to start the transient analysis with aniinitial
in order to voltage of 2.5V on the capacitor. It also eliminates the charge
obtain the time and brings the circuit to steady state more quickly.
roper results.
prop The results for the two simulations are shown below.
@ vouticzs
[ I
With Initisl Conditions Set
ER IC=2.5%

>
>
P
>
S
>
>
>
>

VY \//\V/QV Q// VW V V %
Y

150 Lh,

o
=
(=]
=
(_)E
=lu
=
=
£z
o
==
=1 =
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o
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=
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Without Initial Conditions Set
IC=0%

S00mM
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Using Phase Delayed Sources

The Sin, Pulse, and FM sources include the ability to add an

The phase initial phase delay at time = 0.

delay

parameter is Note: The pulse delay is different from the Td (time delay)
available in the parameter. The Td parameter only delays, in time, the zero
voltage and phase version of the pulse waveform.

current sources’

Tran New Topics Covered
Generators

. Sources
sub-dialog.

+ Delaying the initial phase of a periodic stimulus

Specifications:
The following statements may be used to generate the waveform
stimulus shown below.

The phase parameter is specified in degrees, and is included at
the end of the statement.

V11 0 Pulse(-1 1 0 10U 10U 500U 1M) ; No delay, WFM.1
V2 2 0 Pulse(-1 1 0 10U 10U 500U 1M -270); 270 Degree delay, WFM.2
V3 3 0 Pulse(-1 1 750U 10U 10U 500U 1M) ; Td=750us, WFM.3

O] @z &=

_J Mo delay ‘

4.40 720 120

270 Deqree delay
I

1.20 -3.80 1
TTd:?SOus |—§>

300U ooou 1.560M 2.10M 2.70M
inse
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Using Code Models - Laplace Equations

Code Models
can be created
using the
Intusoft Code
Modeling Kit
(CMSDK)

Open up the
drawing at
:\spice8\
Circuits\
Examples\
Laplaceq.DWG
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Code modeling is a new approach to making SPICE models.
The process enables you to add customized C code subroutines
to IsSpice4. The C code describing the model's behavior is
linked to the simulator via an external DLL file, rather than being
bound within the executable program. A variety of analog,
digital and mixed analog/digital code models are already
included with IsSpice4. These models behave exactly like
traditional SPICE models, but their model parameters are
configured directly within the schematic, ratherthanin a separate
library file.

New Topics Covered
Code Models

+ Laplace Code Model

Specification:

To understand how to access and work with code models, let’s
experiment with a simple filter circuit using the Laplace code
model. The Laplace code model allows you to enter any
arbitrary s-domain transfer function as a ratio of two polynomials
in s. We will take care of this element in a moment. The voltage
source should have the value of “Pulse 0 1 AC 1” since we will
be running AC and transient analyses. Enter the analysis
statements “AC DEC 10 .1 1K” and “.TRAN .1 10” in the
IsSpice4 Simulation Setup dialog.

CHEBYSHEV

*#SAVE ALL ALLCUR ALLPOW
.MODEL S_001 s_xfer(in_offset=0.0 gain=1.0 num_coeff=[1.0]
+ den_coeff=[1.0 1.42562 1.5162] out_ic=0.0 denorm_freq=1.0)
.AC DEC 10 .1 10K
.TRAN .1 10

.PRINT AC V(2) VP(2)
.PRINT TRAN V(2)

A6 12S_001
V110PULSEO1AC1
.END

The .SUBCKT netlist does not
have to be typed into ISEd. Use
the Laplace3 symbol.
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Using Code Models
Let’s enter the information to create the 3kHz Chebyshev low
pass filter with the transfer function using the first method.

1

54 41, 42562 5+ 1. 5162

¢ Select the X Part...function. From the Browser dialog,
select Behavioral. Then click on the Laplace entry.
Click the Place button.

* Double-click on the Laplace model to enter the
parameter values In the Properties dialog.

¢ Type in the following parameter values that we will
pass to the Laplace model.

num_coeff=1.0

den_coeff=1.0 1.42562 1.5162
(corresponding to S2=1.0 S1=1.42562 S0=1.5162)
dnorm_freq=1.0

¢ Close the dialog and run the simulation.

Code Model Properties
Label lTolerance.-"SweeD.-"Dptimize] Failure Modes]
Comment et List Preview
421 2 LAPLACEAZ -
MODEL LAPLACEAZ = _sferf in_offzet=0 gain=1 num_coeff=[1]
+ den_coeff=[1.0 1.42562 1.5162] out_ic=0 denorm_freq=1] hd
Froperties Label
Parameter > alue ﬂ Parameter Walug
7 Partnumber  LAPLACE radd>> | L2 RefDes a2
5" Model LAPLACEAZ Z Part number LAPLACE
r Type i Femove
7 Code Madel 3_wfer
Unknown type NODES Mave up
6" Mode 1 1
e Node2 2 oeliogn
Code bodel Parameters
e~ in_offset Froperty Help R Save Template
ad gain 1
- st 1 st Part = Tal Auto Fef Des
= den_coeff 1.01.42562 15162 T wide
E aut i ) Frew Part O S Help | Cancel
e denorm_freq 1 f—
hd Apply ak.
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Code models are more versatile than traditional SPICE models.
SPICE model parameters are generally entered as a single
real-valued number. Code model parameter values can be
integer, real, boolean (True, False), complex, string, vector (a
set of numbers) or an n-dimensional array of values. For
example, the set of denominator coefficients for the Laplace
model comprises a single model parameter.

If desired, you can see how the model is saved in the netlist by
selecting the Edit Text Files Icon from the SpiceNet toolbar.

The results for the AC and transient simulations are shown
below. You can adjust the numerator and denominator
coefficients in the Properties dialog to see different results.

@ whot @ vibout  [@ voul]
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%E uw 3 M‘N\
EE_ED'D E'ED'DE\ ...,,_‘M
=0 E
§E -100 £ -100F \P\: - — = \““"w_ i
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o = =2 E \ ""h\
= 2 140 = -140E
2 =
— = = E s
== 5 \--.. \ﬂ""“-.._
- -180 -180E —= "“"--.1
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frequency in herz
- ] 1
c|  aoom
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m f
S| BOOM el S &
CE 4
| = 4DDM::::}‘.{:::::::::::: i
El=
&= 200m /;
=
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Note: If you want to use another configuration of the Laplace
model, such as a Laplace equation with a 2nd-order numerator
and 4th-order denominator, you can simply enter a different set
of coefficients.

Accessing Multiple Models
It is not necessary to enter model parameters for every code
model instance unless you want to change the parameters.

¢ Select the Laplace symbol. Copy and paste another
Laplace symbol.

