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Lesson 1. Building a Design for Simulation

Lesson Objectives

e PSpice documentation and Learning Tutorial

Windows General Tips

OrCAD EMA 259 ion-

Windows General Tips
Some things you'll need to know

* Typical Installation Directory:
— C:\Cadence\SPB_17.4

* |Initialization Files:
— Capture - %HOME%\cdssetup\OrCAD_Capture\17.4.0\Capture.ini
— PSpice - %HOME%\cdssetup\QrCAD_PSpice\17.4.0\PSpice.ini

* RMB = Right Mouse Button

* MMB = Middle Mouse Button

* |LMB = Left Mouse Button

¢ Ctrl + A =Select All

* Ctrl + LMB = Add/Remove to Selection

¢ Shift + LMB = Add/Remove all in-between

© 2019 EMA Design Automation 24

Cadence Tools Overview

OrCAD Capture is tightly integrated with PSpice for simulation and OrCAD and Allegro PCB
Editor for board design.

OrCAD Capture can also use the Cadence OrCAD Component Information System (Cadence
OrCAD Capture CIS) to integrate your board-level design with existing in-house part
procurement and manufacturing databases.

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved

11



PSpice Essentials 17.4 Version 17.4

Starting OrCAD Capture

To Start OrCAD Capture application, select Start > All Programs > Cadence Release 17.4-2019 >
Capture CIS 17.4

The OrCAD Capture “Start Page”

When you start the OrCAD Capture software, the main session window appears as shown in the
following graphic.

File Edit_view Place PCB Sl Analysis _Accessories Options_Window _Help cadence®

S iXDESCeHRH R.@QQRReF,  WABRLE . BBELD.! B OMBEAN 4400 @RF DA g L,

Start Menu Getting Started Your Software

PP

Uptodate v
% New Design [2) New Project Installed: 17.4-2019-5001
N Latest: 17.4-2019-P001
F cpmommn A

°

Open Project

Recent Files

File name Created Date

' ri_ampop] 10/21/2019 01:45:26 pm

Problem
vid10.0p] 12/13/2019 10:49:30 am
There are three
butterworth_iters.dsn 12/12/2019 04:56:38 pm
3\ Read Article
data_converters.op] 12/12/2019 05:05:04 pm

butterworth_filters. op] 12/12/2019 04:56:38 pm

bit.opj 12/06/2019 05:17:45 pm Your Channel

bpf.opj 12106/2019 05:17:22 pm Partner

L3
{54
Ji
&
=
o
8
g
ra
of
N
oh
oIF
video5.opj 11/22/2019 03:43:55 pm The Tolerance %
+
=2
pi filter ac analysis dec 6th-2.0pj 12/06/2019 05:12:15 pm EMA Design Automation
info@ema-eda. com [
vid5_sim_creation. opj 12/03/2019 12:58:42 pm hitpin @

video7.op 11/21/2019 12:02:34 pm

Video9.opj 172712019 12:18:03 pm

abm.opj 10/30/2019 11:37:55 am

Command Window

‘
Command Window | Session Log

Ready

You can start a New Project (or Design), Open an existing Project (or Design), Open recent files,
Open Learning Resources and OrCAD Apps from Start Page.

In the upper, right corner, the current OrCAD version you are running will be displayed. Below
that you will see technology articles by cadence.

OrCAD Help

There are several ways to get help with PSpice and Capture tools.

e From Help menu inside PSpice or Capture tools
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e Start > Cadence Help 17.4-2019 > Cadence Help 17.4 Context sensitive help is available
by clicking ‘Help’ button that can be found in different windows

e http://support.ema-eda.com/ EMA Resource Center is the online support resource for
OrCAD tools

Each Cadence tool has HTML based manuals that you can access by choosing Help >
Documentation from respective tool.

You can access PSpice User’s Guide and PSpice Reference Guide from Help > Documentation
menu in PSpice.

PSpice User’s Guide is a comprehensive guide for understanding and using the features
available in PSpice that designers can use to simulate the design.

PSpice Reference Guide describes PSpice simulation controls, analysis specifications, PSpice
devices, model parameters and device equations.

4| Unindexed

. Local Documents [ Search SPB17.4-2019 | All Libraries .
A Q

PSpice Technologies

T

[

Featured Content Knowledge Support

@ (R i
Forums Video Library Education Services
PSpice Community Latest Videos on PSpice Technologies Latest Education Offerings

o

C:fCadence/5PB_17 4/doc/pspugimenufpspHelpTOC htmi# y
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Cadence Help system can be accessed by choosing Start > Cadence Help 17.4-2019 > Cadence
Help 17.4.

C

l Cadence

B cadence Help 17.4-2019 2

Allegro Pulse Configuration Guide...

Cadence Help 17.4

Cadence OrCAD and Allegro Tutori...

README CCR 17.4

Troubleshooting Licensing Issues 1...

What's New in Release 17.4

Cadence IC Packaging 17.4-2019

Cadence PCB 17.4-2019

Cadence PCB Utilities 17.4-2019

Cadence Release 17.2-2016

With the Cadence Help, users can access, view, and search the help documentation for all
Cadence products installed on the machine. The Documentation Browser panel displays the
documentation categorized based on product type.

There is also a PSpice tutorial built into OrCAD Capture. PSpice tutorial covers topics ranging
from basic theorems to very advanced topics. This tutorial also includes a wide variety of PSpice
Application notes and ready-to-simulate circuits. To access PSpice tutorial choose Help >
Learning PSpice in Capture. User can click on Open Design button to access the associated
design and then run the simulation.
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StartPage >  Leaming PSpice x

+ [ About Learning PSpice Simulation results
4103 Analysis Using PSpice
5 s ctoncs
-| G PSpice Application Notes

) 3 Analog Behavioral Modeling

+ C3 Modeling Potentiometers and Variable Resistors

# C3 Modeling Fiters with ABM 2

+ £ Modeling Voltage Controlled Capacitor wooTe
% & Modeling Voltage Controlled Oscillators Tk e
+ (J Modeling Impedances with ABM y

+ 0 Modeling Ferrite Beads

+ (1 Modeling Schottky Diodes

'd
WAL

- & Modeling Quartz Crystals
[E) Equivalent Electrical Model 3 e

[ Simulation results 5

;,
4

+ £ Modeling Relay in PSpice
I £ Modeling Radiation Effect L
41 (3 Modeling Brushless DC Mator

=
Figure 2: Gircuit diagram
+ (3 Using the Inductor Coupling Symbols

+I £ Improve Simulation Accuracy with Passives C1

4] () Analyzing Amplifier's Settling Time I
1

4 Simulating High-Q Circuits
5 (3 Obtain S-parameters L1 2.5p

413 Digital Timing Simulation c2 R1
415 Digitl Frequency Comparator M

/03 Creating & Diagram Using Pspice — —A W\
+1 £ Discharge behavior of common batteries using F 2.5 0.01p 640

+ (3 Worst-Case Analysis in PSpice

I C3 Modeling Lossy Transmission Lines Figure 3: Equivalent Circuit (Mode) Parameters
# £ simulation and modelling of Thermistor

4] (3 Power Electronics Design Example 11 =25, C2 = 001pF, R1 = 6400, €1 = 2.5pF

< >

The EMA Resource Center (ERC) is your online support resource for OrCAD products and can be
found at http://support.ema-eda.com/. This password protected site contains application
notes, product downloads and software service packs.

User can also use Cadence® Online Support site at http://support.cadence.com/ for product
related solutions and application notes.

%l Support Home

< c @ © @ hitps//support.cadence.com/apex/HomePage# w YN @ e =

cadence

SUPPORT

N 4

Cases Tools Resources SelfLearning Software My Support | Contribute Content

| Most Popular

IEI Best practices for using the Cadence Support
website

% Explore your design with these useful single-line
AllContent v Q dbGet scripts

£ View History (" Documents Liked [ Use ™ and ? as wildcard 1} Generic Process Design Kits (GPDK) Downloads
@ Basic Floorplanning in Innovus Implementation
System 19.1

Know more about a product:  Nel\LIEEETI LT (1T 88
} Acceleration and Emulation Customer Support

e

I X @

FEEDBACK

Installation & Product What's New Troubleshooting Video Library
Licensing Manuals Information
. | Latest Forum Posts 3 | Getting Started
@ 1797 new content in last one month

(Edit Preferences)

#* How to customize the columns in OrCAD property editor [2)) Getting Started with Rapid Adoption Kits
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Creating a New Project

Each design created has a project associated with it. A project is a collection of files that make
up a circuit description (in one or more configurations), its associated simulation characteristics,
and any other related derivative information that can be linked with it (unique part libraries,
model libraries, etc.). All projects are characterized by a ‘project file’ appearing at the root of
the project location as a <project_name>.opj file and contains a collection of pointers to all
other files associated with your design.

Mew Project

Mame project

Location C:AEMA_Training'Pzpice Ezzentialz

w| Enable PSpice Simulation

Cancel Help

In order to simulate a design in a project, the check box “enable Pspice Simulation” MUST be
checked. This will ensure the PSpice A/D menu and toolbars are activated in OrCAD Capture. If
the design is not PSpice enabled, it will not simulate.

Since parts used in PSpice A/D project types can have footprint information, PSpice A/D designs
may be used in all Cadence OrCAD and Allegro® PCB Editor tools, or other layout programs.

Project Templates

Project templates allow you to create a new project based on a predefined project, or any
existing project that you may have. You can also elect to create a blank project.

X
Create PSpice Project

® Create based upon an existing project

Boost_Corverter.opj - Browse...

Cancel
Create a blank project
Help

There are 42 predefined projects.

Empty projects contain a single schematic folder with a single schematic page. Hierarchical
projects contain two schematic folders with a single page each. The empty_aa, hierarchical_aa,
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and simple _aa projects are setup for Advanced Analysis such as Monte Carlo, and/or Smoke
(stress analysis). The rest of the project templates cover basic electronic circuits and SMPS
topologies. These project templates cover the range of analog, digital, and mixed signal designs.

Most templates are pre-configured with a minimum set of part libraries. Templates listing
all_libs in their names have all of the PSpice A/D-ready part libraries configured. You may add
and remove part libraries from any project.

The option to base a new project on an existing project functions as a File > Save Project As...
menu command. It pulls in all aspects of the existing design including simulation profiles, model
libraries, and stimulus files. In essence, this allows you to quickly make a copy of an existing
project. This is useful if you have a design at a working stage, but would like to try some “what-
if” experiments without losing the original working design.

Note: Most (if not all) of the templates configure a number of part libraries for use within the
project. One should keep in mind that it’s not necessary to retain all “loaded” libraries for a
project. In fact, you don’t need to “load” any library for a PSpice project. Loading a library
pertains to having the library loaded up and configured in the Capture Project page (you'll see a
list of libraries under the Library folder). While loading libraries may be convenient, they can
cause a very large “system memory footprint” for the project if the number of loaded libraries
is significant. This can sometimes cause havoc in machine performance. It’s best to not load a
library unless you plan on making edits to its contents. You can still access any part and in the
system and place it without loading the respective library.

The PSpice Project

You can verify that you are working in a PSpice A/D project by looking for the PSpice menu and
the PSpice A/D toolbar. The PSpice A/D toolbar is usually located below the main OrCAD
Capture toolbar as shown in the below graphic.

*I* OrCAD Capture CIS-[/ - [SCHEMATICT : PAGET]]

File Design Edit WView Tools Place PCE Sl Analysid i ccessories  Options  Window  Help

h=]=LN I & o 5l - AQiq@aql. b
SCHEMATICT-trans DD@E@G‘Q 72 L7 @@@Ql_’@/‘\% D
prcuect1 opj Start Page x| Learning PSpice %" [-(SCHEMATICT : PAGED) x|

*qF.i.a;;.r;chy "'UL_‘J” - ‘Lbﬁﬁ11111333",'Ijjjjj;;; ------

Note: Not every icon in the PSpice A/D toolbar will be active when first starting a blank PSpice
project, as most of the icon functions are tied to a Simulation Profile (more on this later).
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If you have already entered a lot of information into the design before realizing that you are not
in a PSpice A/D project you can still save your work and convert it into a PSpice A/D project. To
do this simply create a simulation. Before the simulation window opens, capture will prompt
you to select a license that includes the pspice option.

Placing Parts

As of OrCAD Capture release 16.6, placing parts for PSpice designs is much simpler. For this and
all following labs we’ll abide by the new QuickPlace method for placing PSpice parts into our
designs unless otherwise prohibited. If there is interest in the legacy part placement flow (using
the Part Browser), see the Appendix for a discussion of that method.

PSpice part selection is accomplished via the Place > PSpice Component... menu command.

Place | PCB 5| Analysis PSpice Accessories Options Window |
% Part. p ! . B
GSpice Component... ) 3 PSpice Ground
Search Providers... Capacitor
Ts Wire W Diode
Auto Wire » Inductor
_r.‘ Bus B G&:r:t-:-r )
«§s Junction ) )
. Digital »
p Bus Entry E
A ’ Discrete »
N, Net Alias... N
= Passives »
= NetGroup.. U
S Source ’
23 power... r
— = _ Search...
> Ground... G
[, Off-Page Connector.. Modeling Application..

Notice that the most common PSpice components are listed at the top of the sub-menu
selection list, followed by a set of categorized component sub-menus, a more powerful search
function, and TCL based Model Applications for modeling common ‘non-ideal’ parts (among
others) very quickly. No longer is there a need to configure part libraries when using the
QuickPlace method as this flow automatically draws parts from the correct simulation libraries.

As of OrCAD Capture release 17.4 the Pspice search and Pspice Modeling Application are
available via icons in the pspice simulation toolbar

g 14
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To locate a part by function or part specific name, simply use the Search feature for QuickPlace.

PSpice Part Search * X

¥ Hide Categories View Search Online
Categories Library
CFavorites -

» Eamplifiers and Linear 1Cs

¥ Tanalog Behavioral Models I,\\y

¥ CData Converters

» FlDiscrete

¥ CEectroMechanical

» Cldeal Devices

¥ Tl ogic -

counter ®

Search All Categories r D

PART NAME  DESCRIPTION

iE 100136 "4-Bit Counter/Shift Register”
iF "10136” "Universal Hex Counter”
7t 10137 4-Bit Universal[]ecade
Counter
ﬂ "54L90" "Decade Counter”
CEL S8 . Y Blﬁmay&ounﬁe‘rp - l

You can search by category (as shown for a search for all counters), by library, by part name,
partial name with wild cards, among others. Searches can also be restricted to specific
categories.

Undo Warning

Some edits that you perform will require the undo cache to be cleared, which will prompt you

with a warning panel. To avoid having to constantly click the Yes button in this Undo Warning!!
panel, select the Do not show this box again check box before selecting Yes. This will clear the
Undo cache without asking you when running certain commands.

x
Undo Warning!!

This action will apply changes made in property editar to the design, and
clear Undo/Redo information in schematic editor. You will not be able to
Undo/Redo any of the previous actions. Do you want to apply changes?

Do not show this box again. Yes Mo

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 1-9
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Lesson 1, Lab 1: Browsing PSpice Tutorials

Some Important Information

The password to your training machines is train
The paths to the software and lab files on the training machines are located here:
<Software_Installation>
e C:\Apps\SPB_17.4\
<Labs_Directory>

e C:\EMA_Training\PSpiceEssentials\

Opening OrCAD Capture

1. To start OrCAD Capture and begin your first PSpice project, select Start > Programs >
Cadence PCB 17.4-2019 > Capture CIS 17.4

OrCAD Capture will respond by prompting for an appropriate license. Depending on what your
machine is licensed for, there may be several PSpice license options to choose from.

2. Pick either OrCAD PSpice Designer, OrCAD PCB Designer Professional w/PSpice, or
OrCAD PSpice Designer Plus (basically, any license with “PSpice” in it)

17.4 CaptureCls Product Choices

Please select the suite from which to check out the OriCAD Capture feature:

OrCAD Capture a

OrCAD PSpice Designer

OrCAD PCE Designer Professional
OrCAD PCE Designer Professional w/PSpice

OrCAD PSpice Designer Plus Cancel
Capture and CIS

OrCAD PCE Designer Professional and CIS

OrCAD PCE Designer Professional w/PSpice and CIS

OrCAD PSpice Designer and CIS b

Uze as default

At this point, OrCAD Capture will open presenting (in most cases) the Start Page. This is really a
control center of sorts for your Capture projects.
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Opening PSpice Tutorial

PSpice Essentials 17.4

1. Choose Help > Learning PSpice

This will open Learning PSpice tab inside Capture.

2. Inthe Topics panel (Left hand side) browse to Basic Electronics > Operation Amplifier >

Zero Cross Detector

Start Page » Learning PSpice X

+| (7 About Learning PSpice
+ 3 Analysis Using PSpice
- [= Basic Electronics
+ [ Thearems
+ [ RLC circuits
+| C0 AC Circuits
+| (7 Three phase circuits
+ [ Diodes
+| OO BJT
-| = Operational amplifiers
2| Inverting Amplifier
2 Non-inverting Amplifier
) Differential Amplifier
E Vvoltage Follower
E Adder
[/ Subtractor
[El Integrator
[ pifferentiator
[ Active Peak Detector
[ Precision Rectifier
[ Linear Current Source
[5| Zero Cross Detector
[l simple Oscillator
[E wien Bridge Oscillator
[ schmitt Trigger
+ [ Digital Electronics
+ 1 Data Converters
+| (7 PSpice Application Notes

+ [ Power Electronics Design Example

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 1-11



PSpice Essentials 17.4

Version 17.4

3. Click the Open Design button in the top-right corner. Alternately you can click on the
circuit image to open the design in Capture

Zero Cross Detector

_’ Open Design ~
A zero cross detector is a comparator with the reference level set at zero. It is used to detect the zero crossings of AC signals. The circuit consists of a comparator with an input voltage at the non-
inverting input.

When the input voltage is positive, the output voltage is a positive value; when the input voltage is negative, the output voltage is a negative value. The magnitude of the output voltage is a property of
the operational amplifier and its power supply.

Figure 28. Zero cross detector circuit
If the voltage remains higher than the reference voltage,

the output is high. If the voltages becomes lower than 0V, the output drops down to the negative saturation value.

This will open the design in Capture.

Zero Cross Detector

4 2 0
T+ 15Vdc
R2
MWV
5.1k

4

U3AR Ve
5 \
7]

LM339 V-
V(@)

\Y
VOFF =0 .
VAMPL = 5 = V3
FREQ = 50khz T+ 15vde
AC =0
-0 -0 -0
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Running PSpice Simulation on Zero Cross Detector Design

1. Choose PSpice > Run to run the simulation on the design. You can also press F11.

The netlister and DRC automatically run and the Probe window opens with waveforms
displayed. This is a zero cross detector and if the input voltage is higher that OV, the output is
high.

If the traces are not being displayed in PSpice, go back to Capture and double click on the
greyed-out voltage probes to ‘activate’ them.

tector-Tran - PSpice A/D - [Tran.dat (activel] - o x
AEC Iﬂ_: 9
cadence®

ork\suppaortfiles\BasicEle cironics\OpAmp\Designfiles\opampadv1-PSpiceFiles\zeracrass Time= 100.0E-06

2. Close PSpice waveform window
3. In Capture, close Schematic page by choosing File > Close and No to discard all changes.
4. Close Project by choosing File > Close and No to discard all changes

5. Close ‘Learning PSpice’ tab by choosing File > Close

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 1-13
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Version 17.4

Lab Objective

e Understand how to get into OrCAD Help and how to search through the documentation

Opening Help

1. In Capture, go to Help > OrCAD Capture Help or press F1 or the Help (?) icon

This brings up Cadence Help which has inside it help for all the tools that Cadence offers. When
brought up from inside Capture like we just did, the OrCAD Capture general help is displayed.

On this page itself, there’s not really a lot of useful information or links to more information.

There are only two things that you can do from here.

2. Select the Home icon (’L-T)

(D CadenceHelp - O *

[El orcap capt...

A Local Documents de Q #| All Libraries E

SPB1T7 4-2019 OrCAD Capture User Guides OrCAD Capture

OrCAD Capture User Guide
Product Version 17.4-2019, October 2019

OrCAD Capture

OrCAD Capture can be used by designers to create schematics and produce connectivity and simulation information for printed
circuit boards and programmable logic designs. You can use OrCAD Capture to create designs for other EDA applications by
choosing to set up a PSpice project, PCB project, or programmable logic project when you start a new project. You can set your
user preferences for the appearance of all designs on your system, and set up design options for each particular project or design
you create.

Capture provides standard libraries that can be used to design schematics. You can also create your own library.

In Capture, you can drag and drop schematic folders and pages in the project manager in the session window. You can place parts
and pins in Capture schematic editor, then connect the parts with buses, wires, off-page connectors, and more. Use a multitude of
Capture tools to edit the design, including the part editor, the Edit menu, and the pop-up menu. Create your own parts and part
packages, or use the standard libraries provided with Capture.

The property editor of Capture shows you properties of all or selected parts in your schematic design; one page at a time. You can
use the property editor to add, change, or delete user properties and property values in your own custom filter for any design.
Capture also includes verification and reporting, printing, and netlisting features for a schematic page, a folder, or an entire design.

For more information about See

OrCAD Capture Capture User Guide

OrCAD Capture messages Capture Messages Reference Guide n
Tnolhar commands and chartent ke Cantirs |lear Guids

CfCadence/SPE_17 4/doc/cap_ug/OrCAD_Capture.html#
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Your screen may look slightly different than this but there are a couple of categories to look at:

e Unfortunately for us on these training machines, this whole page is links to online
support at Cadence Online Support (COS) and since we don’t necessarily have an
account there, we won’t check that out at this time but there is good content if you
want to check it out on your own at a later time with access to a COS account.

@ Cadenc o 5 = - - O

il Documentat...

@

Local Documents w | Sez 317 4 Q.| © An Libraries :

PCB Design

What's New Featured Content Knowledge Support

@ R i
Forums Video Library Education Services
Latest forums on PCB Design Latestvideos on Allegro and OrCAD Platform Latest education offerings
Products
=
[+
f ¥ in O October 2019 | © Cadence Design Systems, Inc. All rights reserved. |
c/Cadence/SPB_17.4/doc/customhome_ch/customhome_chTOC.html|

Documentation Browser

1. On the upper left, click on the Show Documentation Browser icon ()
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(@ Cadence Help - O X
OrCAD Ca
o | Local Documents w | Search SPE17.4-201¢ Q| [ All Libraries : -

SPB17.4-2019 OrCAD Capture User Guides OrCAD Capture

OrCAD Capture User Guide
Product Version 17.4-2019, October 2019

OrCAD Capture

OrCAD Capture can be used by designers to create schematics and produce connectivity and simulation information for printed
circuit boards and programmable logic designs. You can use OrCAD Capture to create designs for other EDA applications by
choosing to set up a PSpice project, PCB project. or programmable logic project when you start a new project. You can set your user
preferences for the appearance of all designs on your system, and set up design options for each particular project or design you
create.

Capture provides standard libraries that can be used to design schematics. You can also create your own library.

In Capture, you can drag and drop schematic folders and pages in the project manager in the session window. You can place parts
and pins in Capture schematic editor, then connect the parts with buses, wires, off-page connectors, and more. Use a multitude of
Capture tools to edit the design, including the part editor, the Edit menu, and the pop-up menu. Create your own parts and part
packages, or use the standard libraries provided with Capture.

The property editor of Capture shows you properties of all or selected parts in your schematic design; one page at a time. You can
use the property editor to add, change, or delete user properties and property values in your own custom filter for any design.
Capture also includes verification and reporting, printing, and netlisting features for a schematic page, a folder, or an entire design.

For more information about See
OrCAD Capture Capture User Guide n
OrCAD Capture messages Capture Messages Reference Guide

-

c:/Cadence/SPE_17 4/doc/cap_ug/OrCAD_Capture.html

Alternatively, you can click the tab showing the present content to open the Documentation
Browser.

(D Cadence Help

Library B orcapcapt.. x|

T &

[ (B Allegro Design Entry CIS
£l [E] Allegro Design Entry HDL

This will open the Documentation Browser on the left
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o}
2

I3 SPB17.4-2019

- (i

| oy O ey IO s O ey IO sy O s IO o N oy A s O oy A sy O oy A o O o IO oy O oy A o O oy A o O oy IO e O sy O e I ey |
C- LB - - B - - B - B - - B T - B T - - - -
EEEEEEEEEEFEEFEEEEEEEEE

| Allegro Design Entry CIS
| Allegro Design Entry HDL
| Allegro EDM

| Allegro Package Design

| Allegro PCE Editor

| Allegro PCE Router

| Allegro PCE 5l

| Allegro PSpice Simulator
| Allegro System Architect
| Allegro System Capture
| Cadence Shared Tools

| Cadence 5iF Digital

| Cadence 5iP RF

| CadenceHelp

| FPGA System Flanner

I Install and License

| Installation and Licensing
| OrCAD Capture

| PCB Design Infrastructure
| P5pice

| PSpice Advance Analysis

| Sigrity Power and Signal Integrity

| SKILL
| SPECCTRAQuest

cf/Cadence/SPB_17 4/doc/customhome_ch/customhbor

PSpice Essentials 17.4

You can see that there is local Help installed for every tool that cadence offers in their SPB
(Silicon-Package-Board) software but we’re not really interested in seeing everything, we're

focused on PSpice.

2. Expand the PSpice folder to see what’s all under there

&l P5pice TCL Scripting
G| Reference Guides

5] Release Motes
t- Gl Tutorials
- (@] User Guides

& Allegro Platform System Re..
- Bl PS5pice Advance Analysis

There are a lot of useful documents but for a new user, it’s tough to know what information will
be in what subfolder. We’d like to be able to search through all the folders.
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Search Documentation Browser

Version 17.4

1. Inthe upper center of the browser, type in something you’d like to know more about, in
this case, we’ll search for VCO to learn about PSpice’s Voltage Controlled Oscillator

Here’s the important and tricky part. If you just hit the search icon to the right of that, it’ll
search all Cadence documents for VCO which isn’t what we want, we want to just search the
PSpice documents, so hit the search icon.

(@ Cadence Help
O, search Results % Or€AD Capt.

‘ ® @ ‘ Local Documents | vco

e -

All Libraries E

(] Allegro Package Design
(I Allegro PCE Editor
(1 Allegro PCB Router

- (] Allegro PCE 51
(] Allegro PSpice Simulater
(] Allegro System Architect
(] Allegro System Capture
(B Cadence Shared Tools
() Cadence SiP Digital
(1 Cadence SIP RF
(Bl CadenceHelp
(] FPGA System Planner
(3 Install and License

- (] Installation and Licensing
(] OrCAD Capture
(i1 PCB Design Infrastructure
13 pspice

(@ KPNS

@ Pspice TCL Scripting

(G Reference Guides

(@ Release Notes

@ Tutorials

G user Guides

- (B] PSpice Advance Analysis
(B Sigrity Power and Signal Integrity
B sKILL
[ SPECCTRAQuest

(5 Allegro Platform System Re...

SPB17.4-2019

Y Fiter|  10f47 results for the term veo

VCO Divide By N
VCO Divide By N,

Vcomp

and the effects of

i

Veomp Acronym for Voltage...

PLL model incorporating VCQ electric circuit w

PLL model incorporating VCO electric circuit The Simulink PLL model is shown in the following figure. In this
section, an electrical circuit is incorporated by SLPS in VCO only, and the entire PLL operation is checked. If
an electrical circuit is incorporated in a loop filter to phase comparator, delays of elements used in the circuit

Voltage Controlled Oscillator 0]
Voltage Contfrolled Oscillator, ...

PSpiceAD Modeling Applications [ ]

Circuit Protection Transient Voltage Suppressors (TVS) Diodes Zener DiodesLight-Emitting Diode
(LED)System Module SwitchTransformerVoltage Controlled Oscillators (VCO) Circuit ProtectionThis section -

Show all attributes

2. Then choose filter and select products > PSpice

(D Cadence Help

Library

B Allegro Design Entry €IS
B Allegro Design Entry HDL
B Allegro EDM

() Allegro Package Design
B Allegro PCB Editor

(] Allegra PCB Router

¥l Allegro PCB S|

B Allegro PSpice Simulator
B Allegro System Architect
(] Allegro System Capture
() Cadence Shared Tools

B Cadence SiP Digital

B Cadence SiP RF

(Bl CadenceHelp

(1 FPGA System Planner

- (B Install and License

(Bl Installation and Licensing
(1 OrcAD Capture

B PCB Design Infrastructure
(B PSpice

I PSpice Advance Analysis
() Sigrity Power and Signal Integrity
B SKILL

(B SPECCTRAQuest

SPB17.4-2019

@, search Results %

&l orcap cape
P

| Al Libraries

‘ ® ¢ | LocalDocuments «|vco Q

SPB17.4-2019
Y Filter results for the term veo

Filter by Clearall

Search Criteria -

Case Sensitive

¥ Match All Words
Match Whole Words Only
Match Exact Words

Products

¥l PSpice [22] F

Allegro PCB Editor [11]
OrCAD Capture [10]
Allegro EDM [3]

Allegro PCB S1[1]

Y1 | ke

Show all attributes

Veomp
Vecomp Acronym for Voltage...

PLL model incorporating VCQ electric circuit

PLL model incorporating VCO electric circuit The Simulink PLL model is
shown in the following figure. In this section, an electrical circuit is
incorporated by SLPS in VCO only, and the entire PLL operation is checked. If
an electrical circuit is incorporated in a loop filter to phase comparator, delays
of elements used in the circuit and the effects of ..

VCO This is a Square Wave Voltage Confrolled Oscillator that has a
differential analog control voltage input that controls the frequency of the
oscillator. The linear frequency transfer characteristic is determined by four
parameters that are specified with the properties A Voltage ( AV ), A
Frequency ( AF ), B Voltage ( BV ), and B Frequency ( BF ).

PLL Composition

This will filter all results to show PSpice Help items for the search term VCO and give you results

in the right hand side.
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O, Search Results % OrCAD Capt...

: ; .
@ Q | Local Documents + | vco Q| #| All Libraries H
Y Filter I UT&T TESUILS 101 UTE BT Ve FIUE il auoues
Filter by Clear all Voomp [E]
Search Criteria —  Vcomp Acronym for Voltage...
Case Sensitive Product: PSpice
#| Match All Words Manual: Mode! Edifor Help
Chapter: Mode! Editor Glossary
Match Whole Words Only

Match Exact Words

Products __ PLL model incorporating VCO electric circuit @
PLL model incorporating VCO electric circuit The Simulink PLL model is
shown in the following figure. In this section, an electrical circuit is

¥ PSpice [22] incorporated by SLPS in VCO only, and the entire PLL operation is checked.
If an electrical circuit is incorporated in a loop filter to phase comparator,
Allegro PCE Editor [11] delays of elements used in the circuit and the effects of ..
OrCAD Capture [10] Product:  PSpice
Manual: PSpice MATLAB Interface User Guide
Allegro EDM [3] Chapter: PLL Model

Allegro PCE SI[1]
O]
Manuals + VCO ~

VCO This is a Square Wave Voltage Controlled Oscillator that has a
differential analog control voltage input that controls the frequency of the
oscillator. The linear frequency transfer characteristic is determined by four
parameters that are specified with the properties A Voltage ( AV ), A
Frequency ( AF ), B Voltage ( BV ), and B Frequency ( BF ). ...

Product: PSpice
Manual: PSpice Reference Guide
Chapter: Function library

S

3. The third item is VCO in the PSpice Reference Guide, click on this link to learn about the
VCO part from within the PSpice Reference Guide

@, search Results OrC.ADCa—pt___ s Bwvco =
) ‘ ']\ \l, @ | Local Documents Q| 7 Al Libraries E
! Allegro PSpice Simulator Reference Guides VCO

VCO

=~This is a Square Wawve Voltage Controlled Oscillator that has a differential analog confrol voltage
input that controls the frequency of the oscillator. The linear frequency transfer characteristic is
determined by four parameters that are specified with the properties A Voltage (AV), A
Frequency (AF), B Voltage (BV), and B Frequency (BF).

1
i

Ay =72
AF =?
BvV=7?
BF =7
U2

N

Using this method, you can quickly and easily search through all of PSpice help for whatever
you would like to learn about.
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Additional Exercise

See if you can figure out how to search the OrCAD Capture help for information on how to
make a title block.

Here’s a clue on what it will look like:

(@ Cadence Help — m] *

0\ Search Results  *

‘ Q | Local Documents w | title block

Library

Q‘ ¥ All Libraries .

SPB17.4-2019

- (Bl Allegro Design Entry CIS
L] Allegro Design Entry HDL
[El Allegro EDM

- (Bl Allegro Package Design

- [l Allegro PCB Editor

(] Allegro PCB Router

Y Filter | 1 0f 206 results for the term title block Show all attributes

AT Clearall  Placing Multiple Title Blocks ®

1-20

- @

EEFEEEREEEREEEBEE

Allegre PCE 51

Allegro PSpice Simulator
Allegro System Architect
Allegro System Capture
Cadence Shared Tools
Cadence 5iP Digital
Cadence SiP RF
CadenceHelp

FPGA System Planner
Install and License
Installation and Licensing
OrCAD Capture

PCB Design Infrastructure
PSpice

PSpice Advance Analysis
Sigrity Power and Signal Integrity
SKILL

SPECCTRAQuest

Search Criteria =

Case Sensilive

¥ Match All Words
Match Whole Words Only
Match Exact Words

Products =

¥ OrCAD Capture [90]
Allegro PCB Editor [25]
Cadence SiP Digital [24

Allegro Design Entry
DL [21]

Allmars Quistam Cantirs

Manuals —+

Product Documentation ContentsCreating_a_custom_title_blockView/Print
PDFOpening_a_DesignOrCAD Capture User GuideProduct Version 17.4-2019,
October 2019 Placing Multiple Title Blocks Capture places a default title block at
the lower right corner of every schematic page. In addition, you may place any
number of custom fitle blocks at any location on the...

Creating a custom title block 0]

Product Documentation ContentsSetting_up_the_default_title_b ... View/Print
PDFPlacing_Multiple_Title BlocksOrCAD Capture User GuideProduct Version
17.4-2019, October 2019 Creating a custom fitle block You can place any number
of custom title blocks at any locations you choose. The text that appears is a
result of visible properties that you define when you...

Setting up the default title block 0]

Product Documentation ContentsWorking_with_Title_BlocksView/Print
PDFCreating_a_custom_title_blockOrCAD Capture User GuideProduct Version
17.4-2019, October 2019 Setting up the default title block In Capture, each
schematic page has a default title block in the lower right corner. Title block
information that you provide in the Design Template is written_.

Working with Title Blocks

Product Documentation ContentsOutside_a_ProjectView/Print —
PDFSetting_up_the_default_title_b ...OrCAD Capture User GuideProduct Version | =
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Lesson 1, Lab 3: Creating an RC Circuit

Lab Objectives

After you complete this lab you will be able to:

e Create a new PSpice A/D project
e Place parts

e Place wires

e Place power and ground symbols
e Assign reference designators

e Label nets

e Assign voltage values

Creating a New PSpice A/D Project

This lab begins with the assumption that Capture is not currently running. If it is you can just
skip to step 3 below.

1. To start OrCAD Capture and begin your first PSpice project, select Start > Programs >
Cadence PCB 17.4-2019 > Capture CIS 17.4.

2. OrCAD Capture will respond by prompting for an appropriate license. Depending on
what your machine is licensed for, there may be several PSpice license options to
choose from. Pick either OrCAD PSpice Designer, OrCAD PCB Designer Professional
w/PSpice, or OrCAD PSpice Designer Plus (basically, any license with “PSpice” in it).

17.4 CaptureCls Product Choices

Please select the suite from which to check out the OrfCAD Capture feature:

OrCAD Capture &

OrCAD Pspice Designer

OrCAD PCE Designer Professional
OrCAD PCE Designer Professional w/PSpice

OrCAD Pipice Designer Plus Cancel
Capture and CI5

OrCAD PCE Designer Professional and CI5

OrCAD PCE Designer Professional w/PSpice and CIS

OrCAD Pspice Designer and CIS ¥

Use as default

At this point, OrCAD Capture will open presenting (in most cases) the Start Page. This is really a
control center of sorts for your Capture projects.
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3. Choose the New Project button under the Getting Started Section of the Start Page to
launch the New Project Wizard. Alternatively, you can select File > New Project from the
pull-down menu at the top of the Capture window.

a | N ) |

Start Menu Getting Started ‘:’
v

ﬂ Home N Mew Design @ MNew ProjED L4
9 e e 1
Resources 1 B Open Design i QOpen Project -

== Apps P
Recent Files ;

B J.»MM ot el ome ™ 4

4. This will bring up the New Project Wizard. Fill out the following items:
e Enter RCin the Name field.

e Next to the Location field click the Browse button, and navigate to the
C:\EMA Training\PSpiceEssentials\Designs directory. Your new
project will be created and saved in this directory.

e Check the “Enable Pspice Simulation” box (Required for PSpice designs).

e Select the OK button when completed.

X
Mew Project

MName RC

Location CHEMA_TraininghPzpice E zzentialz

| Enable PSpice Simulation

Cancel Help

5. The Create PSpice Project panel will come up. This is where you can choose a pre-set
template to base the project on, an existing project, or just run with a blank project.
Project templates for the training machines are located in:

e C:\Apps\SPB 17.4\tools\capture\templates\pspice

6. For our purposes we'll just create a blank project, so select the Create a blank project
radio button and select OK.
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x
Create PSpice Project
Create based upon an existing project

Boost_Cornverter. opj

Cancel
® Create a blank project
Help

7. This will open the Project Manager

Notice that a new project entitled RC has been created (RC.opj tab) with a project design file
(RC.dsn) and has configured the relevant structure for a PSpice A/D design.

8. Expand the RC.dsn entry and the SCHEMATIC1 folder within it to show the initial
schematic page. Either double-click the item name or click the plus sign to the left of the
item to expand and display the item contents.

9. Double-click PAGE1 to open the schematic drawing window. You should see a schematic
page containing only a title block (created by default Design Template).

As you complete the remaining steps in this lab, you will be creating the RC circuit shown
below:

R1
IN ouUT

NN

1k

1
NR%
10V — § R2 —— CAP1

- 1K 5 1n

_L_

-0

Placing Parts (QuickPlace method)

To get started with our circuit design, we will begin by placing all our necessary components.

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 1-23



PSpice Essentials 17.4 Version 17.4
To Place the Resistors:

1. Choose Place > PSpice Component > Resistor from the pull-down menu. You will now see
a resistor attached to your mouse pointer in a horizontal position.

2. Place R1 first by just clicking the left mouse button to place the part in the desired
location.

3. After placing the first horizontal resistor, press the <R> hotkey to rotate the part and
place the vertically oriented resistor R2 to the right of R1.

Place the Capacitor
4. Choose Place > PSpice Component > Capacitor from the pull-down menu.
5. Press the <R> hotkey to rotate the part, and place to the right of R2.
Place the Ground

6. Choose Place > PSpice Component > PSpice Ground from the pull-down menu and place
the symbol somewhat below R1 at the bottom of the circuit.

Place the Voltage Source

7. Choose Place > PSpice Component > Source > Voltage Sources > DC from the pull-down
menu, and place the part to the left of R1, about the same level as R2 and C1.

You should now have something that looks like this:

R
C—"yA—C
1k
T & _DL
0Vde—= R2 c1
E 1k ,;r 1n
-
-0
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Connecting the Components

1. Choose either Place > Wire from the pull-down menu, press the <W> hotkey, or click

the Place Wire toolbar icon (Dl—i ), and then wire together the components as shown in
the graphic below (similar to the graphic provided at the beginning of this lab).

R1
ANV
1K
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+
OVde=—=
T R2
§ 1K = c1
1n
L
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If you make a mistake drawing wires or placing components simply select the item and press
the Delete key to remove it. You may also click the item to select it, and then drag it to the
correct location. Wires can be stretched in OrCAD Capture by selecting the segment and then
dragging from either end.

Assigning the Capacitor Reference Designator

1. Double-click the capacitor’s reference designator C1.
2. Change the Part Reference property to the value CAP1 and select OK.

This will put an underline on the reference designator indicating that you have changed the
reference designator manually. Capture will treat this change as if you intend to have that as
the reference designator value so it will not be overwritten when doing an annotation.

Labeling Nets

1. Choose either Place > Net Alias from the pull-down menu, or press the <N> hotkey, or

N
select the Place Net Alias toolbar button (*).

2. Type IN in the Alias name field and select OK.
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3. This will attach an alias box to the mouse pointer, where you can then place the alias on
the net between V1 and R1.

4. Repeat steps 1-3 to label the node between R1 and CAP1 as OUT.

5. Press <esc>to end the mode.

Assigning a DC Value of 10V to the Voltage Source

1. From the schematic page, double-click the OVdc text shown next to the source.
2. Change the DC value to 10V and select OK.

You should now have a circuit that looks like this (same graphic provided earlier in the lab).
Your schematic will not show the pins on the capacitor, but they’ve been added here for you to
show directional connectivity that will be useful in later labs.

R1
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Saving the File

1. Choose File > Save or click the Save toolbar icon ().
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Capture Keyboard Shortcuts
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Setting up a Simulation Profile

The simulation you create in this lesson calculates the bias point of a circuit using the voltages
provided by the sources and any initial conditions set on the devices or nodes in the circuit.

As described in the lesson topics that follow, the first step in performing a design simulation is
to create one or more simulation profiles.

Each simulation is defined and enabled through a simulation profile, which contains
information necessary to run a single design analysis. Each PSpice A/D design must have at least
one or more simulation profile associated to it.

The profile may contain:

e Simulation commands and options
e Included files — usually a circuit fragment to be included in the netlist

e Library statements — any custom model libraries that will need to be referenced during
simulation

e Stimulus file references — any stimulus libraries created in the Stimulus Editor

e Probe window display preferences — details when Probe will start and how it will look
when it does

Spice Algorithm

PSpice uses Kirchhoff’s current law which states that the sum of all currents at any node equals
zero as the basis for its matrix creation

The Simulation Settings Dialog Box

Simulation profiles are set up through the Simulation Settings dialog box.

The Simulation Settings dialog has six sections listed as tabs across the top of the dialog. As
shown in the graphic above, the section tabs include: General, Analysis, Configuration Files,
Options, Data Collection, and Probe Windows.

The sub-sections that follow describe the contents of each tab.
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General Tab

In this tab you can name the profile, change the input design file, specify the output file name,
specify the data file name, and enter notes about the profile or simulation that you will be
running.

