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Preface

The Cadence/OrCAD family of Electronic Design Automation (EDA) software
provides a complete design flow from schematic entry to circuit simulation
through to PCB layout. The circuit is drawn using the Capture or Capture CIS
schematic editor and circuit simulations are performed using PSpice. The
schematic diagram is translated into a printed circuit board design using
Cadence Allegro or PCB Editor which has replaced OrCAD Layout. The book has
been written using the latest 16.5 software release and can be used with previous
software releases and the evaluation demo CD.

This book will benefit anybody with an interest in using the Cadence/OrCAD
professional simulation software for the design and analysis of electronic
circuits. The book provides a practical hands on approach to using the software
and at the end of each chapter there are exercises with step by step instructions to
complete.

Thanks are due to the technical staff at the University of West London, Keith
Pamment and Seth Thomas for reviewing the simulation exercises, Taranjit
Kukal and Alok Tripathi from Cadence for reviewing the technical aspects of the
book and Parallel-Systems UK for their support.



Throughout the book, bold type will indicate tool specific keywords and also
which menus to select, for example, the menu selection to create a new project is
shown below.

Edit View Tools Place Macro PSpice Acce
[ New | Project... |
' QOpen ﬂ Design

The instruction sequence will be, File > New > Project. The words in bold
indicate which successive menus to select from the top toolbar, as shown above.

A right mouse button click will be written as rmb. For example, select the part in
the schematic and rmb > rotate.

Bold type is also used to name any dialog box and windows that may appear. For
example, the Create PSpice Project window is shown below.

Create PSpice Project
(® Create based upon an existing project
|simp|e.opi v] [ Browse... I

() Create a blark project

LIMITS OF ORCAD DEMO CD

The OrCAD demo CD, which is free to download or order from
www.Cadence.com, is not time limited, it is only limited in functionality and
size of the schematic. You can use the demo CD for most of the exercises in this
book. However, the number of limits from 16.5 onwards has changed.

PRE-16.5

For PSpice simulation, you are limited to 64 nodes, 20 transistors, two sub-
circuits or 65 digital primitives and 10 transmission lines (ideal or non-ideal)
with not more than four pairwise coupled lines. The maximum number of Tlines
is limited to four.

Instructions


http://www.Cadence.com

@ Instructions

The internal subcircuit nodes for opamps count towards the total node count. So
use the uA741 from the eval library on the demo CD, which has 19 internal
nodes. For digital circuits, the maximum number of nodes is limited to 250.

In Capture you can create and view designs but cannot save designs that have
more than 64 nets or 60 parts. The Capture CIS demo database is limited to 10
parts. You cannot create parts with more than 14 pins and you cannot save part
libraries with more than 15 parts.

The Model Editor is limited to diode models and the Model Import Wizard only
supports two pin parts and models.

The Stimulus Editor is limited to sine waves and digital clocks.
Only simulation data created in the demo version can be displayed.

The Magnetic Parts Editor can only be used to design power transformers. The
Magnetic Parts Editor supplied database cannot be edited and only contains
a single magnetic core.

POST-16.5

From 16.5 onwards, for PSpice simulation, the number of nodes has increased
to 75 nodes and there is no subcircuit limit.

There is no limit to stimulus generation using the Stimulus Editor.

In Capture you can create and view designs but cannot save designs that have
more than 75 nets or 60 parts.

You cannot have more than 1000 parts in the CIS database.

You cannot create parts with more than 100 pins.



CHAPTER 1

Getting Started

Chapter Outline

1.1 Starting Capture 1 1.5 Summary 12
1.2 Creating a PSpice Project 2 1.6 Exercises 13
1.3 Symbols and Parts 7 Exercise 1 13
1.3.1 Symbols 7 Exercise 2 15
1.3.2 Parts 8 1.7 Extra Library Work 17

1.4 Design Templates 10

Those of you who are familiar with setting up projects and drawing schematics
in Capture may want to skip this chapter, as it has been written for those of you
who have little or no experience of using Capture. This chapter will describe how
to start Capture and how to set up the project type and libraries for PSpice
simulation.

At the end of each chapter there are some exercises to do and as you go through
the book, each chapter will build upon the exercises from previous chapters.

1.1 STARTING CAPTURE

Circuit diagrams for PSpice simulation are drawn in either Capture or Capture
CIS schematic editor. The CIS option, which stands for Component Information
System, allows you to select and place components from a component database
instead of selecting and placing components from a library. For this book, it
does not matter whether the circuits are drawn in Capture or Capture CIS.

If you have the OrCAD software installed, launch Capture or Capture CIS, by
clicking on:

Start > Program Files > OrCAD xx.x > Capture
or

Start > Program Files > OrCAD xx.x > Capture CIS

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00001-5
Copyright © 2012 Elsevier Ltd. All rights reserved.
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where xx.x is the version number, e.g. 10.5, 11.0, 15.5, 15.7, 16.0, 16.2, 16.3
or 16.5.

At the time of writing this book, the current version is 16.5 and is started by:

Start > Program Files > Cadence > Release 16.5

If you have the Cadence software installed, the tools are installed under the
Allegro platform name. In this case, only Capture CIS is available and is branded
as Design Entry CIS:

Start > Program Files > Allegro SPB xx.x > Design Entry CIS

1.2 CREATING A PSPICE PROJECT

New designs started in Capture will automatically create a project file (.opj)
which will reference associated project files such as the schematics, libraries and
output report files.

Before the circuit diagram is drawn, the project type and libraries required for the
project need to be set up. First of all a new project is created by selecting from the
top toolbar:

File > New > Project

In the New Project window (Figure 1.1), you enter the name of the project and
then you have a choice of one of four project types:

e Analog or Mixed A/D is used for PSpice simulations.
e PC Board Wizard is used for schematic to PCB projects.