* Double-click on the second symbol and then open the
Properties dialog. Notice that the parameters for this
symbol are the same as those of the first symbol. Both

Open up the symbols will refer to the same models.
drawing at
:\spice8\ Shown nextis a circuit for a PID controller that uses the Laplace
Circuits\ and Differentiator code models. The netlist and results are
Examples\ shown for comparison. Note: a SPICE 2 style Integrator (SINT)
PIDC.DWG is used in place of a simple Laplace (1/s) block.

PID CONTROLLER A4 13S_001

*#SAVE ALL ALLCUR ALLPOW A63 10S 002

.MODEL S_001 s_xfer(in_offset=0.0 gain=2.0 num_coeff=[1.0] A721S 0_03

+ den_coeff=[1.0 2.0] denorm_freq=1.0)

.MODEL S_002 s_xfer(in_offset=0.0 gain=10.0 num_coeff=[1.0] X967 GAIN {K=.8 }

+ den_coeff=[1.0 5.0] denorm_freq=1.0) X106 4 SINT {K=.5}
.MODEL S_003 s_xfer(in_offset=0.0 gain=1.0 num_coeff=[1.0] A8 6 5 DIFF_001
+ den_coeff=[1.0 500.0M] denorm_freq=1.0) X67 452 SUM3 {K1=1 K2=1 K3=1}

-MODEL DIFF_001 d_dt(out_offset=0.0 gain=1.5 limit_range=1.0u)| END
.AC DEC 60 .1 100

.TRAN .05 10 0 .05

*INCLUDE SYS.LIB

*INCLUDE CM1.LIB

*#ALIAS V_P V(7)

*#ALIAS VOUT V(10)

*#ALIAS V_| V(4)

.PRINT AC V(7) VP(7) V(10) VP(10)
.PRINT AC V(5) VP(5) V(4) VP(4)
.PRINT TRAN V(7) V(10) V(5) V(4)
.PRINT TRAN V(9)

X8 9 10 6 SUM2 {K1=1 K2=-1}
V190AC1PULSEO1.5
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Table Model Transfer Functions

Note: To enter
the proper
values for the
Laplace model,
use the Laplace
Properties
dialog.

Open up the
drawing at
:\spice8\
Circuits\
Examples\
Table.DWG
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IsSpice4 allows you to specify arbitrary transfer functions using
tables of X, Y points. This is accomplished with the PWL
(piecewise linear) code model, which is often called a Table

model.

New Topics Covered

Code Models

The model parameters listed in each
code model,
passedto Sum2, Sum3, Gainand SINT,
must be entered into the Properties
dialog of each element.

and the parameters

* Table Code Model
* Entering Vector Model Parameters

Specification:

Enter the circuit as shown below. The code model can be
selected from the Parts Browse dialog under the Behavioral
Type, Function subtype. The model parameters for the Table
model are entered in the Properties dialog. Let’s enter the data

for the Table model.

* Double-click on the Table symbol.

A table model’s input/output relationship is described by a
series of X, Y, data points. There are 4 pairs in this case, with
the output linearly interpolated between points.

¢ Enter the data points listed below in the PWL_001
model into the xy_array field.



ANALOG SIMULATION ExAMPLES

Notice that the transfer function continues past 20, using the
slope that was established by the highest two points.

TABLE Test Circuit
*#SAVE ALL ALLCUR ALLPOW A1
.MODEL PWL_001 Pwl(xy_array=[0 0 5 10 10 2 20 0] TABLE
+ input_domain=10m fraction=true)
.TRAN 1 25 Y1
A3 12PWL_001
V110PULSE 025025
.END
o wout
241 /L’
/
prad

183 e
¥ = 5.00 secs, v = 964 votts | /

i~

125 _‘_lx=Dsecs,y=Dvorts !

/ x=100=zecs, v =214 voltz
x =200 secs, vy = -3.30E-016 vaolts

6.70 / \</j i
TN /
N 7

2450 750 12.4 17.48 224
tirme in secs

[ Table Model Transfer Func |
win, voutin volts

L~
300M /

Using Table Models From Other SPICE programs

Other SPICE programs may use a similar format for table-type
models. If the data points are in an X,Y sequence, you can
simplify the process via the following:

+ Using any Windows text editor, copy the points from the
existing netlist to the clipboard using (<Ctrl>+ C).

»  Switch programs to SpiceNet.
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* In the PWL Properties dialog, you can paste in the data
points by pressing (<CtrI>+ V) in the xy_array=[ ....]
parameter field.

Switches - A Comparator With Hysteresis

The default
resistance
values for the
switch model
are: RON=1Q
and
ROFF=1E12Q2

Open up the
drawing at
:\spice8\
Circuits\
Switches.DWG
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In this example, we will repeat a prior example using a switch.

New Topics Covered

Primitive Element
+ S...Voltage Controlled Switch

Specifications

We will construct a model of a comparator with hysteresis. As
in the previous example, the on state will occur when the input
voltage difference is greater than zero, and the off state will
occur for every other value. Be sure to create a comparator
symbol as stated in the previous comparator example.

e Construct and simulate the circuit using a netlist
approach as shown below.

Switches - A Comparator With Hysteresis
*#SAVE ALL ALLCUR ALLPOW
.TRAN 1U 200U

PRINT TRAN V(1) V(4)
V110PWL OO 100U 1200U 0
V220.5

R1435.1K

V33015

X1214 COMPAR

.SUBCKT COMPAR 123
S$13021SWMOD

.MODEL SWMOD SW(RON=.5
+ ROFF=10G VT=.2 VH=.1)
.ENDS
.END




Current
controlled
switches are

also available in

IsSpice4.

COMPARATOR INPLITS
win_pdl, win_ 0.5, diff involts

[ COMPARATOR QUTPUT |
Widyinwolts
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ANALOG SIMULATION ExAMPLES

As you can see, a different approach was used for this
comparator. The switch model in IsSpice4 is used because it
contains parameters to model hysteresis. Since the hysteresis
is built into the switch model, the construction of a comparator
with hysteresis becomes quite easy.

The .MODEL statement for the switch specifies a threshold
voltage of 0.2 volts. This means that as soon as the difference
between the inputs exceeds 0.2 volts, the switch will change
state. The parameters RON and ROFF specify the on/off
resistance levels of the switch. In this case, when the switch
triggers, the output will change to a low resistance state, .5Q.
When the switch is off, the output will be in a high resistance
state, 10GQ. The hysteresis is specified by the VH parameter.
With hysteresis, the comparator will be on at a voltage of .8V
(Vref+VT+VH) and off at a voltage of .6V (Vref+VT-VH). Since
the output in this example changes between a high resistance
state and a low resistance state, the comparator simulates an
open collector output stage. The results of the simulation are
shown below.