Analysis Tab

Select the Analysis tab to select the type of simulation you want to run. The four basic
simulation types available include:

e Transient —time domain
e DCSweep
e AC Sweep — small signal frequency analysis

e Bias Point

Combining a basic simulation with one or more optional analyses, such as Parametric or Monte
Carlo can further enhance any of the first three analyses.

As you select each different analysis type, option settings available in the dialog box change
that are pertinent to the type of analysis you choose.

Configuration Files Tab

The Configuration Files tab combines model libraries, include files, and stimulus libraries.

Option settings within the Configuration Files display provide the following three ways to
configure model libraries, include files, and stimulus libraries:

e Local configuration to a profile
e Local configuration to a design

e Global configuration where the model library is accessible to all designs

Files with global configuration have a world icon in front of their name in the list of configured
libraries.

The library file Nom. 1ib is automatically configured when the program is installed. It is a
master list of all the installed PSpice A/D model libraries. Nom. 1ib is a simple text file that you
can edit. You might want to edit it to add custom libraries that will be used in all of your future
projects. If you do add libraries to nom. 11ib, do so only after they are stable. Every time any
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library is edited, a new index file is generated. Since nom.lib is a master list of all libraries, this
can take a considerable amount of time.

Libraries and include files, which contain process models and parameters, may have different
simulation profiles created for different process corners. In earlier application versions library
and include files could only be configured for an entire design, (all profiles), or globally. Because
stimulus files can now be unique per profile, a variety of test inputs can be contained in
corresponding simulation profiles.

Ul changes include three categories (Stimulus, Libraries and Include Files) accessed from a
single tab (Configuration Files). There are icons displayed which change depending on whether
the file has been linked globally or locally to the profile or design.

Global information resides in the PSpice.ini file. Design level information resides in the
<projectname>.op7 file while profile information resides in the <ProfileName>_profile.inc
file. For example, RC_profile.inc is located in the <ProfileName> folder (- Bias) of the
new directory structure.

Options Tab

Four sections are included within this tab: Analog simulation; Analog Advanced; Gate-level
simulation; and Output File. Dialog options that display within each dialog box vary.

Analog Simulation — This dialog box allows access to all of the tolerances and settings used by
the simulator. Reltol, ITL1, ITL2 and ITL4 are the most commonly used options in this section
since they can be used to solve a majority of transient and bias convergence problems. This
section also contains the Autoconverge options.These will be discussed in more detail in the
chapter on convergence.

Analog Advanced — Advanced simulation settings for bias point and transient analysis.

Gate-level Simulation — This dialog box allows you to set the digital simulation options. The
most commonly used option in this dialog is the one to initialize all flip-flops in a design at the
start of a simulation.

Output File — This dialog box allows control of what is printed to the output file. This does not
affect the data file used to display results in the Probe window. Many of these options are
helpful when trouble shooting simulation errors.

Data Collection Tab

In this dialog you can control how much and which data is saved to the data file that is used to
examine the simulation results in the Probe window. This is most useful when you want to
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restrict the amount of data saved during a simulation either because of the resulting file size or
because of simulation speed.

Probe Windows Tab

In this dialog you control when the Probe window will be opened (during simulation or after)
and what will be displayed when it is opened.

Running a Bias Point Simulation

The bias point simulation calculates the bias point based on DC source values and any initial
conditions set on the circuit. If there are transient sources present in the circuit the bias point
calculation will use their value as defined at time=0.

If you have not netlisted the design before running the simulation, the netlister automatically
runs when simulation begins. Because netlisting automatically verifies compliance to design
rules, a PSpice A/D netlist is created if the design rule check (DRC) does not find errors. You can
view the resulting netlist by using the PSpice > View Netlist menu command.

Examine the Output File and Bias Display

There are two ways to view the results of a bias point simulation. You can view the contents of
an output file. You can also view the results directly on the schematic.

Reviewing the Output File

Although the Bias point simulation does not produce a data file for use in the Probe window,
the results of a simulation are included in an output file. You can view the output file by
choosing PSpice > View Output File. Output file syntax is presented in easy to read colors that
highlight the different groups such as text, numbers, comments, expressions, operator, and
keyword. You can also specify your own color schemes for the output file by editing the
SpiceSyntax.ini file in the C:\Apps\SPB_17.4\tools\pspice\ directory. Simulation errors
are included within this file.

The graphic that follows shows a partial list of an output file that shows the bias voltages for
the circuit. This output file has an error because there is a blank space between 1 and k. Notice
how the error is flagged with the ‘S’ symbol beneath the cause of the error.
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Reviewing Results from the Schematic

In addition to being able to view the results of a bias point analysis from an output file, you can
also view results directly from the schematic page. You can enable the voltage and/or current
bias display for all nets and devices, or for just selected ones by choosing PSpice > Bias Points
and then choosing the desired menu item. You can also toggle the bias display by clicking the
bias toolbar icons.

VO®

Voltage labels are placed on each net after simulation. Bias voltage is measured with respect to
ground, which is always zero.

Current labels are placed on one pin of all two-pin devices and on all pins of devices with more
than two pins. The current shown is measured as flowing into the pin to which the current
display is attached. When the current through the capacitor is zero, a current display is not
attached.

Dissipated power labels are placed on each discrete PSpice A/D device. Dissipated power labels
will not be shown for subcircuits or digital devices.

In the graphic below, notice how the voltage at net OUT is half the voltage at net IN in the
annotated schematic. The voltage difference is recorded in the output file as well as the
annotated schematic. This agrees with the voltage divider principal that applies to our RC
circuit:

Veari=R2 / (R1+ R2) * V1

Also notice how the current through V1 is negative. By convention, PSpice A/D measures the
current through a two terminal device as flowing into the first terminal and out of the second.
For voltage sources, current is measured from the + terminal to the — terminal which is
opposite to the positive current flow convention. In the above graphic, the current flowing into
R1is 5.0mA and is flowing from left to right.
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Value Multipliers

OrcAD EMA 2555t
Value Multipliers

* Symbol Scale Name
F 10-15 femto R2
P 10-12 pico 1k
N 109 nano
u 10-6 micro
| M 10-3 "rr""' PSpice is not case-sensitive.
K 1043 kilo “M” is treated the same as “m”
| MEG 10+6 mega
: Use “MEG” or “meg” or
G 1049 giga “Meg” for mega-
T 10+12 tera

£ 2019 EMA Design Automation Ai

PSpice A/D assumes base unit of measurement for all design objects. For example, ohms are
the assumed unit of measurement for resistors. Volts are assumed for voltage sources, farads
for capacitors, and miles for transmission lines.

PSpice A/D supports multiplier suffixes for device values. The following table lists the available
suffixes.

Rules for Multiplier Suffixes

PSpice A/D is not case sensitive and will interpret “m” to be the same as “M”.

Do not use a space between the number and its multiplier suffix. Since PSpice A/D uses white
space as a delimiter when netlisting, spaces cause an error or invalid results.

Except for MEG and MIL, PSpice A/D looks only at the first letter following a number so it is
possible to have a capacitor value of .47uF.

PSpice A/D always assumes base units for each device type: Resistors are measured in Ohmes,
capacitors in Farads, voltage sources in volts, etc.

Numeric vales may be represented in scientific notation. In other words, a resistor with a value
of one thousand ohms may be represented as either 1k or 1E+3.
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Lesson 2, Lab 1: Simulating a Bias Point

Lab Objectives

e Configure a Bias Point Analysis
e Run the analysis
e Examine the results in the output file

e Examine the results using bias displays

Creating a Bias Point Simulation Profile

1. If not already open, open the RC design.

2. Create a new profile (PSpice > New Simulation Profile or [~ icon)
3. Enter RC_bias for the name of the profile.
4. Click the Create button.

The Simulation Settings dialog box opens.
5. Click the Analysis tab (should be the tab you’re on).
6. Choose the Bias Point option from the Analysis Type drop-list menu.
7. Click OK.

The Simulation Setting dialog box closes and your display returns to your schematic drawing.

Running the Simulation

1. Choose PSpice > Run or click the Run toolbar icon. @

The netlister and DRC automatically run and the Probe window opens as shown in the graphic
that follows.
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4 SCHEMATIC1-RC_bias - PSpice A/D
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Simulation Status = Output Window = Probe Cursor Command Window

PSpice A/D does not generate Probe data for bias analysis. Consequently, the Probe window
display shown in the above graphic is empty.

To view results from the output file:

You can view bias point simulation results from either the output file generated during
simulation or from the bias display available from the schematic page.

1. From the active schematic page, choose the PSpice > View Output File menu to examine
simulation results in the output file.

Or from the Probe window, choose the View > Output File menu.

Your results should look similar to the text that follows.
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* 01/14/20 13:06:04 ##aaxsx PSpice 17.4.0 (Nov 201lg) #*&sax= ID# 0 ®&saawws

h’** Profile: "SCHEMATICI-RC bias" [ C:\EMA_Training\Pspice Essentials\RC—PSpiceFileS\SCHEHATICl\RC_bias.sin 1

CIRCUIT DESCRIPTICHN

* Creating circuit file "RC bias.cir"
** WRARNING: THIS AUTCMATICALLY GENERATED FILE MAY BE COVERWRITTEN BY SUBSEQUENT SIMULATIONS

*Libraries:

* Profile Libraries :

* Local Libraries :

* From [PSPICE NETLIST] section of C:\Users\AlaivaT\cdssetup\OrCAD PSpice\17.4.0\PSpice.ini file:
.1lib "nom.likb"™

#Analysis directives:

.CPTICHS ADVCCHW

.PROBE&4 V(alias(*)) I(alias(*)) W(alias(*)) D(alias(*)) NOISE(alias(*))
LINC "..\SCHEMATICl.net"

2. Close the output file. (File > Close)

To examine simulation results from the schematic:

1. Choose PSpice > Bias Points > Enable to turn on the voltage and current bias displays (if
it is not already)

2. Toggle on and off the bias display toolbar icons to alter and control the view of results
output.

OO

3. Select any of the nets in the schematic and then click on the Toggle Voltages toolbar
icon. @ This enables you to toggle the voltage display of a single node.

Optional Lab Exercise

1. Edit the schematic and remove the ground symbol.
2. Simulate the circuit again.
What errors do you get? Why?

The error generated is probably the most common error that PSpice A/D users encounter. All
SPICE-based simulators require that every analog node have a DC path to ground. This error is
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generally caused by either a missing ground symbol, a non-‘0’ ground or an isolated node
between two capacitors.

3. Replace the ground symbol after completing this exercise.
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Lesson 3. DC Sweep Analysis

DC Sweep Settings and Options

As you configured the bias point analysis through the simulation profile, the DC Sweep analysis
is also configured through the simulation profile and Simulation Settings dialog box which is
available through the PSpice > New Simulation Profile or the PSpice > Edit Simulation Profile
menus.

You can setup the simulation by either editing an existing profile or by creating a new profile. If
you edit and save an existing profile, the modified settings overwrite the old settings.
Consequently, the previous analysis is no longer be available. If, however, you want both
analysis types to be available, then you should create a new profile.

When you select the Analysis tab and the DC Sweep option in the Simulation Settings dialog
box, dialog box options vary with the selection of different analysis types. Fields available for
editing are dependent on the options, variables, and sweep types you chose. For example, if
you are sweeping a source, then Model Name and Model Type become unavailable for editing.

Data Collection

Before simulating, select options under the Data Collection tab of the simulation profile.

By default, all voltages, currents, quiescent power dissipation, and digital states are saved.
These settings save all of the data for every node and device in the circuit, even those nested
deep inside subcircuits. This has the advantage of making every possible piece of data available
to the Probe Window. A very large data file may result from the completed analysis.

Selecting All but Internal Subcircuit restricts the simulator from saving data at the internal
nodes of subcircuits. This helps reduce the size of the data file when design details of
subcircuits are unnecessary.

Selecting At Markers Only also helps reduce the size of the data file. The disadvantage is that if
you run a long simulation and need data from a node or device without a marker, you need to
place a marker and then re-run the simulation from the beginning.

Selecting None causes the simulation to run without saving data to the data file. This is useful
when you are solving convergence problems and don’t want to waste time writing data to your
hard drive.
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Checking Save Data in CDSF Format saves the simulation data in an ASCII rather than binary
file. This is helpful if you wish to export the simulation data to another application.

Always check to be sure that options within the Probe Window and Data Collection tabs are
configured before running your simulating. These settings cannot be applied to data after a
simulation. Few things are more frustrating than running a two-hour simulation only to find
that data has not been saved.

Extracting Simulation Data in ASCIl Format

To easily get the ASCII probe data without by using the Save as CSDF Format check box:
1. Run the simulation as normal.
2. Examine the traces of interest in Probe.

3. Below the X axis, select the names of the traces for which you want to extract data. Hold
the <Shift> key while clicking to select multiple traces.

4. Use Edit > Copy or <CTRL+C> to copy the traces to the paste buffer.
5. Open the text editor, word processor, or spreadsheet of choice and paste in the data.

The ASCII text data is pasted instead of the probe display.

Copying the Probe Display into a Document

To paste the entire Probe display into your favorite word processor:
1. Use Window > Copy to Clipboard.

2. Inthe resulting dialog, check the selection option Make window and plot
backgrounds transparent.

3. Select the format of the foreground as desired.
4. Go to your favorite word processor and paste in the image.

The imported image has a white background with either colored or black traces that
correspond to your selected foreground options.
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Examining Results in Probe

The Probe Window tab of the simulation profile allows you to specify when to open the Probe
Window and what to have displayed when it is opened.

Choosing PSpice > New Simulation Profile or PSpice > Edit Profile and then selecting the Probe
Window tab opens the setup dialog for the Probe window.

You can specify that the Probe Window is opened whenever the profile is opened. You can also
specify whether the Probe Window is opened after or during a simulation (marching
waveforms). Having Probe open during a simulation is useful when you want to check the
validity of a long simulation early into the run.

The Last Plot option allows you to restore the settings from the last probe display but using the
new simulation data. This is useful if you have a complicated Probe display setup such as
multiple axes with custom scales and then find that you need to re-simulate. This option allows
you to apply the setup to the new simulation data.

Selecting Nothing opens the Probe window without displaying traces. You can then add the
desired traces by hand.

Setting up Sources

Every PSpice A/D source symbol has a DC property. If you are going to perform a DC sweep
analysis, then every source in the design should have a value specified for its DC property. If no
value is specified, zero is assigned by default. If you configure the analysis to sweep a voltage or
current source, then the value of the source will be set by the simulation profile during
simulation. The value of the source seen on the schematic is merely a place holder which is
ignored.

The most common DC sources to use for a DC Sweep analysis are the VDC (voltage source) and
the IDC (current source). Both symbols have a default value of zero, which is displayed next to
the placed symbol. To change the value, you can double-click the visible value and enter the
correct value into the Display Properties dialog box that opens.

You may also select the symbol, right click and choose Edit Properties... to gain access to the
Display Properties dialog box. This may be necessary when the attribute value is not visible in
the design.

The DC property on a source symbol is not used as a DC offset during an AC analysis. It is used
only for a DC Sweep analysis or as a default value for transient sources if other parameters are
not defined.
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Markers

Markers are used as a display shortcut to traces in the Probe Window. For a DC Sweep analysis,
only the basic markers will be available for you to place in the design. Basic markers include
voltage level, differential voltage between two nodes, current into a pin on a two or three pin
PSpice A/D device (i.e. not usable on parts that reference a subcircuit), and dissipated power
markers for PSpice A/D devices.

Advanced markers allow you to display real and imaginary parts of voltages and currents as well
as decibel values. They are available, however, only if you have previously created an AC Sweep
analysis simulation profile. Advanced markers will be used in a future lesson.

Placing Basic Markers

Markers can be placed by choosing the PSpice > Markers menu or by clicking on the
appropriate toolbar button. An image of the marker will be attached to the cursor.

Place the point of the marker on a node (for voltage markers), the pin hot spot (for current
markers), or the body of a part (for power markers) and click to place the marker. As when
placing any other part or symbol in OrCAD Capture, a copy remains attached to the cursor. You
can place additional markers by left-clicking. Press <esc> or click your right mouse button to
display the pop up menu and then select the End Mode menu option to exit the placement
mode.

Voltage differential markers are always placed in pairs. The first marker placed will be the
positive node and the second will be the reference node. That is, if the first marker is placed on
a node that is 10V and the second is placed on a node that is 5V, then the value will be 5V. If
the markers are reversed, the value will be -5V.

Be aware that if you place both current and voltage markers on a design and have Probe set up
to display markers when it is opened, then you will have both voltages and currents on the
same Y-axis. This usually results in the current traces appearing as flat lines since their scale is
frequently a couple orders of magnitude smaller than the scale for voltage traces. The larger
scale takes precedence on a Probe plot.

Customizing the Probe Display

The Probe window is the graphical waveform viewer. You can think of it as an electronic
oscilloscope. Probe allows you to view simple voltages and currents for any node in the circuit
as well as quiescent power dissipation for PSpice A/D devices. You may also view group delay
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and the real and imaginary parts of voltages and currents (AC Analysis only). Probe can also
perform complex mathematical calculations.

You may customize the probe display by right-clicking on traces, trace symbols below the x-axis,
or on the axes themselves and then selecting the properties command. You may change the
trace color and probe background and foreground color by choosing the Tool > Options and
then selecting the Color Settings tab.

Editing the Probe display is especially useful if you are preparing an overhead slide for a
presentation. Many of the newer printers have such fine resolution that any colored line is
nearly invisible when printed at one pixel wide. By changing the line width, you can overcome
this.

Multiple Y-axes

You may often want to view traces with widely different scales in the Probe window. For
example, you might want to see both voltages and currents at the same time. Probe allows up
to three y-axes per plot.

To add an axis, choose Plot > Add Y Axis. A new axis will be added to the right of the existing
axis and will be designated as the active axis. The active axis will be marked with a >> near the
bottom left. A new axis will not have a scale applied to it until the first trace is added to it. The
active axis will be the one to which new traces are added or to which cursors will be applied.
The picture above shows an example of a Probe plot with a voltage and current axis. The axis
for current is the active axis.

You may also move an axis to the right side of the plot. Choose Plot > Axis Settings and then
click the Y Axis tab. Click in the Y Axis Number pull-down field and select the axis that you want
to move. In the Axis Position area click the Left or Right radio button to pace the axis on the
left or right edge of the plot.

Click the X Axis tab to open dialog that enables you to:

e Set the displayed data range.

e Set the range of data that Probe functions consider. This is useful when making a Fourier
plot since you will want an integral number of cycles or perhaps data from only the last
portion of the simulation after the circuit has settled.

e Specify whether the scale should be Linear or Logarithmic.
e Enable the Fourier mode or Performance Analysis mode.

e Change the X axis variable.

Clicking the Y Axis tab opens a dialog box that enables you to:
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e Set the Data Range that will be displayed.
e Specify if the scale should be Linear or Logarithmic.

e Change the axis number and title.
Clicking the X Grid tab opens a dialog box that enables you to:

e Set the major grid spacing.

e Choose the way in which the grids will be drawn (lines verses dots or + symbols.)
e Choose to display numbers below the axis.

e Choose to display tick marks inside the plot edge.

e Chose the minor grid spacing.

e Chose the way the grid will be drawn

e Choose to display tick marks inside the plot edge.

Clicking the Y Grid tab opens a dialog box that enables you to do the same things that we saw
above for the X Grid

Archiving a Project

If you have a PSpice project that you want to archive, send to a colleague or outside the
company, it’s best to use Archive Project under the file menu as this grabs all the necessary files
from PSpice and puts them into a self-contained zip file that when extracted will contain
everything needed to duplicate the simulation.
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Lesson 3, Lab 1: Performing a DC Sweep

Lab Objectives

Configure a DC Sweep profile
Run the analysis
Examine the results in Probe

Use markers to display traces in Probe

Setting Up the Simulation

You can visually verify the voltage divider principle by performing a sweep of the DC voltage
source and graphically displaying data in the Probe window. In this lab, you will set up a DC
Sweep analysis of the source V1 from 0V to 10V in 1V increments.

To complete the steps in this lab, continue using the RC project you created in lesson 2.

1.

2.

3.

Create a new profile (PSpice > New Simulation Profile or ~4 icon)
Name the new simulation RC_DC.

Click Create.

The Simulation Settings dialog box opens.

4.

5.

8.

9.

Click on the Analysis tab.

From the Analysis Type drop down choose DC Sweep.

In the Options section only Primary Sweep should be highlighted and checked.
In the Sweep Variable section select Voltage Source.

Type V1 in the Name field.

In the Sweep type section check Linear.

10. Enter 0 in the Start value field.

11. Enter 10 in the End Value field.

12. Enter 1 in the Increment field.
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Simulation Settings - RC_DC

General Analysis Type: Sweep Variable
Analysis DC Sweep ® \/oltage source Mame: V1
Options: ST, Todel froa:
T Sz Current source Madel type:
) | Primary Sweep Global parameter Madel name:
Options _
Secondary Sweep Madel parameter Parameter name:
Data Collection Monte Carlo/Worst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep) Start Value: 0
Save Bias Point ® Linear End Value: 10
Load Bias Point Lagarithmic Decade Increment:
Value List
oK Cancel Apply Help

Setting Up Data Collection and Probe Windows

1. Click on the Data Collection tab.
Data collection settings for voltages, currents, power, digital, and noise display.
2. From the drop-list menus of each option, select All.
3. Click the Probe Windows tab.
4. Check the option, Display the Probe Window after simulation has completed.
5. Check the option, Show all markers on open schematics.

6. Click OK to close the Simulation Settings dialog box.

7. From the schematic view, run the simulation (PSpice > Run, @ icon or F11 key)
The system automatically generates the netlist.

When the simulation run is complete the Probe windows opens.

Analyzing the Results in the Probe Window

When the Probe window appears, you are presented with a blank plot screen. If you have used
markers in the design, then you will see the traces for those markers already displayed.
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B scHEMATICH - PSpice A/D - [RC_DC.dat [active]]

»

ODBERAES,
cadence®

b

File Edit Wiew Simulation Trace Plot Tools Window Help

E
[2]
[

Cutput Window
CHEMATICT

on complete

Simulation Status = Output Window | Probe Cursar Command Window

ChUsers\AlaiyaT\Desktopitemp\RC-PSpiceFiles\SCHEMATIC

Plotting Traces from the Menu

1. From the PSpice A/D window, choose Trace > Add Trace or click on the Add Trace

toolbar icon. E

The Add Traces dialog opens.

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 3-9



PSpice Essentials 17.4 Version 17.4

Add Traces

Simulation Output Variables

Hat) Analog

Voltages
Currents

Power

Alias Names

25 vanables listed

Full List

Trace Expressio Cancel Help

2. Select V(IN) and V(OUT), which are listed in the Add Trace list box.

This adds the selected traces to the Trace Expression field at the bottom of the window. All
traces listed in the Trace Expression field will be displayed at the same time.

3. Click OK to graphically display the traces as shown below.

B sCHEMAT - PSpice A/D - [RC_DC.dat (active]

cadence®

-

File Edit View Simulation Trace Plot Tool

Bl 3

oy
ay
o U{in) U{out)

Outpu
RC_DC.zim ]

Simulation Status | Output Window  Probe Cursor  Command Window

Ch\Users\AlalyaT\Desktop\temp\RC-PSpiceFiles\SCHEMATICT\RC_DC\RC_DC.dat [active
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Plotting Traces Using Markers

To see how markers display traces in the Probe window, delete the two displayed traces and
add them back in using markers as described in the steps that follow.

1. Click on the trace name V(IN) located below the X axis.

The color of the trace name changes to red indicating it is now selected.
2. Hold the <Shift> key and select V(OUT).
3. Press <Delete> to remove both traces from the display.

4. Press <Alt+Tab> or click on the OrCAD Capture task bar button to switch back to the
OrCAD Capture schematic.

5. Choose the PSpice > Markers > Voltage Level menu commands or use the

U

‘Voltage/Level Marker’ icon

»* OrCAD Capture CI5-[/ - [SCHEMATICT ; PAGE1]]

«

File Design Edit WView Tools Place PCB Sl Analysis | PSpice | Accessories Options Window Help

my — - W [~ mNew simulation Profile ra e
M == 5 ¢ B’ L. @Qia@ag. ¥y
Edit Simulation Profile |
RC.opj v X / - [zerocrossdete (SCHEMATIC1 : PAGE1)* x
————————(» FRun F11 - ;
Analog or Mixed A/D —_— - . —
Il View Simulation Results L= 3
[ File h Hierarchy |
: View Output File L
B~ Design Resowrces 1| | | e e e -
i | Arc.dsn Create Netlist D
] Library View Metlist 7’
______ £ Layout -
-] Outputs Advanced Analysis 8 P {
Lfid Arc-pspicefiles\schemati VU | | |
_ \rc-psp k Markers b 7L, Voltage Level o
E]----D PSpice Resources ) ) - ) ) el
Bias Paints » | 4, Voltage Differential |- . - &
...... ] Log i C
| #, CurrentintoPin |-
oo ﬁw Power Dissipation [ ;
. Advanced LA
...... =9
©oo 2L Plot Window Templates. . T .f
L0 showan €
o Hide All o
L Delete All A
L . List... [y ﬁﬁﬁﬁ?

The Voltage Level marker attaches to your cursor.
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6. Position your cursor on node V(IN) and click your left mouse button to place the marker.
You can use the <R> key to rotate the markers.

7. Click node V(OUT) to place a second marker.

R1
IN ouT
MWV
1k
.| v § R2 T CAP1
10V =— 1k 1n
"0

8. Press <esc> to exit the placement mode.

9. Return to the Probe window to view the graphic display of the traces you just added.

Customizing the Probe Display

You can customize the appearance of the Probe window to a great extent. Trace colors can be
changed, grid spacing can be modified, trace symbols can be changed or displayed.

1. From the Probe window, click a trace using your right mouse button.

Note that you can also RMB on its symbol located below the X axis

click the symbol

[;]} E I.'fi

o 2y
O U(IM) = U¢ouT)y [Z] - I{(R1)
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2. From the pop-up menu that displays, choose the Trace Properties menu option.

The Trace Properties dialog box opens.

Trace Properties

Calor a

Width -

Show symbal

Cancel Help

3. Change the color setting of the trace, the pattern of the line, the thickness of the line,
the symbol denoting the trace, and whether or not to display the symbol on the trace
itself.

4. Click OK to save your changes and close the Trace Properties dialog box

Customizing the Default Settings

You can customize the PSpice window to have traces come up with only certain colors and at
certain thicknesses.

1. From the Probe window, select Tools > Options
The Probe Settings dialog box opens.

2. Onthe General tab, change the ‘Default Trace Width’ to 4 (legal values from 1-thinnest
to 7-thickest)

3. Select the Color Settings tab and notice the ability to change the Background color from
the default Black as well as the Foreground color and the list of available Trace Colors.

Feel free to change these colors around to something that you like, if you want to go back to
the stock colors, just select the Reset button at the bottom.

Create an Additional Y Axis

There are times when you can have a collection of traces displayed and it doesn’t make sense
to have them all on the same axis. In this case, you can create either an additional plot or an
additional axis and move the desired traces to a new location.
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1. Inthe Probe window, select Trace > Add Trace and add the trace I(R1) to the Trace
Expression by single clicking on it in the Simulation Output Variables list.

Notice that the displayed current appears to be level at 0. It is, in fact, something larger than
zero but when bunched on the same axis as the much larger voltage values, it doesn’t show
much variation. Let’s create another y-axis and move the current trace over to it.

2. Choose Plot > Add Y-Axis to add an additional axis.

This makes an additional axis named ‘2’ with nothing on it, you can see that the original axis is
now named ‘1’ and the trace names at the bottom are now to the right of the number ‘1’
indicating that they belong to the primary axis.

3. Asimple way to move the current trace over is to select the Trace Name of I(R1) — it will
turn red.

4. Hit Ctrl+X on your keyboard to cut the trace out — it will be removed

5. Select the secondary axis by clicking on it, you should notice that the >> points to the
secondary axis indicating that it is active

=> indicates
active axis

ou
O U{IH)

6. Hit Ctrl+V to paste the previously cut current trace onto the secondary axis

You will notice that the new trace goes right on top of the V(IN) trace, so it doesn’t really show
up. This is because the lines are at the same slope and the scales are set that they overlap
perfectly. To fix this, we can modify an axis slightly so that both traces will be visible in the next
section
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Changing Axis and Grid Settings

1. To edit axis and grid settings, right-click on any of the grid lines and choose Settings
from the menu presented or, choose the menu commands Plot > Axis Settings.

Axis Settings

d v Grid

Use Data
Full

User Defined Restricted (analog)

to

Scale Processing Options

Linear
Log Performance Analysis
Piis Title

Axis Variable. ..

Use this title

Cancel Save As Default  Reset Defaults

2. Select the Y Axis tab.

3. Under Data Range, change it to User Defined leaving the min value and changing the
max to 6mA

4. Inthe Y Axis pulldown box, select axis 2 and then click on the Right radio button to
move axis 2 to the right edge of the plot.
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Axis Settings

wGnd Y Grid

Y Awxis Mumber

Right

Auis Title

Cancel Save As Default  Reset Defaults

This will be the result:

10v '

5V 10v
l ov{m ¢ viour 2 ¢ T{Rr1)
vVl

Optional Lab Exercise

e Delete the current trace I(R1) off of the secondary axis
e Delete the secondary axis by selecting it and choosing Plot > Delete Y Axis
e Add a New Plot (Plot > Add Plot to Window) and re-add the I(R1) trace to it
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Lesson 3, Lab 2: Creating Project Archive

Lab Objectives

After completing this lab, you will be able to:

e Create a single .zip file that contains everything necessary to run your PSpice simulation

Invoke the Archive Command

1. In Capture, go to the Project Manager window

2. Select the *.dsn file

re— | Y PR e . S AL NANA L
RC.0pj v X Start Page /- (SCHEMATIC1: PAGE1)* X .
/ Analog or Mixed A/D - I - -
[ File | F5_ Hierarchy Project .'Man'a'g"erfﬁfﬁflflflflf{
=--F] Design Resources B o U .-f
+@ ................................... l-.’
—oeey we MLl i B R L
~oerr P M o e gy eiiioiiiiiii : :r

- OQutputs ~ ™d|l| ... ... v:n' R T 3

4] [“—_PSplc&F‘.&scurcez ------- I P R o
mwe UMN | St I EREEE R : H N B
\ """ B SIS 2R TS {
________ L DR
;ffffff5.5ffffr?u_fffffffffffffffffffff
Select*.dsnfile:- -~~~ -:..--- ooy
................................... 7

SR R R IS S AR S AR R

3. File > Archive Project...
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<2s  OrCAD Capture CIS-[/ - [SCHEMATICT : PAGE1]]

File n Edit View Tools Place
Mew r ™
Open vl

m Close Ctrl+F4 —

B save Ctrl+5
Check and Save
Save As..

Save Project As...

Archive Project... L\\y‘

You have a number of options for files to include in the project archive.

e Lijbrary Files: If you have custom parts in your project not from the default PSpice
libraries and want to include them in your archive

e Output Files: If you want to include the generated files that get created by PSpice during
a simulation —these can be big files and can be regenerated with all the other files
included in the archive, so their inclusion is not recommended

e Referenced Projects: If your project uses hierarchy that points to external designs, you'll
want to include them in the archive

e Include TestBench: if you’ve made a TestBench for your simulation to run in and want to
include it

e Archive Directory: The directory where you’d like the archive to be created — note that it
can NOT be in the same location as the present project

e Create Single Archive File: If you’d like to put everything into a single zip file for easier
management

Archive Project

Library files Include TestBench

Output files Cancel
Referenced projects Help
Archive directary:
CAEMA_Training'
| Create single archive file
File name:  RC.2019-12-13721-14.2i
o Add maore files ==

4. Browse to an Archive Directory that is different from your present project directory, an
example of a directory that you could make would be
C:\EMA TRAINING\PSpiceEssentials\Archive
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5. Check off ‘Create single archive file’, Hit OK
6. Navigate in Windows Explorer to the Archive Directory that you made in step 4

Notice the .zip file in there
7. Open up the .zip file to see the contents

This is a great way to send design files to another user because everything will behave exactly
the same way on the unzipped PSpice simulation as it did on the original with no modifications
needed at all. Itincludes all custom libraries (if used and checked) and all the simulation
profiles with the configurations all working correctly after being unzipped.

8. Close the .zip file and Windows Explorer
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Lesson 4. AC Sweep Analysis

What Does AC Sweep Analysis Do?

For an AC sweep analysis, PSpice A/D calculates the small-signal response of the circuit
(linearized around the bias point) when sweeping one or more sources over a range of
frequencies. Outputs include voltages and currents with the magnitude and phase, which you
can use to obtain Bode plots.

AC Sweep is a linear small signal analysis. It does not simulate nonlinear effects like clipping. For
example, if you put 1V into a circuit with a gain of 100, the output will be 100V.

What is Clipping?

In this example, you can see that the transient response will correctly take into account
clipping. Clipping means that PSpice identifies that the Opamp only has 15V supply rails and
can therefore not generate an output voltage larger than that, even if it would like to so it ‘clips’
itself at the voltage rail voltage.

AC analysis does things differently; it takes the small signal response and observes the behavior
of the circuit. It then extrapolates that behavior at small signals and uses it for large signals as
well which can lead to results that are not possible with the supplies in the design.

AC Sweep Simulation Setup

By default, an AC sweep analysis sweeps every AC source in the circuit through a specified
range of frequencies. All AC sources are swept together. For example, if you have three AC
sources in the circuit and are running a simulation from 10 Hz to 100 MHz, then all three
sources are set at 10Hz at the same time and 100MHz. During an AC sweep, all design sources
are always analyzed in unison.

To set up an AC sweep simulation, you need to configure your sources and define settings in
the Simulation Settings dialog box.
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Configuring Sources

AC Sweep analysis requires at least one AC source in the design. At least one source must have
a value specified for the source’s AC MAG or AC property. If there are multiple AC sources
configured, then all of them are swept together through the same frequencies.

Each AC source symbol is assigned an AC Mag and AC Phase property. Magnitude is the peak
value with the phase measured in degrees. If the phase is not specified, a zero value is
assumed.

The older transient sources that we will see in future labs have a DC and an AC property on
them so that the same symbol can be used for all the different analyses.

The DC property is used only for the DC Sweep analysis or as the default value for a transient
analysis if no transient information had been provided.

In the transient source symbols the AC property is for use only during an AC Sweep. The format
for the property value is Magnitude and Phase with the values separated by a space. If no phase
is specified, it is assumed to be 0 degrees.

Defining a Source

1. From the schematic, click the source to highlight the symbol.
2. Click your right mouse button to display the Property Editor Spreadsheet.

An example of the Property Editor is shown in the following graphic.
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art Page rope itor* = 3 »
Start P P rty Editor* S - [SCHEMATICT : PAGET)*

L
MNew F'n:upert'_.'...| | Apply | | Displa:.-___| | Delete Property | | Pivot | Fitter by: z
: f
SCHEMATICH : PAGE1 1
Color Default
Designator 4
DIST FLAT
Graphic R.Normal {
ICx ’
Implementation -"
Implementation Path ,
Implementation Type <none>
Location X-Coordinate 380
Location Y-Coordinate 180 R
WMAX_TEMP RTMAX y
MName INS40 *
Part Reference R1
PCB Footprint AXRCOS J
POWER RR&X
Power Pins Visible r o
Primitive DEFAULT %
PSpice Model Type 011 ,
PSpiceTemplate RM@REFDES %1 %2 #TOLE
Reference R1 ,
SLOPE REMAX
Source Library CACADENCEVSFE 174
source Package R "1
Source Part R Normal 4
TC1 1]
TC2 1] {
TOLERANCE
“alue 1k 4
WOLTAGE RWIAX
. 4
—

|
Z

1. Select the ACMAG property from the list of properties.

2. Place your cursor within the ACMAG cell and modify the value as desired.
3. Also enter a value for AC voltage or current value for the source.

4. |If applicable, enter a value for a phase shift.

5. Click OK to close the Property Editor
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6. Verify the update from the schematic view.

An alternate way to edit the VAC value is to double click the VAC or IAC value and then modify
the value in the Display Properties dialog box that opens.

Setting up the AC Sweep Simulation Profile

The AC sweep simulation analysis is configured through the Simulation Setting dialog box in
much the same way as the bias point analysis and the DC sweep analysis introduced in Lessons
2 and 3.

When you setup the AC sweep profile, you can specify the analysis type as being either linear,
octave, or decade. You also define the starting frequency, ending frequency, and the number of
points in the range.

Defining settings for your AC sweep profile:

1. To open the Simulation Profile dialog box, select the PSpice > New Simulation Profile or
PSpice > Edit Simulation Profile menu commands.

2. Click on the Analysis tab if it is not already active.

3. Choose AC Sweep/Noise as Analysis type.

4. Select whether the sweep will be linear or logarithmic (octave or decade).
5. Enter the Starting and ending frequencies of the range to be swept.

6. Place the cursor in the Total Points field and type in the desired number of data points.
For a linear sweep, the number of points will be equal to the number of frequencies
swept. For logarithmic it will be the number of points per octave or decade.

7. Configure and verify the Data Collection and Probe Window settings.
8. Click OK.

Notice that you do not have the choice of the variable that will be swept like you did in the
setup for the DC Sweep Analysis.

To run the simulation (PSpice > Run, @ icon or F11 key)
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Trace Names

Examples and their meaning

II(R13)
IGG(m3)
IR(VIN)
IAG(T2)
V(2,3)
VDB(R1)
VBEP(Q3)

VM(2)

Imaginary part of the current through R13

Group delay of M3’s gate current

Real part if | (current) through VIN

Group delay of current at port A of T2

Magnitude of complex voltage across nodes 2 & 3
Db magnitude of V across R1

Phase of base-emitter V at Q3

Magnitude of V at node 2

Probe Function and its Description

ABS(x)
SGN(x) +1
SQRT(x)
EXP(x)
LOG(x)
LOG10(x)
M(x)

P(x)

R(x)
IMG(x)

G(x)

April 2020

x|

(if x>0), O(if x=0), -1(if x<0)
x1/2

ex

In(x)

log(x)

magnitude of x

phase of x (degrees)

Real part of x

Imaginary part of x

Group delay of x (seconds)
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PWR(x,y)
SIN(x)
COS(x)
TAN(x)
ATAN(x)
ARCTAN(x)
d(x)

s(x)
AVG(x)
AVGX(x,d)
RMS(x)
DB(x)

MIN(x)

x|y

sin(x)

cos(x)

tan(x)

tan-1

tan-1

Derivative of x with respect to the x-axis variable

Integral of x over the range of the x-axis variable**

running average of x over the range of the x-axis variable
running average of x from X_axis_value(x)-d to X_axis_value(x)
Running RMS average of x over the range of the x-axis variable
Magnitude in decibels of x

Min. of the real part of x

MAX(x)Max. of the real part of x

**In PSpice A/D, this function is called SDT(x).

Functions

You can add a complex trace using either the available suffixes or functions. Use of either
method yields similar results. However, some Probe functions such as ABS(trace_name) do not
have defined suffixes.
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Lesson 4, Lab 1: Performing an AC Sweep Analysis

Lab Objectives

e Configure an AC Sweep Analysis
e Run the analysis

e Configure an AC source

e Examine the results in Probe

e Use complex trace variables

Creating a New PSpice A/D Project

1. Create a new blank PSpice A/D project called clipper and save it in the
C:\EMA Training\PSpiceEssentials directory

2. Draw the circuit as shown below. Use the following parts and symbols: R, C, VDC, VAC,
D1N3940, and 0 ground

VDD R
R2 Z\ D2
|V 1k D1N3940
5V — R1 Cout
T IN p MID ouT
NN : 1
1k 0.47u
V2
1Vac, > § R4
oy
o\/dCC R3 2\ D1 1k
1k D1N3940
_L_
"0

3. Change the reference designators as shown for COUT. The other reference designators
do not need to match the picture

Note that if you want a capacitor symbol with pins showing, take the C part from the
ANALOG_P (the pin at the end means that the pins are showing) PSpice library instead of the
ANALOG PSpice library.
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4. Edit the values of the DC source
5. Change the value of the capacitor as needed

6. Add an alias to the nets for VDD, IN, MID and OUT.

Setting Up and Starting an AC Sweep Analysis

1. Create a new profile (PSpice > New Simulation Profile or ~4 icon) called ac.
2. Inthe Analysis tab, select AC Sweep/Noise as the simulation type.

3. Set up the simulation parameters as seen in the graphic below.

Simulation Settings - clipper_AC

General Analysis Type: AC Sweep Type
Analysis AC Sweep/Noise Linear Start Frequency: 10
Ypifansy ® Logarithmi End F ¥ 100MEG
Configuration Files i ogarthmic nd Frequency
» General Settings Decade Points/Decade: 1

Options
Monte Carlo/Worst Case aizs Amelie
Data Collection Parametric Sweep

Enabled Output Voltage:
Probe Window Temperature (Sweep) 1MV Source:
Save Bias Point Interval:

Load Bias Point Cutput File Options

Include detailed bias point information for nonlinear controlled sources and
semiconductors [LOF)

QK Cancel Apply Help

4. Click OK to save your simulation settings, close the Simulation Settings dialog box, and
return to the schematic view.

5. Place VDB markers at MID and OUT by using PSpice > Markers > Advanced > dB
Magnitude of Voltage
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vDD _
R2 D2
LV 1k D1N3940
5y — R1 Cout
T IN _ MID ouT
AN . . {}
1k \ 0.47u
V2 DB VDB
1Vac § R4
OVdc R3 D1 1k
1k D1N3940
-0

Running the Simulation and Viewing Results

1. Choose PSpice > Run or click the Run PSpice toolbar button. @

After the simulation has successfully completed, results automatically display within the Probe

window.

0

-30

-40

100MHz

1.0MHzZ

10MHz

100KHz

-50
10H=z
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o DB (V(MID))

100H=z

1.0KHZ

o DB (V(OUT))

10KHZ

Frequency
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Probe displays the dB magnitude (20log10) of the voltage at the marked nets, MID and OUT, as
shown. VDB(MID) has a lowpass response due to the diode capacitance to ground. The output
capacitance and the load resistor act as a highpass filter, so the overall response illustrated by
VDB(OUT), is a bandpass response. Because the AC Sweep is a linear analysis and the input
voltage was set to 1V, the output voltage equals the gain (or the attenuation) of the circuit.

Displaying a Bode Plot

1. Click on the name of the trace DB(V(MID)), hold the shift key and subsequently select
the DB(V(OUT)) trace located below the X axis of the Probe window.