Creating a new project. New Project @

R
resistors
Create a New Project Using

=
LE () Analog or Mixed A/D

Tip for New Users

M O ECBoard Wizard Create a new Analog or
Mixed 4/D project. The
™ new project may be blank
lb () Programmable Logic \Wizard of copied from an existing
[ |

template.
) Schematic

Location

C:\PSpice Exercises\resistors
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e Programmable Logic Wizard is used for CPLD and FPGA designs.
e Schematic is used for schematic and wiring diagrams.

When you select a Project type, the Tip for New Users gives a brief explanation
of the project type. For PSpice projects, select Analog or Mixed A/D. This will
activate the PSpice menu on the top toolbar in Capture.

It is recommended that a new directory location (folder) is created for each
new project. This can be done by clicking on the Browse... button shown
in Figure 1.1, which opens up the Select Directory window shown in Figure 1.2.

5 FIGURE 1.2
Select Dlrectory @ Creating a project folder location.

Directories: oK
=
»
G a3
o
£ _a5
£ a6
| B3 a7 X
Dri_v_es: )
| c: IBM_PRELOAD v |

By selecting the Create Dir... button, the Create Directory window (Figure 1.3)
appears, which allows you to name the directory (folder).

- FIGURE 1.3
Create Directory Creating the project folder.

Current Directory: c:\

Name: :PSpEce Exercises

The created folder, PSpice Exercises in this example, will appear in the Select
Directory window. However, you must highlight and select the folder by clicking
twice with the left mouse button, which will show the ‘open’ yellow icon as
shown in Figure 1.4. A further subdirectory or folder can be created by clicking
on the Create Dir... in the Select Directory window button and following the
same procedure above.
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The project folder location will then appear in the Location box of the New
Project window (see Figure 1.1).

FIGURE 1.4 7 >
The project folder has been  [Iq=d(=Jed M DL d=1ed o) g y

selected.

Directories:
c:\pspice exercises
‘ ‘ Cancel
e -
‘aw PSpice Exercises iR
(3 3-phase rectifier
(] 3-phase transforn
() 555 astable
(£ 595 timer
£ ABM
|_C2 ABM messages ()
Drives:
| & c: IBM_PRELDAD v |

An alternative method of creating the project folder is to type in the folder
location directly into the Location box in the New Project window in Figure 1.1
and Capture will automatically create the folder.

NOTE

It is acommon mistake to create a project folder and not select the folder. Make sure
you double click onthe created folder name in the Select Directory window (Figure 1.4).

The next window to appear is the Create PSpice Project window, which sets up
the project for PSpice simulation (Figure 1.5).

The pull-down menu option allows you to select preconfigured Capture-PSpice
libraries for the project. The most commonly used option for new projects is
Simple.opj, which adds the following five default libraries to the project:

Analog.olb
Breakout.olb
Source.olb
Sourcstm.olb
Special.olb
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Create PSpice Project @

() Create based upon an existing project

\ simple.opj v ]. Browse...
-I:ancel
(O Create a blank project _
FIGURE 1.5

Create PSpice Project.

These libraries contain the most commonly used parts for PSpice projects and
are recommended for new projects.

There is also an option to create updated versions of an existing project, i.e. to
create a newer version 2 based upon the original version 1 project. In the Create
PSpice Project Window (Figure 1.5), select the function Create based upon an
existing project and then Browse to select an existing project. This will copy the
existing project and all its associated files into the new project. This is similar to
using the File > Save As function.

If the Create a blank project option is selected, then no Capture-PSpice libraries
are added to the project. The libraries can be added later. This will be demon-
strated in one of the exercises at the end of this chapter.

When a new project is created, a Project Manager window is created (Figure 1.6)
which shows the absolute path to the libraries. Remember that these are Capture
symbol libraries which define the graphics for the parts. They are not the PSpice
model libraries. The Capture libraries are installed by default and can be found,
depending on the OrCAD or Cadence software version you are using, for
example, at:

<software install path> OrCad > OrCAD_10.5 > tools > capture > library
> pspice

or

<software install path> Cadence > SPB_16.3 > tools > capture > library
> pspice
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Normally the <software install path> is the C: drive.

& C:\PSpice Exercises\resistors\resistors.opj g@@

Analog or Mixed A/D

| OO File |Ts, Hierarchy

= O Design Resources |

= B3 resistors.dsn

= O Library

# [2h C:\Cadence\SPB_16. 3\tools\capture\library\pspice\analog.olb
= Bh C:\Cadence\SPB_16.3\tools\capturellibrary\pspice\breakout.olb
# [BB) C:\Cadence\SPB_16.3\tools\capturellibrary\pspiceisource.olb
w B C:\Cadence\SPB_16.3\tools\capturellibrary\pspicesourcstm.olb
# B C:\Cadence\SPB_16.3\tools\capture\library\pspice\special .olb

;03 Outputs

Nresistors-pspicefilesyresistorsiresistors.net
;- B2 PSpice Resources

)

&

FIGURE 1.6
Project Manager showing the Capture parts libraries and their location.

TIP

If the Project Manager window is not displayed, select from the top toolbar, Window >
<project name>.opj file (Figure 1.7). Here the project name is resistors. Note the
project name file extension .opj.

Help
Cascade
Tile Horizontally

Tile Vertically
Arrange Icons

|

{[] 1 Session Log

'[¥] 2 C:\PSpice Exercises\resistors\resistors.opj
| Close All Windows

FIGURE 1.7
Displaying the Project manager window.