@ vin_pw @ o € vin_0s

TIME in secs

263



264



I Digital/Mixed Mode Examples

Analog-Digital Interfacing

For the
purposes of
these
examples, A2D
and/or D2A
bridges are
used to
interface analog
nodes with
digital nodes.
These bridges
are not
required; if they
are not present,
the software will
automatically
insert them in
the netlist file,
as necessary.

The purpose of this example is to introduce node translation.
Node translation is performed throughout the remaining
examples in this chapter. It is an important concept when
dealing with mixed-mode circuits.

New Topics Covered
Code Models
* Inverter Code Model
* Hybrid Code Models
»  Configuring Code Models

Specification:

A transient analysis will be performed on a simple inverter
circuit. A 500kHz square wave (V1, Pulse source), with 10ns
rise and fall times, will be used as the input. Input and output
node data will be collected for 10us, in 10ns steps. The rise
and fall times of the D-to-A node bridge will be set to 100ns.
The rise and fall delays of the inverter will be set to 500ns.
Delays in the Analog-to-Digital (A-to-D bridge) will be setto a
negligibly small value of 1ps.
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The A-to-D and
D-to-A node
bridges use the
A2D and D2A
symbols,
respectively.
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Node Translation Using Hybrids

a3
- Vout
Win INVERTER 'T o
e Yo 82
42D D24
N

* Double-click on the voltage source then double-click
on “None” in the Tran Generators option to enter the
following values.

Transient Generators

PULSE | 5N | Pwl | sFFM | ExP |

~PULSE
pulze

width Initial /alue

0
- PulzedYalue |1
0

Delay Time

pulsed value

Rize Time |10n

Fall Tirme |10n
Pulse ‘Width

Tu
Period |21
,—

rise tirme

initial walue Fhase Delay

-« >
delaytime | af——nperiod

Ok EancE|| DEIE[E| Help ‘

Placing and Configuring The Code Models

From the Part Browser dialog, place the symbols as shown
above. The inverteris located in the Digital Part types. The A2D
and D2A bridges are located under the Bridges Part Type.

e After the parts are placed, double-click on the A2D
symbol to open the Part dialog.

¢ Then click on the appropriate fields to enter the new
parameter values.
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Code Model Properties

Label | Tolerance/Sweep/Dptiize | Faire Modss |

inhigh 8 © wide
lise_delay  1p Frev Parl o St Help | Cancel

fal delay  1p

Commert Nt List Previews
&1 [1112]b2DAT E|
(MODEL 4201 ade_bridgel in_low=.1 in_high=3 fise_delay=1{
'+ Fall_dsla-1p] -
Fropetties Latel
Parameter ialue s | [P Vale
RefDes A1 RefDss A1
Patrumbsr  AZD Pattrumber  A2D
Model  AZDA1 R
Twpe -
CodeModel adc_brdge oy
Unknowntyps  NODES
e Moy dowsn
Unknowntyps  NODES
i3 Propetty Help e Save Template
CodeMadel  Paamelers
o NestPat || @ Ta) vt Fied D

¢ Repeat these steps for the D2A and inverter symbols.
Their parameter values are shown below.

Code Model Properties

Label | Tolerance/Swesp/Optimize | Faibre hodes |

Comment Nt List Preview
£3]3][4]D2883
MODEL D243 dac_bridgel out_low=0 out_high=1 oul_undef
+ t_rise=100n t_fal=T00n mput_load=1P)

Fropetties

Farameter

Model
vpe

Code Model
Unknawn ype
Node 1
Unknown typs
Made 1

Code Madel
oul_low
out_high
oul_undef
Liise

sl
input_iad

Label
3Vl =
2847 e B 33 Add >
dac_biidge pemove)
Noges T
I:DDES Mowe dowan
Parameters
Property Help. Save Template
h [Fe=e] Label style
O et Part & Tal Auto Ref Des
Tuln C wide
1000 Prev Pat St Help | Cancel

Ref Des A3
Part nurber D24

i

de Model Properties

Label | Tolerance/Sweep/Optimize | Faire Modes |

Comment Nt List Preview
I -
MODEL D2843 dac_bridae out_low=0 out_high=1 out_urdsf=
-+ t_ise=500n t_{al=100n inpul_load=1F) -
Properties Label
Paramster > alue =] T, Parameter Value
Model 2843 i RefDes A3
Type - Patrumber D24
CodeMadel  dac_bidge (T
Unknowntype  MODES
Node! 3 Mz
Unknownype  MODES
Nodei 4 Have down
CodeModsl  Parameters
it D Property Help s Save Template
outhigh 1
o 5 Mt Part & Tal futo Fiel Des
tise  500n £ Wide
ral [00d] _PrevPat | 55| e | Carcel
input_ioad

ks = Apply oK
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A1
A2D
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ncorrect

&1
A2D

Node Translation (with Node Bridges)

Node translation is required whenever any non-analog
component is used in a simulation. Node bridge elements are
used to perform the translation between different types of
signals (Analog, Digital, Sampled-Data and Arrays) and to
obtain output waveforms for any non-analog node. For analog
and digital parts, specifically, an A2D bridge translates analog
signals to digital states, while a D2A bridge translates digital
states to analog voltages. For this simple example, two node
translations are required. The first translates the analog input
pulse from a voltage source into a digital signal that is used to
drive the inverter. The second translates the digital output state
of the inverter into an analog voltage so that the signal can be
viewed in real-time and displayed in IntuScope.

A-to-Ds and D-to-As are not bidirectional. You cannot connect
a D-to-A backwards to get an A-to-D. In the figure to the left,
notice that the A-to-D has been flipped in an attempt to make
a D-to-A.

P Graph1 =] E3|
vin] @ vouT

PiotT
VOUTinvolts
e
WINin volts
&

RN /N /N N N
NVARWIRWAR\WAR'"

1.00U 3.000 §.000 7.00U 8.000
TIME in s2cs

00 <375

The arrow shown inside the symbol marks the correct conversion
direction. The A-to-D must have an analog signal connected to
its input, and a digital signal connected to its output. The
opposite is true for the D-to-A.
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Binary Counter

Open up the
drawing at
:\spice8\
Circuits\
Examples\
Bincntr.DWG

In the previous example, we focused on the important concept
of node translation. In this example, we will introduce a more
complex digital circuit.

New Topics Covered

Code Models
» SR flip-flop Code Model
* Analog/Digital ground
* Initializing flip-flops

Specification:

The eight-state binary counter (shown below) will be simulated.
The counter will be clocked at a frequency of 20MEG Hz (rise
and fall times are set to 1ns). The counter will be initialized to
azero output state. Data will be collected for the input clock and
all three outputs for 500ns, in 1ns intervals. All rise and fall
delays will be set to 1ns.