2. Press <Delete> to remove both traces.
3. Choose the Plot > Add Plot to Window menu item.

4. Go back to Capture and double click on the grayed VDB marker on the OUT node, the
corresponding DB(V(OUT)) waveform should appear on the top plot in Probe

5. In Probe, select the bottom plot by clicking on it

The SEL>> should appear at the lower left of the lower plot

6. Choose the Trace > Add menu, use the Add Trace icon . or RMB and select Add Trace.

The Add Traces dialog box opens.

Analog

Alias Mames

1 variable listed

Partial List - “v{out)

Cancel Help

Trace Expression: | P{out]]
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7. Onthe right hand side, select P() to indicate that you wish to measure the Phase of the
Variable you’ll select next.

8. Select V(OUT) from the list of simulation output variables. Use the vertical scroll bar if
necessary (you can also search this list using the the top left search bar)

9. Notice in the Trace Expression at the bottom that you will have P(V(OUT))

10. Click OK or Press <ENTER>

0

o DB(V(OUT})
100d

0d

SEL>>
-1004d

10H=z 100H= 1.0KH=z 10KH=z 100KH= 1.0MH= 10MHz 100MH=z
o P(V(OUT}})

Frequency

This shows us the BODE plot for the OUT node where the gain in dB is shown on the top plot
and the phase (in degrees) of the OUT node is shown on the bottom plot
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Lesson 4, Lab 2: Using Alternate Connections

Lab Objectives

e Discover some alternative ways of making connections in the schematic

Modify the Schematic

There are a variety of ways to make connections in Capture aside from direct connections.
Sometimes it makes the schematic a little cleaner and less busy when the sources are tucked
away in a different area of the schematic page. On a single page design, you can do that very
easily by simply naming the nets the same.

1. Modify your design to pull the voltage sources away from the schematic as seen in this
picture.

Selecting and dragging a component while holding down the Alt key is a good way of ripping
up the circuitry and not having the wired connections keep rubberbanding to stay connected.

VDD _
R2 D2
1k D1N3940
VDD IN R1 Cout
IN MID ouUT
S|V V2 j\ﬂ{\l {({) 47
5V — 1Vag 4
-T 0Vdc
§ R4
i § R3 D1 1k
=0 =0 1k D1N3940
L
0

2. Make sure to have the nets named the same thing (VDD and IN) on both ends where
they should be wirelessly connected

Saving the Plot Formatting

Before running the simulation, we want to keep the result formatting that we had done
previously so we don’t have to setup all the waveforms and plots again.
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1. To keep the formatting of the last simulation, edit the PSpice simulation profile (PSpice
> Edit Simulation Profile)

2. Go to the Probe Window tab at the end and in the Show section, choose Last plot

Simulation Settings - clipper_AC

General
Analysis Display Probe window when profile is opened

Configuration Files

Options # Display Probe window:

. during Simulation.
Data Collection

= ® sfter simulation has been completed.
Probe Window

Show

® All Markers on open schematics.
Last Plot
MNaothing.

oK Cancel Apply Help

This will keep the simulation display in Probe the same as it was the last time it was run

3. Hit OK

4. Choose PSpice > Run or click the Run PSpice toolbar button. @

The Probe window should open and display the same waveforms that you had previously.
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0

o DB(V(OUT})
100d

od

SEL>> [
-1004d
10H=z 100H=z 1.0KH=z 10KH=z 100KH=z 1.0MH=z 10MHz 100MH=z

o P(V(OUT}}

Frequency
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Lesson 4, Lab 3: Optional: Create Additional Page

We want to learn about using Off Page Connectors in this exercise. Off Page Connectors give

no real benefit in a single page design like we have here but if you need to branch out and use
additional pages, Off Page Connectors become necessary.

1. In Capture, go to the Project Manager and right mouse button on the SCHEMATIC1
folder then choose New Page

2. Call the page PAGE2 (which is the default)

Mew Page in Schematic "SCHEMATICT

3. Hit OK

You will now have 2 pages under the SCHEMATIC1 folder of your design, like this:

clipper.opj v X

Analog or Mixed A/D

£ File T%, Hierarchy
E-[] Design Resources
B Aclipper.dsn®
[ pacEr
7] pagez
E Design Cache

B[] Outputs
e Mclipper-pspicefiles\sch

-] PSpice Resources

4. On PAGE1 cut out (Ctrl+X) the voltage sources and paste them anywhere on PAGE2
(Ctrl+V) so page 1 now looks like this:
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VDD _
R2 D2
1k D1N3940
R1 Cout
IN AN - MID ! H ouT
1k 0.47u
R3 Z\ D1 le
1k D1N3940
L
-0
And PAGE2 looks like this:

VDD IN

Lo L

5V — 1Va
:|; 0Vdc
=0 =0
Add Off Page Connectors
Add some off page connectors on both PAGE1 and PAGE2
1. In Capture, go to Place > Off Page Connector... or select the [ icon to open the Place
Off-Page Connector dialog
Symbal:
|i | QK
Cancel

OFFPAGELEFT-L/CARSYM

OFFPAGELEFT-R/CAPSY... Add Library...

Remawve Librany

Help
Libraries:

CAPSYM
Design Cache

Mame:

Show UnNamed MetGroup
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2. If no libraries besides Design Cache are present in the lower left corner, you can add one
by selecting the Add Library... button on the right side and browsing to the capsym
library in the C:\Apps\SPB_17.4\tools\capture\library directory

3. Once the capsym library is configured, you can double click on either the OFFPAGELEFT-
L or the OFFPAGELEFT-R symbols to place them on your schematic.

The difference between the two symbols is only graphical, they will both function exactly the
same. OFFPAGELEFT-L has the connection on the pointy end of the double arrows,
OFFPAGELEFT-R has the connection on the other side of the double arrows, like this:

KK OFFPAGELEFT-L

OFFPAGELEFT-R<C

4. Place 2 Off Page Connectors of your choice on both PAGE1 and PAGE2

5. Rename them on each page to VDD and IN by double clicking on the name and typing in
the new name

6. Connect them up to the nets that they should be connected to
7. Delete the name of the net that used to define the net name

The Schematics should now look like this, PAGE1:

VDD
R2 D2
1k D1N3940
R1 Cout
MID T
INY AN—4 I oL
1k 0.47u
R4
R3 2N D1 1k
1k D1N3940
_L_
"0

And PAGE2:

< vDD <IN

V2
1Vac

0vdc

[$)]

<
iy
© <
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1. In Capture, choose PSpice > Run or click the Run PSpice toolbar button. @

Verify that the results are the same as they were previously even though your sources are now
on another page.
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What is Transient Analysis?

Transient analysis is a time domain simulation. It measures circuit response in the time domain.
Results viewed in Probe resemble the waveform when probing the circuit with an oscilloscope
or logic analyzer. You can perform transient analysis on both analog and digital circuits. Time is
the swept variable on the x-axis while voltage and/or current is on the y-axis.

Setting up a Simulation

- . it " x
Simulation Settings - transient

General Analysis Type: Run To Time : 1000ns seconds (TSTOP)
) Time Domain (Transient)
Analysis

P Start saving data after: 0 seconds
i X Options: -
Configuration Files Transient options:
+ General Settings ) )
Options Maximum Step Size seconds
Monte Carlo/Worst Case
Data Collection Parameric Sweep Skip initial transient bias point calculation (SKIPEF)

Probe Window Temperature (Sweep)

Save Bias Point Run in resums mods Output Fils Options...
Load Bias Point
Save Check Point

Restart Simulation

QK Cancel Apply Help

The transient analysis dialog box contains several different options. Two windows are used to
set up the transient analysis. The first window shown in the graphic above establishes settings
for the Run to time, Start saving data after, and the Maximum step size.

The list below explains dialog box options:

Run to Time - Every transient simulation begins at time = 0 and runs to time = TSTOP. It is not
possible to stop a simulation, change the circuit, and continue the simulation from the time at
which it was paused. You can pause a simulation, open the Probe window to look at the data
and continue the simulation from the time at which it was paused.
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Start saving data after - This was formerly known as the No Print Delay. This option allows you
to specify a time period, starting at TIME=0 (the beginning of the simulation), during which no
data will be saved. This is useful when your circuit has a long settling time and you wish to save
data only after the circuit has reached steady state.

Maximum Step Size - This was formerly known as the Step Ceiling. This option is used to limit
the internal step size that the simulator may take. It is very useful for solving many convergence
problems. However, setting a maximum step size that is too small can cause a simulation to
take much longer to simulate and can produce an enormous data file. So, use it with some care.

Skip initial transient bias point calculation - This causes the simulation to not calculate a
transient bias solution. This is sometimes used when you have a circuit that is bi-stable with
more than one possible initial solution, as in the case of an oscillator.

The second dialog box used to set up a transient analysis is the Transient Output File Options
dialog box, which includes the Print Delay, Fourier, and the Detailed Bias Point configuration.

Qutput File Options 2|

Print values in the output file every: seconds
; OK
r F e Arahs
Perform Fourier Analysis Cancel
Center Frequency: hz

MNumber of
Harmonics

Cutput Variables

Include detailed bias point information for non linear
controlled sources and semiconductors[/0OP]

There are additional output file settings available for transient analysis:

Print Values to Output File - This option determines how often data is written to the output
file. It is used in conjunction with the print and plot symbols. It does not affect how the data is
saved to the Probe data file. This option is used only for cases where you want a tabular output
in the output file. It has not been used with any great frequency since Probe was introduced
and no longer requires a default value to run a simulation.

Perform Fourier Analysis - This will enable Fourier analysis. This option is not used too often
since Probe has a built in FFT function.

Include detailed bias... - This will print to the output file a detailed report of the transient bias
solution. The report will have the same information as a .OP statement.
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A note on bias point calculation: Normally there is a bias point calculation performed
separately from any other simulation. This is the .OP command. Another bias calculation is
performed at the beginning of the transient analysis. The difference between the two is that
the transient bias uses the TIME = 0 value for the source rather than the DC value (a single
source can have an AC, DC, and a transient component). For the .OP bias calculation, the DC
value is used. For the transient bias solution, the value of the source will be whatever that
source is at TIME = 0.

Scheduling Option Values

YYou can schedule runtime settings. This allows you to schedule the values of most of the
transient tolerances and the maximum transient step size. The advantage of scheduling these
options is that you no longer are forced to use the same value for an option throughout the
entire simulation.

In certain situations, you may want to predefine a set of values for a parameter and schedule
these values to take effect at various time intervals during a long simulation. For instance, you
may want to use a smaller time step value during periods where the input stimulus changes
rapidly, but otherwise use a larger value.

The following runtime parameters can be changed at scheduled times during a simulation. Note
that these only apply to transient analysis; you cannot interact with other analysis types.

e RELTOL
e ABSTOL
e VNTOL

e GMIN

e |[TL4

e Maximum Step Size

You can schedule RELTOL, ABSTOL, VNTOL, GMIN, and ITL4 parameter changes by entering
them either in the Simulation Profile or in a text file using the new expression SCHEDULE, and
then including that file in the simulation profile settings.

The expression SCHEDULE is a piecewise constant function (from time x forward use y) and
takes the form:

{SCHEDULE (x1,vyl,x2,y2..xn,yn) }

where x is the time value, which must be > 0, and y is the value of the associated parameter.
You must include an entry for time=0.
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When used with the .OPTION command, the syntax is as follows:

.OPTIONS <Parameter Name>={SCHEDULE (<time-value>, <parameter
value>, <time-value>, <parameter value>, ..)}

For example:

.OPTIONS RELTOL={SCHEDULE (0s, .001,2s, .005)}
For example:

.OPTIONS RELTOL={SCHEDULE (0Os, .001,2s, .005)}

This example indicates that RELTOL should have a value of 0.001 from time 0 up to time 2s, and
a value of 0.005 from time 2s and beyond (that is: RELTOL=.001 for t, where 0 <t < 2s, and
RELTOL=.005 for t, where t / 2s).

The next example changes RELTOL from .001 to .01 between 1ms and 1.5ms. The SCHEDULE
command is added in place of a value for the parameter.

{SCHEDULE (0, .001, 1m, .01, 1.5m, .001)}

The SCHEDULE command may be used in a text file as:

.OPTIONS parameter name = {SCHEDULE (tl, V1, t2, vZ2...tn, vn)}
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Lesson 5, Lab 1: Transient Analysis on buffer.dsn

Lab Objectives

e After completing this lab, you will be able to run a transient analysis on the design
buffer.dsn.

Creating a New Project Based on an Existing one

1. Create a new project, buffer.opj inthe
C:\EMA Training\PSpiceEssentials\Designs location and check the box
labeled “Enable Pspice Simulation”

X
Mew Praoject

Name buiffer

Location CAEMA_TrainingPzpice Eszentials

| Enable PSpice Simulation

0K Cancel Help

2. Click on the OK button in the New Project dialog to display the Create PSpice Project

dialog
~ e - . X
Create PSpice Project

» Create based upon an existing project OK

CAEMA_Training Pepice Ezzentialshrc, opj - Browse...

Cancel
Create a blank project

Help

3. Click Browse and navigate to your RC.op7j project from lesson 1

4. Hit OK

Create a New Simulation Profile

1. In Capture, Create a new profile (PSpice > New Simulation Profile or 4 icon)
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2. Inthe name field, give it the name tran

- . X
Mew Simulation

Mame:

tran
Cancel
Inherit From:

none

Root Schematic: SCHEMATIC1

3. Hit Create on the created New Simulation window

4. Notice that from the Active Profile window in the upper left, we have some choices of
profile

- ~
SCHEMATIC -tran - IE,I sy @ [

SCHEMATIC1-RC_DC
SCHEMATIC1-RC_bias |
— SCHEMATIC1-tran - -

5. Leave tran selected

Add new Pulse Stimulus

1. Inthe schematic, delete the DC source

2. Activate the modeling application by hitting the icon i or choose Place > PSpice
Component... > Modeling Application...

3. Onthe right side of the screen the modeling application window will open. Choose
sources > Independent Sources
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Place | PCE 5l Analysis PSpice Accessories Options Window Help CIF

S0, Part P
+ - -
i ) & @ ¢
PSpice Component... 4 PSpice Ground k
1: PAGET)
Search Providers... Capacitor E -
J5 wire w Diode
Auto Wire 4 Inductor
n_r: Bus B Resistor
«8= Junction J
) Digital ]
Bus Ent E . Modeling Application v X
l e Discrete ] j—
M met Alias... N _ ' * b~ [ Circuit Protection
Passives L4 B
¥T NetGroup.. U o Diodes
e Source ]
L4 power.., F |> ----- [ Passives
= Ground.., G search.. " 477 Sources
@ Off-Page Connector... Maodeling Application... L\\S : D Independent Sources
B, Hierarchical Block.., y oo T B D PWL Sources
“4 Hierarchical Port.., N - £ System Modules

4. On the Pulse tab, leave the first radio selection as Voltage and change the second one to
Pulse

Independent Sources

Pulse m Expone

® voltage O Current

O step @ pulse O square G

F
Parameter Name Par

5. Enter the values as shown in the graphic that follows
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Configure the Simulation Profile

. [ oc [ crponeni | i | impuse | ive hase | nose|

® yoltage O Current

(U step @ Pulse (O square (ORamp O Sawtooth O Reverse Sawtooth O Triangular

Parameter Name

V1
V2
Delay
Rise Time
Fall Time

Pulse Width

Time Period

AC
DC

Parameter Value

Il

= || =
[=2IR=]
=3 =3

o
=

-y
(==
[ =

|

Periodic rectangular pulse voltage source for time

domain analysis

W1

PULSE Waveform

Time Period

Pulsa Width

G‘I"

Fal Time

Close

Help

Version 17.4

- X
Independent Sources

6. Choose Place and drop the symbol on your schematic

On the schematic page...
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1. Use PSpice > Edit Simulation Profile or the = icon to edit the tran simulation profile to
have a transient analysis with a final time of 5u
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o L x
Simulation Settings - tran

General Analysis Type: Run To Time : Su seconds (TSTOP)
Time Domain (Transient)

Analysis
5 P Start saving data after: 0 seconds
i X Options: -
Configuration Files Transient options:
» General Settings ) )
Options Maximum Step Size seconds
Monte Carlo/\Worst Case
Data Collection Parametric Sweep Skip initial transient bias point calculation (SKIPBP)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode

Output File Options...
Load Bias Point
Save Check Point

Restart Simulation

QK Cancel Apply Help

2. Click OK to save the profile.

3. Run the simulation (PSpice > Run, ® icon or F11 key)

4. If you do not already have voltage markers on the IN and OUT nets, go back to the
schematic and add them now.

Instead of adding markers to the schematic, you can alternatively add traces (V(IN) and V(OUT))
in the Probe window using the Add Trace toolbar icon.

5. View the results of the simulation in the Probe window.
6. Save the design file

The waveforms illustrated in the next graphic shows how the voltage across the parallel resistor
and the capacitor components ramps up to its steady state value.

1.0v

Os 1.0us 2.0us 3.0us 4.0us 5.0us
DV < viam
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Lesson 5, Lab 2: Transient on BUFFER.DSN

Lab Objectives

e After completing this lab, you will be able to run a transient analysis on the design
Buffer.dsn.

Editing the Design File

1. Continue using Buffer.dsn from the previous lab and add the opamp, resistors and
voltage sources so that it looks like this. There are some notes below to aid you should
you require assistance finding the parts or symbols.

R1 R3
% 4'4'%
1k 1k
V1=0
V2=5 V2
D=0 R2 = c1
TR =10 1k 1n R5
TF =10n . 1k
PW =5u =0
PER = 10
= = C2
0 1n
VSS

The additional parts needed are LF411 (there are a few to choose from, use the one from the
opamp library), and VDC. You will need to edit the value of some reference designators and
component values.

You will need to mirror the LF411 vertically to have the — pin on the top, select the part and hit
the V key to do this

Delete the node name OUT next to CAP1
The VDD and VSS are connected from the DC Power source to the Opamp power pins by virtue

of the nets having the same name and being on the same schematic page; that should be all
that’s needed to make the connection.
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Verifying Simulation Set Up

1. Verify settings for the transient analysis profile

2. Run the simulation (PSpice > Run, ® icon or F11 key)

Plotting the Y Axis

1. From the Probe window, click the Add Trace toolbar icon . to open the Add Traces
window.

Add Traces

Simulation Output Variables

and Functions

- Analog

Voltages
Cuments

Power

Alias Names

50 variables listed

Full List

Trace Expression: [[[CAF1] OK Cancel Help

2. Select I(CAP1) and then press OK.
3. From the Probe window, choose Plot > Add Y Axis to add the second Y axis.
4. Using the Add Traces dialog box, add trace I(CAP2).

5. From Probe, double-click the Y-axis label 1 to open the Axis Settings dialog.
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Axis Settings

 Gnd

Data Range )
Y Axis Number
Auto Range
1
Axis Position
Lefi
Right

User Defined

Scale Auiz Title

T Capl Current

Log

Cancel Save Az Defaut  Reset Defaults

6. Enter Capl Current in Axis Title field.

7. Select 2 from the Y-Axis Number drop down list.
8. Enter Cap2 Current in the Axis Title field.

9. Click OK to save changes and close the dialog.

The Probe display resembles the following graphic.

c 0A - c 200un /___\ p— -
a a Ny
p P / N
! ? [ 4
{ N,
c C  100un ~
u u | 3
T T [ N
r —0.5mAq r I g
e e l Mg
n n l =
t t 0A -
|
S
—1.0mA- —-100ud
Os 1.0us 2.0us 3.0us 4_Ous 5.0us

o I{CAP1} + I (CAP2)

Time
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The first Y-axis is moved to the far left. The “>>" symbol points to the current axis. Any activities
to change the title, range, or other settings are applied to the current axis. Click the desired axis
to make it the current axis.
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Lab Objectives

e After completing this lab, you will be able to increase resolution on waveforms with

insufficient sampling.

Create a New Project

1. Create a new PSpice project based on a blank project called
sine wave resolution

2. Hit Place > PSpice Component > Modeling Application to bring up the Independent

Sources dialog

3. Choose the Sine tab at the top, then the Current radio button and leave the Sine radio

button selected

4. Set the Offset to 0, the IAMPL to 1 and the Frequency to 300k

- X
Independent Sources

ruise JP 0 | Exponena | i | impuie | hves Phase | e

O voltage @ Current
® sine ) Cosine () AC Source
Parameter Name Parameter Value

Offset
IAMPL

SINE Waveform

Frequency
Delay
Phase

Damping Factor
AC

il

DC

:
VARV

Frequency of sine wave in Hz Place Close

Help
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5. Hit Place and put the source on the schematic

6. Add a resistor and the PSpice Ground to the schematic

7. Wire the parts together and name the net off the current source SINE, like this:

SINE

IOFF =0 R1
IAMPL = 1 “‘) 1k
FREQ = 300k

Create a New Profile

JIH

1. Create a new simulation profile called t ran and set the Run to time for 30u

X
Simulation Settings - tran

General Analysis Type:

Al Time Domain (Transient)

Options:
Configuration Files
» General Settings
Options
Monte Carlo/Worst Case

Data Collection Parametric Sweep
Probe Window Temperature (Sweep)
Save Bias Point

Load Bias Point
Save Check Point

Restart Simulation

Run To Time : 30u seconds (TSTOP)

Start saving data after : 0 seconds
Transient options:

Maximum Step Size seconds

Skip initial transient bias point calculation (SKIPBP)

Run in resume mode Qutput File Options...

0K Cancel Apply

Help

2. Click OK to close and save the simulation profile.

3. Add a voltage marker to the positive side of the current source, like this (you can hit the

R key to rotate the probe):
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SINE
11
IOFF =0 > R1
Ny
IAMPL = 1 1K
FREQ = 300k
_L_
-0

4. Run the simulation (PSpice > Run, @ icon or F11 key)

Although the simulation runs successfully, the resulting waveform is very rough. A smooth sine

wave was expected.

1.0RV : X s 4
0.bKV d
......... 0
{
ov
|
i
—0.5KV
1. orvl® ! A v" ‘v ' Y
Os bus 10us 15us 20us 25us 30us

o V(SINE)

Cleaning the Results Up

PSpice takes approximately 50 simulation sample points from beginning to end so with a Run to
Time of 30us that’s a simulation sample point approximately every 600ns. We want the
simulator to sample more often than that to ‘clean up’ the results

1. Edit the simulation profile and set Maximum Step Size to 100n.
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Simulation Settings - tran

General Analysis Type: Run To Time : 30u seconds (TSTOP)
s Time Domain (Transient)
. Start saving data after: 0 seconds
. ) Options:
Configuration Files Transient options:
+ General Settings - =

Options ' Maximum Step Size 100n seconds )

Monte Carlo/Worst Case
Data Collection Parametric Sweep Skip initial transient bias point calculation (SKIPBP)
Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode

Load Bias Point
Save Check Point

Restart Simulation

oK Cancel Apply

Output File Options...

Help

2. Rerun the simulation and examine the resulting waveform in the Probe Window.

1.¢ - -
KV 1] A g, N
b -
0.5KV
ov
QNG | G (S | A i I,
—1. 0KV L LY H
Os Sus 10us 15us 20us 25us 30us
o V(SINE)

Time

The sine wave is now smooth. The resolution of the waveform display was increased by
reducing the simulator’s maximum step size.

3. In Capture, choose File > Save or click the Save toolbar icon ( )
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Lesson 5, Lab 4: Scheduling Runtime Settings

Lab Objectives

e Inthis lab we will look at scheduling PSpice A/D runtime settings. This allows you to
schedule the values for various runtime options before running a simulation.

e After completing this lab, you will be able to edit runtime settings.

Opening the sine_wave_resolution circuit

1. If you have closed the sine wave resolution circuit, reopen it

2. Edit the simulation profile and enter {schedule(0s,0,10us,100n)} for the Maximum Step
Size field

This schedules the maximum step size to change from a system generated value (zero) to 100n
at time 10us.

Simulation Settings - tran

General Analysis Type: Run To Time : 30u seconds (TSTOP)
. Time Domain (Transient) 4

Analysis

tys Start saving data after : ] seconds

. ) Options:
Configuration Files Transient options:

General Setlings

Options Maximum Step Size {schedule(0s,0,10us, seconds
Monte CarloMorst Case

LaAmEE 22 Paramelric Sweep Skip initial transient bias g, calculation (SKIPBP)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode

Qutput File Options...
Load Bias Point
Save Check Point

Restart Simulation

3. Click OK to close and save the simulation profile

4. Run the simulation (PSpice > Run, ® icon or F11 key)

5. Examine V(SINE) in the Probe window. You should see the resolution of the trace change
at 10us. Before 10us the trace should be rough. After 10us the trace should be a smooth
sine wave
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6. Toggle the Mark Data Points icon to visualize where PSpice took simulation data

points

1.0KV

0.5KV

—0.5KV

—1.0EKV
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Os Sus 10us
o V(SINE)
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Lesson 5, Lab 5: Making Screenshots

Lab Objectives

After completing this lab, you will be able to:

e Take a screenshot of your Capture schematic into MS Word

Copy the Source Graphics

7. In Capture, area select around the schematic contents in Capture to highlight
everything

8. Hit Ctrl+C on your keyboard or else Right Mouse Button (RMB) and choose Copy
9. Open MS Word and create a new blank document

If MS Word isn’t available, use any word processing tool that is available; if there’s nothing
available that suits, you can skip this lab.

10. Paste the contents of your clipboard in using Ctrl+V or RMB and choose Paste

Note that you can enlarge the picture with no negative effects on the quality of the image.
That’s why this is the preferred way of making screenshots over doing screen captures.

11. Close MS Word
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Lesson 6. Modeling Application

PSpice File Types

The four most important file types to remember are DSN, OPJ, OLB, and LIB.

Modeling App Templates

The Modeling Application facilitates the quick design of PSpice components for simulation
without leaving the Capture environment. Once the template is set up with the necessary
inputs, the modeling applications will provide a symbol and PSpice model. The modeling app
provides templates including transient voltage supressors, sources, parasitic passives, diodes,
switches, transformers and voltage-controlled oscillators. In 17.4 this tool can be easily
accessed from the schematic toolbar.

When a new device is placed in the schematic, a master index library file is automatically
configured at the design-level in the currently active simulation profile for some of the models.
This ensures that the project is ready for simulation and the newly created model library is
available to PSpice for simulation. The library, PSpiceModelApps_Include.lib, is created and all
models for the design that require a library are stored in this library. This library file is placed in
the PSpiceModelApps folder under the

<Projectname>-PSpicefiles folder.

Each new unique model instance is added to this library file, which is included at design- level.
This makes the models for newly developed devices available for all simulation profiles under
that project.

Sources

The modeling application supports the following types of sources are supported along with the
wave types:

e Pulse: Step, Pulse, Square, Ramp, Sawtooth, Reverse Sawtooth, and Triangular
e Sine: Sine, Cosine, and AC Source

e DC:Ideal DC and DC

e Exponential

e Single Frequency FM
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e Impulse: 1.2/50 uSec, 4/10 uSec,4/20 uSec, 8/20 uSec, 10/350 uSec, and 10/1000 uSec.
e Three Phase (Only voltage): DELTA and STAR configurations.
e Noise: DC, Sine, Exponential, and Random Noise

e Piecewise Linear (PWL Sources)

Parasitic Passives

To add a resistance in series and in parallel to a capacitor, specify the equivalent series
resistance (ESR) and parallel resistor (RP) values in ohm. To add inductive parasitics, specify
either one of the series inductance (ESL) or the self-resonant frequency (SRF) mentioned by the
manufacturer. The application calculates the other value based on the following equation, and
displays the result in a grayed field:

ESL =

(2. SRF)*C)

Modeling of inductors is important for analog applications, especially those involving a wide
range of frequency or high DC currents, such as EMI and DC filters, respectively. You can model
a non-ideal inductor using the DC series resistance Rdc, inductance, and the self-resonant
frequency (SRF) of the inductor to represent the non- linear characteristics. Based on these
inputs, the application calculates the parasitic capacitance value for the inductor:

1
(27SRF)? x L) + (Rge x (2rSRF))

P

Using a Text File as a Source

Use a text file with Time and Voltage pairs as a library source where the FILE property should
have a value of the path to where the text file is located. The pairs may be comma or space
separated on either one or multiple lines of the files. These files are often generated from some
third party software or digital scopes.

You can also use VPWL F RE FOREVER to repeat a text file infinitely or the
VPWL_F RE N TIMES part to repeat the period a defined number of times managed by the
REPEAT VALUE property.
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Lesson 6, Lab 1: Creating a Sine Wave Source

PSpice Essentials 17.4

Lab Objectives

e After completing this lab, you will be able to create a 60Hz sine wave source.

Placing the Sinusoidal Source

12. In OrCAD Capture, create a project called Stimtest

13. Create a new profile (PSpice > New Simulation Profile or ~] icon) called stimtest. Hit

Create

o . X
Mew Simulation

Mame:

Stirnbest

Inhert From:

naneg -

Root Schematic:  SCHEMATIC1

Create

Cancel

As shown in the graphic that follows, suggested simulation settings include:

e Run to time = 50m seconds

e Maximum step size = 1u seconds

General Analysis Type: Run To Time : 50m seconds (TSTOP)
. Time Domain (Transient)
Analysis '
Iy — Start saving data after: 0 seconds
i X Options: -
Configuration Files Transient options:
+ General Settings ) .
Options Maximum Step Size Tu seconds
Monte Carlo/Worst Case
Data Collection Paramefric Sweep Skip initial transient bias point calculation (SKIPEP)
Probe Window Temperature (Sweep)
Save Bias Point Run in resume maode Output File Options...
Load Bias Point
Save Check Point
Restart Simulation
oK Cancel Apply Help
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14. Hit OK

15. Access the Modeling Applications with Place > PSpice Component > Modeling
Application and select Sources > Independent Sources

A dialog box opens that enables you to select the type of stimulus you want to create.
16. Check the Sine tab and select Voltage.

17. In the resulting dialog, enter 0 for Offset value, 5 for VAMPL, and 60 for Frequency

x

Independent Sources

puise JEREY oc | Exponential | Fm § impuise | Three phase | Noise

® yoltage O Current

@ sine () Cosine () AC Source

Parameter Name Parameter Value

OffSet I:l SINE Waveform
VAMPL
F
Frequency ;
] — ANPL
Delay I B
'
Phase O 0 S ¥ S A W
- >
Damping Factor I:l ¥ I_‘
Fhass Offpet
ac R
Place Close Help

Note that amplitude is peak amplitude not RMS.
18. Click Place
Notice the 60Hz sine sin wave source is now attached to your cursor.

19. Place the source symbol on the schematic and wire it with a 1k resistor and ground. Add
a voltage marker to the schematic (at the non-ground node)

20. Alias the Node IN
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IN

V
V1
VOFF =0 ) R1
o
VAMPL =5 \& § 1k
FREQ = 60
AC =0

L
-0

Running the Simulation

1. Run the simulation (PSpice > Run, @ icon or F11 key)

2. Verify the results in the Probe window

Os 10ms 20ms 30ms 410ms 50ms

Time
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Lesson 6, Lab 2: Creating a Piecewise Linear Source

Lab Objectives

e Create a piece-wise linear source

e This lab is a continuation of the previous.

Creating a Piece-wise Linear Source

1. Return to the page 1 schematic of Stimtest.opj and remove the sinusoidal source

2. From the Place > PSpice Component... > Modeling Application... or choose icon t
3. Choose Sources > PWL Sources
4. Select the Voltage PWL radio button

5. For the PWL Points, enter:

o T1:2 V1:0
o T2:4 V2: 2.5
o T3:6 V3:25
o T4:8 V4: 0
o T5:10 V5:0

You may need to click on Add Additional PWL points to create new rows of data to fill in here
and on remaining rows.

o T6:12 V6:-2.5
o T7:14 V7:-2.5
o T8:16 V8: 0

6. Inthe Signal Repetitions section, click on the Repeat radio button and fill in a value of 2
to repeat this waveform a total of 2 times

7. In Advance Options (lower right corner) enter a Time Scaling Factor of 1e-3 to change
the time to milliseconds instead of seconds
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PieceWise Linear Sources [PWL)

PSpice Essentials 17.4

O PWL File

® voltage PWL

® pPWL Points

Analog Value Time Pairs

1 [2 | w10 |
T2 4 | wv2[25 ]
12 [6 | wvz25 |
T4 8 | wvalo |
1s[10 ] ws[o |

1 1

| Add Additional PWL points |

Time Scaling Factor, Each time value is
multiplied by this factor

O current PWL

Signal Repetitions
O None
O Repeat Forever

® Repeat

Advance Options
Value Scaling Factor
Time Scaling Factor

AC

LA

DC

| Place | | Close | ‘ Help ‘

8. Click Place and place the PWL source into the test circuit

Verifying the Results

§ R1
1k

1. Run the simulation (PSpice > Run, ® icon or F11 key)

2. View the output.

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved
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4.0V

—-4.0v

0 V(N

Time

Optional Exercises

e Change the PWL Source to repeat 3 times instead of 2 (modify the REPEAT_VALUE
property on the VPWL source)

e Scale the Voltage multiplier to be doubled using the VSF property on the VPWL part
e Create the same PWL source from a text file

e How could you create a voltage source that went high a different amount of times than
it went low? Say it went high three times and low twice, but you’d like that to be easily
configurable, like this:

1y

Os 10ms
0 V{IN)
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Feel free to come up with your own but if you want a suggestion, one possible solution is this

(you can use the Modeling Application PWL Source to make this part instead of manipulating
the properties manually):

IN

Viow

-/ REPEAT_VALUE =2 R1
FIRST_NPAIRS =10012-2.514-25160 1K

Vhigh

-/ REPEAT_VALUE =3
FIRST_NPAIRS=2042562580160

i
-0
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Lesson 6, Lab 3: Creating a Random Noise Source

Lab Objectives

e Create a 60Hz sinusoidal source with random noise

e This lab is a continuation of the previous

Creating a Random Noise Source

1. Return to the page 1 schematic of Stimtest.opj and remove the PWL source
2. From the Modeling Application menu choose Sources > Independent Sources
3. Check the Noise tab and select Voltage

4. Select the Sine radio button

5. Enter O for Offset value, 5 for VAMPL, 60 for Frequency, and 1.5 for Noise Amplitude

= x
Independent Sources

puise | sine | o | Exponential | A | tmpulse | Three Phase [JEIIES
®voltage O Current
Obpc @sine Opulse O exponential O Random Moise

Parameter Name Parameter Value
offset SINE Waveform
VAMPL

Frequency —
Delay
Phase

Damping Factor

L
Noise Amplitude 5 V

‘ Place

ITE

Amplitude

‘ Help ‘

‘ Close

6. Click Place and place the PWL source into the test circuit
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IN
V1
VOFF =0 R1
VAMPL =5 @ § 1k
FREQ =60
NVAL = 1.5

L
-0

Verifying the Results

1. Run the simulation (PSpice > Run, ® icon or F11 key)

2. View the output

10V

=10V

Os 10ms 20ms 30ms 40ms 50ms

Time
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Lesson 6, Lab 4: Creating a Non-ldeal Capacitor

Lab Objectives

e Create a non-ideal capacitor
e Observe the resonance in an AC sweep

e (Creating a Piece-wise Linear Source

Create a New AC Sweep Project

1. In OrCAD Capture, create a new project called NonldealCap based off a blank project

2. Create a new profile (PSpice > New Simulation Profile or [~ icon) called ac_sweep

3. Hit Create

- . X
Mew Simulation

Mame:
Create
ac_gweep

Cancel
Inherit From:

none

Root Schematic: SCHEMATIC1

As shown in the graphic that follows, suggested simulation settings include:

e AC Sweep/Noise Analysis Type
e Logarithmic Sweep from 100 to 1IMEG
e Points per Decade = 101
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Simulation Settings - ac_sweep

General

Analysis
Configuration Files
Options

Data Collection

Probe Window

Analysis Type:
AC Sweep/Noise

Options:
+ General Settings
Monte Carlo/Worst Case
Parametric Sweep
Temperature (Sweep)
Save Bias Point

Load Bias Point

PSpice Essentials 17.4

AC Sweep Type

Linear Start Frequency: 100
® |ogarithmic End Frequency: TMEG
Decade Points/Decade: 101

Meoise Analysis
Enabled Cutput Voltage:
I/V Source:
Interval:
Cutput File Options
Include detailed bias point information for nonlinear contrelled sources and
semiconductors (.OF)

oK Cancel Apply

Help

4. Hit OK

Create a Non-ldeal Capacitor

1. Access the Modeling Applications (Place > PSpice Component > Modeling Application)

or press icon ] and select Passives > Capacitor

A dialog box opens that enables you to specify the parasitic behavior of the capacitor.

2. Inthe resulting dialog, enter 10n for Capacitance, 1m for Series Resistance, and 10MEG
for Parallel Resistance

3. Enter 0.0005 for Series Inductance

Note that the Self Resonant Frequency will be automatically calculated from these other values

to be ~71kHz.

April 2020
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PSpice Modeling Application: Capacitor

Capacitance

i

ESR ESL (i ]
1u im 6.33n
Tolerance [ ]
Rp
mitial Condition 000~ [ | ea
Parasitic Resistive Element

Parasitic Inductive Element

Series Resistance (ESR)

Series Inductance (ESL) |.0005
Parallel Resistor (RP)  |10MEG Self Resonant Frequency (SRF) |7.1176e+4
Dissipation Factor @ 120Hz :- 2.6536e-3

Temperature Coefficient

Voltage Coefficient

tnearacny [ ] tnearvcy [ ]
Quadratic (TC2) I:I Quadratic (VC2) I:I

Place Close Help

Note that as you fill in each value, the modeling app will provide you a description of that
property.

4. Click Place

Notice the capacitor is now attached to your cursor

5. Place the capacitor on the schematic

Create a Test Circuit

1. Wire the capacitor in series with a 1k resistor, a VAC source and tie in ground

2. Select everything and make a copy to duplicate the circuit; you can use Edit->Copy and
then Edit->Place to paste the copied circuit or Ctrl+C and Ctrl+V

SRR o d
i | O (]
P, ¥ #
v oy
=0

-
Duplicate

3. Add a voltage marker to both circuits (between the resistor and capacitor)
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4. Delete the duplicated non-ideal capacitor C2 and add in an ideal capacitor and change
its value to 10n

> >

R1 / C1 R2 / C2
AN {} AN {}
1k 10 1k 10n
n
V1 V2
1Vac@ 1Vac@
0OVdc 0vdc
é é
-0 -0

Verifying the Results

1. Run the simulation (PSpice > Run, ® icon or F11 key)

2. View the output and confirm that the resonant frequency of the capacitor is at 70kHz

1.0V
4'\ L

/I

/
/
N
ov V[ To—]

100H=z 1.0KHz 10KHz 100KHz 1.0MHz
o V{R1:z2) o V(R2:2}

\
AN
\

N\

Frequency

Note the difference between the circuit with a non-ideal capacitor (green trace) and one where
an ideal capacitor is used (red) — it’s a pretty big deal at higher frequencies!

Additional Exercises

e Create a non-ideal inductor using the modeling app
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Lesson 7. Resolving Simulation Errors

Diagnosing Simulation Problems

Find the line with the ERROR in it

Look on the line above for the $

On the line above that, at the location of the $ is what the ERROR is referring to

Common Circuit Errors and Solutions

Common causes and solutions of circuit errors:

1.

Unmodeled pins:

ERROR - Less than two connections at node <name>.

SOLUTION — Make certain that the electrical connection has been made to at least two
pins on the node.

Missing ground:

ERROR — Node <name> is floating.

SOLUTION — Check that there is a PSpice A/D ground in the circuit. A PSpice A/D ground
will label the node as 0.

Missing DC path to ground:

ERROR — Node <name> is floating.

SOLUTION — Check that the node is not isolated from ground (zero) in DC conditions.
You may need to add a large resistor to ground for nets that are isolated.

Voltage source or inductor loop:

ERROR — Voltage source or inductor loop.
SOLUTION — Add a small series resistance.

Be sure to notice the difference between the floating node error and the less than two
connections at node xxx error. The first means that there is no DC path to ground for the listed
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node. The second error means that there is a wire connected to a device pin without
connection to another pin.

A floating node error may be caused by:

e Missing ground
e Anodeisolated from DC current because it is between two capacitors

e Anode isolated from DC ground because of an Analog Behavioral Modeling device. ABM
devices do not actually pass a current during simulation. For now, think of them as black
boxes whose output is based on an equation using their inputs.

The less than two connections error may be caused by:

e Missing the connection point on a pin when the snap to grid function is disabled

e Unintentional use of a non-PSpice A/D part or symbol

Multiple Bias Points

It is possible to have multiple bias points for a given circuit. However, only one of these points is
usually valid for the desired circuit operation. It is possible to provide PSpice A/D with an initial
“guess” of what a node voltage should be for some or all nodes in a circuit or to force a node
voltage.

The NODESET symbols allow you to specify a starting point for the simulator to use in
calculating the initial bias solution. Nodesets are released after the beginning of the
calculations and will not affect the remainder of the simulation.

IC symbols will force a voltage or current condition on a node or through a device. These are
released at the end of the bias calculation.

Both Nodeset and IC symbols can be found in the Special library. Both have a single pin and
two-pin version. Single pin symbols are used to set the value on a single wire. The two-pin
versions are used to set the voltage level across a device or between two nodes.

Simulation Accuracy

The accuracy of a simulation is controlled by several tolerance variables with the primary one
being RELTOL. RELTOL is the relative tolerance of node voltages and branch currents in the
circuit. The default value for RELTOL is .001 (.1%). To force the simulator to calculate a more
accurate solution, tighten or reduce RELTOL. However, the tighter the accuracy becomes, the
more likely it is to encounter convergence errors.
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If the waveforms in Probe lack resolution and appear to be rough, specify a maximum step size
for the transient analysis that provides an adequate number of data points or a smaller
maximum step size in the transient simulation profile. This forces the simulator to take more
data samples during the simulation which may slow the simulation.

The step size that the simulator uses is affected by such things as the speed of sources in the
circuit, length of transmission lines, and if nothing else affects it, will be set to 1/50th of the
final time specified in the simulation profile.

Finding Solutions

PSpice A/D finds the solution to the polynomial equations using a Newton-Raphson method. In
essence, start with a solution to the polynomial equations. Take a step and find a second
solution and compare it to the first. If the second solution is within RELTOL of the previous
solution, accept it as valid and move on.