Alternatively, click on the Project manager icon %, or .
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1.3 SYMBOLS AND PARTS
1.3.1 Symbols

Before drawing a schematic diagram, it is useful to know the difference between
a part and a symbol. Symbols differ from parts in that they are not placed from
the Place Part menu in Capture. You have to select the symbol from the Place
menu (Figure 1.8).

Macro PSpice  Acces
| Part... P

Database Part
L Wire

Auto Wire 4
1 Bus
< Junction
4 Bus Entry
Net Alias...
Power...
Ground...
Off-Page Connector...
B Hierarchical Block...
<| Hierarchical Port...

4 4 I*
OTMZmMmum =N

E

I No Connect X

FIGURE 1.8
Place menu.

The Place menu also shows the corresponding shortcut keys. For example, to place
aPower symbol, press Fand the Place Power menu appears as shown in Figure 1.9.

Place Power @ FIGURE 1.9
Place Power menu.

o
WCC_CIRCLE

vCC

VCC_ARROW VEC_CIRCLE Add Library...
VCC_BAR

i erae
VEC WAVE 3 Remove Library

Libraries:
CAPSYM
Design Cache

URCE

Name:

Wires connected to symbols take on the name of the symbol. For example, to
define a wire to be connected to zero volts, you place a ‘0’ symbol. To define
a +5 V connection you can use a VCC_CIRCLE symbol and rename it +5 V. All
wires connected to the +5 V symbol will take on a net name of +5 V. A net is
a wire connection. There are many different symbols you can use to define the
power and grounds connections and you can rename them accordingly.

CHAPTER 1 @
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FIGURE 1.10

Place part menu: (a) version

16.0; (b) version 16.3.

In the Place Power menu in Figure 1.9, a VCC_CIRCLE symbol has been
selected and its name has been changed to +5 V. Any wires (nets) connected to
+5 V will take on the net name +5 V.

Other symbols include hierarchical ports and off-page connectors which allow
signals to be connected together throughout the design. These will be discussed
in Chapter 20.

There are two symbol libraries, source and capsym. Capsym contains all the
analog ground and power symbols, while source, which also contains the
analog 0V symbol, contains the digital $D_HI and $D_LO symbols, which are
used to set a digital level of 'hi’ or 'lo’ on a wire or pin of a digital device.

1.3.2 Parts

To place a part, select Place > Part. Figure 1.10a shows the Place Part menu for
version 16.0 and Figure 1.10b shows the Place Part menu for version 16.3.

Although the two menuslookdifferentthey have thesame functionalityin thatthey
display thelist of libraries available and the parts available in the libraries; and they
both provide a part search function. In Figure 1.103, only the analog library has
been highlighted and so only those parts for that library are shown in the Part List.

()

ot
R |
.

Part List:

(L A Add Library...
OPAMP

R_var

:
S_ST

;
TLOSSY Filter...

W

W ST

XFRM_LINEAR 3 [TID]
Lipraties: _ Graphic
[ANALOG ]

BREAKOUT © Nomal R?

Design Cache = ONYeN .

SOURCE

SOURCSTM Packaging —ANAN—
SPECIAL Parts per Pkg: 1 1 k

Type: Homogeneous g
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(b) & Place Part PR
Part Q @

i |

Part List: 7
~

QbreakN3/BREAKOUT
QbreakN4/BREAKOUT
QbreakP/BREAKOUT
QbreakP3/BREAKDUT
QbreakP4/BREAKOUT
QDarBreakN/BREAKOUT
QDarBreakP/BREAKOUT

Libraries:

ANALOG
BIPOLAR

BREAKOUT
Design Cache
SOURCE
SOURCSTM

Packaging
Parts per Pkg: 1

R?

~art

VY Type: Homogeneous

2
(*) Normal Convert
Search for Part
FIGURE 1.10
(Continued)

In Figure 1.10b, all the libraries have been highlighted and so you see the name
of the part and which library it comes from. If you place the cursor over any
part in the Part List, a tool tip rectangular bar appears showing the absolute
path to the library part.



NOTE

Batteries, voltage sources and current sources are found in the source library from the
Place Part menu (Place > Part) and are not to be confused with the power symbols
(VCC_circle, OV, etc.) from the capsym library (Place > Power or Place > Ground),
which are effectively used to ’invisibly’ connect wires with the same net name
together.

Place Power @

L
VCC_CIRCLE
$D_HI
ED_LD Add Library...
Libraries:
CAPSYM
i ——— o
Name:
+5
FIGURE 1.11

The source library for Place Power.

In the Place Power or Place Ground window (Figure 1.11) there is a sour-
ce library which contains only the digital HI, digital LO and ground 0V
symbols.

To recap, symbols are placed from the Place menu and parts are placed from the
Place > Part menu. Also note that both Part libraries and Symbol libraries have
an .olb extension and are the Capture graphical parts.

1.4 DESIGN TEMPLATES

From version 16.3 onwards, Design Templates have been added, which are
complete electronic circuits and topologies including simulation profiles for
analog, digital, mixed and switched mode power supplies. You can select any of
these templates from the pull-down menu in the Create PSpice Project window
when you create a new project (Figure 1.12).