Binary Counter

.TRAN 1N 500N

*#ALIAS V2 V(1)

*#ALIAS VO V(3)

*#ALIAS V1 V(4)

*#ALIAS VCLK V(8)

V36 0PULSE50 1N

A4 [8] [2] A2D ; from the Bridges Part Type
A5 [20] [3] D2A ; from the Bridges Part Type
A6 [13] [4] D2A

A8 [6] [15] A2D

A10[17][1] D2A

A11 9 PDOWN ; from the Digital Part Type
A13 14 20 2 9 15 20 14 SRFF ; from the Digital Part Type
A14513 1491513 5 SRFF

A151017 591517 10 SRFF

V18 0PULSEO0 101N 1N 25N 50N

.END
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Placing parts and Configuring the Code Models

The SR flip-flop and pulldown code models are located in the
Browser dialog under the Digital Type, with Generic Subtype as
SRFF. The A2D and D2A parts are located under the Bridges

Type.

* Place the parts as shown above. Double-click on each
part and configure the model according to the values

given below.
The A2D Model: The D2A Model:

in_low =100m out_low =0

in_high =900m out_high =1

rise_delay =1p out_undef =500m

fall_delay =1n t_rise =1n

t_fall =1n
The SRFF Model:

clock_delay =1n rise_delay =1n
set_delay =1n fall_delay =1n
reset_delay =1n sr_load =1p
output initial state =0 CLKL = clk_load =1p
SL = set_load =1p RSL = reset_load =1p

The Pdown Model:

load = 1p
The Pulse stimulus parameters, which define the voltage
sources V1 and V3, are located in the netlist.
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Ground and The Pulldown Code Model

The pulldown code model is equivalent to a logic 0, or digital
ground. It is used here to avoid placing a D2A between the
preset and ground (the pullup is used to provide a logic 1).

Initializing the Flip-Flop

The pulldown code model is used to pull the preset of all the flip-
flops low. The voltage source, V3, is used to clear all the flip-
flops. The PULSE statement (used for V3) places a high at the
ClIr input during the first clock transition (time=0). Hence, the
outputs are low until the next positive edge at time=50n. This is
the preferred method for initializing flip-flops. Alternatively, the
SR flip-flop code model has an “ic” model parameter that can
be usedtoinitialize the outputs of the flip-flop. If a pulldown code
model is placed on the ClIr and Pr inputs, the “ic” model
parameter will be used to initialize the code model (0=low,
1=high, 2=unknown). The resulting waveforms would be the
same, but the count would start at the first clock transition

located at time=0. The output for this example is shown below.

[_[O] <]
Qo v Own
130
T e e e e B e T e T e T e T e B e
S00M
100M N N S S S — — — — I S — — — —
300M |
130 l@
oo — — — — .
| 1 I 1 I 1 I 1 I
Toom | 1 | i | 1 | | I
300M
175
1.25
: : : :
250M ] | ] ! E
250M |
0 |
850M
2 550M
E 250M
REET :p
350M |

50.0M 160N 250N 360N 450N
TIME in secs
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State Machine

Open up the
drawing at
:\spice8\
Circuits\
Examples\
Statemch.DWG

All devices,
except the state
machine, are
given the same
parameters as
in the previous
example.
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In this example, we will demonstrate the use of the state
machine by duplicating the previous binary counter example.
The state machine is quite useful since the state diagram, or
state table, of a counter is available before the circuit is
constructed. In fact, the state machine can be used to replace
any large section of clocked combinational digital circuitry.

New Topics Covered
Code Models
« State Machine Code Model

Specification:

The binary counter from the previous example is shown below,
which uses the state machine code model. All input and output
conditions will be the same as the previous example.

A8
a2 V02
d
'
(I N
VCLK -
" A3X A4
AZD 4 D2A
42§—3 Clk CIrOutO 7 3 < VO
* AT ol %
A Out1 fa)
(D) vor  |BenT| 2K °
1—] Out2 5 0N\ V2
n D A
Lo,
PULLDOWN




Note: The state
machine model
and state
transition file
must be
reconfigured for
each different
state machine.
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Placing Parts

All devices, except the state machine, are given the same
parameters as in the previous example. The state machine for
this example is located in the Digital Type, Generic Subtype as
BCNT inthe partslist of the Parts Browser dialog. The Properties
dialog for the state machine is given below.

Code Model Properties

Label | Tnlalance/Sweep!Dphmlze| Failure Mndesl
Met List Preview

AT[1]34[E57]|BCNTAT ﬂ
MODEL BCWTAT d_state clk_delay=Tn reset_delay=1n
+ state_file=bent tat reset_state=0 input_load=1p clk_load=1p j

Sl | Label

Comment

Properties

Parameter [ »rialue [=] M
6o/ Din a2 e A
G Cin 4 GoPart number BCNT
Dout  NODES Remove
MNode 1 [
MNode 2 ] Move up
MNode 3 7
Code Model d_state Move down
clk_delay In
reset_delay 1n Property Help Ll Save Template
state_file bert bt
reset_slate 1] Hext Parl ((i Tall Auto Ref Des
input_load 1p Wide
i load  1p Prev Part  spit Help | Carcel
resel_load 1p — pre=p

State Machine Symbols and Models

The state machine code model can have a variable number of
inputs and outputs, and an unlimited number of states. Typically,
your state machine will start as a state diagram. From this
diagram, the state transition table for the state machine code
model will be created. The format for this file is given in the
IsSpice4 User's Guide. Below is a state transition file
(BCNT.TXT) for this example. The state machine’s .model
statement contains a parameter called state_file. Its value is a
filename that contains the state transition information, in this
case, BCNT.TXT. You can only change this data by editing the
BCNT file.

For other state machine configurations you will have to create
anew library entry like the BCNT one in the CM2.LIB file, a new
symbol, and a new state transition file like BCNT.TXT

Note: You must copy the BCNT.TXT file to the directory where
the circuit file is located. The state machine looks for the state
transition file in the project directory.
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*kkk

00s0s0s0->1
1->1

10s0s1z0->2
1->2

20s1z0s0->3
1->3

30s1z1z0->4
1->4

41z0s0s0->5
1->5

51z0s1z0->6
1->6

61z1z0s0->7
1->7

71z1z1z0->0
1->0

The first column defines the state. The next three columns
define the output for the state. The fifth column, which precedes
the -> symbol, defines the expected input. The final column,
after the ->, defines the state that is expected if the input is
present during the positive edge of the input clock signal. You
can see from the file that the output is a binary counter that

State Transition

File for the state

machine used in
the Binary Counter

changes state on either a high or low input.

Once the state transition file is created, a symbol can be
constructed to match the desired number of inputs and outputs.

In this case, the part has the pin order:

A47[113 4 [1165]St3
* In Clk ClIr Out2 1 0
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The process of adding a new model library entry is covered in
the on-line help.

The output for this example is shown below.