Newton-Raphson
1) fv)
A A
d_—‘.-’.:} > _#__—'i,’? Ijz] p(D y (© "

The graphic above is a representation of how PSpice A/D determines a solution.
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Error Tolerances/Convergence Criteria

Normally you do not need to change these tolerance parameters in order to get convergence.
However, if you do, be very careful since changing them may allow the simulation to succeed,
but it might be giving invalid results if you have loosened (increased) the value too much. The
main exception to this rule is for simulating circuits that have currents greater than 1000 amps.
In that case you may need to increase RELTOL to shift the dynamic range of the simulator.

PSpice A/D Runtime Settings

As of PSpice A/D release 9.2, you can pause a transient simulation, change certain run time
parameters, and then continue the simulation using the new parameter values from the point
at which the simulation was paused. The new parameter values are not stored in the simulation
profile but are kept in the output file so that you can refer to them later.

The parameters that you can change are:

e Reltol
e Abstol
e Vntol
e Gmin
e Tstop
e Tmax
o [tI1

o tI2

o |tl4

To Change Runtime Parameters:

1. Pause the current simulation.
2. Choose Simulation > Edit Runtime Settings.
3. Enter new values in the desired fields or check the box to Use Original Value.

4. Click OK and Resume Simulation to resume the simulation using the new parameters.
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Extending a Simulation

When you enter a value for TSTOP in the RunFor text box on the simulation toolbar in PSpice
A/D, you can control the simulation in various ways:

If the RunFor text box is blank, the original value for Final Time in the Simulation Profile will be
used. The simulation will run to completion and then stop.

If you enter a value in the RunFor text box, the RunFor value will override any value for TSTOP
in the Simulation Profile. The simulation will run until it reaches the RunFor value and then
pause.

If the simulation is paused before RunFor (TSTOP) is reached, you can enter a new value in the
RunFor text box, then click the Run toolbar button. PSpice A/D will resume the simulation, run
for the additional time specified (RunFor), and then pause again.

If you pause a simulation and want to restart it using the original value for TSTOP in the
Simulation Profile, clear the RunFor text box and press the Pause button again.

Troubleshooting DC and Bias Point Convergence Failure

There are many steps that can be taken to correct DC and bias point convergence failure. The
suggestions included in this section are organized in the same order as the presentation slides
of the PSpice A/D training class.

e Examine the non-convergence error message in the .out file to further localize the
problem. Examine the previous/current iteration voltage printout, and note which
voltages, currents, and devices failed to converge. Voltages and currents that reach
1E10 are clear indicators of problem areas.

e Check the direction of independent and dependent current sources. A convergence
problem may result when current is forced backward through diodes or pn junctions.

e Check for diodes that should be forward biased in the reported voltages for the last
iteration. Use NODESETSs or add a shunt resistor to keep the diodes forward biased.

e Try using GMIN stepping.
e Tryraising ITL1 to 500, RELTOL to 0.003, and using NODESETs.

e Look for large currents for the problem devices and currents. A current or voltage that
reaches +/-1E10 indicates that the maximum value has been reached. These locations
are often the starting point of non-convergence. For power circuits where currents
exceed 10004, it will be necessary to increase ABSTOL, as the default (1E-12) is set for IC
currents.

e |na DC sweep, consider increasing ITL2 to 500, and using a smaller step size.
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e [f a particular model is suspect, isolate it in a test circuit to attempt to generate similar
DC curves. If a single device shows the problem, look for unrealistic model parameters.
Try simplifying the model to obtain better convergence.

e Try using NODESETs to help PSpice A/D find a stable solution.
e Divide the circuit into smaller pieces and simulate them individually.

e Check for singularities in ABM expressions. In particular, look for denominators which
contain circuit variables. Try adding a small offset to the denominator to prevent it from
becoming zero.

Troubleshooting Transient Convergence Failure

There are many steps that can be taken to correct transient convergence failure. The
suggestions included in this section are also organized in the same order as the presentation
slides of the PSpice A/D training class.

e Examine the simulator messages to look for clues as to why the problem occurs.

e When specifying nonlinear device model parameters, be sure that a complete
capacitance model is specified. Do not use “ideal” models which do not have the device
parasitics modeled.

Most error messages issued by PSpice A/D are fairly descriptive and are a good place to start
the troubleshooting process.

The second point is a problem when you are using a default model. This was more of an issue a
few years ago when the breakout library used only default parameters for all of its models. Now
breakout has minimum values necessary to converge in most uses.

The breakout library contains a default model for every intrinsic PSpice A/D device. Parts from
breakout are commonly used as a starting point for creating a new model or in cases where a
generic device of a certain type is needed for a simple functional simulation.

e Be sure to give source and drain areas for all MOSFETSs, so that the junction capacitors
and overlap capacitors are modeled.

e Use an ESR with ideal inductors. Use the Maximum Step Size to limit large time step
predictions.

e Try modeling the quality factor of large inductors by placing a resistor in parallel with
them. R=2nf.L where f;, is the Frequency roll off of the inductor.

e Increase the ITL4 option to 40 or 100 to increase the possible number of iterations at
each time step.

e Loosen the absolute tolerances for power circuits. This is most important for ABSTOL
since its default is 1pA. As a rule of thumb, the absolute tolerances should not be more
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than 9 orders of magnitude smaller than typical signals present in the circuit. Failure to
converge at the first time step is an indication of a dynamic range problem.

e Asalastresort, try different values for the Maximum Step size or Step Ceiling in hopes
that the simulator will jump over a convergence problem.

A good portion of convergence errors can be solved using one or any combination of the three
following things:

Set RELTOL to .01. A one percent relative tolerance is usually accurate enough for most circuits.
If you are simulating a circuit that has currents in the pico-amp range, then you may want to be
a little more careful about changing RELTOL so drastically.
e Side-effects:
o The simulation will be less accurate
o The simulation will usually run faster.
Set ITL4 to 40 or 100. If you need to increase ITL4 to more than 100 to get a circuit to converge,

then it usually indicates a problem in the circuit or at least suggests that a closer look should be
taken.

e Side-effects:

o The simulation may take longer to run since you are allowing the simulator to make
more attempts at solving the equations before stopping

o May increase the size of the .dat file. This is because the simulator may take smaller
steps and thus collect more data.

Set a maximum Step size in the transient simulation profile.

e Side-effects:

o This will increase the simulation time since you are forcing the simulator to take a
smaller step than it would normally.

o This will increase the size of the .dat file since you are forcing the simulator into a
smaller resolution.

Using Auto-Convergence

Auto-converge allows PSpice to automatically adjust the ITL1, ITL2, ITL4, RELTOL, ABSTOL,
VNTOL and PIVTOL tolerances to find a solution with the smallest possible disruption to your
results

Available from the Simulation Settings > Options Tab, choose the AutoConverge button.
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Multi-Core Support

It is not recommended to use all your available cores as that will bring the remaining
applications on your system to a halt. Generally, it’s a good idea to use half of your cores for
larger simulations.
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Lesson 7, Lab 1: Floating Node

Lab Objectives

e After completing this lab, you will be able to solve floating node errors.

Create a New Project

1. Create a new PSpice project based off of a blank project called noDCpath and save in
in the C:\EMA_Training\PSpiceEssentials\Designs folder

2. Add these parts: DC Voltage Source, Capacitors (x2), Resistor and PSpice Ground
3. Give the DC Voltage Source a value of 5V

4. Name the nodes in the circuit IN, MID and OUT, like this:

C1 C2
IN 11 MID 11 ouT
11 1
1n 1n
LV R1
5v — 1k
-0 -0

5. Create a new profile (PSpice > New Simulation Profile or [~ icon) called bias

6. Change the Analysis Type in the Simulation Profile to Bias Point, Hit OK

Identifying Errors

1. Run the simulation (PSpice > Run, ® icon or F11 key)
2. Observe the errors

ERROR (ORPSIM-15142) : Node MID is floating
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A floating node error always indicates that there is no DC path to ground for the named node.
That can be caused by either a missing ground (or a ground that is not named 0) or by a node
being isolated from ground by capacitors or other devices that do not conduct DC current.

Correcting Errors

1. Add a 100G resistor between MID and PSpice ground

c1 c2
IN " D | ouT
11 1T
1n 1n
R2
LW 100G R1
5V — 1k
— =0 =
0 -0

2. Re-simulate the circuit.

The simulation now runs without errors.
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Lesson 7, Lab 2: Convergence Error

Lab Objectives

e After completing this lab, you will be able to solve a convergence error using

AutoConverge.

Open the Project and Run the Simulation

1. Open the project ConvergeError.op]j from the
C:\EMA_Training\PSpiceEssentials\Designs folder

Examine the flyback convertor schematic provided in the next graphic.

D1 R11 L2

R10

MURB860 3
R5

1185k

D2
MUR860

K1 1
K_Linear
COUPLING =1

10k

LM324/MC

Choose the PSpice > Edit Simulation Profile menu commands to open the Simulation

Settings dialog box.

4. Review the profile settings Run the simulation (PSpice > Run, @ icon or F11 key)

The PSpice Runtime Settings dialog box and a convergence error similar to the one that follows

opens as the simulation pauses.
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PSpice Runtime Settings

Use Original Value  Change To
Relative accuracy of V's and I's: 0.001 (RELTOL) 0K
Best accuracy of cuments [amps]: le-12 (ABSTOL ) 0K & Resume Simulation
Best accuracy of voltages [volts]: 1e-06 (VNTOL )

Cancel
Minimum conductance for any branch [1/ohm];: le-12 {GMIN )

Run to time [seconds]: 0.001 (TSTOP ) Help

Maximum step size onds]: [ TMAX )
and hias "blind" teration limit: (ITL1)
and bias "best guess” iteration limit: 20 (ITL2)

Transient time point teration limit: (ITL4)

Autoconverge

Enable Advanced vergence Mlgarithms Settings

iz at Time =

The exact error message you receive may vary slightly.

Correcting Simulation Errors

1. Cancel the PSpice Runtime Settings dialog. Close the Probe window and stop the
paused simulation when asked.

2. Puta 1k snubbing resistor in parallel with L4.

3. Run the simulation again (PSpice > Run, @ icon or F11 key)

Although the error message changes, the simulation pauses again, and errors or problems still
exist.

Reducing minimum delta to
Reducing minimum dett

Vergence
. minimum al
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4. When the PSpice Runtime Settings dialog opens up indicating that you have a
convergence error, click on the checkbox to turn on AutoConverge

PSpice Runtime Settings

inal Yalue  Change To

Relative accuracy s and I's: 0.001
Best accuracy of cuments [amps]: le-12
1e-06
1e-12

0.001

DC and bias "blind™ teration limit:
nd bias "best gue: eration limit:
Transient time point iteration limit:

Autoconverge

Enable Advanced Convergence Algorithms

(RELTOL} 0K
OK & Resume Simulation
Cancel

Help

Settings

Settings

5. Select the Settings button in the same column to bring up the settings for AutoConverge

Dialog

Option:
ITL1
TL2
ITL4
RELTOL

ABSTOL

WNT...

PIWVTOL

QK

Relaxed limit:
1000
1000
1000

0.05

0.001

0.001

These numbers indicate a relaxed limitation that can be used when the simulator runs into
convergence issues (like it has now). The simulator will not throw the current limitations out
the window and use these ones but will instead chip away slowly at the nominal values to try to
achieve convergence but not take up any tolerance space with these variables that it doesn’t

need.

6. Hit OK on the Dialog window

7. Hit OK & Resume Simulation on the PSpice Runtime Settings window
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The simulation should now progress, and you will be able to see results:

200v
e §
- H j i T
ov -
. -E--E-H-E- R -
200V ; 2
] | ]
|
400V '
| ! 11k
| |
600V t : i i t +
Os 0.1lms 0.2ms 0. 0.5ms 0.6ms 0.7ms 0.8ms 0.9ms 1.0ms
o V(L4:2)

Time
If you get an error here:

Skipping section 1.Section 1 has less than 2 rows of data.

1. Hit OK and Close out of PSpice
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2. In Capture, Edit the Simulation Profile, go to the Options Tab and check
AutoConverge...

Simulation Settings - convrg3

General Analog Simulation Name Default Value

Analysis General AutoConverge

O I 1000
Configuration Files Auto Converge

. MOSFET Option L2 1000
Options m4 1000
R ltae RELTOL X 0.05

General ABSTOL 1.0E-6
Probe Window Bias Point VNTOL . 001

TerEeT PIVTOL 1.0E-10
Restart

Data Collection

Gate Level Simulation
General

Advanced

Output File

General

3. Hit OK to close out of the Edit Simulation Profile and re-run the simulation

This is fantastic that we get to see results graphically instead of having to pore over the output
data and try to determine where the problem may lie and how to fix it. Speaking of the output
data, we do likely want to see what the tolerance values it ended up using were.

Looking at the Output Data

1. In PSpice, choose View > Output File

2. Scroll to the very bottom and that a look at the AutoConverge Simulator Options
section

LUDED

 Simulator Options

This tells you what tolerance values it ended up using to obtain the results that you see on the
screen. You will now need to evaluate whether the tolerances that it used to complete the
simulation are acceptable to you or not.
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Turn on AutoConverge by Default

If you got the Skipping Section error previously, you already did this.

If you want the simulator to use AutoConverge every time for a particular design, you can turn
it on in the simulation profile. This is useful if you know that a circuit requires the
AutoConverge functionality to complete but you don’t want to have to click the button to turn
it on after every simulation that is run.

1. Edit the simulation profile

2. In the Options tab click the AutoConverge button.

Simulation Settings - convrg3

General Analog Simulation MName Value Default Value
Analysis General ¥ AutoConverge
Configuration Files Auto Converge : :It; 1E;E lggg
Options MOSFET Option v M4 1000 1000
Data Calection Analog Advanced v RELTOL 0.05 0.05
General ~| ABSTOL 1.0E-8 1.0E-6
Probe Window Bias Point | VNTOL o0 001
Transient ~| PIVTOL 1.0E-10 1.0E-10
Gate Level Simulation | Restart
General
Advanced
Qutput File
General
oK Cancel Apply Reset Help

3. Check the AutoConverge check box.

When you run the simulation with AutoConvergence set, PSpice A/D initially runs using the
normal values for the specified simulation time. However, if the simulation does not converge,
PSpice A/D automatically changes the values within the relaxed limit of the parameters selected
in the AutoConvergence Options dialog box.

If convergence is not achieved at the end of the complete run, PSpice A/D starts simulation with
an initial relaxed value if the Restart option is selected.

4. Click OK in the AutoConverge Options dialog.
5. Click OK in the Simulation Settings dialog.

6. Rerun the simulation. It should now run to completion without giving you a pop up
window indicating that it failed to converge
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Lesson 7, Lab 3: Discontinuities

Lab Objectives

e After you complete this lab you will be able to examine possible model discontinuities.

Create new Project

1. Create a new PSpice project called mosfet test based off a blank project
2. Place 2 DC Voltage Parts, the MBreakN3 part and PSpice Ground
3. Rename the reference designators for the two voltage parts to VDS and VGS

4. Wire up the design like this:

. VDS
oVdc—— Mbreak

Z___\
TAT

.| ves
OVde=

-
-0

5. Create a new profile (PSpice > New Simulation Profile or [~ icon) called dc_sweep

6. For the Analysis Type, drop down DC Sweep and for the Primary Sweep, sweep the
voltage source VDS from OV to 10V in increments of 0.1V
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Simulation Settings - dc_sweep

General Analysis Type: Sweep Variable
Analysis DC Sweep ® Voltage source
Options:
Configuration Files z Current source
» Primary Sweep

i Global parameter
Options
Secondary Sweep Madel parameter

Data Collection

Monte Carlo/Worst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep)
Save Bias Point ® Linear
Load Bias Point Logarithmic
Value List
OK

Name:\ VDS

Model type:
Model name:

Parameter name:

Start Value:
End Value:

Decade Increment:

Cancel

Help

_ Apply

In the Simulation Profile, also check off the Secondary Sweep and make the name of the

voltage source being swept VGS and the range from 0V to 5V in 0.5V increments

Simulation Settings - dc_sweep

General Analysis Type: Sweep Variable
Analysis DC Sweep ® Voltage source
Options: Current source

Configuration Files
. il Primary Sweep Global parameter
Options
+ Secondary Sweep

Monte Carlo/Worst

Madel parameter

Data Collection
Temperature

Probe Window Parametric Sweep Sweep Type

Temperature (Sweep)

Name: VGES
Madel type:
Maodel name:

Parameter name:

Start Value:

Save Bias Point ® Linear End Value:
Load Bias Point Logarithmic Decade Increment:
Value List
QK Cancel Apply Help
8. Hit OK to close the Simulation Profile window
Run the Project
1. On the schematic, Add a current probe to the drain pin on the M1 MOSFET
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M1

TAT

.| vbs
ovVde=—_ MbreakN

.| ves
OVde=

i
=0

2. Run the simulation (PSpice > Run, ® icon or F11 key)

What this shows us in the I-V curves for this MOSFET and is a great way to test your part to
verify that the behavior that you see here matches what your datasheet says your part should
do.

300ua

o 2V 4V &av aw 10v

vV VDS

Check for Rapid Transitions

If we want to detect signals that have rapid transitions, we want to measure the slope of the
traces and check that for high values. We can do this easily in PSpice by taking a look at the
derivative.

1. Inthe Probe window add a new plot window (Plot > Add Plot to Window)

Add a new trace on the new plot to show the derivative of the current through the drain pin of
M1

2. Trace > Add Trace to bring up Add Traces dialog
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3. Onthe right hand side of the window in the Functions or Macros section, left mouse
button click (LMB) on D () which is used to calculate the derivative

4. Without doing anything else, LMB on the name of the signal that you want to show the
derivative for on the left hand side which is ID(M1) in our case (current through the
drain pin of M1)

5. The Trace Expression field at the bottom should now read D (ID (M1) )

Add Traces
Simulation Output Variables

d Functions

Analog

Cuments

Power

Alias Names

33 variables listed

Full List

Trace Expression: [D{ID{M1]] OK Cancel Help

6. Looking at the new trace, notice the large changes in the derivative along each curve at
the lower voltages. These types of transitions can be a source for convergence errors.
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100u

50u

[ E

SEL>>
-50u

o D{ID(M1}}
30008
i-
200ua —
2
100ua ”
: =
oA
ov 2v av 6v BV 10v
o ID(M1}

v VDS

Optional: Test a different MOSFET model

The model that was tested above was a very simply modeled MOSFET. If you want to try
something a bit more complex, try replacing the MBREAKN3 part with a MOSFET (Place >
PSpice Component... > Search...) from the Discrete > MOSFET folder and see how the results

change.
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Lesson 7, Lab 4: No Limit

Lab Objectives

e After you complete this lab you will be able to solve limit problems.

Create a New Project

1. Create a new PSpice project called NoLimit based on a blank project

2. Place Sine Wave Voltage Source, a Resistor, PSpice Ground and two parts called GAIN
(there are more than one GAIN parts that come up but we’re using the first one which is
from the albm source library)

3. Make the Sine Wave Voltage Source 100V in Amplitude and with a frequency of
1MEGH:z

4. Change the GAIN block to have an amplification factor of 1E5 instead of 1E3

5. Wire them together like this:

I‘]ES I1E5

V1
VOFF =0 R1
Ny
VAMPL = 100 C) 1k
FREQ = 1MEG
AC =

What we’ve done here is made a sine wave voltage source that is being amplified by a LOT.
This isn’t very realistic to have such radical amplification without any feedback controls or
limiting but it is going to show us a new convergence error in PSpice due to the vast dynamic
range between the smallest and largest voltages being solved for.

6. Create a new simulation profile called tran with a Run to Time of 10us

Run the Simulation and Examine Results

1. Run the simulation (PSpice > Run, ® icon or F11 key)
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A convergence error occurs where a source does not converge.

2. Cancel the simulation, close PSpice and return to Capture

3. Add a device called LIMIT after each of the controlled sources

4. Modify the upper and lower limits from 0 and 10 to -15 and 15 for each occurrence of
the limit block. You can do this double-clicking on the properties directly on the
schematic and changing the value.

15 15
1E5 |5 1E5 1N15[é
‘o O

V1 § R1
VOFF =0 G" 1k

VAMPL =100
FREQ = 1MEG
AC =
=0 =0

The limit devices crops anything above the high value and below the low value to reduce the
dynamic range of the overall simulation to something more reasonable.

5. Rerun the simulation. Observe the voltage across the load resistor, R1

20V

10V~

ov

-10V

-20V
Os 2us dus bus 8us 10us
o V(R1:1}

Time
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The unlimited controlled sources sharply increase and have a huge dynamic range. This is a
common situation when using ABM (Analog Behavioral Model) devices and a potential source

of convergence problems.

6. Save and close all open projects if not done so already.
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Linear Transformers

Linear transformers are created in OrCAD Capture and PSpice A/D using multiple occurrences of
the common inductor symbol L and the K_Linear symbol. Both symbols are located in the
Analog symbol library. Transformers can also be created in PrCAD Pspice by using the Modeling
Application.

To create a linear transformer:

1. Draw a schematic and assign reference designators to the inductors. (Reference
designators may be automatically annotated as you place the inductors).

Reference designator values assigned to the coupled inductors Li fields are (i=1,2,...6). Be sure
to specify the value for the Coupling property.

Linear transformers are based on the SPICE coupling device K and must couple two or more
inductors. Values of the inductors are measured in Henry’s.

2. Place a copy of the K_Linear symbol anywhere on the schematic and edit its properties.

Below is an example of a PSpice A/D netlist for a simple linear transformer circuit.

I1 1 0 AC 1mA
L1 1 0 10uH
L2 2 0 10uH
R2 2 0 .1

K12 1.1 L2 1

Linear Transformer Circuit

To complete the circuit using the “dot” convention, place a “dot” on the pin 1 of each inductor.

The polarity of the current is determined by the order of the nodes in the inductors, not by the
order of the inductors in the coupling statement.
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The coupling value is the coefficient of mutual coupling and must have a value between 0 and
1. The equation for coupling is:

Coupling = Mij/(Li*L7j)1/2

where:

Li and Lj are a coupled-pair of inductors

Mij is the mutual inductance between Li and Lj

For transformers of normal geometry, the coupling is usually 1. Values less than one occur for
air core transformers when the coils do not completely overlap.

The linear branch relation for transient analysis is:

Vi = Li * dIi/dt + Mij * dIj/dt +Mik *dIk/dt + ..

Non-linear Transformers

PSpice A/D supports the simulation of non-linear transformers. A transformer becomes non-
linear if the coupling statement contains a reference to a core model. Other than a reference to
a model, creating a non-linear transformer is no different than creating a linear one.

There are four behavioral differences between a linear and non-linear transformer:

e The magnetic core’s B-H characteristics are analyzed using the Jiles-Atherton and Tibrizi
core models.

e The inductors become windings, so the value on the inductor symbol is the number of
turns.

e The list of coupled inductors may number only one.
e A model statement is required to define the referenced core model.

Non-linear transformers are created using the Kbreak symbol to couple inductors in the design.
The inductor is a winding whose value equals the number of turns. The non-linear transformer
may couple a single inductor.

Below is a netlist example of a non-linear transformer:

L1 5 9 20; inductor with 20 turns

K1 L1 1 K528T500 3C8; Ferroxcube toroid core

L2 3 8 15; Primary winding with 15 turns

L3 4 6 45; secondary winding with 45 turns

K2 L2 L3 1 K528T500 3C8; another core (not the same as K1)

8-2 EMA Design Automation Inc ® © 2020 All Rights Reserved April 2020



Version 17.4 PSpice Essentials 17.4

Core models can be found in the magnetic library.

Coupling Inductors

The above circuit shows the settings for a non-linear transformer.

For more information on the PSpice A/D format of the Jiles-Atherton model please see the
PSpice Reference Guide.

For more information on the Jiles-Atherton model please see D.C. Jiles and D.L. Atherton,
“Theory of ferromagnetic hysteresis,” Journal of Magnetism and Magnetic
Materials, 61, 48 (1986).

Also see PSpice A/D application note PSPA021L: Using Coupled Inductors and Inductor Cores.
This is available at http:\\www.pspice.com in the Help Online section.

Core Simulation

The B-H curve shows the relationship between magnetic flux density B and magnetic field
strength H for a magnetic core. The B-H curve is often provided by the manufacturer’s
datasheet.

Hysteresis Loss

The area inside the B-H loop represents the energy loss as the core is magnetized in each
direction in an AC power supply circuit. This energy loss is called the Hysteresis Core Loss and
should be minimized.
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Lesson 8, Lab 1: Linear Transformer

Lab Objectives

e Inthis lab you will create a center-tapped linear transformer.

Constructing the Circuit

1. Create a new project called K Linear based off a blank project
2. Draw and wire the circuit shown below using the R, L, 0, VSIN, and K_Linear symbols.

For Linear Transformers, the inductors are specified in Henry’s, later, they’ll be specified in
turns.

3. Configure the VSIN to have an offset of 0, Vampl = 100 and Freq = 60.

>

SEC

L5
R1 5mH
IN _ Apn PRI
1 ® >
R3
VA Je 13 | CT 1K
VOFF =0 10mH
VAMPL = 100 r\) %
FREQ = 60 L4 R2
AC = 5mH 1k
®
_L_ _L_
"0 0
K1
K_Linear
COUPLING =1

L3
L4
L5

Configuring the Coupling Symbol

1. Double-click on the K_Linear symbol to edit its properties.
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Specify the inductors to be coupled by entering their reference designators into the L1 — L6
fields. L1 — L6 will contain the reference designators of the inductors to be coupled, not the
values of the inductors. The inductor values will still be specified on each individual inductor, as

normal.

2. Type L3 in the L1 property, L4 in the L2 property, and L5 in the L3 property (based on
your reference designators matching the original circuit).

Property Editor*

x Start Fage X

- (50K

o

New Property...| | Apply || Display...| | Delete Property |
L5
-
A
SCHEMATICY : PAGE1 J"
Color Default -
COUPLING 1 P4
Designator
Graphic K_Linear Mormal F
N 4
Implementation
Implementation Path
Implementation Type PSpice Model “
L1 L3 L
L2 L4
L3 Ls F
T d
LS
Location X-Coordinate 680
Location -Coordinate a0 !
MName ING24
Part Reference K1 4
o

PCH FHW t

.

3. If desired, make L1-L3 visible by selecting property values L3 through L5, choosing

Display... and picking Value Only.

You may do this through either the Property Editor or the Display Properties dialog box.

4. Close the Property Editor and return to the schematic view.

Configuring the Simulation

1. Configure a transient analysis with a Run to time of 50m and a Maximum step size of

100u.
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Simulation Settings - trans

General Analysis Type:

Time Domain (Transient)

Analysis
) ) Options:
Configuration Files
~ General Settings

Options
Monte Carlo/\Worst Case

Data Collection Parametric Sweep
Probe Window Temperature (Sweep)
Save Bias Point

Load Bias Point

Save Check Point

Restart Simulation

Version 17.4

Run To Time : 50m seconds (TSTOP)
Start saving data after : 0 seconds
Transient options:

Maximum Step Size 100u seconds

Skip initial transient bias point calculation (SKIPBF)

Run in resume mode Qutput File Options...

oK Cancel Apply Help

2. Click OK to close the Simulation Settings dialog.

3. Run the simulation (PSpice > Run, @ icon or F11 key)

4. Examine the results in the Probe window. The following figure shows the expected

results.

200V

—200V
Os

10mss 20ms
O V{ERLD) © V(CT) ¥ V(SEC) - V(IN)

From the cursor display you can see that the value on the center-tapped node is exactly half of

that on the end.

Time

It may seem odd that the secondary voltage is higher than the primary voltage but that is
because the inductors are measured in Henry’s instead of turns.
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The Voltage Ratio (VR) is equal to the Turns Ratio (TR) which is equal to the square root of the
Inductance Ratio (IR).

VR = TR = SQRT (IR)

At the center tap, the IR is 10mH to 5mH or 2:1, the square root of that is sqrt(2) which yields
the Turns Ratio and the Voltage Ratio. To see it from the secondary’s perspective, invert the
ratio to get 1/sqrt(2) or 0.707 at the center tapped secondary compared to the primary which is
what we are seeing. The full secondary is double the center tap, so its voltage is double the
center tap as we're seeing in the simulation results.
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Lesson 8, Lab 2: Non-linear Transformers

Lab Objectives

e In this lab you will create and simulate a nonlinear transformer.

Create a Non-linear Transformer

SEC

L5
R1 100
IN _ Apn PRI
0.125 e >
R3
V1 ® 13 ¢ CT 0.125
VOFF =0 200
VAMPL = 100 9
FREQ = 60 L4 R2
AC = 100 0.125
8
_l_ _L_
0 0
K1

Kbreak
COUPLING =0.99

L3
L4
L5

1. Using the same circuit as in the last lab, replace the K_Linear symbol with Kbreak.

2. Configure the L1-L3 properties as they were for the K_Linear (L1=L3, L2=L4, L3=L5). You
may need to flip the inductor symbols to have the correct orientation.

3. For Coupling type .99.
4. Change the values of R1, R2, and R3 to .125.

5. Change the values of the inductors to 200, 100 and 100 for L3, L4 and L5, respectively.

6. Run the simulation (PSpice > Run, @ icon or F11 key)

7. Examine the results in the Probe window. You should now see that the core model is
saturating.

8-8 EMA Design Automation Inc ® © 2020 All Rights Reserved April 2020



Version 17.4 PSpice Essentials 17.4

20ms 30ms Al 5

0s 10ms
O V(PRT) < V(CT) v V(SEC)

Optional Exercise: Using Pspice Breakout Library

There are specific center-tapped symbols added to the 9.2 breakout library; Xfrm_Nonlin/Ct-Pri,
Xfrm_Nonlin/Ct-Pri/Sec, and Xfrm_Nonlin/Ct-Sec.

Modify the above circuit using XFRM_NONLIN/CT-SEC.

SEC
IN ™I
; ] § R3
. g cT 50
V1
VOFF =0 ,9 ‘ -
VAMPL = 100 : § R2
FRECQ==060 XFRM_NONLIN/CT-SEC 50
RP_VALUE = 0.125
RS_VALUE = 0.125
LP_TURNS = 200
LS1_TURNS = 100
— LS2 TURNS = 100 .
= 0 — - 0

Here are the results:
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80V
40v h A

- é.--—

ov

ety [

-40V

-80V
Os Sms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms

o V{CT} o V(SEC}
Time

Examine the subcircuit definition (RMB on the part in Capture and choose Edit PSpice Model).
It is the text equivalent of this circuit:

Rp1 Rs1
4
MWV AN K1
{@Rp_value/2} 7 @Rs._value/2 e oo
COUPLING=@COUPLING

©

Lp1
® |pi1 ® |si Lp2
@Lp_turns/2 @Ls1_turns Ls1
D p) Ls2
2 5 5
SUBPARAMETERS:
Lp_turns = 200
Ls1_turns = 100
Ls2_turns = 100
%' '-pf | %' '-sf . Coupling = 0.99
% @Lp_turns % @Ls2_turns Rp_value = 0.25
Rs_value = 0.25
Rp2 8 10 Rs2
AWV AWV 6
@Rp_value/2 @Rs_value/2

This schematic graphic was generated by hand (to aid in understanding) based on the subcircuit
and cannot be automatically created by any tool inside of PSpice.

The benefit of placing all your parts individually instead of as a complete part like this are that

you can more easily modify the internal workings of the part such as the polarity of the
windings and the core itself.
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Optional Exercise: Using Modeling Application

The Modeling Application contains several types of transformers. The modeling application can
be accessed from Place>Pspice Component>Modeling Application or by pressing the Modeling
Application Icon. The Modeling Application panel will open.

- -] x
cadence®

SCHEMATICT test

HEOHBLZAAL L0008 F 9 A

3

Madeling Application v X
- (] Circuit Protection
-~ [ Diodes
- [ Passives
4 7 Sources
] Independent Sources
1 PwiL Sources
4 77 System Modules
[ Switch
[l Transformer
1 veo

I hiz=hS I

The folders can be expanded to see the types of models contained. Under the system Modules
folder, there is a transformer option. Click Transformer. A new window will pop containing
several different types of transformers; Two Winding, Custom Tap, Centre Tap, Flyback,
Forward and Forward with reset winding. Once the type of transformer is selected enter the

desired parameters.

In this lab we will use the default settings listed in the picture below.

PSpice Modeling Application: Single Phase Transformer With Linear Core

placement of transformer.

OJTwo Winding O Custom Tap

® Centre Tap

Select the appropriate transformer type and input transformer parameters accordingly to generate transformer model. You shall be able
to place transformer directly into schematic and its model library file would be automatically included under simulation setting on

O Flyback

O Forward

O Forward with reset winding

This device would model a center tap transformer. You need to define primary winding inductance, primary winding resistance, leakage
inductance, turn ratio and winding with tap. Turn ratio is defined as N2/N1; thus for step up transformer with step up ratio of 10, turn
ratio should be 10 and for step down ratio of 10, it should be 0.1. For turn ratio calculation each TAP is considered as winding, i.e.
230v:23v-0-23v transformer turn ratio should be 10. All leakage inductance should be referred to winding with TAP and modeled as
single leakage inductance. Use leakage inductance = 0, for modeling a transformer with ideal coupling between windings.

Parameter Name

Parameter Value

Model Name |CETAPS_Model w (,.—-:' 7 -S1
Primary Winding Inductance (LP) 1m | Pl o2 ‘{ Cist
Primary Winding Resistance (Rp1) i‘ll)m | o, C¥ <S80
Secondary Winding Resistance (Rs1) [10m | ) j “‘u: e
e ] P2<_>—
Turn ratio N2/N1 10 ~ - L
| b g : 52
Leakage Inductance (100n
O Primary Tap % ® Secondary Tap %
Place Close Help
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Once the desired parameters are enterered, press Place. The Modeling Application will
generate a symbol with the inputted parameters.

Modify the previous circuit and place your new symbol in your schematic. Run your transient
analysis.

IN 1 SEC
-
- CT
V1 %- v
VOFF =0 ) C R1
VAMPL =1 1Kk
FREQ = 60 Centre Tap Transformer
AC =0
R2
1k

Here are the results:

10ms 15ms 2ims 2Ems Als s Alms A5mes Sims

= s
O V(TXL:4) & W(R2:2)
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Lesson 8, Lab 3: B-H Curve and Hysteresis Loss

Lab Objectives

In this lab you will characterize a magnetic core “P11_7 | 3C85” in a buck converter design by
plotting the B-H curve and calculating the hysteresis core loss.

Create a new Buck Converter Project

If you're running behind, feel free to open and run the completed version of this schematic
from the Solutions folder and skip ahead a few pages to the Plot the B-H Curve section. If
you’re on a good pace, feel free to go through the exercise of putting this all together.

1. Create a new PSpice project called buck converter based off of a blank project
2. Place these parts:

e 2 Voltage Pulse Parts

e 2 Resistors, 1 Inductor, 1 Capacitor

e |IRFZ34 Power MOSFET (there are 2, we’ll take the one from the powermos library)
e MUR150 fast recovery diode (there are 2, we’ll take the one from the diode library)
e P11 7 | 3C85 core model

e PSpice Ground

3. Rename the reference designator for the Inductor from L1 to CORE1

4. Edit the L1 property on the K1 part to be equal to CORE1 and Display it on the
schematic

TNTTEAIE I TS I DALl 0§ e MG WUPJG)

L1 CORE1

This couples the CORE1 inductor part, whose value is in turns to the K1 coupling part.

5. Wire up the design and modify the component values and voltage sources to equal
this:
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PSpice Essentials 17.4 Version 17.4
K1
:\ng34 P11 7 | 3C85
COUPLING=1
j._]’._]. L1 = CORE1
CORE1
[ ]
V1=0 V1 § R1 — N °
V2 =50 @ 33 31
D=0
TR = 1m Z\ D1 - C1 § R2
TF =10n V1 = -1 V2 MUR150 50u 10
PW = 10 V2=8 @
PER = 11 D=0
TR = 1n .
—_ TF=1n |
0 pw=25u =
PER = 5u 0

The Core GAP property has not been specified on the default model that we’re using so we’re
going to edit the model to put this data in. From the datasheet we can see that this value is
500um. PSpice will want this in units of cm which will be 0.05cm.

AL AIR GAP
GRADE (nH) He P
3081 63 +39 =43 = 500

6. Select the K1 part by selecting the box around the letter K and Right Mouse Button Click

(RMB) to select Edit PSpice Model

7. After the line that contains PATH, add another line with GAP=0. 05, it should look like

this:

* P11 7 I 3C85 CORE model
* created using Model Editor release 9.1 on 06/25/99 at 11:50
* Model Editor is a Cadence Design Systems product.

.MODEL P11 7 I 3C85 CORE

MS=379.49E3
A=23.138
C=78.870E-3
K=18.787
AREA=.19
PATH=1.6300
GAP=0.05

+ 4+ + + + A+ o+

8. Save the model and close the PSpice Model Editor

Run the Simulation

1. Examine the design and how it acts as a buck converter
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2. Create a new simulation profile called trans that runs a transient simulation to 5ms

3. Put a current probe on the left pin of the CORE1 part

Q1

IRFZ34
141 K1
T P11_7_1_3C85
COUPLING=1
V1=0 L1 = core1
V2 =50 V1
TD=0 )
TR =1m R2 corel
TF =10n 33 ®
PW =10
PER =11 mg?m
V1 =-1 I
V2=8 V2

1 ™=0 @ 1
TR = 1n = c1

o = R1
TF = 1n /N D1 50u 10
PW = 2.5u MUR150
PER = 5u
J__
-0

4. Run the simulation (PSpice > Run, @ icon or F11 key)

5. Look at the inductor current I([CORE1). Note that steady state is reached at ~4ms.

6.0A

0A

-2.0A

Os 1.0ms 2 .0ms 3.{ms 4 . 0ms 5

.0ms
o I{COREL)

Time

6. Zoom after 4ms to see the inductor current closely

Notice that the core is not saturating. There is no flattening (clipping) observed in the inductor
ripples. This is the necessary condition for meaningful calculations of core-loss.
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1.5a

4.0000ms 4.0200ms 4.0400ms 4.0600ms 4.0800ms
o IT{CORE1)
Time

Plot the B-H Curve

1. We are going to plot the B-H hysteresis curve from our transient simulation data. Create
a new window (becomes a tab at the bottom) for this plot.

Trace Plot Tools  Window | Help

Mew Window

3

Close

Close All
2. Goto Trace > Add Trace. In the Add Traces dialog box, click on B(K1) and hit OK

This plots B(K1) on the Y-axis with time on X-axis.

—2.0K

Time

3. In Probe, go to Plot >Axis Settings. Now we want to restrict the X-axis range so we can
see in more detail a few cycles of B(K1). This is done on X-axis settings as shown below.
Restrict it between 4m and 4.05m.
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' Grid

Use Data

o 4.08ms

Options
Log Performance Analysis
Axis Title

Axis Variable...

Use this title

Cancel Save As Defaut  Reset Defaults

4. Click OK to close the Axis-setting window. B(K1) is plotted as below.

2.4x
1.61J : ‘ ’ J - ‘ ’ - V V
1.25 }
4.00ms 4.01lms 4.02ma 4.03ms 4.04ma 4.05ms
o B{E1}

Time

5. Going back to the Axis Settings, we now change the X-axis variable from Time to H(K1).
Click on the Axis Variable button in the bottom left of the window to set the magnetic

field strength H as the x-axis variable.
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nd v Grid

Use Data

Scale

Linear

Log

"
Analog

ljcore1)
Ifcoret:1)

Alias Names

Full List

Trace Expression: 1] oK Cancel Help

6. Click OK to close the Axis Settings window

You should see the plot of the B-H curve with B on Y-axis and H on X-axis.

40 45 50 55 60 65 70 15
o B({K1}
H (K1}

This B-H is fairly narrow, meaning that there should not be much hysteresis core loss as the
core charges from negative to positive saturation and back. We will calculate this loss value in
the next exercise.
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Calculate the Hysteresis Core Loss

We will continue working off the previous design and simulation data.

PSpice has a built-in application to solve for the hysteresis core loss by solving for the area
inside the B-H curve

1. To launch this, go to Tools > PSpice Calculator...>Hysteresis Core Loss

Tools | Window Help
Customize...

Options...

FRA...

Generate Report

PSpice Calculator...

MATLAB

The calculator tool will automatically detect the cores present in the design as well as the
inductor frequency

2. Set the start time to be 4m as steady state was not reached before that
3. You can enter the End time as 4.05m but it’s not critical

4, We use the manufacturer’s datasheet to set the Core Volume to be 309

P cores and accessories P11/7/

CORE SETS

Effective core parameters

SYMBOL PARAMETER VALUE | UNIT 88025+

(IVA) core factor (C1) 0850 | mm-! -
| Ve effective volume 309 mm3 5

la effective length 16.3 mm 4.6

Ao effective area 190 |mme i 3'1

A minimum area 137 | mm?

m mass of set =19 g

5. Now with all the necessary information provided, Hit the Calculate button
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Hysteresis Core Loss Calculator

As a result of magnetic hysteresis, energy is dissipated in the form of heat. This
dissipated energy is proportional to the area of the magnetic hysteresis loop. The total
area enclosed by the B-H loop is the measure of the hysteresis loss per unit volume
per unit cycle. The Hysteresis Core Loss application calculates hysteresis core loss
using the B-H loop area from the simulation result, the volume of the core, and the
frequency of the operation. For correct core loss calculation, the start time should be
equal to the time when the circuit has reached its steady state. End tim ould be
equal to that time, when at least three B-H loops are present between the start time
and the end time.

1

Data (.dat) File C:/JEMA_Training/Pspice Essentials/buvk” sonvert  Browse..
Data File Section Section 1.Temp 27 Deg
Core K1 Core Volume {mm?) 309

Start Time (Seconds) 4m End Time (Seconds) 4.05m

Frequency (Hz) Core Loss (Watts)

2 Calculate

Reset

Close

6. We see that the hysteresis core loss is calculated to be 0.0972 Watts

Version 17.4

Notice the application automatically calculates the frequency of the inductor current and loop
area of hysteresis B-H curve to solve for the total core loss. We see that the frequency is
~200KHz in steady state. If you look at schematic, the pulse switching period is 5us which gives

a frequency of 200KHz. Thus the application is correctly calculating the frequency.

We can see that we’re in the range of core loss value compared with the datasheet; to be
closer, the core needs to be operated at the same conditions as mentioned in the datasheet for
core-loss. Typically, these conditions are controlled by the B value and frequency value.
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Lesson 9. Parametric Analysis

What Does Parametric Analysis Do?