Figure 1.13 shows the Design Template for a Single Switch Forward Converter
which includes the schematic and explanatory text.


mailto:Image of Figure 1.11|tif
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Create PSpice Project

(% Create based upon an existing project

Doubleswitch_forwardconverter.opj
VoltageMultipliers.opj
AnalogGNDSymbol.opj
BandPassFilter_Cap.opj
BandPassFilter_Ind.opj
BandStopFilter.opj
BJT_amplifiers.op]
Boost_Converter.opj
Buck_Boost_Converter.opj
Buck_Conveiter.opj
ClamperCircuits.opj
ClipperCircuits, opj -
decade_counter.opj
demo_all_libs.opj
emply.opj
emply_aa.op|
empty_aa_all_libs.opj
empty_all_libs.opj
hierarchical.opj
hierarchical_aa.opj
hierarchical_aa_all_libs.opj
| hierarchical_all_libs.opj
*|HighPassFilters. opj 8 Rty v
iohnson_counter.opj
LowPassFilters.opj
L_R_ShiftRegister.opj
mod10_counter.opj
OPAMP_DIFF.opj

PISO_ShiftRegister.opj i
FIGURE 1.12
Available design templates.
K1 Single Switch Forward Converter Topology
K_Linear
COUPLING =1
D4 L3
,!m\ Vout
}.v MUR150 500u v
. . [l
100Vde —==Vs2 L1 250uH = C4 < R_Load2
= 500uH L2 X D5 T sou 3 15
MUR150
M3
IRFZ34
It [
T
R1 When the switch is on, diode D4 becomes forward biased
33 and D5 reverse biased. Current through the inductor L3

V=1 vs increases.
V2=8 When the switch is turned off, inductor current
!9 circulates through the diode D5 and therefore causes
E5v= 12%u inductor current to decrease linearly.
PER = 100u

|
o
Jl
i

FIGURE 1.13
Design template for a single switch forward converter topology.
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1.5 SUMMARY

Figure 1.14 shows the Project Manager created for a PSpice project and the
checks that can be made to ensure that a PSpice project has been set up correctly.
One common mistake is not selecting and highlighting the project folder that is
created (see Figure 1.4).

Another common mistake when creating a project is that the wrong proj-
ect type has been created; for example you see PCB instead of Analog or
Mixed A/D in the Project Manager title. One way around this is to create
a new project (of the correct type) and copy and paste the .dsn file from
the previous Project Manager into the new Project Manager. From version
16.3 onwards, you can change the project type by highlighting Design
Resources in the Project Manager and rmb > Change Project Type
(Figure 1.15).

Check project location (Fig. 1.2, 1.3)

@ C:\PSpice Exercises\resistors\resistors.opj E|@|®

Analog or Mixed A/D

Check Project manager title
€0 Fis |, Hiewchy for Analog or Mixed A/D and

Resources | added libraries (Fig. 1.1)
* esistors.dsn
=8 Library

+ [BR C:\Cadence\SPB_16.3\tools\capture\library\pspice\analog.olb

# BB C:\Cadence\SPB_16.3\tools\capture\library\pspice\preakout.olb

# [B) C:\Cadence\SPB_16.3\tools\capture\library\pspice\source.olb

® [B) C:\Cadence\SPB_16.3\tools\captureylibrary\pspice\sourcstm olb \
7= O'U%ﬁ:\Camnce\SPB_16.3\tooIs\capnre\llbray\pspme\spwal.olb Selected Libraries. For

\resistars-pspicefiles\resistors\resistors net example simple.opj (Fig.1.5)
=01 PSpice Resources

A

FIGURE 1.14
Project Manager setup for a PSpice project.

EfmNcsign Resources [hM]
- wBrcden Add File
@6 Library Save As...
= 63 Outputs | Change Project Type |

\re-pspicefilesircyy | Part Manager

FIGURE 1.15
Changing project type.
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1.6 EXERCISES

Exercise 1

You will create a new PSpice project as discussed in Section 1.2 and name it
resistors. The project will be created in a folder called, for example,
C:\PSpice\resistors and will be configured with the simple five default libraries.

1. Select File > New > Project. Enter resistors for the Name and select Analog or
Mixed A/D. In Location, enter C:\PSpice exercises\resistors or you can use
your own folder location. Check your entries with Figure 1.16 and then click

on OK.
| 5 FIGURE 1.16
New Project B] Creating a new PSpice project called
e resistors.
Name
resistors
Create a New Project Using
o
[IE (&) Analog or Mived A/D

Tip for New Users

% O BC Board Wizard Create a new Analog or
Mixed /0 project. The
new project may be blank

[ ] = O Programmable Logic Wizard or copied from an existing
[+ template.
O Schematic
Location
C:\PSpice Exercises\resistors

You can also use the Browse button to create and name the project folder.

2. In the Create PSpice Project window, select simple.opj as shown in
Figure 1.17 and click on OK.

Create PSpice Project FIGURE 1.17 o
Selecting the simple.opj project
(%) Create based upon an existing project template-

simple.opj R

() Create a blank project
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3. The Project Manager window will appear as shown in Figure 1.18.

2 C:\PSpice Exercises\resistors\resistors.opj g@@

Analog or Mixed /D

©2 File ii'Eg; ﬁiélarcﬁé
- ® B3 resistors.dsn
- Library
62 Quiputs
@0 PSpice Resources

FIGURE 1.18
Project Manager window.

4. Expand resistors.dsn by double clicking on it to open the SCHEMATIC1
folder (Figure 1.19).

= O Design Resources
o
® @& SCHEMATIC1
@0 Design Cache

FIGURE 1.19
Schematic1 folder.

5. Double click on SCHEMATIC1 to open PAGE1 and double click on PAGE1 to
open up the schematic page (Figure 1.20).

=8 Design Resources
= B3 resistors.dsn
' =& SCHEMATICH

CRPAGEL

8 Design Cache

FIGURE 1.20
Page1 folder.