B Graphi MEE|
@ik @ O

174
124
750M T T T T T T T T T T
250M T T T T T T T T T T
-250m

Flaot
WCLK inwolts

1749

o
&
=1
=

Plot2
WO inwaolts
. -
&
=
=

o

Flot3
W1involts
3 -
&
=
=

[Flotd ]
W2inwaolts
[

& oo
==

P
&
=1
=
==

A0.0M 150N 250N 250N 4500
TIME in secs
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Boolean Logic Functions

Open up the
drawing at
:\spice8\
Circuits\
Examples\
logic.DWG
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Apart from the digital simulation capabilities of IsSpice4, an
extremely useful feature is the ability to enter Boolean logic
expressions. As with the state machine code model, this
function can greatly speed the implementation of digital circuitry.
Boolean functions are accessed through the B (arbitrary
dependent source) element. Boolean logic is faster and more
efficient than event-driven elements for most simple logic
functions, which only require a few gates.

This example is split into two parts. First, we will introduce the
Boolean expression simulation using a simple NAND gate and
asimple NOR gate. Second, we willimplement alarger Boolean
expression.

New Topics Covered
Sources

* B...Nonlinear Dependent Source
* Boolean Expressions
+ .OPTIONS...LTHRESH, LONE, LZERO

Specifications:

We will use the B element to construct a typical AND-NOR
stage. The gates will be represented by a single Boolean
expression.

NAND and NOR Gates
The syntax for the B source is listed in the IsSpice4 User’s
Guide. The &, |, and ~ operators will be used to construct a
NAND gate and a NOR gate.
To implement an AND function, first AND two voltages:

V(1) & V(2)
To create the NAND, NOT this combination:

~(V(1) & V(2))



The phrase

~(V(1)&V(2))"
is entered into
the B element

DicitaL/Mixep-Mobpe SiMULATION ExAMPLES

To implement a NOR function, first OR the voltages,
V(1) [ V(2)
Then, to create the NOR, NOT this combination:

~(V(1) | V(2))

Vin1 Vin2

volts volts Vout
volts
0 2
+ + 3
V1 V2
B1 —

Voltage
To enter an expression:

¢ Double Click the arbitrary dependent voltage source
B to open up the Behavioral Properties dialog.
¢ Enter an expression in the Expression field.

Z_folpen_‘/‘?; ¢ Or, click on the Enter button in the dialog and type.
ialog in the
Expression
W/ndOW. Expressian Orly x|
I“N[TJ&V[Z} Cancel
Label | ToleranceS weep/Dptinize |
Comment t et List Preview
| B130v="V1]1VI2) / L‘
[]
Enter thg e e
expression 2 T |
. . . Remove
in either field [~ e
here Maove down
Expression: (Enfer Expression O] Copy ta Conment | - Praperty Help e Save Template |
CRE] E newp || @ Ta“y _ dwoRerDes |
0 ;l—l Aorly o

NAND Gate

.TRAN 1U 2.5M

BNAND 3 0 V=~(V(1)&V(2))
V110PULSEO0501U 1U 100U 200U
V22 0PULSE 050 1U 1U 200U 400U
.END
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e Construct and simulate the NAND circuit. Notice how
the voltage sources and the B element are not wired
together. When the simulation is complete, examine

the output.
B Graph1 M=
[ 4] [ R'E]
5.0 ‘I ; I
o 380
EE 250 Input V(1)
= 140 T
NAND } } |
200M
Simulation : L .
.00 b
i 380
N 260 Input V(2)
= 140
200M 1 ! I
240 ! ! }
o 2504
%E Tl Output v(3) .
;: a00M [l T T T
5000 I } }
100U 3Joou a00u 70 a00u
TIME in secs
Spike
Boolean Note the spike in the NAND output (waveform 3). This occurs
fU”le'OI"S are because the TRISE and TFALL values of the inputs are equal
continuously to the TSTEP value. This causes the input signals to cross at

evaluated, not
event-driven.

Default
.OPTIONS
parameters for
Boolean
expressions
are:
LTHRESH=1.5V
LONE=3.5V
LZERO=.5V
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2.5V. At the TSTEP time, both signals are above the Lthresh
level (1.5V), therefore generating the spike in the output
(waveform 3). Such conditions are possible because Boolean
functions are continuously evaluated.

2.5V Expanded view
V(2) of NAND
waveforms
Lthresh=1.5V | —\— —_— at the spike time

V(1)
TSTEP Time
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NOR Gate

.TRAN 1U 2.5M

BNOR 3 0 V=~(V(1)|V(2))
C1300.87NF

V110PULSEO0501U 1U 100U 200U
V22 0PULSE 050 1U 1U 200U 400U
.END

¢ Construct and simulate the NOR circuit. You can do
this by simply modifying the NAND circuit.

The B element has no physical nodal input connections. Its only
input comes from the variable listed in the Boolean equation
that was entered into the Properties Expression field.

B Graphl M=
X o
500 g}
o 380
=
S Z 280
-
=140
200M
5.00 15
o 380
N
2 260
EE
=
=40
200 f5

4.40

3.20

Flot3
YEinvolts

2.00

a00M
-400M ;@

gn.au 2rou 4500 630U atou
TIVME in secs

The .OPTIONS parameters, LTHRESH, LONE and LZERO
control the turn-on/turn-off voltage threshold, the high level
output and low level output, respectively.
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* Set the low level output to 0V, the high level output to
5V and the threshold to 0.1V by typing the following
.OPTIONS line in the IsSpice4 Simulation Setup dialog.
Type this in the User Statements area.

.OPTIONS LTHRESH=.1 LONE=5 LZERO=0
More Complicated Boolean Expression

To demonstrate the power of the Boolean expression, we can
implement the stage shown below with one expression.

B :
P— Out
Cc — )
D —
V(Out) = A)&V(B)) | (V(C)&V(D)))

A subcircuit could be made by implementing this gate
combination. It may be called as many times as needed without
being retyped. The subcircuit would be:

.SUBCKT ANDNOR 12345
b1 50 v=~( (v(1)&v(2)) | (v(3)&v(4)))
.ENDS

* Enter and simulate the following netlist. Examine the
output and verify the operation of the subcircuit.

Boolean Logic Expressions

.TRAN 1U 500U
VA10PULSE0501U 1U 10U 20U
VB2 0PULSE0501U 1U 20U 40U
VC 30PULSE050 1U 1U 40U 80U
VD4 0PULSEO050 1U 1U 80U 160U
X112345ANDNOR

.SUBCKT ANDNOR 12345

B150 V=~((V(1)&V(2))[(V(3)&V(4)))
.ENDS

.END
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If-Then-Else - An A to D Converter

In this example, we will use the if-then-else capability to
simulate an analog-to-digital converter.