Parametric analysis is limited to sweeping a single parameter at a time. You can sweep a
variable based on a regular progression of values (linear, octave, or decade) or by entering a
simple list of values that the parameter is to take on.

A parametric analysis requires at least one other basic analysis type such as AC Sweep, DC
Sweep, or transient to be configured and enabled. For each of the simulations enabled, a
parametric analysis will cause the simulation to be run multiple times with the new parameter
value being applied with each execution. You can think of it as a nested loop. The outer loop is
the parametric analysis stepping the variable while the inner loop is the basic analysis type
using that variable value.

For now, we will be sweeping a global parameter. Later you will learn how to modify model
parameters and then set up the analysis to use them in a parametric or DC Sweep.

Preparing a Design for Parametric Analysis

There are three steps to defining and using a global parameter in PSpice A/D:
1. Define the parameter by using the PARAM symbol which is located in the Special library.
2. Substitute the parameter value with a circuit device.
3. Set up a parametric analysis that sweeps the parameter.

You can define the new global parameter by editing the properties of the PARAM symbol and
adding a new property. The button text will change based on how the spreadsheet has been
pivoted. Define the new property’s name and a default value. The name can be anything that
uses the characters that are valid for PSpice A/D. The value will be a default value since the
simulation setup will usually be sweeping the value during a simulation.

You can parameterize a device value by replacing the value with a variable or an equation
enclosed by curly braces. The braces tell PSpice A/D that the expression or variable must be
evaluated at the time of simulation. The expression can be a simple variable like we are using in
this lab or can be an involved equation using multiple variables, predefined PSpice A/D
functions, or even functions that you have defined using the . FUNC command.
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Parametric Setup

Parametric set up consists of the following steps:

1. Choose and configure one of the three basic simulation: AC Sweep, DC Sweep, or
transient.

2. After setting up the basic simulation, click on the Parametric Sweep checkbox in the
Options sections of the Simulation Profile.

3. Select the Swept variable type.

The swept variable can be an independent voltage source, an independent current source, a
global parameter, a model parameter, or temperature. Dialog box options available vary with
your selection. For example, if you select a global variable, then you need to supply a value for
the Parameter Name field. That value would be the name of the variable created using the
PARAM symbol.

4. Select the sweep type.

The Sweep type offers you a choice of linear, logarithmic, or a value list. If logarithmic is
selected, then you will also need to select from the pulldown box whether the simulation will
be done in octaves or decades. The Increment field also changes if logarithmic is selected to
reflect either points per decade or points per octave in place of increment for a linear sweep.

5. Enter the name of the variable to be swept.

6. Enter the start, end, and increment values.

Viewing Parametric Results in Probe

After the simulation has completed you may add traces in the Probe Window. Instead of seeing
a single waveform as in past simulations, you will now be presented with a family of curves.
Each trace represents one complete analysis with the chosen variable set to one of its values.

To find the value of the swept parameter for any given run, right-click any trace on the plot or
any trace symbol below the x-axis. Then select Trace Information from the pop-up menu to
view the parameter value for that run.

It is also possible to view only selected traces from the family of curves generated during a
parametric analysis. As seen in the picture that follows, you may add a suffix to the trace name
to specify a particular trace to view.
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The graphic shows traces [(CAP2)@1, I(CAP2)@25, and difference between them. The Trace
Expression for each is; [(CAP2)@1, I(CAP2)@25, and I(CAP2)@25-I(CAP2)@1. The number after
the “@” symbol refers to the simulation run number, not the parameter’s value during any
simulation run.

Using Cursors

Each window open in Probe has two available cursors. These cursors act much like the cursors
on an oscilloscope or logic analyzer. You can add cursors across multiple traces and plots. The
cursor window displays the X and Y values for the different traces. Cursor window also displays
maximum, minimum, average and X and Y differences between the two cursors.

The Cursor Max and Cursor Min buttons will snap automatically to the highest and lowest point
on the waveform respectively. The Cursor Peak and Cursor Trough buttons are location and
direction sensitive, meaning, when you select that button it will start looking for a peak or
trough at your cursor location and moving in the direction that you last travelled. This helps
you to find local minimum and maximum without snapping to the absolute largest or smallest
point (like Max and Min do). These are explained a little more further below.

The first cursor is controlled by clicking and dragging the left mouse button. The second cursor
is controlled by clicking and dragging the right mouse button. To assign a cursor to a trace
either left-click (for cursor one) or right-click (for cursor two) on the symbol that appears next
to the trace name below the X axis.

The toolbar located at the top of the window has several predefined search commands that the
cursors can use. These toolbar icons, from left to right perform the following commands:

1. Find the next peak on the trace. A peak is defined as a point that has three points on
either side of it with a lesser Y value.

2. Find the next trough on the trace. A trough is defined as a point that has three points on
either side of it with a greater Y value.

3. Find the inflection point of the trace.

4. Find the minimum point on the trace.

5. Find the maximum point on the trace.

6. Move the cursor to the next data point on the trace.
7. Enter a custom search command.
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8. Find the next transition. This is used only for digital traces.
9. Find the previous transition. This is used only for digital traces.
10. Mark the cursor location.

When you select a search command, the system acts upon the last cursor touched. The search
will be executed in the direction that the selected cursor was last moved.
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Lesson 9, Lab 1: Parametric Analysis

Lab Objectives

e Define a global parameter

e Configure a parametric analysis

e Run the simulation

e Examine the results in Probe

e Use cursors to examine the results

e Use Performance Analysis to examine the results

Create and Define Cval Part

1. Open the schematic page of the Buffer project from Lab 5

If you didn’t complete Lab 5 or want to start from something new, use the design in the
Solutions folder.

2. Place the Param part anywhere on the schematic (use Place > PSpice Component... >
Search... to find it)

3. Highlight the Param symbol and open the Property Editor dialog by hitting Ctrl+E

4. Click the New Property button in the upper left

Mew Property...| | Apply || Display... | | Delete Proper
A
SCHEMATICA : PAGE1
Color Default
Designator
Graphic PARAM.Normal
o]
Implementation
Implementation Path
Implementation Type PSpice Model
Location X-Coordinate 630
Location Y-Coordinate 70
Nama INS2477
Part Reference 1

5. Add a property whose value is Cval

6. Set the Value of Cval to 1n and click OK
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x
Add Mew Property

Name:
Coval

Walue:
1n

| Display [OMADOFF]

Enter a name and click Apply or OK to add a column/row to the
property editor and optionally the cument fitter fout not the <Cumrent

properties > fiter).

No properties will be added to selected objects until you enter a value
here orin the newly created cells in the property editor spreadsheet.

QK Cancel Help

7. Select the Cval property in the list of properties
8. Check the Display [ON/OFF] checkbox
9. Check the Name and Value radio button, Hit OK

10. Close the property spreadsheet by clicking on the X in the Property Editor tab

Ultra Librarian % Start Page X /- [SCHEMATICT : PAGET) ¥ Property Editor* x

New Property.| | Apply || Display... | | Delete Property Pivat rby: ¢ Cument properties

Notice on the schematic that the PARAM part now has Cval underneath it defined as 1n.

PARAMETERS:
Cval =1n

This defines the global parameter CVAL, assigns it a default value of 1n, and sets the display to
show both the property name and value. At this point it is still not being used by any device
and would have no effect on simulation.

Using a Global Parameter as a Property Value

1. Double-click the value of CAP2. (It is currently 1n.)

2. Type {Cval} as the new value (the curly braces are required here)
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x
Display Properties

Font

Name: Walue Arial 7 (defaut)

Value:  {Cvalr

Change...
Display Format
Color
Do Mot Display
® Value Ony I
Mame and Value Hotation
Mame Cnly n an

. U
Both if Value Exists
Value if Value Exists

50 270
Text Justification

Drefault

Cancel Help

3. Click oK

Any time a model parameter or component value (as in discrete components like resistors,

caps, and inductors) is to be assigned at the time of simulation, it is enclosed in curly braces { }.
This tells PSpice A/D to evaluate the variable or expression rather than using some preset value.

For instance, if CAP2 from the last example is given a “value” of {CVAL} instead of 1n, PSpice

A/D will look for a global variable called CVAL and will substitute the current value of CVAL for

the value of the capacitor.
4. Edit the tran simulation profile or create a new one
5. Confirm that Time Domain (Transient) is the selected analysis type
6. Inthe Analysis tab click the Parametric Sweep option
7. Check the Global Parameter radio button
This will highlight all of the necessary fields.
8. Type Cval in the Parameter Name field
Note that it is not enclosed in curly braces.
9. Check the Linear radio button in the Sweep type section of the dialog
10. Type 100p for the Start Value
11. Type 700p for the End Value

12. The Increment will be 25p
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Simulation Settings - tran

General Analysis Type: 2 Sweep Variable
Analysis Time Domain (Transient) Voltage source MName:
Opticns:
Configuration Files . Current source Model type:
. ~ General Settings ® Global parameter Model name:
Options
Monte Carlo/VWorst Case “ Model parameter I Darameter namea: Cval
Data Collection ~ Parametric Sweep Temperature
Probe Window Temperature (Sweep) Sweep Type
Save Bias Point M Start Value: 100p
Load Bias Point ® Linear End Value: 700p

Save Check Point

Logarithmic Decade Increment: 25p

Restart Simulation Value List

oK Cancel Apply Help

13. Click OK to save the changes and close the dialog

14. Run the analysis

Viewing the Output in the Probe Window

Since we have 25 runs of the transient analysis, each with a different value of CAP2, we are
presented with the Available Sections screen listing all 25 runs and the value of CVAL for each.
We are given the option to select which runs we wish to view. Having all selected is the default.
Click OK to accept the selections.

Available Sections

** Profile HEM, iy EMA_Trainin... Step param Cw
Profile
Profile
Profile
rofile
Profile
Profile
Profile
Profile
Prof
rofile
Profile
Profile
** Profile AATIC ] EMA_Trainin...

Al Nene
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To View all 25 Traces:

1. Choose Trace > Add Trace or use the Add Trace toolbar button. .

2. Select I{CAP2) from the list of traces
3. Click OK
All 25 traces will be displayed.

If there had been a current marker on the input pin of CAP2, then the same family of curves
would have been displayed.

20004

100wA

ECHRRENQ NEBO

200: : : : : : : : :
Os 1.0us 2.0us 3.0us 4.0us 5.0us
+ LY ke VA e . I({CAP2)

Time

Now let’s compare the current through CAP2 for the first run where CAP2 is set to 100p and the
last run where is it set to 700p.

4. Click the name I{CAP2) below the X axis and press <Delete> to remove all 25 traces

5. Click the Add Trace toolbar button.
6. Type I (CAP2)@Q@25 I (CAP2)@Q1 inthe trace command box separated by a space

You can avoid typing most of the text by clicking on the I{CAP2) twice from the trace list and
then editing the Trace Expression field.

7. Click OK
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Notice the difference at the peak value. To quantify the change, you will plot the difference of
the waveforms for runs 25 and 1, and then use the search commands available in Probe to find
the exact peak.

FEORREN NORO

—100uA;

8. Click the Add Trace toolbar button.

9. Type the waveform expression I (CAP2) @25 — I (CAP2)R1 inthe Trace Expression
field

10. Click OK

200uA

100uA:

Os 1.0us 2.0us 3.0us 4.0us 5.0us
O T{CAP2)@25 < T(CAP2)@1 v T(CAP2)@25- I (CAP2)@1

11. Click the Toggle Cursor toolbar button. E

12. Left click on the trace symbol in the legend representing the waveform expression
I[(CAP2)@25 - I(CAP2)@1

1.8us _“ 2.8us 3.8us
o I{CAP2)@25 - I{CAP2)E1 i I({CAP2)E25- I{CAP2)@1
Time

[au:t...|

13. Click on the Cursor Peak toolbar button.

14. Expand the Cursor window spreadsheet to see all the data, as below
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| | | | || | | | | |
Trace Color Trace Hame 1 Y2 ¥1-¥2 Y1{Cursorl) - Y2{Cursor2) 143.746u
X Values TE272n T2 2n ¥1 - ¥1({Cursor1) ¥2 - ¥Y2{Cursor2) MaxY Min ¥ Avg ¥
CURSOR 2 ICAPZNE25 1660340 -3 20791 ' 22 .288u 0.000 166.034u |-3.2073f  |83.017u
_|icari@t 22.288u |- B -121.458u 26.20E-15 22288u |-348171 [11.144u
[ERRSERR - r2)@es- (CAP2)E [143.746u [-26.19E-18 [143.746u 0.000 IABTf 143 7460 |-26.19E-18 |71 873u

Notice that the Y value in the cursor box is 143.746u. This tells you that when CAP2 is set to
700pF, the current through CAP2 is maximum 144uA larger than when CAP2 is set to 100pF (at
time 762.712ns, specifically). Your exact values may vary slightly.

Running Performance Analysis

Probe provides a powerful technique for comparing characteristics of a family of waveforms.
This technique, called Performance Analysis or Measurements, uses the search commands to
define functions that detect points on each curve in the family. Once these functions have been
defined in an external file, they can be applied to a family of waveforms through the standard
Add Trace command, and produce traces that are a function of the variable that changed within
the family. In this example, it would be possible to apply a function using our search command
to detect peak current for each waveform, then plot the peak versus the stepped CAP2
capacitance.

Refer to the PSpice A/D User’s Guide, the Probe online help, or the performance analysis wizard
in Probe for additional help.

1. In Probe, choose Trace > Performance Analysis to launch the Performance Analysis tool

Performance Analysis

Pedomance Analy
=

ure,
|:| |:||| it ﬂ'lt' bandwidth
simulation runs.

formance Analysis.
tion in tht' data file.

Analog sections cumently selected 25

Variable changing between sections Cwal

n the Measurement you use.

ow select a different set of sections.

urements, to create the Performance
o may use the Wizard to help you create a Peformance

QK Cancel Wizard Help Select Sections...

2. Hit the Wizard button and then Next
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3. On Step 2, select Max and then Next

4. On Step 3, type or browse for the name I{CAP2) to generate a plot based on the
maximum Y value for each trace in the family of curves given that the value of I(CAP2) is
the variable being swept. Select Next Twice or Finish

5. Your final graph should resemble the graphic that follows

200u ;
100u :
sﬂ>0> . ........ b e ] e et =
100p 200p 300p 400p 500p 600p 700p
= Max(T (CAF2) ) o
Forward

This shows what the maximum value of current is (Y-axis) as a function of the capacitor value
that is being swept.

What approximate Capacitor value do you want to use if you want the peak of the current
through the capacitor to be 100uA?

Note that if you want to find the exact position when y is 100uA, you can use the search
function; remember that it’s location sensitive:

Search forward level (100u)

If you want to search for and locate an exact x value, you can do so with this search function:

Search x value (400p)
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Lesson 10. Linking PSpice Models to Capture

Available Libraries

OrCAD Capture is shipped with two basic types of libraries; simulation and layout. During a
default installation, these two libraries are installed in the following directories:

e C:\Apps\SPB_17.4\tools\capture\library\
e C:\Apps\SPB_17.4\tools\capture\library\pspice\

Parts from the capture/library folder are not specially designed for simulation. Parts
from the capture/library/pspice folder, however, are designed for simulation as well
as layout. If you plan to simulate a design, be sure to use parts from the PSpice directory. By
default, if you are working in a PSpice A/D project, the place part function automatically points
to default simulation libraries.

If you use non-simulation parts in a design you try to simulate, you will receive an error that
says there is no PSpice A/D Template for the parts. If you get this type of error, delete the parts
and replace them with parts from the PSpice library. If the parts do not exist in the current
libraries, you either need to download the models from the part vendor or create them
manually.

Placing a Part

Each of these three methods opens the Place Parts flyaway tab shown in the graphic below.
This flyaway tab is a graphical parts browser.

Part Browser

Part field - Located in the top, left column of the Place Part window. To locate a part, you can
either enter the part name into this field or browse to locate the part library containing the
part.

Part list - Lists all parts in the selected libraries panel. In the previous figure, notice that part
LM324, an opamp, is in the library Opamp.olb.
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Part names in this list are displayed alphabetically for all of the selected part libraries in the list.
You can limit the number of parts displayed in the browse list by selecting or deselecting
libraries. For example, if you are drawing a digital design that will use only 7400 parts, you can
deselect all other libraries and leave only the desired 7400 libraries selected.

Libraries list - Lists all libraries configured for use with your project. Removing a library from
this list does not remove the library file from your hard drive.

Graphical part display - Shows a picture of how the part when placed on your schematic page.
Beneath the part graphics in the picture above are two small icons. The icon on the left means
that the selected part has an associated PSpice A/D model. The icon on the right indicates that
there exists a PCB footprint for the part.

OK button - Attaches the symbol to your cursor in anticipation of placement and then closes
the Place Part dialog.

Add Library - Opens a browse window so you can select additional libraries you want to
configure.

Remove Library - Removes the selected library configuration.

Filter - Allows you to limit the search and display function to only parts representing a PSpice
A/D model, an HDL model, or to parts containing packaging information.

To exit the part placement mode, either press the <esc> key on your keyboard. You can also
click your right mouse button to display the pop up menu and select End Mode.

Wild Card Searches

You can perform wild card searches while in the part browser. For example, if you want to find
all devices whose name contains 4000 and any trailing characters, such as A, B, or xxx, you
would enter *4000* and press Enter. A question mark can be used to match a single character.

As previously stated, when adding a library to the list of configured libraries, be sure that to
reference the C: \Apps\SPB 17.4\tools\capture\library\pspice directory
which contains the libraries specifically designed for simulation.

A common mistake is to use resistors, capacitors and inductors from Discrete.olb located in
C:\Apps\SPB_17.4\tools\capture\library rather than using parts from Analog.olb which is
located in C:\Apps\SPB_17.4\tools\capture\library\pspice.
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Model Creation

These four steps are the foundation of using PSpice models in the OrCAD Capture environment.

Step 1: Import PSpice Model

The first step is to acquire a model; in the case of this lesson, we will get it from the internet.
The only concerns about bringing a part in from the internet are to:

e Make sure that you save the text directly into a notepad type tool to ensure that no
non-ASClI text gets populated into the PSpice model file. Avoid word processing tools
like MS Word or WordPad

e If you save the file directly from the manufacturer’s site, make sure that you change the
extension to .lib. SPICE libraries can come with many different file extensions — PSpice
only uses ones ending in .lib though.

Step 2a: Link to OrCAD Capture Symbol

If you have a model device and want a Capture symbol made automatically, this is the way to
make your part. Acceptable part types are:

e Diode

e Bipolar Transistor

e Magnetic Core

e Insertion Gate Bipolar Transistor

e Junction FET

e Operational Amplifier

e MOSFET

e Voltage Regulator, Voltage Comparator, Voltage Reference

e Darlington Transistor

Step 2b: Link to Custom OrCAD Capture Symbol

If you have a part that is subcircuit based (X) you will want to make your part using this method.
It allows you to assign your PSpice model to a Capture symbol of your choosing instead of
simply having it attached to a rectangle. The benefit of this is that your part is much easier to
understand and use in a schematic with graphics that make sense to you.
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Step 3: Place the OrCAD Capture Symbol

In order to use your new part in your design, you’ll need to place it using Place Part in Capture.
If you’ve put the part into a new library, you will need to add the library to the configured
library list so that the part can be found.

Step 4: Configure PSpice Library

This is commonly the most forgotten step.

Since the design is the source for linking to ALL externally referenced files (including PSpice
libraries); we’ll need to tell the design where the library file from step 1 resides on your PC.
Failure to do this step will result in errors in simulation about parts being undefined.

Testing Models

A critical step in getting new parts to work in Capture with PSpice is actually checking to see if
they do what you think they should do. The best way to do this is to place them in a circuit
where you know what the output should be (based on datasheet or bench measurement
curves) and verify that the PSpice output gives you results that match.
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Lesson 10, Lab 1: Linking a PSpice Model to a
Capture Symbol

Lab Objective

e In this lab you will learn the process of associating PSpice models downloaded from a
website to OrCAD Capture symbols and making them ready for use in a circuit.

Linking a manufacturer model to an existing Capture symbol

Semiconductor manufactures post spice models in their website. Before we can use those
models in PSpice simulation we need to associate them with a Capture Symbol.

1. In Windows Explorer, browse to the C:\EMA_Training\PSpiceEssentials\ folder and
locate MAX4412.FAM file. This is the PSpice model file of MAX4412 opamp downloaded
from Maxim website (http://www.maximintegrated.com/)

Semiconductor manufacturers may use a different file extension for their PSpice model files. LIB
is the recommended file extension for PSpice model files.

2. Right-click on MAX4412.FAM file and from the pop-up menu, select Rename. Change
the file extension to .LIB (New file name will be MAX4412.LIB but you may not see the
file extension if that is turned off in your machine)

3. Runthe Model Editor by Start > All Programs > Cadence PCB Utilities 17.4-2019 >
Model Editor 17.4

4. Choose File > Model Import Wizard [Capture]...
5. Inthe Enter Input Model Library, browse to the MAX4412.lib file

The Enter Destination Symbol Library path should fill in with MAX4412.0lb in the same directory
as the .lib file which is fine.
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Model Import Wizard : Specify Library

Model Import Wizard automatically associates symbols for all the PSpice models it recognizes.
It facilitates the userto

- associate symbols for the PSpice models that could not be recognized automatically.
- update existing symbols for the PSpice models.

Enter Input Model Library :

|C:\EMF~_Training\Pspice Essentials"MAX4412 lib || Browse.

Erter Destination Symbol Library

|C:\EMA_Training\P5pice Essentials"MAX4412 olb | Browse. ..

< Back MNext = Cancel Help

*

6. Click Next

We will be associating MAX4412 Model with an Operational Amplifier symbol included in
standard OrCAD library.

7. Click on ‘Associate Symbol’ button in the Associate/Replace Window

Model Import Wizard : Asseciate/Replace Symbol
Destination Symbaol Library : C:\EMA_Training*Pspice Essentials"MAX4412 olb

You can do etther of the following :
(1) associate symbol for models without symbal, or (2) replace existing symbol for models.

Models with symbal Models without symbal Symbol :

Model Name Symbol Name ~
MAXA412

Associate Symbol

View Model < Back Cancel

Help

There are several Opamp symbols included in the OrCAD software. For the purpose of this lab,
we will be using a matching symbol from
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C:\Apps\SPB_17.4\tools\Capture\Library\PSpice\Opamp.olb

8. In ‘Model Import Wizard : Select Matching’ Window, Select library to matching symbols:
section, browse to C:\Apps\SPB_17.4\tools\capture\library\pspice\opamp.olb

Model Import Wizard : Select Matching *
8 Select library to pick matching symbols :

CCadence’SPB_17.4'tools capture ibrany\pspice \opamp .olb w

Model : MAX4412 Part: LM224

Matching Symbols ~

[ Show Al \

MC33076
LMGTS
LINZ24
LM158
TLOB4
L3244
LM258
UATTZ
LM358

| r2ant

View Model < Back Meat = Cancel Help

Note that the path in the screenshot is not the same as the one you will use on the training
machine. The matching symbol’s list is generated based on model definition of the model
selected by the user.

9. Scroll through the list of Matching Symbols and pick a symbol of your choice (for the lab
screenshots, we’re using LM224)

10. Click Next

11. In ‘Model Import Wizard : Define Pin Mapping’ window, associate each model terminal
with a symbol pin; since we’re not sure what pins 1 through 5 should be connected to
we’ll click View Model to view the model terminal pin definitions
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Model Import Wizard : Define Pin Mapping | & |

For each model terminal, associate a symbal pin. The optional model terminals may be left
unassociated. Use "View Model Text" buttan to view the model definition.

Model : MAX4412 Part . LMZ24

[] Show Invisible Symbol Power Pins

Model Terminal Symbol Pin -

m
o
=

EF| b | G | Pud =]

[ <Back |[SaveSymbol| [ Cancel | [ Hep |

L% A

' '
Medel Import Wizard : DAEMA_Training\PSpice®\ A4 JustinCase\les13_LinkPSpiceModel\M... Elilg

spply current per amplifier.
* Connections
=1 =IM+
* 2 =VEE

»

[ |

3 =1IN-
4 =00T
5 =%CC

wmeermeli2 12345
T S TOGE
Al 3 23 333K
CIN311.8P -
L y

In the Model Text, note that terminal 1 is IN+ pin (Non-inverting input pin). We need to map
this terminal to matching symbol pin.

12. Select ‘+’ from the Symbol pin drop-down list against Model terminal 1
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-

Medel Import Wizard : Define Pin Mapping

==

For each model terminal, associate a symbol pin. The optional model terminals may be left
unassociated. Use "View Model Text” button to view the model definttion.

Model : MAX4412 Part . LMZ224
[ Show Invisible Symbol Power Pins
Model Terminal Symbol Pin ol =t
1 + 3
+ -]
2 <nones
3 + L
n _ =
L out 2
W 3
V- I e

View Model

| <Back |[SaveSymbol| | Cancel | |

Help

13. Map the remaining Model terminal to rest of the symbol pins

The final mapping window should look like this:

-

Model Import Wizard : Define Pin Mapping

% For each model terminal, associate a symbol pin. The optional model terminals may be left
unassociated. Use "View Model Text" button to view the model definition.

Model : MAX4412 Part :  LMZ24
[] Show Invisible Symbal Po
Model Terminal Symbol Pin & -

1 + 3 1 '

2 v o !

3 - L P 1

4 ouT r oul~

5 W+ 2] ] :

View Model <Back |(Save Symbol| | Cancel | | Help

14. Click on Save Symbol button

Capture copies the base symbol to destination OLB file

(C:\EMA _Training\PSpiceEssentials\MAX4412.olb) and rename the symbol name to MAX4412
(subckt name)
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15. Click on Finish button to finish the Symbol association process and click OK to close the

Status Dialog

Model Import Wizard :

Associate/Replace Symbol

.

Destination Symbol Library : D:\EMA_Training" P Spice AAA_JustinCase Les13_LinkPSpiceModel\MAX4

~c42= 1 You can do either of the following :
(1) associate symbol for models without symbal, ar (2) replace existing symbaol for models.

[¥#] Models with symbol ~ [¥] Models without symbol Symbal : MAX4412
Model Name Symbol Hame o
I AX 4412 MAxa412
_____ b2 I
3
= * i
ou
8 2 .
- T
[ Heplace Symbol
View Model <Back | Fnish | [ Cancel | [ Hep

16. Close PSpice Model Editor

Configuring New Parts and Models

1. Create a new project called MAX4412_test in the C:\EMA_Training\PSpiceEssentials
directory and base it on a blank project.

Mew Praoject

Name

Location

MEx4412 test

CAEMA_Training4Pzpice Eszentials

| Enable PSpice Simulation

Cancel

Help

2. Create a simulation profile called Amp_transient_test.
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o . X
Mew Simulation

Mame:

Create
Amp_tranzient_test

Cancel
Inhert From:
none

Root Schematic:  SCHEMATIC1

3. Click the Configuration Files tab.
4. Click Library in the Category section.

5. Click Browse in the upper right hand corner and navigate to the
C:\EMA_Training\PSpiceEssentials directory.

6. Double-click on MAX4412.lib to select it and place it in the Filename field.

7. Click Add to Design to make MAX4412.lib visible to the current design.

Simulation Settings - Amp_transient_test

General Category: Filename:
TEEE e CHNEMA_Training'\Pspice Essentials\MAX4412.1ib Browse..
. Library Configured Files » 4+ r
Configuration Files Include
Options . CAEMA_Training\Pspice Essentials\MAX 4412 lib Add as Global
nom.lip*
Data Collection | Update Index e Add to Design
Probe Window Add to Profile
Edit
Change
Library Path
"‘ChCadence\SPB_17.4\tools\PSpice\Library” Browse..,
QK Cancel Apply Help

You could have clicked Add as Global to make it visible to every design that is opened or
created.

8. Click OK to close the dialog.

9. Open the Place Part dialog using your preferred method.

10. Click the Add Library icon ™ and navigate to the C:\EMA_Training\PSpiceEssentails
directory.

11. Double-click on MAX4412.0lb to configure the library.
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Place Part v X
Part D_'_
P 4412

Part List: ?
MANAL12
Libraries:
Clirgll®
MANAL12 a
RAXIM
MFET_DRWVR
MIC_SUP

MICREL_STEPDOWN_REG
RAICEFI STFRIID BFGII AT

Packaging
Parts per Pkg: 1

Type: Homogeneous

Maxaa1z ~

® Mormal
+ | Search for Part

12. Select the MAX4412 part and place an occurrence of it on the schematic page.

Your new model is now configured. It has an associated graphic and is ready for use in a design.

Optional Exercise

Create some circuitry around the freshly placed opamp to verify that it does work as intended.
To expedite this process, you can use the completed files from Lab 5 (create a New Project and
base it on this completed lab) and swap out the opamp. If you don’t have the completed lab 5,
you can use the one from the Solutions folder.
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Lesson 11. Editing a Model

Creating a Model with the PSpice A/D Model
Editor

It is sometimes necessary to edit an existing PSpice A/D model. This might be because you have
a device that is similar to an existing model and changing one or two parameters will yield a
model for the new device. Or, you may need to add tolerances to a model parameter in order
to perform a Monte Carlo or Worst Case analysis.

There are several ways to edit a model. Since all of the model libraries are ASCII text files, you
can edit the files in the text editor of your choice. However, OrCAD Capture provides an
interface to the Model Editor. If the Model Editor recognizes the model type, then you can edit
the model graphically. If the model type is not recognized, the Model Editor will open an
integrated text editor for editing the model by hand. Both of these methods automatically take
care of configuring the new libraries without over-writing the original files.

Recognized PSpice A/D Model Types

Other devices may be edited or created in the Model Editor, but must be done in the text
mode.

Text Mode

1. Click to select the symbol of the model that you want to edit.

2. Choose Edit > PSpice Model from the menus.

3. Edit the model parameters or device specifications and extract the model parameters.
4. Save the file and return to the design.

This creates a model library file that has the same base name as the profile that was active
when the Model Editor was invoked. It will also automatically configure the model library in the
simulation profile at the profile level. If you want the library to be global, simply change it in the
simulation profile.
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Graphical Mode

The Model Editor screen consists of the following four parts:
1. The parts list for the current library
2. The specifications for the current device
3. The graph of the specification

4. The model parameter table

Device Specification

The device specifications can each be accessed via a tab below the graph. The device
specification section allows you to input new values for the data curve of that specification. For
example, if you wanted to change the forward current of the diode shown, you could enter
values from the manufacturer’s data sheet for the Vfwd and Ifwd. After entering the data
points, you then extract the parameters by Choosing Tools > Extract Parameters or clicking the
toolbar button.

Model Parameters

The model parameter section displays the extracted PSpice A/D model parameters. Those
model parameters with their Active field checked are associated with the current parameter
tab. Those parameters with their Fixed field checked will not be updated if the model
parameters are extracted.

A minimum and maximum value is also displayed for each of the model parameters. These
values are especially important if you decide to edit the model parameters directly instead of
extracting them from device specifications.

Be aware that the curves shown are for the current specification only and does not take into
account the other model parameters that can interact with it during a simulation. For this
reason, it is always advisable to simulate a new model in a test circuit where its performance
can be evaluated before using it in a simulation.
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Local and Global Model Libraries

Library files may be configured with the scope of: local to a profile, local to a design, and
globally. The graphic that follows shows settings within the Configuration Files tab of the
Simulation Settings dialog box. In this graphic, the simulation is configured to reference the
zener model library.

When a model is edited within OrCAD Capture, the Model Editor automatically configures it as
local to a profile in the simulation profile.

When a library is globally configured, a reference to it is written to the initialization file. It is
then visible to every project opened or created. A global library is listed in the simulation profile
with an asterisk following its name.

A local library is configured only in the current project. It is still a file that is written to the hard
drive, so you may configure it manually in other projects if necessary.

Referencing a Model

Most library parts are commercially available devices whose PSpice A/D models are well
defined and tested. Because of this, editing such a device model is expected to be a rare
occurrence. However, there are situations in which you might want to edit a standard model. If
you do, be aware that the part name displayed on the schematic is not actually the model name
referenced by the symbol. It is the name of the part. The Implementation property on a part is
actually the link to the PSpice A/D model.

Parts found in the Breakout library are intended to be edited. In most cases they reference a
default model that has only the minimum model parameters required for simulation. The
property displayed on the schematic for a breakout part is the implementation property. For
this reason, it is usually recommended that you use breakout devices when editing or creating a
model.

If you are going to use a new model and part for more than testing purposes or if you are going
to use the model and part in more than one design, you need to create a permanent symbol for
the device.

The graphic that follows summarizes differences between parts from the regular PSpice A/D
library and breakout parts. Breakout parts display the Implementation property while regular
parts display the Value property.
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Breakout Devices

Use the breakout devices to ensure that the Implementation property, which is the real model
being used for the part, is being displayed as opposed to the Value property which may be
meaningless.

Extracted Parameters

Model parameters and specification parameters found in a manufacturer’s data sheet often
have similar names. Consequently, careful attention is required when you edit a model.

For example, BF is a transistor model parameter that refers to forward beta. And, you can
probably find a specification on the data sheet for the transistor for forward beta. The
difference is that the data sheet specification is a measured parameter while the PSpice A/D
model parameter is a number that has been calculated to work with all of the other model
parameters in the model to simulate the desired behavior. The two numbers can vary several
orders of magnitude from one another. The diode model parameter Bv (breakdown voltage),
however, typically corresponds exactly to the zener voltage on the data sheet.
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Lesson 11, Lab 1: Editing a Model

Lab Objectives

e Edit a zener diode model and simulate

Creating Project Zener.opj

1. Create a new, PSpice A/D project
2. Name the project Zener.op7j and base it off a blank project

3. Using the parts VDC, 0, R, and D1IN750, create the circuit pictured below

R1
MWV
10
.|V
10V — D1
-T Z D1N750
L
"0

4. Set up a new simulation profile called dc_sweep

5. Set it to perform a DC sweep analysis that sweeps the voltage of V1 from 1V to 10V in
1V steps

The graphic that follows shows the suggested profile settings for this simulation.
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Simulation Settings - dc_sweep

General Analysis Type: Sweep Variable
Analysis DC Sweep ® Voltage source Narme: V1
Options:
Configuration Files (LI Current source Madel type:
Options ] Primary Sween Globkal parameter Madel name:
Secondary Sweep Madel parameter Parameter name:
i T EET Monte Carlo/MWorst Case Temperature
Probe Window Parametric Sweep Sweep Typs
Temperature {(Sweep) Start Value: 1
Save Bias Point ® Linear End Value: 10
Load Bias Point Logarithmic Decade Increment: 1
Value List
oK Cancel Apply Help
6. Place a current marker on the diode
R1
10
V1
+
10V = D1
T D1N750
"o

7. Run the simulation (PSpice > Run, @ icon or F11 key)

8. Examine the results in the Probe window

[1F-X \ . N
—200ma
—400mA
—600ma
iv 2v 3v v 5V &v v av v 10v
o I{D1l}
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Notice the diode begins conducting between 4 and 5 volts.
9. Click the diode to select it

10. Choose Edit > PSpice Model

Or, click your right mouse button to display the pop-up menu and choose the Edit PSpice Model
to start the Model Editor.

Find Bv in the list of parameters, it will be equal to 4.7.

11. Change the value of Bv to 8.0

Lmodel DANTS0 I (Is=850.5E-18 Es=.25 Ikf=0 N=1 Zti=3 Eg=1.11 Cjo=175p M=.5516
+ Wi=.75 Fe=.5 Isr=1.559n Nr=:2 |gfgdsMEINThw=20.245m Nbw=1.6959

+ Ibwl=1.9556m Nbwl=14.976 Thvl=-21.277u)

* Motorola pid=1N750 case=D0-35

* 89-9-15 gijg

*

Vz = 4.7 B 20mk, Zz = 300 B 1wk, Zz = 12.5 @ Smk, Zz =2.6 [ 20wl
12. Save the file, close the PSpice Model Editor

13. Return to OrCAD Capture

Running the Simulation

1. Rerun the simulation and examine the results. You will see that the diode begins
conducting at about 8V

Oma
——
\
-50mA \
A\
-100ma
-150ma
-200mA
iv 2v 3v 4v 5v 6V v 8V 9V 1o0v
o I(D1}

v_vl
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Checking the Libraries

By doing this, you did not change the installed library’s value of BV for this part, PSpice
automatically made a copy of the library and made the change to the now locally configured
library.

Verify this by checking into the Configured Libraries in the Simulation Settings

Simulation Settings - dc_sweep

General Categary: Filename:
Analysis Stimulus Browse.
) ) Library Configured Files » + +
Configuration Files Include
Options a \zener-pspicefiles\zener lib Add 2 Global
nom.lip*
Data Collection ¥|Update Index e Add to Design
Probe Window Add to Profile
Edit
Change
Library Path
‘ChCadence\SPE_17.4\tools\PSpice\Library” Browse..
oK Cancel Apply Help
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Lesson 11, Lab 2: Creating a Model from a
Datasheet

Lab Objectives

e Extract a diode model from a datasheet and simulate

Background

A Diode is a two terminal component which allows an electric current to pass in one direction
(called the diode's forward direction), while blocking current in the opposite direction (the
reverse direction). A diode’s behavior is given by its current-voltage characteristics (I-V graph)
as given below.

Breakdown Reverse Forward

et

<V

'd

"N

J

Image from https://en.wikipedia.org/wiki/Breakdown voltage

Diode Model Parameters

Most of the Diode model parameters are dependent on the material properties of diode such
as IS (saturation current), Eg (Bandgap voltage) etc. These parameters cannot be directly
obtained from part datasheet. These can be extracted using Model Editor from characteristic
curves given in datasheets. This extraction method is described in next section.
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Some model parameters which have to be entered directly from datasheets are:

e BV (Breakdown Voltage): This is the reverse breakdown voltage at which reverse current
increases abruptly.

e |BV (Reverse Breakdown knee current): This is the current at Reverse breakdown knee
voltage.

These parameters can be obtained directly from datasheets as shown below.

BV (Breakdown Voltage):

MAXIMUM RATINGS

Rating Symbol | Value Unit
Peak Repetitive Reverse Voltage
Working Peak Reverse Voltage
DC Blocking Voltage MURS480E
Average Rectified Forward Current s 40 @
P\ T1=110C
Non-Repetitive Peak Surge Current M 70 A
(Surge Applied at Rated Load Conditions
Halfwave, Single Phase, 60 Hz)
Operating Junction and Storage Temperature | T, Tgyg -65to "C
Range ' +175
IBV (Reverse Breakdown knee current):
1000 :
400 _ o
200 T, T1?'5 C
- 100 [m—
L ——
= 100°C .
E "IEE 1 L1
T 40 ——
e e H [IBV
o 10 =F 25°C ==
B 07 =
% 0.1 —
0.04 ——
0.02 -
% 001 =
= 0.004
0.002
0.001

0 100 200 300 400 500 600 700  BOD
Vg, REVERSE VOLTAGE (VOLTS)

To get details of other parameters, refer to the PSpice Reference Guide.

11-10 EMA Design Automation Inc ® © 2020 All Rights Reserved April 2020



Version 17.

4 PSpice Essentials 17.4

Gathering Information to Model a Diode

We’re going to build a model for a standard diode MURS480ET3G. Here’s a summarized
snapshot of its datasheet which is available as in your training folder as MURS480E.PDF

Maximum Ratings:

MAXIMUM RATINGS

Rating Symbol Value

Unit

Peak Repetitive Reverse Voltage VRAM
Working Peak Reverse Valtage VEwM
DC Blocking Voltage MURS4B0E VR 800

Average Rectified Forward Current lFavy | 40@
T=110°C

MNon-Repetitive Peak Surge Current lpsm 70
(Surge Applied at Rated Load Conditions
Halfwave, Single Phase, 60 Hz)

Operating Junction and Storage Temperature | T, Tstg -65to
Range ' +175

Electrical Characteristics:

ELECTRICAL CHARACTERISTICS

Characteristic Symbol

Unit

Maximum Instantaneous Forward Voltage (Note 1) VE
(i = 3.0 Amps, T, = 150°C)
(i = 3.0 Amps, T, = 25°C)
(i = 4.0 Amps, T, = 25°C)

Maximum Instantaneous Reverse Current (Note 1) in
(Rated dc Voltage, T, = 150°C)
(Rated dc Voltage, T, = 25°C)

A

Maximum Reverse Recaovery Time tr
Fill 1 00 M EM A e

[| (F=05A ir=10A Ipec =0.25A)

| t

ns

Kr

Maximum Forward Recovery Time tr
(lp=1.0 Amp. di/dt = 100 Amp/us, Recovery to 1.0V)

ns

Confrolled Avalanche Energy WL

April 2020
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Vfvs. If

11-12

iF, INSTANTANEOUS FORWARD CURRENT (A)

20

10

7.0

5.0

3.0

2.0

1.0

0.7

0.5

0.3

0.2

0.1

0.07

0.05

0.03

0.02
0

Version 17.4

/
Ty =175°C 4# /-— 25°C

4 06 08 10 12 14 16 18 2
ve INSTANTANEOUS VOLTAGE (V)
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Vrvs. Ir

1000 ;

4]][] _ o
_ W TJT1?5G
E 20 100°C————l—
E 10 ———
o 10 = 25°C =—=
A 07 =

0.04 -

0.02 —
':‘[:E 0.01 E =
< 0.004

0.002

0.001

0 100 200 300 400 500 600 700 800
Vg, REVERSE VOLTAGE (VOLTS)
Vr.vs. C

1000
o
=2
L
W 100
E \

1
=
o \,
&
T

S 10 — |
5

1

0 25 50 75 100 125 150 175 200
Vp. REVERSE VOLTAGE (V)

As discussed above, most of the diode parameters are material specific so we use their
characteristic curves to extract them.

In other words, parameters in a Diode SPICE model do not usually correspond to the
parameters listed in datasheets. To create a SPICE model, you need to extract the
characteristics of the actual device and translate that to the SPICE model parameters.
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Create a New Library and Model

Version 17.4

1. Open the PSpice Model Editor by going to Start > All Programs > Cadence PCB Utilities

17.4-2019 > PSpice Model Editor 17.4
2. Choose File > New to start a new library
You will name the library when you save it at the end.
3. Choose Model > New... to begin creating a new model
4. Type MURS480ET3G in the Model Name field
5. Click the Use Device Characteristic Curves option

6. Check that Diode is the selected in the From Model drop down

MNew...