6. When you first open the schematic page, you will see some preplaced text and
two voltage sources preplaced. Delete the sources and text by drawing a box
around the sources and text and pressing the delete key.
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Exercise 2
Draw the resistor network shown in Figure 1.21.

. R1 FIGURE 1.21
in /\/\/\/ out Simple resistor circuit.
Vi 10R
v T — R
T 10R

1. To place a resistor, select Place > Part and select an R from the analog.olb

library. Double click on the R and the resistor will attach to the cursor. In
previous versions, click on OK and the Place Part menu disappears. From
release 16.0 onwards, when you double click on a part or click on the Place
Part 44 , the menu will remain open.
When you place the first resistor in the schematic, another resistor will be
attached to the cursor; click rmb > Rotate or press R on the keyboard and place
the second resistor. To exit place part mode, rmb > End Mode or press escape.
Whenever a partis selected, there is an rmb context menu for place part options.
P is the hotkey to place a part or you can select the Place Part icons, depending
on which software release you have T or 44 .

2. For R1 and R2, double click on the default resistor value of 1k and change its
value to 10 R.

3. Place the voltage source, which can be found in the source library. Change its
voltage to 10 V.

4. To place aground symbol, Place > Ground (or press G) or click on the icon %

or # and select the 0 V symbol from the capsym.olb library (Figure 1.22).

Pl G d FIGURE 1.22
dce Uroun Placing a 0 V ground symbol.

St

[0

|

RS .

| GND_E4RTH : o

| GND_FIELD SIGNAL -

| GND_POWER X =

Libraries:

[Capsyd ]

| Design Cache Name:

| SOURCE Same:

[

Uée 0/CAPSYM symbol to pIaﬁe a de ground
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5. To draw a wire, Place > Wire (or select the wire icon 7. or 1 or press W).
You can always zoom in by pressing the ‘I key on the keyboard, or ‘O’ for
Zoom out.

NOTE

To exit wire mode, press escape (Esc) on the keyboard or press W on the keyboard,
which toggles wire mode on and off. If you make a mistake you can always select the
undo icon 4 .

NOTE

There are new features available from version 16.3 onwards to automatically connect
wires to two or more points and a feature to automatically connect wires to a bus,
which is described in Chapter 18 on Digital Simulation. To automatically draw a wire,

select Place > Auto Wire > Two Points (Figure 1.23) orclick ontheicon T .Click on
the first wire point and then click on the second wire point.

| Auto Wire F Two Points |

1 Bus B | § Multiple Points

<6« Junction ] § Connect to Bus
FIGURE 1.23

Auto Wire allows for the automatic connection of wires and busses.

6. Capture automatically labels each wire connection, also known as a node,
with a node number, which by default is not displayed on the schematic.
However, you can assign your own labels to wire nodes, which will give
meaning to a node, i.e. input or output, and is useful when you want to
analyze different nodes in a circuit. These labels are known as net aliases
and are placed on a wire by highlighting a wire and then selecting Place >
Net Alias (or selecting the net alias icon N1 or £ or pressing N).

7. Save the project by selecting File > Save.

NOTE

Parts can be pushed together such that when you move the parts away, wires are
automatically drawn. Select Options > Preferences > Miscellaneous > Wire Drag and
check Allow component move with connectivity changes on (Figure 1.24). This also
allows parts to be moved onto a wire and to be connected.
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FIGURE 1.24
= Preferences @ Enable Wire Drag to

S — - e (—— automatically connect wires to
| Colors/Print | Grid Display | Pan and Zoom | Select \ Miscellaneous | Text Editor | Board Simulation | parts

Schematic Page Editor . Text Rendering | '
Fill Style: None v | [] Render TrueType fonts with strokes
Line Style: E] v |
Line Width: [—— ]~  AuoRecovery
Color: D [[] Enable Auto B ecovery
Junction Dot Size: ‘Ser" [F]

| — -
Part and Symbal Editor Auto Reference
Fill Style: [None = | Automatically reference placed parts

— [] Preserve reference on copy
Line Style: l — |

I - 1 Intertool Communication

: e —
Line Width: — Enable Intertool Communication
Session Log Wire Drag
Font: | Arial 11 | Allow component mave with
- connectivity changes
Docking
Docking Place Part IREF Display Property
Global Visibilty
Find
Search ToolBar
I OK ] [ Cancel J [ Help ]

1.7 EXTRA LIBRARY WORK

1. Select Place Part to open the Place Part window and Add Library by clicking
on the "} icon (Figure 1.25). In previous versions, just click on Add

Library... (see Figure 1.10a).

Libraries: FIGURE 1.25
Adding a library.

ANALDG |
BREAKOUT

Desian Cache

SOURCE

SOURCSTM

| SPECIAL
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2. The Browse File window (Figure 1.26) will open. Make sure you are in
[install path] tools > capture > library > pspice and select the ana_swit.olb
library and click on Open.

FIGURE 1.26
Browse library files.

Browse File

Look in: 7‘;) pspice - O 3 [BER4

Y Diadvanls =) 741 .olb s
EE ©modeled =) 741s.0lb L]
ygﬂﬁ;ﬁ’g = 1_shot.olb =) 745 0lb [z
%) 74ac.0lb (%) 7400.0lb =
@‘ %) 74act.olb [®abm.olb =
Deskiop | B 74als.0lb (% ad_reg.olb 5
%] 74as.0lb [Fadv_lin.olb [z
¥ =) 74f .olb Ellana_swit.olb] i
= [®174h.0lb [®lanalog.olb 5
My Documents | |%) 74h¢ olb [®lanalog_p.olb 5
o %) 74hct.olb =) anl_misc.olb =
31)! < 24

My C: t - : :
e File name: :ana_swil.ulb v
"i Fiesof ype: | Caplure Library(".olb) v

My Network [0pen as read-only

? X

3. Close Place Part. Has the library been added to the library list in the Project
Manager? Expand the Library folder.
4. In the Project Manager select the Library folder and rmb > Add File
(Figure 1.27). The Browse File window will open as in Step 2. Make sure
you are in [install path] tools > capture > library > pspice and select
the 1_shot.olb library and click on Open.