Specification:

Below is a circuit file that implements an 8-bit A-to-D converter.
The input stimulus is a ramp voltage created by the PULSE
statement given by vin. The ramp will cause the A-to-D converter
to cycle through all of its states. The A-to-D converter consists
of one stage per bit. Each stage is identical and is represented
by the subcircuit “adc,” as shown in the netlist. In this subcircuit,
B1 is used to limit the “bin” value to 1 or 0, thus producing the
digital output. B2 is used to conditionally subtract the reference
(1 volt) from the input. The resultant error signal is then
multiplied by two, so that it can be applied to the input of the
following stage of the A-to-D converter.

¢ Construct and simulate the circuit shown below. You
will need to construct an ADC symbol.

An A to D converter

tfran 100n 1u 0 1n

vin10pulse 020 1u0 1u

x1 1210 adc _

x2 2311 adc o on
x3 3412 adc

x4 4513 adc

x5 56 14 adc Example adc symbols
X6 67 15 adc

X7 7 8 16 adc

x8 8 9 17 adc

.print tran v(10) v(11) v(12) v(13)

.print tran v(14) v(15) v(16) v(17)

.print tran v(1) v(2) v(3) v(4)

.print tran v(5) v(6) v(7) v(8)

.subckt adc in out bin

b1 bin 0 v=(v(in)>1)?71:0

b2 out 0 v= 2:x(v(in) - v(bin))

.ends

.end
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MIDI Synthesizer

A9
DS7_Def

A16
MIDI_Def

In this example, we will simulate a MIDI synthesizer in order to
examine the mixed-domain simulation capability of ICAPS.
The MIDI circuit uses three types of data: Digital, Real and
Analog. These types are signified by the letters D, R and A,
respectively on the schematic. Translational node bridges are
used to convert between signal types.

New Topics Covered
Sources
» Digital Source
Code Models
*  Numerically Controlled Oscillator (NCO)
» Digital Frequency Divider
+ Sample Data Filter using Real Gain and Real Delay
e Limiter

Specifications:

Given the circuit shown below, we will perform a transient
simulation and collect data every 0.1ms for 200ms at the output
(node 13) and for the digital clock signal (node 17). Reltol,
which is entered in the Simulator Options menu of the IsSpice4
Simulation Setup dialog, should be set to .0001.

R2 1K

A15 DIG_FILTER

FDIV_Def |

A13
D2R_Def

Clk

Freq. Sampled

Data
Filter

8 Divider

A7

Vout
volts

LIMITC
V3 —_
— 479M
2.91
Tran O time 200M
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MIDI

.OPTIONS RELTOL=.0001 ; Simulation Options... dialog

.MODEL DS7_001 d_source(input_file=source7.txt input_load=1.0p)
.MODEL FDIV_001 d_fdiv(div_factor=8 high_cycles=4

+i_count=0 rise_delay=2.0N fall_delay=20.0N freq_in_load=1.0p)
.MODEL A2D_001 adc_bridge(in_low=100M in_high=900.0M

+ rise_delay=1.0N fall_delay=1.0N)

.MODEL D2R_001 d_to_real(zero=0.0 one=1.0 delay=1.0N)
.MODEL R2A_001 real_to_v(gain=1.0 transition_time=1.0N)
.MODEL MIDI_001 nco(delay=1.0N mult_factor=16.0)

.MODEL LIM_001 limit(in_offset=0.0 gain=300.0k out_lower_limit=-12.0
+ out_upper_limit=12.0 limit=12.0 limit_range=1.0u fraction=FALSE)
.MODEL D2A_001 dac_bridge(out_low=0.0 out_high=1.0 out_undef=500m
+ t_rise=1.0N t_fall=1.0N)

.TRAN .0001 .2

*#ALIAS VOUT V(13)

.PRINT TRAN V(13)

A2[123456 7] 11Midi_001

A4 16 15 10 D2R_001

X110 11 8 DIG_FILTER

R114 12 2K

R2 12 0 300K

R3 12 13 1K

C11213.5U

A6 8 14 R2A_001

A9 11 16 FDIV_001
V190PWLO1.0491.050.0740.0751.1091.110.1390
+.141.1591 .16 0

A11[ 9] [15] A2D_001

A12[11] [17] D2A_001

A13 12 13 LIM_001

A1[1234567]DS7_001

.END

Placing Parts

The digital source used for this example can be found under the
Digital type, Generic Subtype as Dsrc7. The MIDI VCO and
frequency divider models are also found under the Digital type,
Generic Subtype as NCO and Fdiv, respectively. The sampled
data filter and the limiter can be found under the Behavioral
Type, Function Block subtype as Dig_Filter, and Limitc,
respectively. All node bridges (D-to-A, A-to-D, D-to-R, and R-
to-A) are found under Bridges Type. The parameters used to
configure the code models can be found in the netlist given
above.
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MIDI.TXT is an
external text file
that contains a
description of
the digital
source.

Note: You must
copy the

MIDI. TXT file to
the directory
where the MIDI
design is
located in order
to make it
accessible. The
digital source
looks for the
source input file
in the project
directory.
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Digital Source

The MIDI note data is created using a digital stimulus source,
Dsrc7. MIDI notes are composed of 7 bits, and are numbered
between zero and 127 (Bit 1 = MSB). Three C notes are
simulated, each an octave apart, corresponding to the note
numbers 60, 36 and 48. These are given by the following digital
source input file, MIDI.txt.

T 1 2 3 4 5 6 7
*i
*m
*e
0 Os 1s 1s 1s 1s 0s Os

.06 0s 1s 0Os 0Os 1s 0Os Os
.12 0s 1s 1s 0s 0s 0sO0Os

The digital values, Os and 1s, correspond to the acceptable
state values as defined in the IsSpice4 User’s Guide. Please
referto this guide for a more complete description of the defined
states and the digital source syntax.

Numerically Controlled Oscillator (NCO)

The MIDI VCO (NCO model) is a digitally controlled oscillator
that produces a square wave with a frequency based on the
MIDI note number presented at the input. The digital input
source feeds this model to create the desired digital frequency.
The frequency multiplier model parameter (mult_factor) is 16.

Frequency Divider

The frequency divider is a generic divide-by-N frequency
divider. The model parameter (div_factor) defines the value of
N. In this example, the output from the NCO is divided by 8 and
fed to the sampled data filter.

Sampled Data Filter

The sampled data filter is a subcircuit composed of real gain
and real delay (Z') code models, as shown below. These
models use real data, and therefore require node bridges on
the input and output to convert from digital to real and from real
to analog.



Note: In order
to view the
digital output, a
D-to-A bridge
was required to
convert the
digital clock
signal to its
analog
equivalent.
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Filt_In

-0.75 ) Filt_Out

The input is translated from a digital state to a real value using
the D-to-R node bridge. The enable on the D-to-R bridge is
driven by a simple PWL statement, which is converted to a
digital signal with an A-to-D bridge. The output is converted to
an analog signal through a real-to-analog bridge. The subcircuit
for the sampled-data filter can be viewed in the IsSpice4 .OUT
output file.