Model Mame: MURSAB0ET 3G 0K

e e Cancel
Use Device Characteristic Curves

Help

Use Templates

From Model: Diode

7. Hit OK
The Model Editor opens. The Model Editor includes the following five tabs:

e Junction Capacitance
e Forward Current

e Reverse Leakage

e Reverse Breakdown

e Reverse Recovery

11-14 EMA Design Automation Inc ® © 2020 All Rights Reserved
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[ untitled1.lib:MURS Spice Model Editor

OB LB XOhL @ala & il RSk
File Edit View Model Plof_Toals Heln (adence@

Models List * 1 [B8 junction Capacitance » (2 %X [ Reverse leakage X [28 ReverseBreakdown X [B¥ Reverse Recovery X v

Madel Name Mod! r'-i!

MURs150eT... T TR Forward Curent

a.8u
Forvard Uoltage

Parameters

Parameter Name Value Minimum | Maximum Default Active Fixed
E 1e-14 20 0.1 1e-14
1 S 1
0.001 100 0.001
0 1000
-100 100
0 551
0.001

3
£l

L <p<i<i<]
EEEEEE

To define your new model in this exercise, you will enter new data values for each tab category.
The sample data chart is provided above for each tab. After reviewing a sample data chart, you
will be ready to input values.

Extract Diode Characteristics

For the first three characteristics, enter data points from their corresponding characteristic
curves in datasheet. Accuracy depends on the number of data points used. We will be using
the curves printed in the “Gathering Information to Model a Diode” section above.

1. Taking information at 25C from the Vf vs. If curve and plotting the points into the
Forward Current spreadsheet, we will end up with something like this:
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[EE, Junction Capacitance > [EE, Forward ¢ ent X [EE, Reverse Leakage X [EE, Reverse Breakdown X [%E, Reverse Recovery

18KA
Forward Cument

ec in the model
more
the followina table:

0.4y . 8.8
A Tfud (27°C)

Forward Voltage

2. After entering all of the points for Forward Current, click the Junction Capacitance tab

3. Taking the information from the Vr vs. C plot and entering it into the spreadsheet will
yield something like this:

S [EE, Forward Current [EE, Reverse Leakage X [EE, Reverse Breakdown X [%E, Reverse Recovery

1.8pF

1.680

¥ Cj (27°C)

Reverse Uoltage

The Reverse Leakage doesn’t extract and match very well on this particular part so we’re
going to skip that tab and assume that the reverse leakage current will not be well modeled or
simulated
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4. We haven’t seen the traces move yet; to have the traces move to match the points that

we’ve entered choose Tools > Extract Parameters or hit the ﬁ icon

5. Verify that the traces go through the entered points on the Forward Current and

Junction Capacitance tabs

Forward Current:

188mA

18mA

1.08m0 h h h h h h h h h h h H h
a.4u 8.6l a.8v 1.80 1.20 1.40

v Ifwd {(27°C)

Junction Capacitance:

188pF

=

SopF

oF ; ;
188nY 1.00 16y 180y

+ G (27°C)
Reverse Uoltage

Entering Reverse Characteristics

Since we are modeling a normal diode which is operated below breakdown unlike zener, we
would skip the reverse breakdown characteristics. We will directly enter values of BV and IBV

directly from datasheet, into the parameters columns.
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In the Reverse Breakdown tab there are 3 parameters that are defined as:

e VZ-nominal Zener voltage @ 1Z
e |Z—nominal Zener current @ VZ
e /Z-Zenerimpedance @ IZ and VZ

Zz is not shown on the data sheet. You would normally contact the part vendor for the data.

1. Click on the Reverse Breakdown tab and enter the Breakdown voltage and the current
at the breakdown voltage directly into the model, like this (should IBV=1.9uA):

[Eég, Junction Capacitance x [.Eégl Forward Current [EE, Reverse Leakage » [EE, ® [EE, Reverse Recovery X

ga8.2v
Reverse Breakdown

168mA
Reverse Current

Parameters

=)
]
1]

(=%

Value Minimum | Maximum Default Active
3.19 1e-20 0.1 1e-14 _.
02 5 1
1e-06 100 0.001

0.001
10
10
10
0.1 1e-10
5 2
100
10 0.0001

EDllllllllllll
i '

2. It'simportant to also hit the Fixed box to the right of those two lines so the model editor
does not attempt to change those 2 values

For reverse recovery curve, enter value of trr, If and Ir from Electrical Characteristics table, as
given in datasheet. Most of the test fixtures have their load resistance at 100 ohms, so we can
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leave that at its default of 100. If we want to use different load enter the same value in Rl
column.

In the Reverse Recovery tab there are 4 parameters that are defined as:

e Trr = Reverse recovery time
e [fwd = forward current (before switching)
e lrev = initial reverse current

e Rl =Load Resistance (total load of test fixture)

3. Click on the Reverse Recovery tab and fill in the parameters from the Electrical
Characteristics table from the datasheet like this:

[EE, Jundion Capacitance X [EE, Forward Current X [EE, Reverse Leakage X [EE, Reverse Breakdown ¥ [EE, everse Res

Reverse Recovery

4. We haven’t seen the traces move yet; to have the traces move to match the points that

. L=
we’ve entered choose Tools > Extract Parameters or hit the . icon

5. Choose File > Save As and save the file as MY_DIODE.lib in the
C:\EMA_Training\PSpiceEssentials\ directory

Create a Symbol

1. Choose File > Export to Capture Part Library...

2. Ensure that the MY_DIODE.lib is in the Input Model Library at the top and
MY_DIODE.olb is in the Output Part Library at the bottom
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Create Paris for Library

Enter Input Mo

CAEMA_Train lzhmy_diode. lib

C:AERA_Training Izhmy_diode. olb Browse...

Cancel

3. Click OK to create the Part Library and then OK to close the status dialog box
4. Close the PSpice Model Editor

You just created a Capture graphical part library with a part that you can place in Capture that
will call out this MURS480ET3G model that was just created, let’s place the diode into a
schematic now to test it.
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Lesson 11, Lab 3: Testing the Forward Current

Lab Objectives

e Put the recently created diode model into a test circuit to verify forward current

Configuring New Parts and Models

1. Create a new project, callitmy diode test andsaveitinthe
C:\EMA _Training\PSpiceEssentials directory, Check Enable Pspice simulation, Hit OK

X
Mew Project

Name my_diode_test

Location C:AERA_Training'Papice Eszentials

| Enable PSpice Simulation

QK Cancel Help

2. Base it off a blank project

3. Create a simulation profile (PSpice > New Simulation Profile or [~ icon) called
forward_current, Hit Create

o . X
Mew Simulation

Mame:
Create
fanward_curent

Cancel
Inhert From:

naneg

Root Schematic:  SCHEMATIC1

4. On the Simulation Settings window, click the Configuration Files tab
5. Click Library in the Category section
6. Click Browse in the upper right hand corner and navigate to the training directory

7. Double-click on MY_DIODE.lib to select it and place it in the Filename field

o

Click Add to Design to make MY_DIODE.lib visible to the current design
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Simulation Settings - forward_current

General Category: Filename:
Analysis Stimulus my_diode.lib Browseh
) ) Library Configured Files ® + ra
Configuration Files include
Options @ my_diodelib Add 25 Global
- , nom.lip*
Data Collection B e Add to Design
Probe Window Add to Profile
Edit
Change
Library Path
"ChCadence’\SPE_17.4\tocls\PSpice\Library” Browse...
oK Cancel Apply Help

You could have clicked Add as Global to make it visible to every design that is opened or
created.

Notice in the example above, the absolute path is removed so that if you move this project
into a different directory, the pathing stays relative. If you would like to have the pathing be
relative, instead of browsing to a location with the Browse button, just type my_diode.lib and
“Add to Design” and it will hook it up for you.

9. Click OK to close the dialog

10. Open the Place Part dialog using your preferred method

11. Click the Add Library icon ' and navigate to the training directory

12. Double-click on MY_DIODE.OLB to configure the library

13. Select the MURS480ET3G part and place an occurrence of it on the schematic page
D1

o—Pp——o

MURS480ET3G

Your new model is now placed and configured. It has an associated graphic and is ready for use
in a test design.
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Test the Forward Characteristics

1. Place a VDC part and a PSpice 0 ground and hook them up like this (with the
MURS480ET3G diode that was already placed):

D1

e

V1 MURS480ET3G

L
-0
2. Edit the forward_current simulation profile so that the Analysis Type is DC Sweep

3. Make the Sweep Variable a Voltage Source whose Name is V1

4. Ensure the Sweep Type is Linear that starts at 0, ends at 2 and increments by 50m

Simulation Settings - forward_current

General Analysis Type: Sweep Variable
Analysis DC Sweep ® Voltage source Name: V1
Opticns:
Configuration Files F Current source Mode|
; il Frimary Sweep Global parameter Model
Options
Secondary Sweep Model parameter Parameter name:

Data Collection

Mante CarloMWorst Case Temperature
Probe Window Parametric Sweep Sweep Type
Temperature (Sweep) Start Value: 0

Save Bias Point ® Linear End Value: 2
Load Bias Point Lagarithmic Decade Increment: 50m
Value List
0K Cancel Apply Help

5. Hit OK

6. Run the simulation by choosing PSpice > Run, hitting F11 or selecting the @ icon
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Setup the Display

The PSpice Probe window will open with a black background and the x-axis showing the Voltage
of V1 ranging from 0 to 2 volts.

1. Addthe new trace by choosing Trace > Add Trace..., hitting the Insert key or selecting

ll'-'-J
the . icon

2. Select I(D1) from the Simulation Output Variables list to populate the Trace Expression
at the bottom

3. HitOK

4. Change the axis settings by choosing Plot > Axis Settings...
5. Goto the Y Axis tab at the top

6. Change the Scale from Linear to Log

7. Change the Data Range from Auto Range to User Defined with a minimum of 0.02 and a
maximum of 20 to match the plot in the datasheet

Axis Settings

ALid v Gid

Data Range
Auto Range

Y Axis Number
1
Axis Position
Lefi
Right

User Defined

Scale Auiz Title

Linear 1

Log

Cancel Save Az Defaut  Reset Defaults

8. Hit OK
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Note that you can also quickly change the scale from linear to log and back by toggling the Y!
icon on the Probe taskbar

Verify the Forward Current

1. Check the display of the forward current against the datasheet to ensure that they
match

10A

100mA

20mA

av a.5v -5v 2.0v

o I{D1)

April 2020
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Lesson 11, Lab 4: Testing the Reverse Recovery

Lab Objectives

e Create a new simulate-able schematic within the same design file

e Verify that Reverse Recovery characteristics

Managing the Schematic Folders

In this section we’re going to create a new schematic folder in the design file so that we will
ultimately have two simulate-able schematics within one design file. You could just as well
create a new design file but this is a clever way of reducing the amount of design files that you
will need and is used often by Cadence in their sample designs so it will be good to understand

it.
1. Gotothe Project Manager which should look something like this

my_diode_test.opj v X

Analog or Mixed A/D

[ File h Hierarchy
=[] Design Resources
9 Amy_diode_test.dsn
SCHEMATICY

.3 PAGEI

E Design Cache

2. Right Mouse Button (RMB) on the SCHEMATIC1 folder and choose Rename to change
the Schematic’s name to FORWARD_CURRENT

Rename Schematic

FORW&RD_CURRENT |

This is not necessary but will make the schematics a little bit easier to understand
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3. Right Mouse Button (RMB) on the dsn file itself and choose New Schematic...

4. Give it the name REVERSE_RECOVERY

N

REYERSE_RECOVERY | Cancel

The project should now look like this:

my_diode_test.opj v X
Analog or Mixed A/D

[ File h Hierarchy
~[ ] Design Resources
B Amy_diede_test.dsn*
. =-[7] FORWARD_CURRENT
o[ pacEr*
------ [ REVERSE_RECOVERY
E Design Cache
e ] Library
~[] Layout
-] Outputs
~[ ] PSpice Resources

~[] Logs

5. RMB on the REVERSE_RECOVERY schematic and choose New Page, the default name of
PAGE1 is fine, Hit OK

We have now made space in our design file for a second schematic to be created and used but
in order to simulate it, we need to promote it to the ROOT so the netlister starts in that folder

Make Schematic the ROOT

1. RMB on the REVERSE_RECOVERY Schematic and choose Make Root

2. You may get an error that you haven’t saved your design yet, if so, select Save Design

To save the design and change the root schematic, click Save Design.

@ The design must be saved before changing the root.
To exit the Make Root command click Cancel.
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3. Notice that REVERSE_RECOVERY is now the topmost folder and it has a tiny slash
through the yellow graphic folder on the left indicating that it is the ROOT

Analog or Mixed AD

[ Fie %ﬂ Hierarchy
[ ] Design Resources
—|-_m=‘] My diode test.dsn®
I ------ RE‘JERSE_RECO‘JER\"I
! B[ FORWARD_CURRENT
E PAGE1
i B~ Design Cache
tl Library
~[] Layout
~[] Qutputs
~[ ] PSpice Resources

~[ ] Logs

4. Double click on PAGE1 under the REVERSE_RECOVERY folder to start editing that page

Create a schematic to test the Reverse Recovery

To obtain Reverse recovery time, we need to carry out a transient analysis for a time of at least
twice the on time of the pulse source. The value of the supply voltage (V1) should be such that
it does not drive diode beyond breakdown.

1. Draw a schematic like this

1 L1
IN IRF840 . A ouT
11l 2504
D1 - C1 R2
.| V1 MURS480ET3G 50u 100
10V =
T § R1
50
— - J__
= V1 = -1 V2 =
TD =0
TR =1n
TF =1n
PW = 25u
PER = 50u

2. The parts are VDC, IRF840 (from the PWRMOS.OLB library in the
C:\Apps\SPB_17.4\tools\capture\library\pspice\ directory), R, VPULSE, L, C and our

diode, MURS480ET3G
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Since we don’t have a simulation profile anymore (because there are none tied to this new
schematic folder), we need to create a new one.

3. Create a new simulation profile (PSpice > New Simulation Profile) called transient_test

o . X
Mew Simulation

Mame:
Create
tranzient_test
Cancel
Inhert From:
none -

Root Schematic: REVERSE_RECOVERY

4. Set the Run to Time at 200u and the Maximum step size to 1n, Hit OK

Simulation Settings - transient_test

Monte Carlo/Worst Case
Data Collection Parametric Sweep
Probe Window Temperature (Sweep)
Save Bias Point
Load Bias Point
Save Check Point

Restart Simulation

General Analysis Type: Run To Time : 200u seconds (TSTOP)
. Time Domain (Transient)
Analysis .
. Start saving data after: 0 seconds
. ) Options:

Configuration Files Transient options:

~ (General Settings ) .
Options Maximum Step Size In seconds

Skip initial transient bias point calculation (SKIPBF)

Run in resume mode COutput File Options...

oK Cancel Apply Help

5. Notice that you now have two different simulation profiles in the top left corner and

they each point to a different Schematic folder as the root which means that by toggling

the simulation profiles, you will effectively toggle which Schematic folder is the ROOT
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¢ REVERSE_RECOVERY-trar = H

FORWARD_CURREMT -forwa
REVERSE_RECOVERY-transie I

| F

The name is somewhat truncated in the drop-down view so you won’t be able to read the
whole name. If you want to see the whole name, go to the Project Manager and in the PSpice
Resources at the bottom you can see all the different Simulation Profiles. You can even make
an inactive simulation profile active by RMB on it and choosing Make Active.

@ DAEMA_Training\PSpice\my_diode_te... | = || [E ||pE&s
Analog ar Miked A0

3 File | %, Hieraru:h_l,l|

=1 Design Resources
=-E5 \my_diode_test.dsn*
EI REVERSE_RECOWERY™

-3 Py

Ellil FORWARD_CURRENT

- Amy_dicde_test-pspicefiles\schematischen

=--C0 PSpice Resources

...... 2 Include Files

EID Model Libraries

: H E s M

EID Sirnulation Profiles

FORWARD_CURREMT-forward_current
REVERSE_RECOVERY-transient_test
H ﬁ ii o 5 E =

1| 1] b

6. Run the Simulation by choosing PSpice > Run, hitting F11 or selecting the @ icon
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Verify the Results

PSpice Essentials 17.4

1. In Probe, Add Trace I(D1)

-0

-0A

on

-0A

-0

h‘..
k
0s 50us 100us 150us 200us
a I(D1}
Time

2. Zoom in tightly on the time around 50us where the current briefly reverses using the

Zoom In and Zoom Area E commands
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0a ‘\
\\
-1.00A
\\
i
—-1.95A
50.15us 50.20us 50.25us 50.30us
o T{D1})

3. Invoke the cursors E and place cursor 1 where the current crosses the OA threshold in

the negative direction and cursor 2 approximately where it crosses the OA threshold in
the positive direction to measure the time difference between those two points
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Time= 200.0E-06 100%  mesmeeeees NG

D:\ema_training'\pspicelaaa_justincaseil

4. In this screenshot it comes out to approximately 95ns

This value of trr obtained from simulation result (95n) does not match the datasheet exactly
(75n), as SPICE models the snap recovery characteristics.

If you’d like to, you can fiddle with the TT parameter in the model to get a trr value that works
better as their relationship is closely tied.
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Lesson 12. Monte Carlo Analysis

What Does Monte Carlo Analysis Do?

Monte Carlo Analysis causes the simulator to run multiple runs of the specified simulation (AC
Sweep, DC Sweep, or Transient) are performed while parameters are varied. The variance is
performed according to a specified distribution, which is UNIFORM by default. This provides
statistical data on the impact of a device parameter’s variance.

Options Within the Simulation Settings Dialog Box

Analysis Type - Monte Carlo analysis must be run with one of three basic simulations. You
cannot perform a Monte Carl analysis by itself. After configuring the basic analysis (AC Sweep,
DC Sweep, or Transient) click the Monte Carlo option to access the setup dialog and click the
Monte Carlo radio button to activate the Monte Carlo settings.

Output Variable - The output variable is the point in the circuit at which the collating functions
are applied. The output variable is either a voltage at a node or the current through an
independent current or voltage source.

Number of runs - This is the number of times that the basic simulation runs. The current
version has a limit of 10,000 runs.

Use Distribution - This specifies the distribution that is used when applying the tolerances to
the devices. PSpice A/D has two distributions built in: Uniform and Gaussian. Uniform is the
default distribution.

You may define your own distributions by clicking the Distributions... button. Please see the
PSpice Reference Guide for details on creating custom distribution function.

Random Number Seed - Like every other computerized random number generator, the
randomness in Monte Carlo analysis is actually pseudo-random. There is a predefined function
that generates a series of numbers based on the initial seed value. Monte Carlo has a possible
range of random seeds of odd numbers from 1 to 32,767. If no seed is specified, a default value
of 17533 will be used.

Save Data From - Allows you to control what data is saved from the analysis. Choices are: None,
All, First, Every, Runs(list). For the last three options you will also need to specify a Run variable.
For Example, selecting Every and entering 10 for run saves the data from every 10th run.
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Distributions to Choose From

There are three types of Monte Carlo distributions to choose from

e Uniform — equal probability of a component value landing anywhere in the tolerance
range

e Gaussian — Bell curve based probability with more likelihood of a component’s value
being near the nominal value and less as it gets away from nominal. Note that the total
range is 3X the tolerance of your component

e GaussUser —Same Bell curve based probability with customizable spread from 1to 9. A
GaussUser value of 1 means that the 3 sigma point will be equal to your tolerance, a
GaussUser value of 2 means that the 3 sigma point will be equal to 2x tolerance, etc.
The recommended value to use is 1.

You can also create your own distribution if you would like to create something not available
here.

Device and Lot Tolerances

Device and Lot tolerances are available for each model parameter. Device tolerances, denoted
as DEV within the model statement, cause components that share the same model to vary
independently of one another.

Lot tolerances, denoted by LOT in the model statement, cause components that share a
common model to vary together.

It is possible to use both tolerances together on a model parameter. In this case, the tolerances
add together. If you have the following model:

.MODEL CRES RES (R=1 LOT=30% DEV=2%)

For each run, R is first assigned a LOT variation between +/- 30%. Each resistor is then assigned
a DEV variation between +/- 2% in addition to the LOT variation. Therefore, RC1 and RC2 (both
referencing the CRES model) could be as much as 32% away from their nominal value. In any
one run, however, they cannot be further than +/- 2% away from their new nominal value, for a
total of 4% from each other.

Breakout Components

When applying tolerances to resistors, inductors and capacitors in a design, it is sometimes
necessary to use the Rbreak, Lbreak, and Cbreak parts instead of the normal R, L, and C parts.
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The normal R, L, and C parts do not reference a model that is accessible to the user while the
breakout parts do.

If you are applying only a device tolerance to the components, then you can use the standard
parts and edit the Tolerance property. If a resistor is to have a DEV tolerance of 1%, then you
can set the value of the Tolerance property to “1%”. The percent sign is required for correct
interpretation by the PSpice A/D netlister.

If you are using LOT or LOT and DEV tolerances, you must use the breakout parts and edit the
PSpice A/D model.

Simple Monte Carlo Example

The LOT property gives you the ability to add skew to your entire distribution. If used, the LOT
property would likely be very small compared to the DEV property.

In this example, for the DEV=10% column, this is the model that was used:

.model RMODEL RES (R=1 DEV=10%)

For the LOT=10% column, this is the model that was used:

.model RMODEL RES (R=1 LOT=10%)
Configuring the Analysis

Monte Carlo

Configuring a Monte Carlo analysis requires setting up the output variable, use ditributions,
the collating function to use, and optionally a threshold, range and desired direction of the
worst-case.

To select Monte Carlo analysis:
1. Select the number of runs

2. Specify an output variable. This is either a voltage at a net or a current through an
independent voltage or current source.

3. Select a Use distribution type from the drop down menu

4. Choose random seed
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5. Optionally, have the data from selected runs saved by choosing all or scpecifying which
runs you would like to see.

Viewing Output File, Probe Plot, and Histograms

The report class that runs varies with different options listed in the command line. Monte Carlo
analysis generates the following three classes of reports:

e Model parameter values for each run (that is, the values with the tolerances applied)

e Waveforms for each run, as a function of specifying data collection or by specifying the
output variable in the analysis setup

e Summary of all the runs using collating functions

Output is saved to the data file for use by the Probe graphical waveform analyzer. The Probe
window offers a special facility through the Performance Analysis feature which can be used to
produce histograms of the derived Monte Carlo data.
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Lesson 12, Lab 1: Performing a Monte Carlo
Analysis

Lab Objectives

e Configure and run a Monte Carlo analysis
e Examine the results in Probe

e Use Performance Analysis to examine the results

Creating the Pressure Project

1. Create a new project called Pressure. op]

2. Create the circuit shown in the graphic below using the Vdc, R, PSpice Ground, and
Param parts

There are steps outlined below to get all the details correct.

PARAMETERS:
R1 § R2 P=0
1k 1k Pcoeff = -0.06
R5 2% 2% Pnom = 1
AN METER R7
” |- A
LW R6 ov i«
1.35V — 1k
i § R3 § R4
1k {1k*(1+P+Pcoeff/Pnom)}
2% 2%
_L_
"0

3. Edit the properties of the Vdc part located in the bridge and set its DC Value to 0 and its
Refdes to Meter

A zero-volt voltage source is commonly used as a current meter in PSpice A/D.

4, Hold Ctrl and click R1, R2, R3, and R4 to select the four resistors
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5. Right Mouse Button (RMB) on any of the four resistor graphics and Edit Properties...
open the Property Editor

You should see the properties for the four resistors listed.

6. Set the Tolerance property for the four resistors to be 2%. This gives a device tolerance
of 2% for the resistance of these four parts

POWER

RNAX RMAX RNAX RMAX

SLOPE RSMAX REMAX RSMAX REMAX
TOLERANCE 2% 2% 2% 2%

VOLTAGE RVMAX RVIMAX RVMAX RVIMAX

You can Display the tolerance property on the schematic if you would like to.

7. Close the Property Editor

8. After placing the Parameter symbol, highlight the symbol and open the Property Editor

dialog

9. Click the New Property button

You will use each new row or column you create to define a new Param property in the

Property Editor spreadsheet.

10. Add the new properties

e Pnom=1
e P=0
e Pcoeff =-0.06
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Property Editor x Ultra Librarian %

New Froperty...| | Apply ||Display...| | Delete Prope

A
SCHEMATICY : PAGE1
Color Default
Designator
Graphic PARAM Mormal
o]
Implementation
Implementation Path
Implementation Type PSpice Model
Location ¥-Coordinate 810
Location ¥-Coordinate 210

Wame TRk

[
Part Reference
PCH Footprint

#~  Pooeff 006wy
S Pnom 1
Power Pins Visible |
Primitive DEFAULT
PSpice Model Type 0011
PSpice0nly TRUE
Reference 1
Source Library CACADENCENSFPE 174 .
Source Package FARAM
Source Part PARAM Normal
Value PARAM

11. To display Param properties and values on the schematic page:

e Highlight the value cell (either Pnom, P, or Pcoeff) in the Property Editor.
e Click the Display button in the Property Editor

e Select the Name and Value display option in the Display Properties dialog box and click
OK.

The new Parametric property and value display on the schematic page.
Now, we assign the resistance of R4 to depend on these parameters.

12. Edit the value of R4 to {1K*(1+P+Pcoeff/Pnom)}

Setting Up the Analysis

First, set up a DC Sweep analysis before sweeping the value of pressure, which is defined as P.

1. Create a new profile (PSpice > New Simulation Profile or ~ icon) called Pressure

2. Configure a DC Sweep analysis of a global parameter P sweeping from0to 5in 0.1
increments
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Simulation Settings - pressure

General Analysis Type:
DC Sw

Analysis eep
Options:

Configuration Files
» Primary Sweep
Options
Secondary Sweep
Data Collection Monte Carlo/\Worst Case

Probe Window Parametric Sweep

Temperature (Sweep)
Save Bias Point

Load Bias Point

Sweep Variable
Voltage source
Current source

® Global parameter
Madel parameter

Temperature

Sweep Type

® Linear
Lagarithmic Decade

Value List

QK

Ca

Mame:
Model type:
Model name:
Parameter name: P
Start Value: 0
End Value: 5
Increment: 01
ncel Apply Help

3. Check the Monte Carlo/Worst Case option
4. Click on the Monte Carlo radio button

5. Set the Output Variable to |(Meter)

6. Set the Number of runs to 10

7.

8. Set the Random seed number to 12633

9.

Set the Use distribution to Uniform by selecting it from the pull-down menu box

Set Save data from to All by selecting it from the pull-down menu

Simulation Settings - pressure

General Analysis Type: ® Monte Carlo Enable PSpice AA support in legacy
fraas DC Sweep Worst-case/Sensitivity Output Variable: I(METER)
Opticns: Monte Carlo Options
Configuration Files
« Primary Sweep MNumber of runs: 10

Options L . R

Secondary Sweep Use Distribution: Uniform Distributions...
Data Collection «~ Monte CarloMorst Case Random number seed; 12633 [1.32767]
FRIBUT . Parametric Sweep Save Data From: Al runs

T It S

emperature (Sweep) Worst-case/Sensitivity Options
Save Bias Point
. _ Vary Device that have both DEV and LOT tolerances
Load Bias Point
Limit devices to type(s)
Save data from each sensitivity run
MC Load Save ... Mare Settings ...
QK Cancel Apply Help
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10. Click OK again to save and close the simulation profile

11. Run the simulation by clicking the toolbar button

Examining the Results

Since a Monte Carlo analysis was performed, you are asked to select which data sections you
want to load into the Probe window. By default, all are selected.

1. Hit OK to accept all Available Sections

Available Sections

** Profile HEMATIC1-pessure” .. Monte Carlo MO
Profile Al -pessure’ 5 Mont lo Pass
Profile Al -pessure’ 5 Monte Carlo Pass
Profile Al -pessure’ 5 Monte Carlo Pass
rofile Al -pessure’ 5 lo Pass
Profile Al -pessure’ s lo Pass
Profile Al -pessure’ 5 lo Pass
Profile Al -pessure’ 5 lo Pass

Profile £ -pessure’ 5 Monte Carlo Pass
** Profile: "5C AATICT -pessure” [ C2Y) .. Maonte Carlo Pass

None

2. When the Probe window opens after simulation, click the Add Trace toolbar button.

3. Select I(Meter).

4, Click OK to add the trace.
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40uA

1.0 2.0 3.0 4.0 5.0

0 .
D¢ ¥ Ao+ 0 A & 1(METER)
P

You can also look at the sorted results in the output file.

Below is a partial listing of the output file, to get there, go to View > Output File

RUN MAX DEVIATION FRO INAL

Pass =05 sigma) higher at P =
( %of N )

Pass
Pass { sigma) lowe
| % of Nominal)

Pass -0 © sigma) higher at P =

Pass -0 o sigma) higher at P =
| % nal)

-0 o sigma) higher at P =
% of Nominal)

-6 o2 sigma) lower at P =
% of Nominal)

(
Momi

% of Nominal)
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Lesson 12, Lab 2: Viewing Monte Carlo Histograms

Lab Objectives

e Create and modify Monte Carlo histograms.

Preparing the Circuit

A typical application of Monte Carlo analysis is predicting yields on production runs of a circuit
board. Probe can be used to display data derived from Monte Carlo waveform families as
histograms, which is part of Probe’s performance analysis feature.

This Chebysheuv filter is designed to have a 10kHz center frequency and a 1.5 kHz bandwidth.
The components were rounded to the nearest available 1% resistor and 5% capacitor value. In
our analysis, we are concerned with how the bandwidth and the center frequency vary when
1% resistors and 5% capacitors are used in the circuit.

Setting up the Analysis

To analyze the filter, we will set up both an AC analysis and a Monte Carlo analysis. The AC
analysis sweeps 51 points per decade from 100Hz to 1MHz. The Monte Carlo analysis is set to
take 100 runs. The analysis type is AC and the output variable that we are interested in is
V(OUT).

The data file can become quite large when running a Monte Carlo analysis. Since you are only
interested in the output of the filter, you can place a voltage marker on the output of the filter,
then set up the simulation to collect data only at the marked node.

Creating the Histogram

This circuit is not hard to capture, just time consuming so feel free to open up the completed
drawing instead of drawing it all.

1. Open the file Lab2 Cheby.opj fromthe Solutons\Lesl2 MonteCarlo folder
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All Resistors are 1% Tolerance
All Capacitors are 5% Tolerance V+

I

] V1

10n R3 |F4 f }
=0

L
MN 10n R6

R1 c1 )
A i} R4
6.34k 10n 1
V3 NN
1Vac® R2 EN 18.2k ouT
0Vde 93.1

T1013/LT
U1A \ﬁ

6.34k

\

\)_T1013/LT
T

V+

Jh

2. Run the Analysis

6.0mv

4.0mv

2.0mv

0v - = T
1008z 1.0KHz 10KH=Z
[SEE- o+ A v ¢+ ... W{OOT)

Frequency

I _
3. Click the Performance Analysis toolbar button. . (next to the FFT button)

4. Click the Add Trace toolbar button.

The following 4 steps describe one way of quickly generating the desired trace expression. You
may also just type in the expression as documented below:

5. Select the Bandwidth (1,db level) goal function from the Functions or Macros

section

6. Without moving the insert cursor, click on the V(out) trace name

7. Without moving the insert cursor, type 1
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8. Move the cursor to after the V and insert db

The trace name is now Bandwidth (Vdb (OUT), 1).
9. Click OK to view the histogram

Since a Monte Carlo analysis is random, your results may vary slightly from those shown in the
following graphic.

40
P
e
T
c
€
n 20
i=
SEL>>
0 N : : : v |
200 300 400 500 600 T00 800
Bandwidth{V{0UOT), 1)
n samples = 100 minimum = 355.434 maximum = 699.414
n divisions = 10 10th %ile = 368.069 3*sigma = 337.064
mean = 511.175 median = 504.685
sigma = 112.355 90th %ile = 658.01
6.0mv
4.0mv
2.0mv
ov- - y- = e 1
100HZ 1.0KHz 10KHZz 100KHz 1.0MHZ
[= -] o+ A v 4 ... V{OUT)

Frequency

This shows you the bandwidth at 1dB down from center that you can expect to see based on
the 1% resistor and 5% capacitor tolerances for 100 random simulations.

Changing the Number of Histogram Divisions

1. Choose Tools > Options and enter 20 in the Number of Histogram Divisions text box
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2. Click OK

Probe Settings

Large Data File

Newver

Always

Use ScrollBars
Auto
Mewver

Always

Cursor Settings Color Settings Font Settings

Normal Mark Data Points
Noma

Match s Display Evaluation
Sequential Per Axis Display Statistics

Unigue By File Highlight Emror States

Auto-Update Intervals

Auto

Every 1

Every 10

Mumber of Histogram Divisions

Default Trace Width

Cancel

Version

12
P
e
T
c
€ 8
n
t

4 — —

0 t T T T

200 300 400 500 600 700 800
Bandwidth (Vv (OUT),1)

n samples = 100 minimum = 355.434 maximum = 699.414
n divisions = 20 10th %ile = 368.069 3*sigma = 337.064
mean = 511.175 median = 504.685

sigma = 112.355 90th %ile = 658.01

17.4

The statistics for the histogram are displayed by default. However, this may be turned off by
choosing Tools > Options and then unchecking Display Statistics.
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Viewing the Center Frequency Distribution of the Filter

1. Click the Add > Trace toolbar button
2. Select the CenterFrequency(1, db_level) goal function by clicking on it
3. Select V(out) by clicking on it
4. Without moving the insert cursor, type 1
5. Move the cursor to after the V and insert db
The Trace Command box should read CenterFrequency(Vdb(OUT),1).
6. Click OK to view the histogram

The new histogram replaces the old one. To view both simultaneously, choose Plot > Add Plot
before adding a new trace. The histogram for center frequency is shown in the graphic that
follows.

12

e 0 0HR© T
!

T T
9.0K 9.5K 10.0K 10.5K

centerfrequency(db (v (out)},1}

n samples = 100 minimum = 9402.02 maximum = 10277.2
n divisions = 20 10th %ile = 9583.57 3*sigma = 562.033
mean = 9830.77 median = 98198.37

sigma = 187.344 90th %ile = 10074

These results show you the variation in center frequency that you will get with 1% resistors and
5% capacitors. If this is within your specifications, you are complete but if not, you can further
reduce your tolerances and determine what values you will need to obtain an adequate yield.
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Additional Exercise

e Experiment with creating histograms using the CenterFrequency and Bandwidth
functions; try changing the dB level from 1 to 3.

e Experiment with other Performance Analysis functions.
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Lesson 13. Worst Case Analysis

What is Worst Case Analysis?

Worst-Case analysis causes the simulator to perform sensitivity and Worst-Case analyses of the
circuit. Multiple runs of the specified simulation are performed while parameters are varied.
Unlike Monte Carlo analysis, only one parameter is varied per run. During each run, PSpice A/D
calculates the sensitivity of the declared output variable to the variance in the modified
parameter. Once all of the sensitivities have been calculated, a final simulation is performed
with all parameters assigned their maximum deviation from the nominal based on their
individual sensitivity runs.

What is Sensitivity Analysis?

For Worst-Case analysis, you must define what you consider to be the measure of worst-case.
There are five collating functions from which to choose the definition of worst-case:

e YMAX finds the greatest difference in each waveform from the nominal run.
e MAX finds the maximum value of each waveform.
e MIN finds the minimum value for each waveform.

e RISE_EDGE<value> finds the first occurrence of the waveform crossing above the
threshold value. This function assumes that there will be at least one point that lies
below the specified value followed by at least one above.

e FALL_EDGE<value> finds the first occurrence of the waveform crossing below the
threshold value. This assumes that there is at least one point above the value followed
by at least one point below.

Assigning Tolerances

In order to perform a Worst-Case analysis, you must assign tolerances to devices in the circuit
for which you want the values to vary. These are assigned in the . MODEL statement in the
same way they are assigned for a Monte Carlo run.
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Device Tolerance

When a device tolerance is applied to a model parameter, every device that references that
model varies independently. For example, if we have the following resistor model:

.MODEL My res RES (R=1 DEV=2%)

every resistor in the circuit that references the My_res model varies randomly from one
another by a maximum of 4% (a range of +2% to —2% from the nominal value)

Simple Worst Case Example

The Worst-Case Algorithm

When a Worst-Case analysis is performed on a circuit, the following procedure is followed:
7. Asimulation is performed with all variables in the circuit set to their nominal values.

8. A series of sensitivity analyses are performed. A single variable is adjusted in the positive
direction by RELTOL (default is .1%) and the effect on the output variable, as measured
by the collating function, is noted. Another simulation is performed adjusting the same
parameter in the negative direction by RELTOL and the effect on the output variable, as
measured by the collating function is noted. The variable is returned to its nominal value
and the simulation proceeds using the next variable until all variables with tolerances
have been tested.

9. Afinal simulation is performed with all variables taken to the limit of their specified
tolerance in the direction that gave the worst result as measured by the collating
function.

When sensitivity analyses are performed, only the LOT tolerance is used. But when the final
simulation is performed, the value of the varied parameter is adjusted by DEV + LOT.

This algorithm does not take into account interdependence between variables. In other
words, the simulation does not explore the effects one device has on another. It is entirely
possible that even though moving R1 in the positive direction and moving R2 in the negative
direction gave the greatest deviations in the sensitivity runs, when both are applied together
they may cancel one another out rather than adding.
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Configuring the Worst Case Analysis

Configuring a Worst-Case analysis requires setting up the output variable, Worst-
Case/Sensitivity Options, the collating function to use, and optionally a threshold, range and
desired direction of the worst-case.

To select Worst-Case/Sensitivity analysis:

1. Specify an output variable. This is either a voltage at a net or a current through an
independent voltage or current source.

2. Select whether you want to vary devices with only a LOT tolerance, only a DEV
tolerance, or devices with both DEV and LOT tolerances specified.

3. Optionally, list the types of PSpice A/D devices to which you want Worst-Case applied.
You list the devices by specifying their SPICE symbol. For example, “R” for resistors, “Q”
for bipolar transistors, etc.

4. Optionally, have the data from each sensitivity run saved by checking the box. If you
don’t check this box, then the sensitivity data is omitted from the output file.

Clicking the More Settings button opens the following dialog.
5. Select the collating function that defines the worst-case for your analysis.

6. If you chose a collating function that has the option of specifying a threshold, type in the
value for that threshold.

7. If you want the function applied to a range, then enter the range. The range refers to
the portion of the swept variable (x-axis in the Probe window) to which the function is
to be applied.

8. Chose if you want the worst-case direction to be Hl or LO. As you might expect, the MAX
and MIN functions ignore this setting and report the maximum or minimum.

9. Click the check box for saving parameter values to the output file if you would like to
have them available. Otherwise, they will not be saved.
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Lesson 13, Lab 1: Working Worst Case

Lab Objectives

e Look at examples where the Worst Case is correctly calculated

Creating the Circuit

PARAMETERS:
Rval =1
LoV
10V — R1 R2
T 10k 1k
c2
1 I ouT
-0 1u
c1 & R3
I 1k
Tu Q2N2222
V2
1Vac ,\D § R4
ovdc {720*Rv al*1.0}
5%
__L
0

1. Create a new design called Worst Case based on an empty PSpice Schematic

2. Enter the circuit as shown above. The circuit uses the parts: VDC, VAC, R, C, Q2N2222
(from the bipolar library) and PARAM

3. R4 has a VALUE of {720*Rval*1.0}, its TOLERANCE is set to 5% and displayed on the
schematic. No other components have any TOLERANCE value set

4, C1andC2are 1uandR1is 10k

Create a new Simulation Profile to find the Worst Case

1. Create a new profile (PSpice > New Simulation Profile or ~ icon) called worst_case

2. For Analysis Type, select AC Sweep/Noise with the values shown below:
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Simulation Settings - worst_case

General CrEde T AC Sweep Type/
Analysis AC Sweep/Noise ® linear Start Frequency: a0k
Options: Logarithmi End F . 110k
Configuration Files = agarthmee (el e =i,
+ General Settings Decade Total Points: 3

Options

Monte Carlo/Worst Case Moise Analysis
Data Collection Parametric Sweep

Enabled Cutput Voltage:
Probe Window Temperature (Sweep) IV Source:
Save Bias Point Interval:

Load Bias Point Output File Options

Include detailed bias point infoermation for nonlinear contralled sources and
semiconductors (.OF)

oK Cancel Apply Help

3. Select the Monte Carlo/Worst Case toggle button and fill that resulting window with the
values shown below:

Simulation Settings - worst_case

General Analysis Type: Maonte Carlo Enable PSpice AA support in legacy
Analysis AC Sweep/Noise ® Worst-case/Sensitivity Output Vanable:  Viout)
Options: onte Carlo Options

Configuration Files

~ (General Settings Mumber of runs:
Options A . L

~ Monte Carle/\Worst Case Use Distribution: Uniform Distributions...
Datz Collection Farametric Sweep Random number seed: [1.32767]
Probe Window Temperature (Sweep) Save Data From: Al runs

Save Bias Point

Load Bias Point

Woaorst-case/Sensitivity Options
Vary Device that have both DEV and LOT tolerances

Limit devices to type(s)

Save data from each sensitivity run

Mare Settings ...

oK Cancel Apply Help

4. Click on the More Settings... button and configure the additional settings
5. Choose to Find the minimum value (MIN)

6. Type in 99k and 101k into the “Evaluate only when the sweep variable is in the range”
drop downs as shown below:

7. Change the worst case direction to Low
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Monte Carlo/Worst-Case Output File Options

'S =4 i
Collating Functio oK

The collating function is performed on an output vanable (for

example, V(1)). The result is listed in the output [.OUT) file only. Cancel

Find |:h5 minimum value (MIN)

Threshold Value

Evaluate only when the sweep variable is in the range
9%k to 101k
Woaorst-Case direction

Hi @ Low

List model parameter values in the output file of each run

What this should do is run a Worst Case Analysis with the intention of finding the minimum
value of the voltage at the OUT node at 100KHz

8. Hit OK twice to close the dialogs
9. Run the Simulation and choose All again for the Available Sections, Hit OK

10. Add Trace V(OUT)

S0V

40v

ov

20V

10V
8§8KHz=z 92KHz 96KHz 100KHz= 104KHz= 108KHz 112KH=z

o ¢ V(OUT}
Frequency
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What we’re being shown is the nominal value of V(OUT) of close to 40V (green trace) and the
worst case value in the minimum direction of V(OUT) of close to 15V (red trace). Keep these
numbers in mind for the next section.

In the next steps, we want to verify that these worst case findings are correct.