FIGURE 1.27 . Ry brary _

Adding a library to the Project Manager. it C'\Ce' Add File |‘
w8y C:\Cé ' (
o En i PatManager |

5. Select Place Part. Has the 1_shot.olb library been added to the list of

Libraries?

6. In Place Part select all the libraries and click on Remove Library. Note which

libraries are now available.

As you create new projects, any libraries added to previous projects in Place Part
will be added to the list of available libraries. However, these libraries are not
added to the Project Manager. Only libraries added via the Library folder in the
Project Manager will be added to the configured list of Project libraries and these
can only be deleted via the Project Manager.



From version 16.2 onwards, when you select Place Part, the menu appears on
the right-hand side of the schematic and reduces the available size of the sche-
matic page. However, at the top right of the Place Part menu, there is
a thumbtack icon (Figure 1.28) which gives you the option to effectively hide the
Place Part menu. When you select the thumbtack icon, the Place Part menu
disappears and the words Place Part appear (Figure 1.29). The menu reappears
when you move the mouse inside the Place Part window box and retracts
when you move the mouse back to the left.

Thumbtack  FIGURE 1.28
Hiding the Place
|2 Place Part pawax Part menu.
Part @
Menu contracts FIGURE 1.29

and will only open Place Part menu contracted.

again when the
mouse pointer is
moved inside the box.
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When you connect a battery or a power supply to a circuit, the circuit voltages
and currents effectively settle down to what is known as a DC steady-state
condition. This is also known as the operating point or bias point of a circuit
under steady-state conditions. In PSpice, the bias point analysis calculates the
node voltages and currents through the devices in the circuit. For example, for
a simple common emitter transistor amplifier, the bias point analysis will
calculate the base, emitter and collector bias voltages, and the base, collector and
emitter quiescent currents.

Bias point analysis will also take into account any voltage sources applied to the
circuit and any initial conditions set on devices or nodes in the circuit. For
example, you may want to preset a capacitor to a known voltage or set an initial
digital state, a logic ‘1’ or ‘0" on the pins of a digital device.

The calculated bias point voltages and currents are also used as a starting point
for the other circuit analysis calculations. For example, when you run a transient
(time) or an AC (frequency) analysis, PSpice automatically runs a bias point
analysis first. However, the bias point analysis can be turned off for special cases
in which a DC steady-state solution cannot be found. This is especially useful in
the case of an oscillator which relies on the fact that it has no steady-state
condition.

With the bias point enabled, the output file will provide a list of all the analog
and digital node voltages, the currents and total power of all voltage sources in

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00002-7
Copyright © 2012 Elsevier Ltd. All rights reserved.
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the circuit and a list of small signal parameters for all devices in the circuit.
There is an option to suppress the bias information in the PSpice simulation

profile.

NOTE

With a bias point simulation, all capacitors are implemented as open circuit and
all inductors are implemented as short circuits in order to calculate the DC Bias

Point.

The RC circuit in Figure 2.1 is based upon the resistor circuit in Chapter 1.
A capacitor, C1, has been added in parallel with R2. With the circuit drawn,
a PSpice simulation profile needs to be set up. The settings are accessed from the

FIGURE 2.1 R1
RC circuit ready for DC bias in out
point analysis. /\{\6/\{
R R2
1ov — 10R 5

FIGURE 2.2
Simulation Settings windows with Bias Point
analysis selected.

Simulation Settings - bias
| General] Analpsis | Configuation Files | Options | Data Collection | Probe window |

Analysispe:  QuiputFile Options

- | [JInclude detailed bias point information for nonlinear controlled
: sources and semiconductors (OP)

Options:

: [[] Perfoim Sensitivity analysis [[SEMS)

c1
n

@

[ Temperature (Sweep] | : ! |

[[]5ave Bias Point ; :
[[JLoad Bias Poirt [ Caleulate small-signal DC gain [, TF)
| s Theik s T
e




top toolbar, PSpice > New Simulation Profile. This is where the different analysis
types for DC, AC, transient and bias point are selected. By default, Bias Point is
selected.

Figure 2.2 shows the default PSpice simulation profile for a DC bias point
analysis. For this example, the default settings are used. To run the simulation,
select PSpice > Run or select the play button @ .

NOTE

In previous versions, when you run a simulation, the PSpice Netlist Generation dialog
box shown in Figure 2.3 appears.

FIGURE 2.3
PSpice netlist generation.

PSpice Netlist Generation

Press cancel to quit

Loading parts table

Cancel

From version 16.3, when you first run a simulation, the Undo Warning dialog
box shown in Figure 2.4 will appear. This just states that you will not be able to
undo or redo any previous actions. Just check the Do not show this box again
(Figure 2.4) and click on Yes.

o FIGURE 2.4
Undo Warning!! E Undo Warning.

This action affects the complete design thus clearing the UNDO/REDO
information list. Y'ou will not be able to UNDO/REDO any of the previous
actions. Do you want to continue?

(1D not s

2.1 NETLIST GENERATION

The circuit diagram drawn in Capture is represented as a netlist of all the
components and their respective connections to other components. This netlist
is automatically generated when you run the simulation and can be seen in the
Outputs folder in the Project Manager (Figure 2.5).