Limiter

The limiter code model is a simple limiting gain stage. In this
example, the limiteris used to simulate the lowpass filter output
stage. The final limiter output is shown below.

A detailed description of the MIDI synthesizer is located in the
November 1994 Intusoft Newsletter.
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I Hot Key Table

IntuScope5 Hot Key Table

Function Letter
add +

Add Waveform Ctrli+F
average a
Bode with margins b
Clear Del
Close Graph Ctrl+W
Context Help Shift+F1
Copy Ctri+C
Cut Ctrl+X
Data points #
Differentiate d
divide /

Do Command Script CtrI+R
efficiency e
enlarge Shift+Up
Exit/Quit Ctrl+Q
expandx X
expandy Y

FFT time to mag f
frequency w

Get X at Cursor 0 F7

Get X at Cursor 1 F8

Get X Delta F10
Get Y at Cursor 0 F5

Get Y at Cursor 1 F6

Get Y Delta F9
Integrate i
matchscales y
maximum >
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IntuScope5 Hot Key Table

Function

minimum

Move Cursor 0 <- to a(y)
Move Cursor 0 -> to a(y)
Move Cursor 0 to X
Move Cursor 1 <- to a(y)
Move Cursor 1 -> to a(y)
Move Cursor 1 to X
multiply

New Graph

nudgedown

nudgeup

Nyquist

Open Graph...

Paste

peak to peak

Print...

Redo

Reset Cursors

RMS

Save Graph

Scaling

Scaling Dialog
Schematic

Select All

Show Cursor Bar

Show Script Windows
shrink

Simulate

Std Deviation

Letter
<

F11
F12
F3

<-

->

F4

Ctrl+N
Down
Up

n
CtrI+O
Ctrl+V
p
CtrlI+P
Shift+Ctrl+Z
HOME
r
Ctrl+S
Ctrl+L
Ctrl+L
Ctrl+D
Ctrl+A
CtrI+K
Ctrl+J
Shift+Down
CtrlI+G
$



Hot Key ReFerRencE GUIDE

IntuScope5 Hot Key Table

Function Letter
subtract -
superfamily S

Text Edit>Input Ctri+l
Tile All Traces(y only) Ctrl+T
Undo Ctrl+Z
Update Using Selected Mode Ctrl+U
X at Maximum M

X at Minimum m

IsSpice4Hot Key Table

Function Letter

Copy Ctri+C
Cut CtrlI+X
Exit/Quit Ctrl+Q
Print CtrlI+P
Undo Ctrl+Z
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SpiceNet Hot Key Table

Function

Amps —> Amps control source

Amps —> Volts control source
Arbitrary lout control source
Arbitrary Vout control source
Bus

Capacitor

Continuation

Current source

Current test point

Cut

DC voltage source
Differential voltage test point
Diode

Ground

Ideal T line

Inductor

Mutual Inductor

N-BJT

N-JFET

N-MFET

N-MOS

P-BJT

P-JFET

P-MFET

P-MOS

Power test point

RCRD Lossy T Line
Resistor

RLCG Lossy T Line

Run a simulation

Switch | control

Switch V control

Voltage test point

Volts —> Amps control source
Volts —> Volts control source
Wire

Letter

F

H

2B

B

2W

C

V4

I

3Y
Ctrl+X

‘—OX"*OU§<

47

2J

57
2M
4Y

40
Ctrl+G

sMe<o:



Ilndex

Symbols

AC 219

.DISTO 231

.END 16

.ENDS 237

.FOUR 231

.MODEL
BJT 232
Diode 220
JFET 224
MESFET 248
resistors 251
switch 263

.NOISE 231

.OPTIONS 231, 250, 278

.PRINT 92, 235
current 225
device parameters 248

.SUBCKT 237

.TF 231

VIEW 92

??? entry 174

3 sigma value 147

A

A-to-D 265
A-to-D converter 281
AC
analysis example 213
AC analysis
ending frequency 63
running 64
starting frequency 63
AC Analysis dialog 63
AC frequency sweep 64
ACCT 231
Accumulator Window 104
accuracy 216
active analysis 68, 92

Add to Bus function 30
adding part values 20
After Simulation Go To 66
AKTP2.DWG 89
Alarm 182
Alarm button 187
Alarm Summary dialog report 144
Alarm summary report 183
alarm warnings 153
Alarms 155
ALIAS statements 55
aliasing, data 221
Alter dialog 75, 76
Alter function 73
Alter icon 73
Alter tool 73
AM 243
ambiguity group 177
Analog-to-Digital Interfacing 265
Analysis 99
Analysis Wizard 59, 61
array

model parameter 258
arrow

4-way 21
Arrow Heads 47
artwork shapes 46
attributes 16

schematic 33
Auto Build 188

stepping 188
Auto Build function 180, 210
AutoBuild button 208
automatic measurements 153

B

B 243, 245
Batch

data reduction mode 141
batch mode radio button 193
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Batch option 192
Batch radio button 184
Binary button 208, 210
binary counter 269, 272
Binary measurement mode 180
binary states 210
Bode Plot 213, 214
boolean 258
model parameter 258
Boolean Expression 280
Boolean Logic Functions 276
.OPTIONS, LTHRESH, LONE,
LZERO 276
B Nonlinear Dependent
Sources 276
expressions 276
branch 93
branches 177
bridges 282
Buffering 227
Built-In Test 180
Bus
breakout 29
Bus Rules 29
Bus Tool 21
Busses 29
non-orthogonal 29
BUTTFIL1.DWG 133
by Tol button 158

Cc

Can'’t Fail box 167

Case column 191

cases 161

CASS 211

catastrophic failure modes 181
change node numbers 20
changing projects 19
characteristic impedance 227, 230
Chebyshev 257
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Circuit Temperature 77, 164
Code Model
State Machine 272
code modeling 256
Code Models
Analog/Digital ground 269
Digital Frequency Divider 282
Initializing flip-flops 269
Limiter 282
placing and configuring 266
Sample Data Filter using Real
Gain, Real Delay 282
SR flip-flop 269
code models 269
accessing 259
CML.DLL 256
d_fdiv 282, 284
d_pulldown 269
d_source 282
d_srff 269
d_state 272
Laplace 256
limit 282
nco 282, 284
real 282
Commands Window 104, 116, 128
comparator 245
with Hysteresis 262
complex
model parameter 258
component
selecting 25
semiconductor 223
component failure modes 178
configuration 144
scroll list 38
test 82
configurations
multiple 39
simulation setup 38