Creating a New Simulation Profile to Sweep RVAL

By limiting the number of components with a tolerance to just one (R4), we have allowed
ourselves an easy way to verify the worst case analysis. What we want to do is verify what the
worst case analysis results should be by sweeping through the complete range of possible
values that R4 could be given its tolerance range.

To do that, we’re simply going to sweep R4 from 95% to 105% of its nominal value and check to
see what the worst case results are and at which value of R4 they occur. We will then verify
these results by doing a worst case analysis.

1. Create a new profile (PSpice > New Simulation Profile or [~ icon) called rval_sweep

2. For Analysis Type, select AC Sweep/Noise with the same values as before (shown
below):

- . it x
Simulation Settings - rval_sweep

General ETElEE T E AC Sweep Type
Analysis AL Sweep/Moise ® Llinear h Start Frequency: 00k
Options: Logarithmic End F Y: 110k
Configuration Files F sgarn e
« General Settings Decade Total Points: 3

Options -

Wonte Carlo/Worst Case Noise Analysis
Data Collection -

FEEIETS ©TEET Enabled Cutput Voltage:

Window W

Probe Window Temperature (Sweep) 1/V Source:

Save Bias Point Interval:

Load Bias Point Qutput File Options
Include detailed bias point information for nonlinear controlled sources and
semiconductors (.OF)

QK Cancel Apply Help

3. Select the Parametric Sweep toggle button and fill that resulting window with the
values shown below:
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- . it x
Simulation Settings - rval_sweep

General Analysis Type: Sweep Variable

Analysis AC Sweep/Noaise Voltage source Mame:
Cptions: c - r :

Configuration Files =P Current source Maodel type:

Monte Carlo/Worst Case
Data Collection

¥ Model parameter Parameter name: Rwal
~ Parametric Sweep I Temperature /
\AJi 1 e —_
Probe Window Temperature (Sweep) Sweep Typs

Save Bias Point Start Value: 0.95
Load Bias Point ® Linear End Value: 1.05
Logarithmic Decade Increment: 2m
Value List
oK Cancel Apply Help

This will allow our R4 resistor to be swept from 95% to 105% of its 720 Ohm value simulating its
overall range of possible values.

4. Hit OK to close the dialog.
5. Run the Simulation and choose All of the Available Sections for display

The x-axis will be displaying Frequency but we want the x-axis to be the Rval parameter as it is
being swept. To change the axis, we need to move into Performance Analysis mode.

I _
6. You can change this by selecting the Performance Analysis button . (which is next
to the FFT button). This should change your x axis from Frequency to Rval.

7. On our graph we would like to see the voltage at the OUT node of our circuit at 100k as
we sweep through our Rval parameter. To do this, add a trace (Trace > Add Trace) and
type YatX (V(OUT) , 100k)

That should give you results that look like this:
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100

50 /,4
P
’
//
Lt
-—’-—-
¢}
0.94 0.96 0.98 1.00 1.02 1.04 1.06
o YatX (V (OUT), 100k)
Rval

What this is telling us is that when Rval is at its nominal value (1.00), the output will be
approximately 40V and the worst case in the low direction for voltage will occur when Rval is
set to its lowest value of 0.95 (or maximum negative tolerance) where it will be about 15V.

Good news! This corresponds to what we saw above when we ran the WC analysis.

* Optional Exercise

e Using cursors, can you find the exact voltage values at Rval =1 and Rval = 0.95? See
next line for answers and the method.

e 40.286V and 15.169V respectively; Toggle Cursors E then use the Cursor Search

feature ﬁ and the syntax search forward x value (1) to find the Rval = 1 value.
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Lesson 13, Lab 2: Misled Worst Case

Lab Objectives

e Look at an example where the Worst Case analysis is misled and does not find the true
worst case

Editing the Resistor Part

Using the same design and simulation profiles that we set up in the previous lab, we want to
now tweak the R4 part to drive the BJT into saturation and eliminate the gain.

1. We want to change the nominal value of R4 by +10% which you can do by changing the
value to {720*Rval*1.1} or {792*Rval}

R4
{720*Rval*1.1}

5%

Run the Worst Case Analysis

1. In Capture, change the simulation profile back to worst_case (upper simulation drop
down)

" 1 - ) A
ECHEMATICT-rval_sweep |__|+ l:'r @ E

SCHEMATICY -rval_sweep
SCHEMATICT -worst_case I

2. Before running the simulation, we would like to edit the simulation profile to keep the
results that we had displayed last time. To do that, go to PSpice > Edit Simulation
Profile > Probe Window tab and under the Show section select ‘Last Plot’
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- -
g‘ Simulation Settings - worst_case [&

| General I Analysis | Corfiguration Files I Options I Data Collection | Probe Window

[~ Display Probe window when profile is opened.

[ Display Probe window:
" during simulation .

(¥ after simulation has completed.

Show

" Al markers on open schematics.

6‘bﬂdm.1"........

™ Mothing.

[ ok [ cancel |[ sy ][ hep |

"

4

3. Run the simulation keeping all the Available Sections. Your results should look like this:

150V

100V

50V

B88KH=z 92KH=z 96KH=z 100KH=z 104KH=z
o ¢ V(OUT)

108KHz 112KHz

Fregquency

What we’re seeing is the nominal value of V(OUT) of close to 140V (green trace) and the worst
case value in the minimum direction of V(OUT) of close to 80V (red trace). Keep these numbers
in mind for the next section where we’ll sweep the resistor value across its tolerance range.

Run the Rval Parametric Sweep

1. In Capture, change the simulation profile back to rval_sweep
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2. Before running the simulation, change the simulation profile to keep the format of the
plot the last time we ran the simulation by choosing ‘Last Plot’. Hit OK to close the
dialog

3. Run the simulation keeping all the Available Sections. Your results should look like this:

200
™
150 o’ “
,
100 \
’

50 X

0

0.94 0.9%6 0.98 1.00 1.02 1.04 1.06

o YatX (v (OUT),100k)
Rval

Notice now at the Nominal value of Rval the voltage at the OUT node is now about 140V and
the very worst case appears to be about 35V going in the positive direction for Rval (on the
right side).

What We Are Seeing

The interesting thing that’s happening here is that a sensitivity analysis for the component will
reveal that as the component goes up a little bit, the voltage also goes up. Since we’re trying to
find the minimum voltage value it will then conclude that for this part, it must set the
component to the most negative tolerance value which will yield a misled worst case result of
about 80V (on the leftmost side).

When we swept the R4 part we saw that the minimum worst case voltage was about 35V but
when we ran the worst case analysis, it found a worst case of 80V instead. This was because
the initial sensitivity analysis indicated that the tolerance would need to be set to the minimum
value to get the minimum worst case which was not correct. This confirms what we suspected
when we ran the Rval sweep previously and shows how the Worst Case analysis can sometimes
be misled.
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Analog Behavioral Modeling Defined

The Analog Behavioral Modeling (ABM) feature provided in PSpice A/D allows for flexible
descriptions of the behavior of electronic components in terms of a transfer function or a look-
up table of values. PSpice A/D interpolates linearly between the points on the table. A
mathematical relationship is used to describe a circuit segment, so the segment does not need
to be either modeled discretely or designed component-by-component.

Where to Find ABM Devices

ABM symbols are in abm. olb. The library can actually be thought of as two libraries. The first
section contains the control system devices and the second section contains the symbols for
the more traditional SPICE controlled sources.

Types of ABM Devices

The two types of ABM devices are control system devices and PSpice A/D equivalent devices.

Control system devices are defined with the reference voltage preset to ground so that each
controlling input and output is represented by a single pin in the symbol.

PSpice A/D equivalent devices reflect the structure of the PSpice A/D E and G device types that
respond to differential input and have differential output.

Using ABM Devices

Generally, an ABM symbol is placed on the schematic page and then its EXPRESSION attribute is
modified to fit the current need. The Evalue symbol is pictured below. Its EXPRESSION attribute
is V(%IN+,%IN-). If left as is, the output of the device will be the voltage differential seen across
the two input pins IN+ and IN-. Using ABM Device by Reference.

One way to use an ABM device is to connect the controlling nets to its input pins.
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Using ABM Devices by Reference

Another way to use the ABM devices is to reference a node voltage, a voltage differential
between two nodes, or the current through a device located somewhere else in the design.

Voltage Controlled Resistor Example

The voltage waveform on the left is used as a control signal for an ABM device which varies the
current to emulate a resistor varying with the control signal.

Phase Locked Loop Example

Creating a Phase Locked Loop can be done much more quickly with ABM components than with
transistor level ones. The simulation time is also much shorter as fewer details are taken in to
account.

The graph on the right is showing the error which seems random at the beginning and the end
but in the center it is predictable meaning that the output waveform is matching the phase of
the input waveform.

Behavioral Assertions

Stop your simulation the second it exceeds some pre-defined threshold, thus eliminating the
wasted simulation time that would follow.

In this example, the simulation is stopped immediately after the output voltage exceeds 21V
saving us the remaining simulation time that would be used only to find out that the results
were not acceptable.
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Lesson 14, Lab 1: Voltage Controlled Resistor

Lab Objectives
Create a circuit with a resistor that is variable based on a voltage source

Placing and Defining Parts

1. Create a new PSpice design called abm_vcr
2. Place a Resistor and DC Voltage source and name the nets to get a circuit like this:

INPUT

§ R1
1k
— OUTPUT
§ R2
1k

L

-0

This is the framework for the design that we want to make, we would like to have the resistor
R2 be a variable resistor whose value changes based on a controlled voltage source.
3. Go to Place > PSpice Component > Modeling Application... > Sources > PWL Sources to

bring up the PWL Sources dialog
4. Fill in the PWL points to match the screenshot below, you can also make it repeat twice

as shown if you would like to see the effect
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PieceWise Linear Sources (PWL)

® voltage PWL O current PWL
Signal Repetitions
I'\:fl PWL File ,:::, None
*/PWL Points O Repeat Forever
Anazlog Value Time Pairs ® Repeat
T [0 | w101 |
T2 |1 | V2 |O.1 | Advance Options
T |1.1 | V3 |1 | Value Scaling Factor l:l
T4 |2 | V4 |1 | Time Scaling Factor |1e-3
15 2.1 | wvs o1 | ac | W
oc [ ]
| Add Additional PWL points |
| Place | | Close | | Help |
5. Hit Place and put the VPWL part on the schematic
6. Put aload across the VPWL part and ground the loop
INPUT
CTRL
§ R1
V2 1k
§ R3 L]V
1k vV =
T OUTPUT
§ R2
o - 1k
=0 -
—
"0

This is the starting point of our circuit, we’ll now replace the R2 part with a resistor that looks to
the V(CTRL) as its reference.

Using a Voltage Controlled Current Source

1. Delete the R2 part from your schematic

2. Using the PSpice Part Search (Place > PSpice Component... > Search...), search for and
place the GVALUE part where R2 was
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3. Wireitin like this:

INPUT
CTRL
R1
V2
1k 2V —
T OUTPUT
1 G4
et
= P
0 N- O
GVALUE
V(%IN+, %IN-)
_L_
"0

4. Double click on the V(%IN+, %IN-) value on the schematic (it’s the EXPR property) and
edit it to have a ‘/1k’ at the end, like this:

OUTPUT

G4
IN+  OU

GVALUE
V(%IN+, %IN-)/1k

This now means that the current coming out of the device is equal to the voltage difference at
the input pins divided by 1k (which is a placeholder for the default resistance). Since I=V/R and
we're setting the R (at 1k) and the voltage is across our resistor, the current being generated is
going to be the correct current for a resistor of 1k so in a roundabout way, we’ve made a
(somewhat complicated) resistor. We'll see why we did this in the next section.

Tying in the Control Voltage

1. Edit the EXPR property again by double clicking on the displayed value of
V(%IN+, %IN-)/1k

2. Modify the denominator of the EXPR property to be (1k*V(CTRL)), like this:
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OUTPUT

G4
TN+ OU@

GVALUE
V(%IN+, %IN-)/(1k]V(CTRL))

Multiplying the control voltage onto the default resistance value of 1k should effectively swing
it between 100 ohms and 1k.

Simulate to Verify

1. Make a new simulation profile, name it tran like and perform a transient simulation with
a run to time of 7ms

2. Run the simulation (PSpice > Run, @ icon or F11 key)

3. Verify your results:

1.0V
0.5bv
- | | " —
ov
Os 1.0ms 2.0ms 3.0ms 4 . 0ms 5. 0ms 6.0ms 7. 0ms
o V{(OUTPUT)

Time

Note that when the control voltage is high (1V), the resistance is 1k and the output is 1V (half of
the 2V input). When the control voltage is low (0.1V), the resistance is 100 ohms and the
output is 0.1818V (or 1000hm/(1000hm+10000hm)*2V) so it is working as we expect it to.
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Optional Questions

1. When the VPWL part was made, why was it important that the voltage value didn’t go
all the way down to 0?

2. What types of control voltage sources would you be limited to with this setup?
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Lesson 14, Lab 2: Frequency Table

Lab Objectives

e Create a lowpass filter using an Efreq part.

Placing and Defining Parts

gan
E1
dA.\ IN ouT
TN+ OUTH _—
ITN— QUTH
> EFREQ

V(%IN+, %IN-)

1Vac@ R1

OVde (0,0,0) (5kHz,0,-90) (6kHz,-60,-180) 1K

-0

This circuit is a simple lowpass filter implemented using a frequency look-up table. The input to
the frequency look-up table is the voltage at node IN. The output is the output on node OUT.
The table values describe a lowpass filter with a response of 1 (0 dB) for frequencies below
5kHz and a response of ImV (-60dB) above 6kHz. The phase lags linearly with frequency.

1. Create a new project called EFREQ and base it off a blank project

2. Place and connect the symbols needed in the circuit, which are VAC, 0, EFREQ, and R
3. Set the voltage for V1 to 1V.

4. Double-click on the EFREQ symbol.

5. Select on the TABLE property.

6. Edit the value for the TABLE property to read (frequency, gain (dB), phase):

(0,0,0) (5kHz,0,-90) (6kHz, -60,-180)

7. Click the Display button.
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8.

Conf

Check the Value Only radio button to display the Value of the TABLE property on the
schematic.

igure Simulation

1.

2.

Set up new simulation profile called 1inear ac

Set it as a Linear AC simulation with 101 points, starting at 1k and ending at 10k.

- . it " X
Simulation Settings - linear_ac

General Analysis Type: AC Sweep Type
Analysis AC Sweep/Noise ® Linear Start Frequency: 1k
Configuration Files Options: Logarithmic End Frequency: 1-k
v General Settings Decade Total Points: 101
Options
Monte Carlo/Worst Case isfen Cralits
Data Collecti - )
=ie otecton FEENETE SR Enabled Cutput Voltage:
Frobe Window Temperature (Sweep) IV Source:
Save Bias Point Tl
Load Bias Point Qutput File Options
Include detailed bias point information for nonlinear controlled sources and
semiconductors [.OF)
OK Cancel Apply Help
3. Click the OK button.
4. Choose PSpice > Marker > Advanced.
5. Select dB Magnitude of Voltage from the list.
6. Place the marker on node IN and OUT.
7. Repeat on the IN and OUT nodes for the Phase of Voltage Advanced Marker
8. Run the simulation (PSpice > Run, @ icon or F11 key)
9. Create a New Plot and move the DB measurements up to it (Cut and paste works)
10. Double Click on the X axis to change the Data Range to between 1kHz and 10kHz
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—40

80

SFI>>
—200d
1KHzZ 2KHz. AKHzZ KHz BKHz 10KH=z
HEMEOUD)) < BPV(IN)
Freaencv

You can see that the response is as expected. Below 5k the response is 0dB and above 6k the
response is -60db. The phase also behaves as we described it.
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Lesson 14, Lab 3: Voltage-Controlled Oscillator

Lab Objectives

e Create a voltage-controlled oscillator using Evalue and Gvalue parts.

Background Math

This circuit is a Voltage-controlled oscillator. The top portion of the circuit is a simple time
domain function for a sinusoidal source. It normally has the equation of
sin((twopi*fc*time)+phi), but here the constant phi has been replaced with a function of a
controlling source.

y(t) = sin(27cfct + ¢(t))
The instantaneous frequency is given by the time derivative of total phase:

2nf

inst 27Tfc (D)

The relationship between ¢ and the frequency deviation:

f,=f.

d inst f

o(t) = Iand(t)dt
For a linear VCO we want fd to be proportional to the controlling voltage: v so
8() = 27k, I v (Dt

where k1 is in Hertz/volt.

Creating a new design

1. Create a new project called VCO. op]j.
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14-12

T1=0 V1=0
T2=5us V2=0
T3 =5.01usV3 =1

PARAMETERS:
K1 =1MEG

fc = 1MEG

TwoPi = 6.283

A

G1 %]I@ 0
CTRL

GVALUE
K1*V(CTRL)*1u

|1

I

E1

OouT1
| IN+ ouT

EVALUE

sin(TwoPi*(fc*time+V(INT))) § R1

1G

I

R2

— C1 §1G

Version 17.4

Enter the circuit shown above. Use the Evalue, Gvalue, IC1, R, C, VPWL (Use the
Modeling App), and Param parts.

The value of the EVALUE partis sin (TwoPi* (fc*time+V (INT)))

The value of the GVALUE part is K1 *V (CTRL) *1u

Create the VPWL so it has these time points (0s,0V) (5us,0V) (5.01us,1V)

PieceWWise Linear Sources [PWL)

O PWL File
®) pwL Points

® voltage PWL

Anzlog Value Time Pairs

m [0 | wvilo |
12 [5 | w20 |
T3 |5.01 | V3 |1 |
14 | | va | |
15 | | ws| |

| Add Additional PWL points |

O current PWL
Signal Repetitions
® None
O Repeat Forever

O Repeat

Advance Options

Value Scaling Factor l:l
Time Scaling Factor
ac [ ]
oc [ ]
| Place | | Close | | Help |
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6. Create a simulation profile called tran defined as a transient analysis with the final
time of 10us and a maximum step of 50ns

Simulation Settings - tran

General Analysis Type: Run To Time : 10u seconds (TSTOP)
P Time Domain (Transient)
. Start saving data after: 0 seconds
) ) Options:
Configuration Files Transient options:
+ General Settings
Options Maximum Step Size 10u seconds
Monte Carlo/Worst Case
Data Collection Parameric Sweep Skip initial transient bias point calculation (SKIPBP)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode

Qutput File Options...
Load Bias Point
Save Check Point

Restart Simulation

QK Cancel | Apply Help

7. Run the simulation and examine the results

You should see that the output of the VCO is 1 MHz for the first 5us and 2 MHz for the next 5us.

1.0V

-1.0v

O V(QUT1)
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Lesson 14, Lab 4: Optional: ABM Evalue with Wired
Inputs

Lab Objectives

e Create a rectifier using an Evalue part.

Define Symbol Properties

E1 /' PARAMETERS:
IN e ouT] OuT GAIN = 1
= OUTH
VA EVALUE
0, 0, *
VOFF =0 @ ABS(V(%IN+, %IN-))*GAIN § R1
VAMPL = 1 \& 1k
FREQ =10
AC =
0

1. Create a new project called EVALUE and base it off a blank project
2. Place and connect the symbols for the circuit above: VSIN, 0, Evalue, R, and PARAM

3. Onthe PARAM part, create a new property called GAIN and give it a value of 1, display
it on the schematic

4. Edit the sine wave to have 0 offset, 1V amplitude, and 10Hz frequency, the AC property
can remain blank

5. Double-click the default expression for the Evalue device (V(%IN+,%IN-)) and change it
to ABS(V(%IN+,%IN-))*GAIN.

6. Set up a transient simulation with 0.5s Final Time and 1ms Maximum Step Size.

7. Run the simulation and observe the output.
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1.0v

: V(N < V(@I

200ms

300ms

500ms

8. Change the gain and re-run the simulation. If you want to make the gain an expression
you must enclose it in curly braces. For example, GAIN ={2*5}.
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Lesson 14, Lab 5: Optional: ABM Evalue by
Reference

Lab Objectives

Edit the circuit so that the ABM device is connected by reference.

Editing the Design

PARAMETERS:
GAIN =1
>
E1
IN ouT
IN+  OUTH
9 - OUTH
VA EVALUE
VOFF =0 r\) § R2| ABS(V(IN))*GAIN § R1
VAMPL =1 1k 1k
FREQ =10
AC =
__L

"0

It is possible to reference the voltage at a node, a voltage differential between two nodes, and
the current through a device in the expression of an ABM device. In this example you will see
that even though there are no inputs connected to the ABM symbol, it is still functional. This is
extremely useful if the output of the device is dependent upon more than just a differential
voltage. This allows the Evalue and Gvalue to become powerful, flexible, and have a more
general application.

1.

2.

3.

14-16

Continue working on the previous design

Add resistor R2 and connect as shown above

Disconnect pin IN+ of Evalue from the source by selecting and deleting the wire
Short the IN+ and IN- pin of E1 to ground

Assign a net alias of IN to the node between V1+ and R2

Edit the EXPRESSION property of E1 to reference the voltage at node VIN instead of the
voltage seen across the two input pins of E1. The value of the expression will be
ABS(V(IN))*GAIN.
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7. Run the simulation (PSpice > Run, @ icon or F11 key) and view the results.

The results are the same for both circuits although the referenced voltage is not wired directly
to the controlled source.

Additional Exercise

e Tryrunning a parametric sweep to sweep the value of the GAIN parameter from 1 to 10
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Appendix

Topics covered in Appendix |:

Adding New Parts
Creating Symbols for Simulation Models
Subcicuit from the Buffer Circuit

Creating a Part with the Wizard

Topics covered in Appendix Il:

Digital and Mixed Circuit Analysis

Placing Digital Parts

Wiring Digital Parts

Digital Power and Ground

Viewing Digital Results

Defining a Stimulus

Configuring Stimulus files

Mixed Simulation

Appendix Il Lab 1: Creating Digital Stimulus

Appendix Il Lab 2: Creating an ADC (mixed signal) design
Appendix Il Lab 3: Adding a Bus to our ADC Design
Appendix Il Lab 4: Adding a DAC to our ADC Design
Appendix Il Lab 5: Modifying the Digital Timing Model

Appendix Il Lab 6: Magnetics Part Editor
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Appendix |

Adding New Parts

Types of Simulation Models

Model or subcircuit information necessary to run a simulation is stored using either one of two
possible methods. It is either stored in a simulation library or as a symbol reference to an
existing schematic.

In the first method, circuit data is stored in a simulation library which is formatted as ASCII text
within the library file. (This file has an . 1ib extension.) A symbol references the model or
subcircuit definition through the symbol Implementation property.

In the second method a symbol references an existing schematic which is known as a
subschematic. This is usually referred to as a hierarchical symbol. When the design is simulated
the netlister descends the hierarchy and includes components from the subschematics.

There are advantages and disadvantages to both methods. The advantage of storing the
information as a subcircuit definition is space. A collection of subcircuit definitions takes up
considerably less hard disk space than a collection of hierarchical schematics. The disadvantage
is that, without a schematic to look at, editing a large subcircuit may be difficult.

Editing underlying definitions of hierarchical symbols is very easy and advantageous since the
schematic is much easier to edit than the netlist. However, greater storage space requirements
as well as additional library maintenance are necessary because a collection of separate files
with attached absolute paths are involved.

Creating Subcircuits from Schematics

When designs used for a subcircuit definition are initially simulated alone, sources on the
design exist that are not part of the subcircuit definition. For example, opamps do not include
their own power supplies. Likewise, a subcircuit definition for an opamp should not include a
power supply.

To resolve such an issue, first remove sources that are external to the device and replace them
with an interface or global port. Also remove loads from the design since they will be replaced
by the rest of the top level circuit.
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Hierarchical ports should be connected to nodes intended for a wired connection. For instance,
in the buffer circuit shown in the above graphic, replace V1 with a hierarchical port. Then
connect a hierarchical connector to the output of U1, and pins V+ and V- on the opamp.

Creating the Subcircuit

The netlister generates a file that has the same name as the design with a .net extension. To
use this, you will need to either rename the file to have a “.lib” extension, or cut and paste the
contents of the file into an existing model library. The name of the resulting subcircuit is
derived from the name of the root schematic folder. You may use any text editor or word
processor to do this. The only restriction is that the file must be saved as text.

The normal procedure is to configure the subcircuit in a file of its own until it has been tested.
After the testing is completed, then the subcircuit is usually added to an existing library of
custom model definitions.

Differences Between Models and Subcircuits

Despite its name, a model library can contain a mixture of model statements and subcircuit
definitions.

Creating Symbols for Simulation Models

There are two ways to create a symbol for an existing simulation model. The first method uses
the Part Creation Wizard in the Model Editor. The second method creates a part from scratch in
the Part Editor.

Part Creation Wizard

To use the Part Creation Wizard in the Model Editor, run the Model Editor and use the File >
Export to Capture Part Library menu commands. A dialog will come up which allows you to
browse to find the model library for which you want to create parts. By default, the wizard
creates a part library with the same base name as the model file upon which it is based. The
Part Creation Wizard is most useful when creating a symbol for an existing simulation model or
subcircuit definition. The Part Wizard creates all necessary pins as well as generating the
PSpiceTemplate, Implementation Type, and Implementation properties.
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Creating a Symbol from Scratch

You may create symbols by hand using the Part Editor available in OrCAD Capture. If you choose
to do it this way, you are responsible for assigning pin names as well as generating the
PSpiceTemplate, Implementation Type, and Implementation properties.

The Part Creation Wizard in the Model Editor creates parts for an entire library of models or
subcircuits. If the device is defined as a .model statement, then the resulting symbols look like
the standard symbols for those devices. If the device is defined as a .subckt, then the symbols
created are rectangles with pins. You can go into the part library later and edit the graphics, as
desired.

Creating Symbol Libraries

You can use the File > New > Library menu command to create a library with the default name
libraryX.olb where Xis an integer. This library may be created from either the OrCAD
Capture or Project Manager window. If done from the OrCAD Capture window, the library may
be added to either the current project or to a new project. In both cases, the resulting library
file is written to the hard drive for availability in other projects.

To rename the 1ibraryX. olb file, right-click the library file name and use the Save As
command from the pop-up menu. The library is saved in the desired location and with the
desired name.

Creating a New Part in a Library

To add a new part to the library:
8. Highlight the library in the Project Manager.
9. Click your right mouse button to display the pop up menu.
10. Choose New Part to display the New Part Properties dialog box.
11. Define the name of the new part and click OK.

The Part Editor opens. The Part Editor can be used to create or edit existing parts and symbols.
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PSpice Template

The PSpiceTemplate property is the template used to generate the part netlists.

Spelling of the PSpiceTemplate must be exact. There is no space between words PSpice and
Template.

The slide above shows a fragment from the buffer circuit created in a previous lab and the
resulting netlist entry.

The first character of the template will always be the PSpice A/D device designator. In this case
itis an X since we are dealing with a subcircuit definition for the opamp.

“up”

The carat symbols instruct the netlister to insert a hierarchical path, if there is one. When
the design is flat, an underscore is inserted.

The first at “@” symbol instructs the netlister to search for a part property with the same name
as the text following the symbol and then insert that property’s value, if it has one. In this case
the netlister will look for a property called REFDES and inserts U5 into the netlist.

Next come pin definitions. The percent sign instructs the netlister to search for a pin with the
name that follows the percent sign and write the netname connected to that pin into the
netlist. In the example above this results in the nets 0, IN, VDD, VSS, and OUT being written to
the netlist.

The second @ command instructs the netlister to search for a
property called Model on the part. Here’s where there is a
little hand waving going on behind the scenes. Most of the
PSpice A/D symbols currently in the library were converted
from a previous format where the property Model was used in
place of Implementation. The netlister actually looks for the
Implementation property and uses its value. The template
functions perfectly well if you were to use @implementation in
place of @model.

There are additional special characters that may be used in the template.

12. ?variable |...| writes everything between the pipe symbols to the netlist if the variable
has a defined value.

13. ?variable |...||...| also writes everything between the pipe symbols to the netlist if it is
an “if, then, else” construct. If the variable has a defined value, then everything
between the first delimiters is written to the netlist. If it has no defined value, then it
writes everything between the second set.
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14. ~variable |...| means if the variable does not have a defined value then the netlister
writes everything between the delimiters to the netlist.

15. &variable means that if the variable does not have a value then the remainder of the
template is ignored.

Commands may be nested one within another. For a complete listing of the special characters
and examples of their use, please see the PSpice A/D Users Guide.

Configuring Symbol and Model Libraries

Once you have new model and part libraries you must configure them so that OrCAD Capture
and PSpice A/D can find them. Keep in mind that there are two libraries that must be
configured to complete the task and that each one has its own method of configuration.

New part libraries (. o1b) are configured in the Place > Part dialog by clicking the Add Library
button.

New model libraries (. 1ib) are configured in the simulation profile under the Configuration
Files tab.

Be sure to store custom libraries separately from the library folders included with the Cadence
software application. This helps avoid situations where an old software installation is deleted to
make room for a new installation and custom libraries are lost from the installation directory.

Appx I. Lab 1 Subcircuit from the Buffer Circuit

Lab Objectives

e Convert a schematic to a subcircuit

Create Buffer2 Project

1. Create a new project called Buffer2.op7j and base iton Buffer.opj from Lab 9
2. Delete V1.
3. Remove the entire piece of circuitry that includes V2 and V3.

4. Delete the load resistor and capacitor at the output of the LF411.
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5. Delete the Parameters part
6. Add hierarchical ports (from Place > Hierarchical Port) portboth-L on the V+ and V- pins

of the LF411.
portboth-L is in the CAPSYM library located at C:\Apps\SPB_17.4\tools\Capture\Library

7. Add a hierarchical port portboth-L to the output node of the LF411. Add a hierarchical

port portboth-R to the input left of R1

8. Double-click on each hierarchical port and label it as shown in the picture.

9. Remove redundant net names (IN, VSS, VDD)

AV
1k
—<_>VSS
R1 R3 LF4114 J
) !
IN > A AWV N
1k 1k 6
) oy ——_>ouT
3
R2 == CAP1 7]
1k 1n ut Ve
1
=0 L<>VvDD

T
=0

10. Save the design.

Rename Schematic Folder to Create Subcircuit

1. Click on the Project Manager toolbar button ﬁ-I'E and select the buffer2.dsn file

2. Change the name of the schematic folder from SCHEMATIC1 to BUFFER.
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The name of the subcircuit is created from the schematic name. If you do not change it, the
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buffer2.opj - X

Analog or Mixed A/D
£ File T%, Hierarchy
=[] Design Resources

=-[Z2] buffer2.dsn*

SCHEMATICT*
- E PAGET*

resulting subcircuit will be called schematicl.

Create Netlist

1. Select buffer2.dsn in the Project Manager

2. Choose Tools > Create Netlist.

3. Click on the PSpice tab.

4. Check the Create Subcircuit Format Netlist check box.

5. Change the path of the library file to your training directory so that you can find it later.
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Create Metlist

6. Click OK.

P

PCE EDIF200 INF | PSpice | 5PICE Verilog WVHDL Other

Create Hierarchical Format Metlist Settings. ..
| Create SubCircuit Format Metlist -
|Ise Template: SRR
® Descend PspiceTemplate
Place DRC markers for Emors and Wam
w| Compatibitty Mode {16.2 and Prior Releases)
Metlist File: View Output
CAEMA_Training Pspice Essentials \buffer2 lib Browse...

Subcircuit Listing

el BN a2 P

1. View the resulting subcircuit by clicking on the Outputs folder located within the OrCAD
Capture Project Manager and selecting the library file.

Note that your listing may vary slightly from the one shown below by pin order and node

names.

* source BUFFER2
. SUBCKT BUFFER IN OUT VDD VSS

R R1
R R2
C_CAPl
R R3
R R4
X Ul
.ENDS

IN NO0O129 1k TC=0,0
0 N0O0129 1k TC=0,0

0 N0O0129 1n TC=0,0
N00129 NO0O877 1k TC=0,0
N00877 OUT 1k TC=0,0
0 NOO0877 VDD VSS OUT LF411

2. Close the buffer2.lib file
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Appx |. Lab 2 Creating a Part with the Wizard

Lab Objectives

e Use the Symbol Creation Wizard

e Create a part for the subcircuit

Create Library Part

1. Run the Model Editor by Start > All Programs > Cadence PCB Utilities 17.4-2019 >
Model Editor.

The Model Editor opens.
2. Choose File > Export to Capture Part Library
3. Select Browse and navigate to the buffer. 1lib file.
This file should be saved in a folder located at C:\EMA_Training\PSpiceEssentials\Designs
et et fra N i)

Enter Input Model Li

C:AEMA_Training alshbuffer.lib Browse...

Enter Output Part Lib

CHEMA_Training'P alshbuffer2. olb Browse ..

Cancel

4. Click OK to create the part. Hit OK to close the information window. You may close the
PSpice Model Editor.

View the Part

1. Return to OrCAD Capture.

2. Create a new project called Buf fer3. op]j based again off the buffer.olb file from
Lesson 9

3. Delete all the component except the Voltage Sources, the RC Load and the Param part
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PARAMETERS:

4. Move the RC Load to the left

PARAMETERS:
Cval =1n

\al
@ zx
1k
2

CAP2

0 4—|1 {Cval}
o
L ov2
5V —
o

5. Choose Place > Part.

Cval=1n

VSS

6. Click the Add Library icon '8 and configure Buffer2.olb.

Be sure to use the one from the training directory. There is a buffer.olb file in the regular
PSpice library folder, but that is not the one you want to use.

7. Find Buffer in the list of parts and double-click on it.
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8. Place an occurrence of the part.

U1

D—l— IN vDD [7—H

O—— ouT vss —H

BUFFER

Using the New Symbol

1. Wire up the newly placed buffer part to the source, load and supply voltages
2. Add a current probe to pin 1 of CAP1

If your pin numbers are not graphically displayed, you can hover your mouse over them and a
tech tip will pop up letting you know what the number is. If you want to use a capacitor that
displays the pin number graphically, use the C part from the ANALOG_P.olb library.

PARAMETERS:
Cval =1n

U1
1 3 VDD
> IN VDD Vg5
ouT VSS [
VA BUFFER
S s
1k
VDD VSS
2
1 L V2 N
?0 = CAP2 +15V—— -15V——
{Cval} -T -T
F— '
"0 —_ —_
0 0

3. Verify the simulation profile runs for 5us

4. In the simulation profile, under the Configuration Files tab and with Library selected in
the Category section, add Buffer2.1ib to the design.

This tells the simulator where to find the PSpice library intelligence for the buffer subcircuit part
Ul
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Simulation Settings - trans

General Category: Filename:
Analysis Stimulus Browses
) ) Library Configured Files ® + ra
Configuration Files include
Options @ ‘vurter2iib Add 25 Global
nom.lip*
Data Collection + Update Index L Add to Design
Probe Window Add to Profile
Edit
Change
Library Path
"ChCadence’\SPE_17.4\tocls\PSpice\Library” Browse...
oK Cancel Apply Help

5. Click OK to close the simulation profile dialog.

6. Run the analysis and examine the result in the Probe window. It should look like the
results seen in Transient chapter, which are reproduced in the following graphic.

200un
100un
AN
NN
N
on
-100uAn
0s 1.0us 2.0us 3.0us 4.0us 5.0us
O & ¥ 4 & + A Y t ... I(CAPZ2}

Time

With this, we were able to show how to turn a section of circuitry into a reusable circuit block
that can be used and placed as an individual component that represents all the underlying
technology.
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Appx | Lab 3: Creating a Part from Scratch

Lab Objectives

e Create a new four pin part from scratch for our buffer circuit

e Configure libraries

Creating a New Library File

To complete the steps that follow, continue using the Buf fer3 project you created in the
previous lesson.

1. From the Project Manager window select the File > New > Library menu commands to
create a new library file.

The new library named .\libraryl.olb is listed within the Project Manager window as shown in
the graphic that follows.

buffer3.opj - X

Analog or Mixed A/D

[ File h Higrarchy
B[] Design Resources

l: buffer3.dsn

=[] SCHEMATICT

5] Library
-] Aibrary1.olb

...... 1 Outputs
+|=‘__| PSpice Resources

2. Highlight .\1ibraryl.olb and click your right mouse button.
3. Select Save As from the pop up menu.

4. Name the librarybuffer custom.olb and save itin the training directory.
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B savens X
Savein: | Pspice Essentials w | @ 5 il
* MName - Date modified Ty ™
) abm_ver-PSpiceFiles 2/18/2020 9:26 AM Fil
SRR buffer3-PSpiceFiles 2/20/2020 4:05 PM Fil
buffer-PSpiceFiles 2/18/2020 10:31 AM Fil
- buvk_converter-PSpiceFiles 2/17/2020 1:27 PM Fil
Desktop history 2/20/2020 2:43 PM Fil
- magne-PSpiceFiles 2/13/2020 3:47 PM Fil
™ my_diode_test-PSpiceFiles 2/18/2020 10:47 AM Fil
Libraries pressure-PSpiceFiles 2/13/2020 4:39 PM Fil
tebyhanna_pspice-PSpiceFiles 2/472020 8:50 AM Fil
[:; tobyhanna?_pspice-PSpiceFiles 2/4/720209:34 AM Fil
This PC Zener-PSpiceFiles 2/18/2020 10:38 AM Fil
B eurFER2.0LE 2/20/2020 4:07 PM 0l
B LiBRARY1.0LB 2/20/2020 4:23 PM ol
Metwork ¢ ’
File name: | w | I Save
Save astype: Capture Library (".alb) ~ Cancel

Version 17.4

5. Highlight buffer custom.olb and click your right mouse button. Select New Part
from the pop-up menu.

6. Name the new partbuffer better and configure the properties as shown in the
picture below.

Mew Part Properties

Mame: butfer_hetter

Part Reference Prefix: U

PCE Footprint:
Create Convert View
Multiple-Part Package

Parts per Pka: 1
Package Type

# Homogeneous

Heterogeneous

Part Numbering
# Alphabetic

MNumeric

oK

Cancel

Part Aliases...

Attach Implementation...

Help

| Fin Number Visible

CAEMA_TRAINING\PSPICE ESSENTIALSABUFFER_CUSTOM.OLE

7. Click the Attach Implementation button and configure the resulting dialog as seen in
the following picture.
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x
Attach Implementation
Implementation Type

PSpice Model
Cancel

Implementation

bufferz

Help

Implementation Path

This tells the symbol that it is going to be associated with an existing PSpice Model named
buffer which we made a default symbol for in the last lab.

8. Click OK to accept the settings and OK again to open the part editor.

Drawing the Graphics

1. Choose Place > Line or the toolbar button ™ to draw the body of the part. The width
and length of the part is six grid spaces.

o
2. Click the Place Pin toolbar icon. +

The Place Pin dialog box opens.

3. Define pin number 1 with the name IN and defined as an Input pin, as shown in the
graphic that follows.

» Pin Properties

MName: IN

Number: 1

Shape: Short

Type: Input

Width: Scalar

Pin Visible ] User Properties..

» Additional Options
Pin# Increment for Next Pin 1

Pin# Increment for Mext Section

oK Cance Help

4. Place four pins in total around the body
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e Define pin number 1 as a short input pin, named IN (as detailed above)
e Define pin number 2 as a short output pin named OUT

e Define pin number 3 as a zero length power pin named V+ (make Pin Visible)

» Pin Properties

Mame: W

Mumber: 3

Shape: Zero Length

Type: Power -
Width: Scalar

Pin Visible v User Properties...

» Additional Options

Pin# Increment for Mext Pin

Pin# Increment for Next Secticn

oK Cance Help

e Define pin number 4 as a zero length power pin named V- (make Pin Visible)

If mistakes are made, you may modify a pin definition by double clicking the pin and changing
the values in the Pin Properties dialog box or RMB on a blank section and Edit pins to edit all
pins on the part.

<Value>

5. Draw a Polyline () and make a right pointing triangle

Hold down the <SHIFT> key when making a corner to allow the next line to be drawn at any
angle (instead of a forced 90-degree angle)

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 14-16



Version 17.4 PSpice Essentials 17.4

<Value>

To draw the vertical lines from the power pin to the edge of the triangle, we’ll need to carefully
turn the snap to grid off.

6. Start the vertical line () from the top boundary edge at the V+ pin location

Since you can’t make a nice clean graphical connection at the top edge of the graphic due to
the grid snapping, we need to turn the grid off while in this mode.

7. Move the mouse up and toggle off the snap to grid feature. H

8. Finish drawing the vertical line by making the connection

)

9. Turn the Snap to Grid back on ( ﬁk)

10. Repeat for the bottom vertical line by starting at the bottom pin with the snap to grid
on, turning the snap to grid off mid-way, finishing the connection and turning the snap
to grid back on

11. Make sure the snap to grid feature is back on =
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If you want the Voltage Pins and Names to not be rotated, you can turn their rotation off by
going to the Property sheet on the right of the screen, then go to the Part Properties section
and uncheck the Pin Names check box. You can also press “R” on the keyboard to rotate names.

The result:

April 2020

«» Package Properties
Part Mumbering
Package Type
PCB Fooctprint
Part Reference Prefix
Section Count

Part Aliases

Add Convert View

w Part Properties
suffix
Implementation Path
Implementation
Implementation Type
Value
Pin Name Visible
Pin Number Visible
Pin Name Raotate

o

« Basic Attribute
MName
Rotation
Location
Font
Caler
Font Size
Bold
Italic

Justification

MNumeric

Homogeneous

yeays fpadoiy

U =

1 Apply

Update

MNormal

&

& & 5 &

buffer2

pice Model

V+

g
(X:22,Y:16)
Arial

Default

<Value>
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Editing the Properties

1. Onthe right of the screen expand Property Sheet to open the Properties dialog.

(&)
W

12ays Auadoig

2. Click the New button to bring up the New Property dialog.

A Loav, v

» Part Properties

suffix Normal <
Implementation Path a [&]
Implementation buffer2 <8
Implementation Type PSpice Model L
Value =]
Fin Mame Visible o
Fin Mumber Visible o
Pin Mame Rotate L
= A
r_ysi{ Attribute _ gpaet® . o -

3. Type PSpiceTemplate in the Name field
Note that there is no space between PSpice and Template.

4. Type the following text in the Value field. Note that there are spaces before and after
each of the pin references. Then click the check mark.

X*@REFDES %IN %0UT $V+ %V- @MODEL

PSpiceTemplate  ~[ %V+ %V- @MODEL] ¢ X

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 14-19



PSpice Essentials 17.4 Version 17.4

This specifies the order in which the pins will be netlisted — this order needs to correspond with
the buffer library file that we generated in the previous lesson exercise.