CHAPTER 2 €)
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FIGURE 2.5

LTSRN = C:\PSPICE EXERCISES\RC\RC... [2 [EI[X]

netlist file has been — -
gl T IV

generated in the 3log or Mixe

Outputs folder.

£ Fie [T, Hierarchy |
= £3 Design Resources :
=-BR rc.dsn
= SCHEMATIC1
PAGEL
= O Design Cache
@3 Library
= 8 Quiputs
Arc-pspicefilesischematic1\schematicl .net
@ 8 PSpice Resources

NOTE

By default the circuit diagram is called SCHEMATIC1 and so the generated netlist is
called schematicl.net, as seen in Figure 2.5. To rename the schematic, select the
SCHEMATIC1 name, rmb > Rename as shown in Figure 2.6, entering RC as the new
schematic name.

E'GURE 26 g.o Design Resources
enaming &
SCHEMATIC to = B redsn
RC. =Rrall SCHEMATIC] §
B pacer | NewPage
@ £ Design Cache SEE 00k
w € Library | Rename |
= 63 Outputs Properties
: ‘\re-pspicefil es\scE EQit Object Properties
® - £3 PSpice Resources F'nd
| © Copy
Part Manager

When you run the simulation, an rc.net netlist will appear in the outputs folder.
Figure 2.7 shows the original schematicl.net and the newly generated rc.net.
Note that Capture is not case sensitive. Any schematics named in upper case will
generate lower case named netlist files (Figure 2.7).


http://schematic1.net
http://Schematic1.net
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= 8 Design Resources FIGURE 2.7
L re.dsn Renamed RC schematic and

il generated rc.net netlist.
B PAGE1L
+ 6 Design Cache
+ O Library
= 8 Quiputs
Arc-pspicefiles\schematic1ischematicl.net
Are-pepicefilesyrcyre.net
# B3 PSpice Resources

To open the netlist file, double click on the name and the netlist will appear as
shown in Figure 2.8.

" source RC FIGURE 2.8
V_vl IN 0 10V resistors.net netlist.
R_R1 IN OUT 10R TC=0,0

R_R2 0 OUT 10R TC=0,0

c_Cl OUT 0 1n TC=0,0

The netlist in Figure 2.8 shows that resistor R1 is connected between nodes, IN
and OUT, and has a value of 10 ohms and a zero temperature coefficient (TC=0).
The voltage source, V1, is connected between IN and 0 V and has a value of 10 V.
The R_ indicates that this is a flat netlist compared to a hierarchical netlist.
Resistor properties and hierarchical circuits will be discussed in more detail in
Chapter 20. For now, the netlist defines the net connections between R1, R2 and
V1 and any defined net names.

When you run a PSpice simulation, PSpice is launched and the PSpice envi-
ronment window appears. However, there is no graphical output for a DC bias
point analysis as no waveform data are calculated and hence no traces are
available to be plotted. Instead, you can look in the Output File to see the
calculation results or view on the schematic, the bias voltages, currents and
instantaneous power for the circuit components. From the top toolbar in
Capture or PSpice, select View > Output File and scroll to the bottom of the file
(Figure 2.9). Because the nets have been named, you can easily see the calcu-
lated output voltages and currents. Remember, during a DC bias point analysis,
capacitors are open circuit; hence the RC circuit is behaving as a simple
potential divider with R1 and R2 dividing the 10 V DC voltage down to 5V on
the ‘out’ net.


http://rc.net

@ Analog Design and Simulation using OrCAD Capture and PSpice

FIGURE 2.9
Bias Point analysis Output file.

*x%% INCLUDING RC.net x*xx

* source RC

v_vi IN 0 10V

R_R1 IN OUT 10R TC=0,0
R_R2 0 OUT 10R TC=0.0
C_C1 OUT 0 1n TC=0.0

»x%x%x RESUMING bias.cir *xxx
.END

1
*xxx (05/15-11 11:03:59 sexsexxx PSpice 16.3.0 (June 2009) ID# 0
*% Profile: "RC-bias" [ C:“PSPICE EXERCISES“RC~RC-PSpiceFiles“RC\bias.sim ]

XRXK SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C

o

NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE

( IN) 10.0000 ( OUT) 5.0000
VOLTAGE SOURCE CURRENTS
NAME CURRENT

v_vi -5.000E-01
TOTAL POVER DISSIPATION S.00E+00 WATTS

NOTE

Capture is not case sensitive when naming nets.

A new feature (in release 16.3), as seen in Figure 2.10, is the use of colors in the
output file to highlight the different syntax such as text, component values,
comments, expressions and keywords. The default colors can be changed by
selecting Options > Preferences > Text Editor, as shown in Figure 2.10.

Text Editor default colors and fonts. feierences

Colors/Piint | Grid Display | Pan andZoom | Select | Miscellaneous | Text Editor | Board Simulation

Syntax Highlighting Current Font Setting
- Keywords Font:  Courier New
o Size: 9
I connens Style:  Regular
- Quoted Stings Effects: None
I (e Color: N
Set...
Show line numbers
Tab Setting (4 | spaces Save text files on deactivate

Highlight Keywords, Comments, Auto reload lext les
and Quoted Stings Save text files before running tools

ok ][ cance ][ Hep |




Simulation Settings - bias @ S:J?pldtRfﬁeZ(;;;ns.