Configurations dialog 197
Configurations function 84
Configuring Code Models 265
connecting parts 28
connectivity 16
Consolidated Automatic Support
System 211
Continuation 200
control statements 16
Copy to Clipboard button 120
copying objects 21
counter 269, 272
cross-probe 66
tool 71
cross-probing
AC magnitude and phase
waveforms 72
AC voltage 68
current 68
IntuScope 71
power dissipation 69
schematic 67
voltage 67
crosshair symbol 22
CtriVec 97
curly braces 80
current
Measurement 225
real time 93
current or power waveform
saving 70
cursor
pan 21
Cursor Control Bar 112
Cursor Functions 173
Cursor Script window 202
Cursor Wizard 142, 171
Cursor Wizard Script 174
cursor zero 202
curve family 77

INDEX

D

D 223

D-to-A 265

d_fdiv 282

d_source 282

d_state 272

Darlington PNP-NPN 79

data
aliasing 215, 221
current measurement 225
delayed accumulation 250
device/model 236
Fourier 234
internal timestep 216
Noise 235
past simulations 99
Pole-Zero 219
RELTOL 217
sampling 215, 222
Transfer Function 236

Data Printout Step 59

Data Reduction group 192

Data Reduction mode 141

Data Step Time 62, 198

DB 92

DC Analysis 225

decade 64

Decade button 63

Default function 145

Default tolerance option 206

define measurements 153

Defining Parametric Fault
Variations 166

delay 255

deleting objects 21

deluxe option 10

Design Validation 153

Design Validator 153, 176

device characteristics 224

293



device/model parameters 96, 249
Devices

semiconductor 223
differentiator 259
digital gates 276

timestep control 278
digital ground 269, 271
digital source 282
diode 220
displaying node voltages 85
distortion 99, 231, 234
DLL 256
DoScript button 98
Drawing Artwork Shapes 46
Drawing Item Colors 43, 44

E

Edit Configurations dialog 39, 198
Edit Test Group 134
Edit Tol button 183, 186, 206
Edit: field 98
entropy 180, 210
equation 76
equations 243
error tolerance 217
Error window 90
Errors and Status window 89
EVA analysis 147
example
schematic panning 21
Expand to Pass function 148, 176
Expanding Measurement Limits 164
Expression button 96
Expression dialog 96

F

FAIL 177

failure modes 144, 179
Failure Modes list 204

Failure Parameters dialog 167
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failure tolerances 179
fault 166
Fault Tree 177, 178, 180
rebuilding 209
Fault Tree, building 187
fault tree nodes 188
Fault Tree Selection group 207
Fault Tree Selection list 187
Faults tab 204
FFT 244
file menu 17
Fill Type 47
filter 282, 284, 285
fit screen 27
Fit to Screen 21
flip-flop 269
flipping a symbol 21
FM
delay 255
Fourier 231, 233
ouput 234
frequency divider 282, 284
function keys 27
Functions list 202

G

GaAs 248
generic subcircuits 80
user-defined parameters 81
getCursor script 202
Global Colors function 43
ground 16
ground symbol
placing 21, 49
Group Sequence 188
guard band 180, 209

H

hardware requirements 10
harmonics 233, 234



help pop-up

SpiceNet 37
High Limit 183, 186
Histogram measurement mode 180
home Cursors script 202
homeCursors 142, 151, 172
Hybrid Code Models 265
hysteresis 262

IC 253
ICAP/4 Professional 153
ICAP_4

program group 15
ICL 232

Introduction 97

Identifying Measurements 153

If-Then-Else 245, 281

Imaginary 237

Impedance Matching 228

In-line Equations 243

Initial Conditions 253

INOISE 235

input netlist 37

insertion point 54

installing 12

integer
model parameter 258

Interactive
data reduction mode 141

Interactive Data Reduction mode 141

intermodulation 234

internal timestep 216

IntuScope
Active IsSpice Simulation 106
Active Project .OUT file 108
Active Project Output File 106
Add Waveform Dialog 107, 109
Commands Window 116, 128
copy to clipboard 120

INDEX

copying a waveform 111
Cursor Control Bar 112
Cursor Wizard 142
customizing toolbar 119
deleting a waveform 111
Help Menu 105
hiding a waveform 113
homeCursors 142
Interactive Control Language
(ICL) 116
Interactive Data Reduction
mode 141
interpolated (resampled)
data 108
IsSpice WFEMS... 214
labeling values 115
Load Script 116
non-interpolated (raw) data 108
obtaining data from a vector
set 107
opening a new graph window 105
print preview 119
renaming a plot 111
scaling a waveform 114
Scaling dialog 114
Scripts 129
selecting a waveform 113
separating waveforms 109
Smith Charts 120
Specifying Measurements 139
starting 103
Transient Analysis button 140
TwoPort Networks 122
types of waveform data 105
updating a waveform 117
Inverter Code Models 265
isolation 178
IsSpice Simulation Setup
AC Analysis Bode Plot 133
IsSpice WFEMS... 214
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IsSpice4
control statements 16
display 89
interactive script window 175
output file 147
plot vector 142, 172
primitive elements 80
Requirements 16
simulation requirements 58
IsSpice4 Control Statements 37, 58
multiple sets 38
IsSpice4 Simulation
screen 65
Setup dialog 37, 39, 64

J

J 223
JFET 224

K

Keyboard
function table 20

L

Label Style 34
labeling parts 33
Laplace model 256
Last Measurement option 206
Last Measurements button 194
Last Measurements data 193
Last Measurements function 145
layers 196

schematic 78
Layers function 199
leaf 156, 177
Library Manager 123
limits 282

manual setting of 206
linear sweep 74
LONE 278
LTHRESH 278
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Lthresh 278
LTRA 229
LZERO 278

M 223
Macro Modeling 240
magnetics 240
saturation 242
magnifying glass symbol 73
Magnitude 221, 238
Main tab 187, 192, 193
Make Breakout 30
Make button 93
Math 243
measurement leaf 156
Measurement Results
dialog 145, 186, 206
Measurement Wizard 157, 172
Measurement Wizard dialog 143, 155
Measurements 179
dialog 93
Interactive 93
Measurements
tab 153, 185, 186, 190, 202, 206
Measurements tree 183
Measuring vectors 170
MESFET 248
MIDI 282
MIDI oscillator 284
Minimum Printing Line Width 45
model parameter
code models 258
models 256
code 256
Modulator 243
Monte button 135
Monte button 136
Monte Carlo 133, 134, 153
AC Analysis Bode Plot 133



BUTTFIL1.DWG 133

Edit Test Group dialog 134

Measurements 134

Probability Plot 137
Monte Carlo Analysis 133, 161
Monte Carlo Mode 192
Monte Carlo statistics 194
mouse

function table 20

using, schematic 20
moving

an object 20

symbols 27
multiple

configurations 39

schematic pages 31, 32

N

NAND 276
NAND circuit 278, 279
nco 282
netlist

requirements 16
NetList Edit function 35
Netlist Editor 166
netlist requirements 16
New Configuration 196
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