You can also click Associate Pspice Model at the bottom of the Property Sheet.

5. Save and Close the library file.

Using the Part in a Design

1. Go backtothe open buffer3.op] design and replace the buffer block with your
buffer better

PARAMETERS:
Cval =1n

V1 V="buffer_better § R5
@ :

S

vs
1 = CAP2
?0 {Cval}
L ove L ovs __\ ‘
+OV= V= =
= =5

2. Run the simulation (PSpice > Run, ® icon or F11 key) which is a transient run to 5us

3. Examine the results in the Probe window.
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200us
100uA =
NN
N
[+
-100un
0s 1.0us 2.0us 3.0us 4.0us 5.0us
o e ¥ o+ A Y ¢ =a=. L{CAPZ}

Time

What we did was make a custom graphic for our PSpice subcircuit to make hooking it up and
understanding what it does on the schematic a little easier. The results as we can see are
unchanged.

Additional Exercise

Take a look at the 3 PSpice properties for the R part in the Analog library, what are they?

e |Implementation =

e Implementation Type =

e PSpiceTemplate = you don’t need to write it all out

How can this be a PSpice part and have no values for Implementation and Implementation
Type? The secret is in the PSpiceTemplate, pasted here:

RM"Q@REFDES %1 %2 ?TOLERANCE |R"@REFDES| @VALUE
TC=@TCl,@TC2 ?TOLERANCE|\n.model R"@REFDES RES R=1
DEV=Q@TOLERANCE% TC1=Q@TCl TCZ2=@TC2|

Study that PSpiceTemplate for a bit to see if you can understand it at all given what you’ve
learned about how they work

Here’s an example netlist containing a resistor that has no tolerance defined and one that does.

Resistor without tolerance property

R_R1 IN OUT 1k TC=0,0
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Resistor with tolerance property

R Rl IN OUT R Rl 1k TC=0,0
.model R R1 RES R=1 DEV=5% TC1=0 TC2=0

You can see how the PSpiceTemplate was sneaky and made a complete underlying model in the
netlist based on the existence of a TOLERANCE property (TOLERANCE needs to be defined in a
model). This circumvents the need for an Implementation and Implementation Type property
which would otherwise be needed to link to an externally configured model.
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Appx Il Digital and Mixed Circuit Analysis

How Digital Components Are Modeled

PSpice A/D has a complete listing of primitive digital parts from which all other digital parts are
built. The primitives include gates (AND, OR, NAND, NOR, etc.), flip-flops (RS, JK, D), buffers, and
inverters. Also included are various Logic, Pin Delay, and I/O devices for use with mixed
analog/digital simulations.

All digital models are built as sub-circuits. However, they are not built from transistor models.
Rather, they are built as event driven models that will only evaluate an output response when
there is a qualified input occurrence. This greatly speeds up simulations over systems that
model digital devices at the transistor level since each digital event in the simulator occurs
much less frequently than an analog time step evaluation. Numerous analog time steps must
occur before a digital input node has a qualified threshold crossing to affect a digital event
change.

Each digital part is modeled with its core function calling an individual “timing model” and a
relevant “I/O model”. The timing model is unique to each device type and determines output
switching times, propagation delays, and input requirements such as setup and hold. The I/O
model is specific to each “family” of digital devices and is based on the underlying technology
characteristics to determine interface loading characteristics, drive strength, and power supply
specifics.

Placing Digital Parts

Placing a digital part on a schematic is done exactly the same way that an analog symbol is
placed. Select the Place > PSpice Component... command and either select from the Digital
sub-menu listing of most common parts, or Search for a specific part name or type using the
search function. Of course, you will need to configure the appropriate digital model libraries for
simulation (more on that later).

Buses and Bus Entries

Buses can be used to carry like named signals across a page, between pages, and even between
levels of hierarchy. All buses must be named appropriately, and each wire making up the bus
must be named as well. Connectivity within the bus is maintained by the name mechanism, not
through the graphical connections.
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Unlike electrical wires in PSpice A/D, buses carry no electrical information. System connectivity
is passed through buses by the name assigned to the bus. In the below graphic for example, the
bus is named Q[0-3]. This indicates that the bus name is Q and it is four bits wide. The name
could also have been given as Q[0:3]. Either naming convention is valid.

Qo
Q1
Q2
Q3

Bus Name

o

Bus Entry

Note that the bits are enclosed in square brackets, not parentheses, and each wire has a “bus
entry” symbol indicating bus membership. The net aliases given to the wires associated with
the bus will be QO0, Q1, Q2, and Q3. It is not necessary to use square brackets when naming
individual wires.

Wiring Digital Parts

Digital symbols have slightly different rules governing their connectivity. With analog parts,
every pin must be connected before simulation is enabled. Digital parts, however, may have
their output pins unconnected and still simulate successfully. If you want to leave a digital pin
unconnected or indicate that you intentionally left a digital pin unconnected, then you may
connect it to the No Connect symbol. Place a No Connect by using the Place > NoConnect menu

command or by using the No Connect toolbar icon (I x).

Digital Power and Ground

All TTL family symbols are automatically connected to global digital power and global digital
ground nodes (SG_DPWR and SG_DGND), through invisible pins on the symbol. ECL devices
have invisible power and ground nodes to accommodate VDD, VTT, VCC1, and VCC2. CD4000
devices have invisible pins for VDD and VSS. For any of these devices, you will not need to wire
them to power and ground if using standard supply power.
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Tying a Digital Pin Hl or LO

There are special symbols for tying a digital input Hl or LO. Instead of using a ground or voltage
source, use the $D_HI or $D_LO symbol. These symbols will tie the nodes connected to them to
the global digital signals SD_H/ or SD_LO. These symbols are in the standard source.olb
symbol library.

Access these symbols through the Place > Power menu command or by using the Place Power

Vsa
toolbaricon (T ).

Pullups and Pulldowns

If you need to ‘pull’ digital output pins high or low, use any of the PULLUP or PULLDOWN
symbols (suppliedin dig misc.olb) instead of tying the pin through a resistor to power or
ground. This avoids having the program insert unnecessary A/D interfaces.

To quickly access these part symbols, use the Place > PSpice Component... menu command, and
execute a Search for Pullup or Pulldown. You'll see that there are several symbols with
predefined resistor values as well as generic ones. For any of the pullups or pulldowns you can
set the resistance value by double-clicking on the value and changing it as you would for a
regular resistor.

Setting up Digital Simulations

As stated earlier, digital simulation is event driven and is therefore restricted to transient
simulations only. To execute a digital simulation, set up a transient analysis just as you did when
simulating an analog circuit.

In addition to setting up the transient, you may need to set up some digital simulation options
such as flip-flop initialization, timing, or I/0O modeling settings. Access the digital simulation
options in the Simulation Profile dialog by clicking on the Options tab. In the Category field
select Gate-level Simulation.

Timing Mode DIGMNTYMX Typical
Initialize all flip-flops DIGINITSTATE X
Default 1/0 level DIGIOLVL 1
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- . it x
Simulation Settings - trans

General

Analog Simulation MName Walue Default Value
Analysis General DIGMMTYMX Typical Typical
Conv MNOPREMSG
Configuration Files Auto Converge i .
DIGINITSTATE X X
MOSFET Option
Options DIGIOLVL 1 1

Analog Advanced
Data Collection Ceneral
Probe Window Bias Paint
Transient
Gate Level Simulation
General
Advanced
Output File

General

oK Cancel Apply Reset Help

Generally, the only item you will need to change in this dialog is in Initialize all flip-flops to:
field where you can initialize all flip-flops to known state. The PSpice simulator uses ideal
mathematical models for devices and assumes no noise is present. If you were to connect a flip-
flop on a testbench, there would be enough noise in the circuit to set the flip-flop to a stable
state (0 or 1). Flip-flop states at the beginning of a digital simulation is unknown by default
since the simulator has no way of knowing what state you expect the devices to start in.
Devices such as counters and shift-registers are modeled using flip-flops, so you may need to
set this option even if you do not see any flip-flops in your design.

Viewing Digital Results

Digital traces are displayed in Probe similar to analog traces. Markers can be used on the
Capture canvas (Voltage Marker) to automatically display the logic output in Probe, just like
analog voltage markers. You can also add the digital traces after Probe has started by selecting

e

the Trace > Add Trace menu command, or by clicking on the Add Trace toolbar icon ( - ).

All digital traces in Probe are displayed at the top of the Probe plot, and have a state rather
than a voltage level. Probe can display High, Low, Rising, Falling, Unknown, and Tristate. High
and Low states are drawn in green as a single line. Rising and falling are drawn in yellow with a
double line in the middle. Unknown is drawn as double red lines. Tristate is drawn as triple
blue lines.

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 4



Version 17.4 PSpice Essentials 17.4

Buses

Buses can also be displayed in Probe and are drawn as double green lines with the bus value
shown between the lines. Their values can be displayed in binary, octal, decimal, or hex format.
Individual digital signals can be combined in Probe to be displayed as a bus. Bus format is:

{digital signals list};display name;radix
or

{bus prefix[msb:1sb]};display name;radix
Example:

{02 01 Q0};MyBus; O or {Q2,01,00};MyBus;O

The line above specifies a 3-bit bus whose high order bit is the digital value at node Q2. On the
Probe plot, Probe names the bus signal MyBus and values appear in octal notation. See the
Probe Help for more detailed information on bus syntax.

Transient Sources

The sources used for a transient analysis are the same as those available in the Stimulus Editor.
For an analog source: Piece-wise Linear, Sinusoidal, Pulse, SFFM, and exponential. Digital
sources are: digital clock, signals, and busses. All of these sources can be generated using the
Stimulus Editor sources.

There are source symbols in the source library for transient analysis that do not use the
Stimulus Editor: Vsin, VSFFM, Vpulse, Vexp, and VPWL. Each of these sources simply have the
necessary properties on them to generate the desired stimulus.

Stimulus Editor

These stimuli are stored in an ASCII file and are not a part of the design file. Instead, the file can
be configured in the design so that it is read at the time of simulation. This is especially useful
when a group of engineers are working on a project that share common stimuli such as clocks,
reset signals, and other control signals.
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Vstim, Istim, Digstim Symbols

From OrCAD Capture you can use the three stimulus symbols to access the Stimulus Editor
(StmEd). The type of symbol you choose will vary with the type of stimulus you wish to create.

There are three special symbols for use with the Stimulus Editor:
1. Vstim--StmEd voltage sources
2. Istim--StmEd current sources.
3. Digstim--StmEd digital sources

These three stimulus sources are located in the library Sourcstm. olb which is located in the
PSpice directory with other PSpice A/D part libraries.

It is important to use the correct stimulus symbol since the resulting netlist format for each
symbol is different. For example, if you try to use the digstim symbol for an analog stimulus,
you will get an error during simulation.

Defining a Stimulus

After you place a StmEd symbol, such as VSTIM from the SOURCSTM PSpice library, the
stimulus is defined through the value assigned to the Implementation property. This property
links a part or symbol to a simulation model, a schematic file, or in this case, the stimulus
definition.

In the graphic above, the VSTIM symbol points to the analog stimulus named sin_60hz.

To Define a Stimulus:

1. From the schematic, double click the text Implementation included with the symbol.

The Display Properties dialog box opens.
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x
Display Properties

Font

Mame: Implementation ) :
E Arial 7 (defaul)

Value:  <Implementation:

Change...
Display Format
Color
Do Mot Display
Value Only _ 7
® MName and Value Hotation
Mame Cnly n an

. U
Both if Value Exists
Value if Value Exists

50 270
Text Justification

Drefault

Cancel Help

2. Type text to define the value field.

As you type in a name value, remember, case is not important. Blank spaces are not permitted
in name or value assighments.

3. To minimize visible text on the schematic page, double click the name value. Then
choose the Value Only setting in the Display Properties dialog box.

This change is a cosmetic change that does not impact the simulation.

Accessing the Stimulus Editor

The Stimulus Editor creates transient analog and digital transient sources. The steps that follow
explain how to access the Stimulus Editor from OrCAD Capture.

1. Select a stimulus source.
The symbol is highlighted.

2. Select the Edit > PSpice Stimulus menu or click your right mouse button to display the
pop up menu. Then select Edit PSpice Stimulus.

The following dialog box opens.
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3. Specify the desired type of stimulus and click the OK button.

MNew Stimulus X

MName: |SIN_BDH2

Analog
{* EXP (exponential)

" PULSE

" PWL [piecewise lingar]

" SFFM [single-frequency FM]
" SIN (sinusoidal)

Digital
" Clock
" Signal

" Bus Width: |

Iritial Value: | ~|

0K I Cancel |

Version 17.4

A dialog box that has options that corresponds to your selection opens. The graphic that follows

is the dialog box that opens when you choose the EXP (exponential) option.

EXP Attributes *

Mame: SIN_E0Hz

Initial valee ||

Peak value [7

Rize [fall] delay [sec) h

Rise (fall) time constant [sec) ﬁ
Fall [nse] delay [sec) li

Fall [rise) ime constant [sec) ﬁ

oK | Cancel | Apply ‘

Creating and Editing Additional Stimuli

Once you are working in the Stimulus Editor you can add as many stimuli as you want by

choosing Stimulus > New.
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You can also edit an existing stimulus. If the stimulus is displayed you can double-click on it to
make it the active stimulus and then proceed to change its attributes, add and remove points,
or make any other changes that you want. When you save the file, you will save the changes
made to the stimulus.

Configuring the Display

It is possible to edit display parameters of the StmEd to either facilitate trace editing or alter
visibility properties. For instance, if you are creating a Piece-wise linear (PWL) stimulus that
moves in .5V increments at 10ms intervals, it is very helpful to set the display to have a
minimum resolution of .5V and 10ms. This makes it very easy to place new points since the
cursor will snap to grid at those intervals. You can access the axis settings dialog as shown in the
graphic on the following page by choosing Plot > Axis Settings or by clicking on the appropriate

toolbar button.

HAxis Settings Pt

Displayed Data Range %

Time Os to 13s
Y Ais: 1 to |2

E stent of the Scroling Region

(¢ Auto Range " User Defined
X Awis: 0 to |57

YAds  [100m  to |23

Minirmum Resolution

¥ Awis: |1ns Y hxiz |Tn
oKk | Cancel |

Changing Colors in the Stimulus Editor

Your colors in the Stimulus Editor will likely be black background and green trace color. If you
would like to change the default colors, save your file, close Stimulus Editor, open the pspice.ini
file (C:\Apps\SPB_17.4\tools\pspice) and modify the colors in this section:

[Stimulus Editor DISPLAY COLORS]
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NUMTRACECOLORS=6
BACKGROUND=BRIGHTWHITE
FOREGROUND=BLACK

TRACE 1=BLUE

Re-Open the Stimulus Editor and the new colors should be present

Correcting Mistakes

If you have made any placement errors, click on the vertex using the arrow cursor and then
drag it to the correct location.

1
1

1
T
1

1

]

1

1

1

1

1

1

1

1

1

1

1

1

1

1
-

There are several ways to correct mistakes made when creating a PWL stimulus. You can move
points, delete points, and add points (or vertices).

To Move a Point

1. Click on the desired vertex to select it. It will turn red to show that it is selected.
2. Click and drag the point to the new location.

The new location is constrained by the points to either side of it as well as the minimum
resolution of the X and Y axes.

To Delete a Point

1. Click on the vertex to select it.

2. Press <Delete> to remove it.
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To Add a Point

1. Click on the Add New Point toolbar button or select the stimulus name and select Edit >

Add. JT|£|-

2. Using the Pencil %}, click to add new points.
New vertices are constrained by the minimum X and Y resolution set.

3. Right-click to end placement mode.

Configuring Stimulus Files

A stimulus library is a file that contains one or more stimulus definitions. You might have a
library of sine waves, PWL sources, or all the clock and control signals for your current project.
Stimulus libraries are configured in the simulation profile dialog under the Configuration Files
tab. Cadence does not ship any stimulus libraries with PSpice A/D, but you can create your own
as needed.

As with model libraries, you can configure stimulus libraries locally to a profile, locally to a
design, or globally. Local libraries are visible to only the current design. Global libraries are
visible to every design opened or created on your system.

When you create a stimulus and save the file, it is automatically configured as a local library in
your simulation profile. The library will have the same base name as the profile that was
current when you accessed the Stimulus Editor but will have the .stl (stimulus library)
extension. You can make the library global by selecting it in the simulation profile and clicking
the Add as Global button.

Review of Adding a Stimulus

There are three things to keep in mind when using a stimulus from the Stimulus Editor:

1. Astimulus is stored in a stimulus library file, just as a simulation model is stored in a
model library file. The name of the library is usually based on the name of the profile in
which it was created but contains one or more stimuli with their own unique names that
are usually not the same as the library name. For example, a stimulus library named
clipper.stl might contain stimuli named Clock, Reset, 60Hz_sine, and Pulse_5mHz.
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2. The stimulus library must be configured in the simulation profile under the
Configuration Files tab so that it is visible to PSpice A/D during simulation. When PSpice
A/D encounters a Stimulus Editor source in a design it will look through all of the
configured stimulus libraries for a stimulus with the name listed in the symbol’s
implementation property.

3. You must use one of the Stimulus Editor symbols in the design in order to link to the
stimulus definition. The implementation property on the symbol will be set to the name
of the stimulus that you want to reference.

Mixed Simulation

Entering a schematic with both analog and digital devices is no different than entering a design
of analog only or digital only components. All parts and symbols are placed on the design and
wired together with wires or buses. The simulation is set up once for the entire design. If there
are flip-flops in use, you will also need to set up the flip-flop initialization.

Viewing the Results in the Probe Window

The Probe display will be slightly different when running a mixed-signal simulation, split into
analog and digital sections. The digital section will always be at the top of the screen while the
analog signals will be at the lower portion. You can set the relative size of the digital display by
selecting Plot > Digital Size... menu command, and then enter a percentage of the screen that
the digital section may use. You can also drag the bottom border of the digital section to re-size
it.

Both the analog and digital traces share a common time axis. During simulation all analog
voltages and currents and all digital states are calculated at each time step. There is no separate
analog or digital simulation when running a mixed signal design.
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Appx Il, Lab 1 Creating Digital Stimulus

Lab Objectives

e Create a digital stimulus for use in a digital design

Creating the Stimulus

1. Start a new project in Capture, name it MixedSignal

2. Inthe newly created schematic page, place a DigStim1 part to create access to the
Stimulus Editor

e Select Place > PSpice Component... > Search
e Enter DigStim1 in the Search Field and select the <Return> key

e Inthe Results area, select the DigStim1 (at the top of the list), then double-click
on the entry to attach to the cursor and place one instance in the schematic

page

DSTM1

STne>—o

Implementation =

e Select DSTM1, and then with a RMB, select Edit PSpice Stimulus. You will then be
taken to the Stimulus Editor where you can define your digital stimulus for this
design

3. Inthe New Stimulus panel, enter Convert for the name, and select the Clock radio
button to create a digital clock type and select OK
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4. In the next panel, enter 10k for the clock frequency and select OK

MNew Stimulus

Name: |convert

Analog

" EXP [exponential)

" PULSE

" PWL [piecewise lingar]

" SFFM [single-frequency FM]
" SIN (sinusoidal)

Digital

{* Clock

 Signal

" Bus Width: |

Iritial Value: | ~|

0K I Cancel |

Clock Attributes *
Mame: convert
Specify by:

* Frequency and duty cycle
" Period and on time

Frequency [Hz) |'| OKHz
Duty cycle |I]5—

Initial value IE
Time delay (sec) ||]—

OK I Cancel I Apply |

Version 17.4

This is what we will be using to stimulate our digital design. The Stimulus Editor will then draw

the clock

5. Select File > Save, or select Save icon from the toolbar (). You will be prompted to
“update” Capture schematic. Select Yes to update the Implementation field for DSTM1
(points the part to the waveform name you just created), and will add the stimulus file
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to the simulation profile (once you create it) so PSpice can find the proper referenced
stimulus

DSTM1

Implementation = Convert

6. You can either exit the Stimulus Editor or minimize the window for later use if desired

Verifying Stimulus operation

1. Back in the schematic page, place a Voltage Probe on the output of DSTM1

If desired, you can edit the displayed Implementation property of DSTM1 and select to just
display the Value to clean up the schematic a bit.

>
DSTM1 /
|S1E

Convert

2. Create a simulation profile named Trans for a transient simulation to run for 10ms

3. Select the Configuration Files tab to see that the project has automatically configured
the stimulus file you just created

PSpice MUST know where to find the stimulus files containing the user defined stimulus for a
simulation.

x
Simulation Settings - trans
General Category: Filename:

Analysis Stimulus Browse...

Y . Library Configured Files P% + ra
Configuration Files Include

Options @ '\Mi,\'edSignal-PSp\r.eFi\es\I\.-IIXEDS\GNA@ Add 2¢ Glabal

Data Collection

Add to Design
Probe Window Add to Profile
Edit

Change

QK Cancel Apply Help
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4. Execute the simulation and observe that the stimulus is generating a 10KHz clock

STM1:0UT | AR A UL A T UL L AL AL A AL A

Os 2ms idms 6ms 8ms 10ms
Time

Notice the display configuration has no vertical axis. In purely digital designs, Probe will display
digital signals with only state change information in the vertical axis.
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Appx Il Lab 2 Creating an ADC (mixed signal) design

Lab Objectives

e Create an A-D converter design
e Use the stimulus generated from lab 1 to drive an ADC
e Configure and run a mixed signal simulation

e Examine the results in Probe

Creating the Circuit

U1

~ ! IN DB7 —112

DSTM1 / 2 DB6 [4

1> CNVRIB5 |3

Vi Convert __ STATUS 3 | STATBEg :H

32&5?3 1 n‘) —QUERFION A | OVEFgE? jgo
FRAFCCJ::1OO 5| er @ 0
s v ADC8break 1

=0 2v =

=0

R

1. Using the DSTM1 created in the last lab, add on to the circuit as above using the
ADC8break part (Place > PSpice Component... > Digital > ADC > 8bit). This is an A-D
converter with an 8-bit output (one of the digital primitives available). Pin descriptions
are:

e IN—Analoginput

e CNVR - Convert control. A high on this pin will trigger a conversion and present
data on the outputs

e STAT - Output to indicate device status. Delay control is available

e OVER - Output to indicate out-of-range situations for either below AGND pin or
above REF pin. Delay control is available

e REF —Reference voltage input for comparing voltage at the IN pin. As voltage at
this pin approach IN pin, the output approaches max value

e AGND — Analog reference pin (device ground reference)
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e DBO0-DB7 — Digital output. Will present 8-bit digital value equally distributed
between REF and AGND analog values. Delay control is available

2. Place the net aliases as shown for easy signal identification in Probe. Values for the
stimulus devices are:

e V1 -Sine wave source, 100Hz @ 1V amplitude, with 1V of DC offset
e V2 -DC voltage source of 2V for reference (allows inputs signals of 0-2V)
e DSTM1 — Stimulus file created in the last lab

Executing the Simulation

WEe’ll use the same transient simulation profile as was used to test our stimulus file results
(Transient simulation to 10ms).

1. Open the simulation profile for editing

2. Select the Options tab, and the Gate-level Simulation category to initialize the flip-flops
in the device to “0” for the start of the simulation

Timing Mode DIGMNTYMX Typical
Initialize all flip-flops DIGINITSTATE 0
Default /0O level DIGIOLVL 1

- L X
Simulation Settings - tran

General Analog Simulation Mame Default Value
Analysis General DIGMNTYMX
Comw MNOPREMSG
Configuration Files Auto Converge —_—
- . DIGINITSTATE
MOSFET Option ;
Options DIGIoLVL
Analog Advanced
Data Collection et
Probe Window Bias Point
Transient
Gate Level Simulation
General
Advanced
QOutput File
General
QK Help
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3. Select the OK button to close the profile

4. Place voltage probes on the circuit as indicated below:

U1

2 1 6
DSTMI / N B
2 DB6 [t4
s> CNVRBS5
STATUS 3 DB4
Vi Convert STATDB3 [y
VOFF =1 ) OVERFLOW 4 DB2
VAMPL = 1\ s s OVEREB!
F3§?¥_100 . Rer &
ADC8break ,
e Rz
= Vv =
0 E
;{_ h
-0

5. Save the file

6. Run the simulation (PSpice > Run, or @ icon in toolbar, or F11 key)

Viewing the Results in the Probe Window

1. When the simulation finishes, you should see 1 cycle of the analog waveform in the
Probe window

STM1:0UT MWMMMWMMMMMWWMMMMWWMM
STATUS A AR RN WA R RERn A VLB LTIV ELILL LU LI L

OVERFLOW | 1

T TN

1.0V4!/’

ov

Os 2ms ams ems 8ms 10ms
o V(Ul:IN)
Time

2. Select Add Trace toolbar icon (.)
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3. To clean up the large list, uncheck the Alias Names checkbox in the middle of the
window

Add Traces

Simulation Output Variables

Analog
Digtal
Voltages
Cuments

Power
U1:DBO
U1:DE1
ui:DB2

Aliaz Mames

22 variables listed

Full List

Trace Expression: QK Cancel Help

4. Inthe Add Trace panel, select U1:DB7, U1:DB6, U1:DB5, U1:DB4, U1:DB3, U1:DB2,
U1:DB1, U1:DBO from the list to put each individual output signal in the display, and
select OK

5. You should see something like the display pictured below. We can see that with every
rising edge of our stimulus feeding the Convert pin, the ADC outputs are presenting new
data. Notice that once the input signal begins to equal or exceed the reference voltage
(2v in this case), the output reaches 255 and the Overflow node goes high
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STATUS
OVERFLOW
Ul:DB7
Ul:DB6
Ul:DB5
Ul:DRB4
Ul:DRB3
Ul:DB2
Ul:DB1
Ul:DBO

2.0v

Os 2ms dms bms 8ms 10ms
o V(Ul:IN})

Time

We can verify that the circuit is working as expected with this display, but there is a better way
of looking at the results. Instead of looking at individual bits of our outputs, we can look at the
outputs as a decimal bus.

6. Click the Add Trace toolbar icon (.)

7. Inthe Trace Expression field, enter an open curly brace ‘{’, then sequentially select the
output bits from the list of available nodes (U1:DB7 through U1:DBO0, in that order),
followed by the closing curly brace. Then add the remaining bus name and radix
separated by semi-colons. The Trace expression field should look like this when
complete:

April 2020 EMA Design Automation Inc ® © 2020 All Rights Reserved 21



PSpice Essentials 17.4 Version 17.4

Trace Expreszion: :DBY U1:DBE U1:DB5 U1:DE4 UT:DE3 UT:DEZ UT:DET UN:DBO}MyBusD k.

{ U1l:DB7 U1:DB6 Ul:DB5 Ul:DB4 Ul:DB3 Ul:DB2 Ul:DB1l
Ul:DBO} ;MyBus ;D

Enclosing the signal names in curly braces tells Probe that this is a bus definition. MyBus will be
the displayed name for the bus, and the “D” at the end specifies the display format, which is
decimal (base 10). Alternatively, you can use ‘H’ for hexadecimal (base 16), ‘B’ for binary (base
2) and ‘O’ for octal (base 8). Note the radix is NOT case sensitive.

8. Select OK to display the bus.

9. Click on the Zoom In toolbar icon ( ) to increase the resolution
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The bus is added at the bottom of the display. You can compare the bus values with the
individual traces above. If you see a bus value of “*”, this means that the bus segment is not
wide enough to display the value. Note: Since this is a ‘primitive’ digital device, there are no
flip-flops that are contained within sub-circuit to actually initialize in the design, therefore,
there is a period of time from the T=0 to the first rising edge on the Convert pin where the
outputs are unknown.
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Appx Il Lab 3: Adding a Bus to our ADC design

Lab Objectives

e Add a bus to our design

e Run the simulation and observe bus in Probe

Placing the Bus

1. Using the Design made in the previous lab, select the Place Bus toolbar icon ( 1 1), and
draw a bus as seen in the schematic below. You can make angled lines on the bus by

holding the SHIFT key as you click a corner on it
ADOUTI[7..0
\%

- U1
1 oy 118 ADOUT?
15 ADOUT6
Dl%\ / 2 DB6 [Z ADOUT5
CNVFE)TE;’; 13 ADOUT4
STATUS 3 2 ADOUT3
Vi Convert STATDB3 [T _ADOUT2
VOFF =1 (A OVERFLOW 4 DB2 ™10 ADOUT1
VAMPL = 1 < OVEREB1 I ADOUTO
= 5
FRAECQ= 100 REF &
<
ADC8break
e N7
= N =
0 K
I °
=0

2. Label the bus ADout[7:0]

Connecting the Bus

1. Connect the DBx outputs of U1 to the bus. Use the Place > Bus Entry (E) command or
use the Place Bus Entry icon (4) from the toolbar to get the angled lines into the bus

2. Label the wires ADout0 through ADout7 from bottom to top in the same order as shown
above
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Hint: You can use the auto-incrementing feature to speed up the process

3. Place a Voltage Marker on the bus

Running the Simulation

1. Run the simulation (PSpice > Run, @ icon or F11 key)

2. Zoom in so that you can see the values for the bus. The default radix is hex

DSTM1 : OUT L
STATUS

OVERFLOW

{ADOUT [7:0]} X 6 Bic 54 ) X! B

3. Double-click the name of the bus

4. Change the Trace Expression to read {ADOUT[7:0]};MyBus;d. The bus name has now
changed to MyBus and the values are now displayed in decimal format

DSTM1 : OUT
STATUS
OVERFLOW

MyBus X 132 140 148 136 164 1F1 179 18k
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Appx Il Lab 4: Adding a DAC onto our ADC design

Lab Objectives

e Add a D-A converter on to our ADC design from previous lab
e Simulate the mixed A/D circuit

e View the results in Probe

Adding the DAC part

1. Using the ADC design from the previous lab, add the DAC8break part to the design to re-
generate our original analog sine wave input

ADOUT[7..0
v

S U1 U2
1 16 ADOUT7 ADOUT7 13
DSTM / N DB7 5 ApoUTe ADOUT6 12 | DB7
I§1ﬁ* 2 DB6 [17 ADOUT5 ADOUT5 11 | DB6 R1
CNVRIBS ™73 ADOUT4 ADOUT4 10 | DBS 3
Convert STATUS 3 DB4 17 ADOUT3 ADOUT3 0 | DB4 OUT
Ve STATDB3 17 ADOUT2 ADOUT> 8] DB3 Lok
VOFF =1 OVERFLOW 4 DB2 ™17 ADOUT1 ADOUTI 7 | DB2 4 /
VAMPL = 1 s OVERIB1 Mg ADOUTO ADOUTO __6 | DB1REF
FREQ = 100 5 &0 DBO 3 s
AC = ¢ REF < < v =L
v2 ADC8break o, DACB8break <
.
=0 2v : -‘V
=0 1
Y
-0

e Select Place > PSpice Component... > Digital > DAC > 8bit command to place the
DAC

e Add the extra VDC part as a 2V voltage reference and a load resistor as shown
2. Run the analysis

3. Examine the output in the Probe window
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You can zoom in on the waveform and see the stepping details of the newly created analog
waveform based off of the 8 bits of digital signals sent through the bus.
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Appx Il Lab 5: Optional: Modifying the Digital
Timing Model

Lab Objectives

e Manipulate Digital Timing model to add delays to ADC

Available Timing Parameters

This digital device in this model is just a primitive but it does consist of the same digital model
structure of all other digital parts in PSpice A/D. This optional section illustrates how to alter the
timing model of this ADC8break part.

Below is a chart listing the three main timing parameters available for the ADC8break device,
each having a minimum (MN), typical (TY), and maximum (MX) parameter. By default, all the
timing associated with this part is set to Os which gives immediate response characteristics for
the part (you may have noticed this already).

Model L. . Default
Description Units
Parameter Value

ropagation delay: rising edge of convert
TPCSMN P .p.g v g . & sec 0
to rising edge of status, min

ropagation delay: rising edge of convert
TPCSTY brobag y: rising ede sec 0
to rising edge of status, typ

propagation delay: rising edge of convert
TPCSMX = sec 0]
to rising edge of status, max

propagation delay: data valid to falling
TPDSMN . sec 0]
edge of status, min

ropagation delay: data valid to fallin
TPDSTY propag Y 8 sec 0
edge of status, typ

propagation delay: data valid to falling
TPDSMX sec 0
edge of status, max

ropagation delay: rising edge of status
TpspMN  |Propasation delay:rising edg ! sec 0
to data valid, min

ropagation delay: rising edge of status
TPSDTY propag . y gede sec 0
to data valid, typ

ropagation delay: rising edge of status
Tpspmx | Propasatio y:rising edg sec 0
to data valid, max
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The model parameters listed above are applied to the digital model that controls the behavior
of the ADC8break part used in this lab. Follow the steps below to apply typical timing values to
this model (minimum and maximum values can be applied analogously).

Accessing and modifying the digital model

1. Inthe Capture schematic, select U1 and with a RMB, select the Edit PSpice Model
command. You should see the Model Editor tool open up with the ADC8break part
model opened up and ready for editing (see image below)

¢ o .

File Edit View " ) cadence®
Models List x x -
J;E’T | subckt ADC8Break IN REF GND CNVRT STAT OVR

. DB7 DB¢ DBS5 DB4 DB3 DB2 DB1 DBO
OPTIONAL: DPWR=$G DPWR DGND=S$ G DGND

Timing Model PARAMS: MNTYMXDLY=0 IO LEVEL=0
Instantiation Ul ADC(8) DPWR DGND IN REF GND CNVRT STAT OVR Pus—

K DB7 DB6 DB5> DB4 DB3 DB2 DB1 DBO

t ADC8TIMITO STD
+ MNTYMXDLY={MNTYMXDLY} IO LEVEL-{IO LEVEL} S—

.MODEL ADCB8TIM UADC

Timing Model .ENDS
Description

Primary Model Function: Lists the sub-circuit description for the device, including
connectivity, power supply reference, and parameters.

Timing Medel: Lists the name of the model used for timing

IO Model: List the name of the I/O model used for interfacing

Encrypt PSpice Library

2. The timing information for the part will need to be added to the .MODEL statement.
Add the following text to the end of the .MODEL statement:

TPCSTY=300ns TPDSTY=600ns TPSDTY=400ns

so that the statement now looks like this:
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- PSpice Model Editor

X 0 ls o

File Edit View Model Plot Tools Window Help cadence®

Models List X - -

uT:-r Medile .subckt ADC8Break IN REF GND CNVRT STAT OVR

DB7 DB6 DB5 DB4 DB3 DBZ DBl DBO
OPTIONAL: DPWR=S3G DPWR DGND=5G DGND
PARAMS: MNTYMXDLY=0 IO LEVEL=0
DPWR DGND IN REF GND CNVRT STAT OVR
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
ADCBTIM IO STD
MNTYMXDLY={MNTYMXDLY} TO LEVEL={TO LEVEL}
.MODEL, ADC8TIM UADC(TPCSTY=300ns TPDSTY=600ns TPSDTY=400ns
.ENDS

3. Save the file in the Model Editor to create a local copy of the model library for the digital
part. This will also automatically configure the local model library so that PSpice will use
this library reference instead of the default digital library from which the ADC8break
was originally referenced

Analyzing the Results

1. Re-run the simulation (PSpice > Run, ® icon or F11 key)

2. Zoom in tight so that you can see the delays present between the outputs of the
ADC8break part. You should see something that looks like the below screen shot.

STM1 -0QUT
STATUS
OVERFLOW
MyBus 132 3

‘al
=i

iy
o

1.10V . - - - - - -
i - - ] e ——

1.05Vv

1.00v

0.95v
149.68Bus 150.00us 150.40us 150.80us 151.20us 151.60us
o V(UL:IN} o V{U2:00T)

Time
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3. Try to identify the different delays that you’re seeing and how they correspond to the
waveforms above
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MyBus

1.10v

[Y.

1.05V

l.00WV

Y ___q___i_ F--J-F--F-F-1
I I ___@___._ IS I I

Al
------------------q----l

ﬁ

o

N

-

.{

D.55V
145  G0u= 150.00us 150.40us 150 . 80us= 151.Z0us 151 .60us
o ViTl1:IN)] « W{(DZ:z00T)
Time

Cleaning up the Transitions

There are a number of good ways to clean up the transition spikes that we’re seeing due to the
effect of the timing becoming non-ideal for the ADC. The simplest way would be to add a high
frequency filtering cap on the output and moving the probe to the other side of the resistor:

ADOUT[7..0
A%
U1 U2
= 1 16 ADOUT? ADOUT7 13
Py IN DB7 [15 ADOUT6 ADOUT6 12 | DB7
2 DB6 [1Z ADOUTS ADOUT5 11| DB6 R1
Fl>> CNVRTES [ 75— ADGUTS ADOUTZ 101085 13
STATUS 3 T2 ADOU ADOU 9
vi Convert STATDB3 [T —AboU ADOU 3| DB3 1k
VOFF =1 OVERFLOW 4 DB2 ™10 ADOU ADOU 7| DB2 4 v
VAMPL = 1 OVERB1 |3 ADOUTT ADOUTO 6| DB1 REF
< B0 DBO &
FREQ = 100 51 ceF 9] N c1
AC = e < < N = 10n
ADC8break o, DAC8break B
V2
.
= v =
0 -
~o =
0
~o

This appears to clean things up pretty well.
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If you wanted to engineer something a little more elegant, you sure could but we’ll leave it at
this for the time being.

Additional Example Files

Open and run any of the other MIXSIM projects (OSC.opj, FSK.opJj, DSAD.op]j, or
Motordrv.opj). The path to the MIXSIM projects:

C:\Apps\SPB 17.4\tools\pspice\capture samples\mixsim

You could also open some good PSpice example files on digital modeling in the Help > Learning
PSpice tool and inside the PSpice Application Notes folder (such as Digital Timing Simulation,
Digital Frequency Comparator) or inside the Basic Electronics folder (such as Digital Electronics
and Data Converters)
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Appendix Il Lab 6: Magnetics Part Editor

Creating a Model with the PSpice Magnetic Parts Editor

The Magnetic Parts Editor is a tool that will facilitate the design of magnetic components,
including inductors and transformers. The tool provides templates to reduce manual
calculations of magnetic parameters for choosing the needed core, windings, and insulation
material.

Topologies Supported by Magnetic Parts Editor

The first step in using the Magnetic Parts Editor wizard is to select the type of magnetic
component you wish to build. The following components can be chosen to be designed using
the wizard:

e Power Transformers

e Forward Converters (single and forward switch)

e Flyback Converters (operating in discontinuous conduction mode)

e DC Inductors (single winding operating in continuous conduction mode)

Building a Flyback Converter

4. Launch the Magnetic Parts Editor by Start > All Programs > Cadence PCB Utilities 17.4-
2019 > PSpice Magnetic Parts Editor 17.4

5. Choose File > New from the menus.

6. You should now see the list of support magnetic components. Select Flyback Converter
(Discontinuous Conduction Mode).
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. Magnetic Parts Editor
File View Tools Help

Eed 9 &

Select the magnetic component to be designed. Also, enter the name and the destination location of the
simulation library to be generated.

L ;
!“ | Select component to be designed
Step 1: Component Selection

4 (O Power Transfarmer (Sine and Pulse wave)

vj{ll-_.: (O Forward Converter (Single Switch Toplogy)

:j[ln"; (O Forward Converter (Double Switch Toplogy)

. O DC Inductor (Single Winding )

| <<Back | Newt>> || Cancel || Hep |

7. Click Next. Select only 1 secondary winding with nylon material and the default current
density and output efficiency.
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Specify the values for the transformer design parameters.

Input Specifications

No. of Secondary: | |

Insulation Material ’ NYLON 200 0 V‘

2
Current Density [ 3 }A/mm

Output Specifications

Efficiency 95

o

<< Back Nest >> Cancel Help

5. Click Next and now we specify our desired primary voltage of 50V and secondary voltage
of 10V. Leave the other values as their defaults.

Specify the values of the electrical parameters used in transformer design process.
Primary Winding

Primary Yoltage v
Avg. @ |
Secondary Winding
Avg ‘Winding Name ~ Voltage(V) Current(4)
S0 10 1

Output Specifications
Operating
Frequency 50 1=

Voltage Isolation|{ mm

Input Source Specifications
Waveform:

Pulse
Max Duty Cycle (50 %
<<Back Next >> Cancel Help

6. With our specifications, we can now ask the wizard to propose a magnetic core from the
EE family. Click the dropdown for Material and select the F material. Click Propose Part

and you should see the vendor part 41810-C proposed as the desired magnetic core.
Click Next.
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Enter core specifications. To generate a list of cores that satisfy pour requirements, select the Propose
Part button.

Input Core Specifications

Yendor Name Magnetics ~

Eamily Name EE o

Material F 4%m [20m 16 [250 % v]
Design Parameters

Operating B 367.50000m Tesla Utilization Factor

B— C

Propose Part x r— ] t r_ _.]
Core Properties [

Vendor Part 41810:EC < -7

A FE
Core Volume 82000k mm- Magnetic Path Length [40 10000 mm I +
™M
Cross Section &rea | 4540000 mm? Core Weight 250000 am | ]
b -
4 2
Area Product 1.56000k mm Surface Area 1.08327k mm L_ D
Window Height 11.18000 mm Window Width 4.89000 mm Core_Lx F
Core_Ly c
Core Lx 4.76000 mm Core Ly 9.53000 mm  Window Height 2D
Wirr}dow Width {(B-F}/2
AL Value _ Surfacearea  (AC + 2(DP
i 3k mHA1000 Tums + A(B-D) +2DL) +2BC)
<<Back MNest >> LCancel Help

7. Now we can see the proposed bobbin part B1810-0A for our core. Select Litz for the
winding details and leave the provided PO gauge of 26 and SO gauge of 23 with 3

strands.
Select bobbin part number and winding parameters.
Bobbin Properties
Core Part No. 5 |
Bobbin Part No. B1810-04 v
Window Height 9.02500 mm Window Width | 4 31250 mm
Bobbin Lx 4.95300 mm Bobbin Ly 9.70300 mm
‘Winding Details
Wire Type Wire Standard
(O Single @) Litz O Fail ® AWG O swG
Winding Name Gauge Strands
PO 26 1
S0 23 3
<<Back Next >> Cancel Help
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8. Click Next to see a final summary of the specifications as well as the model itself.

0.01788281700781

0.01095094420817

Flyback Transformer
| ]

W%WPM 388 Mosel view |

We have now created a PSpice model for a flyback converter with a real magnetic core and real
bobbin. This new subcircuit model can now be mapped to a symbol using the Model Editor and
then simulated on a schematic.
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