General | Analysis | Configuration Files | Options | Data Collection | Probe Window
Category: Include the following in the output (.OUT] file: (.OPTION)
Analog Simulation [[] Detailed summary and accounting information  [ACCT)
Gate-level Simulation [[J Subcircuit expansion and Load Bias files [EXPAND)
(Outputfle ___] [[] Statements included from libraries (LIBRARY)
[J Device summary (LIST)
Bias point node voltages (NOBIAS)
[[] Mode summary (connections) (NODE)
Circuit file statements (NOECHO)
Model parameter values (NOMOD)
Digital timing and hazard messages (NOOUTMSG)
Page breaks and banners for each section (NOPAGE)
[JWalue of each PSpice option [OPTS)
Number of digits in printed values: | 4 & (NUMDG)
Output file width:| 80 & | characters
[ 0K ] [ Cancel J

The Output File also highlights any errors and warnings that may have occurred
and is useful to determine where the errors occur. See the exercises at the end of
the chapter for an example.

As mentioned previously, the output file provides a report on the analog and
digital node voltages and device currents together with a list of small signal
parameters for the devices in the circuit. There is the option to suppress the bias
information reported in the output file. Under the Options tab in the PSpice
Simulation profile (Simulation Settings), select Output file in the Category: box
as shown in Figure 2.11 and uncheck the (NOBIAS) option. There is also the
option to list all the devices (LIST) in the circuit, summarizing their connecting
nodes, values, models and other parameters. Figure 2.11 shows the other
available options available for the output file. The Reset button resets all the
options back to their default settings.

2.2 DISPLAYING BIAS POINTS

After a simulation is run, the bias voltage, current and power values can be
displayed on the schematic. In Capture, select PSpice > Bias Points > Enable or
select the bias display icons, which have changed in appearance in release 16.3.
See Figures 2.12a and 2.12b.

Figure 2.13 shows the displayed bias voltages, currents and instantaneous power
for the resistor RC circuit.

The number of significant digits displayed for bias points can be changed by
selecting PSpice > Bias Points > Preferences, as shown in Figure 2.14. Up to 10
precision digits can now be displayed.

CHAPTER 2 €D
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FIGURE 2.12

(a) Bias display icons Vl . | I ] _ |W| : | @ ©® (W)
pre-16.3; (b) bias display
icons in 16.3. (a) (b)

FIGURE 2.13

Displayed bias point voltages,

R1 -7 ]
currents and power. Poin . out :
AN
| e l500.0mA
v
1ov —  HE § R2 == €1
S ~ 10R 1n
N
-0
FIGURE 2.14 - -
Changing the bias point display oAbz s L La LM o = (=1 =Tp[(=15 @
references.
P =
Displayed Precision |4
Print Color Font
- | Arial 7 | Current
- | Biial 7 | vohage
- I Arial 7 l Power

Individual bias values can be turned on and off for voltage, current or power. For
example, if you select a wire net, the voltage icon will be activated 1v , which will
enable you to toggle the value for bias voltage on or off for a selected wire.

If you select a component pin, the current icon will be activated 1I , which will
enable you to toggle the value for bias current on or off for a selected part.

If you select a component, the instantaneous icon will be activated ¥ , which will
enable you to toggle the value for bias power on or off for a selected part.

TIP

You may need to press F5 to refresh the display after you turn bias display on and off.




2.3 SAVE BIAS POINT

You can save and reuse the bias point data from a simulation, which is useful
if you have to run a number of simulations on a large circuit that has a long
simulation runtime. This is assuming that the circuit netlist, i.e. the connec-
tivity of the components, has not changed. Remember that other analyses use
the calculated results from a bias point analysis, so when you resimulate the
circuit, assuming that the netlist has not changed, the initial bias point
calculations can be saved and reused, thus reducing the simulation runtime.
Saving the bias point is also useful when a simulation fails to converge to
a solution.

In the Simulation Profile Settings select Bias Point analysis and then select
Save Bias Point. As you can see in Figure 2.15, the data from the bias point
analysis are saved in a file called saved_bias_point.txt. You select the Browse...
button to select or create the folder in which to save the file.

The bias point saved data contain node voltages and digital states for all the
devices in the circuit, the total power and current supplied by any voltage
sources, and a list of model parameters for the devices in the circuit.

NOTE

When saving bias point data, it is a good idea to add a .txt extension to the bias point
data filename so you can readily open the file in a text editor such as WordPad or
Notepad.

Simulation Settings - bias @ E:;%:ﬁtiéﬁgsl

General | Analysis | Configuration Files | Options | Data Collection | Probe Window

Analysis type: v o a0

Bias Point Save bias information in filename:

v
fas o C:APSpice Exercises\RCh\saved_bias_point.txt

Options: ~ Options

General Settings Save bias information:

O empeatule Sweep] ‘When Primary Sweep value is:

,

[]Load Bias Point ‘When Secondary Sweep value is:

‘When Parametric Sweep value is:
‘When Monte Carlo run number is:

‘When Temperature Sweep temperature is:

[[] Do not save subcircuit voltages and currents

[ oK ][ Cancel J[ Apply I[ Help ]
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2.4 LOAD BIAS POINT

Saved bias point analysis data are loaded by selecting the Load Bias Point
option in the simulation profile. Figure 2.16 shows a previously saved bias point
data file being selected. Bias point information can also be saved and used for
a DC sweep and a transient analysis.

Simulation Settings - bias @

| General| Analysis \ Configuration Files | Options | Data Collection | Probe Windaw
Analysis type: - g
Bias Point | Save bias information in filename:
v | I % A T

;ﬁs on ] [C: \PSpice Exercises\RC\saved_bias_point.txt ‘ [ Browse... ]
Options: Options
General Settings Save bias information:
[] Temperature [Sweep) When Primary Sweep value is:
M[Save Bias Point | ;
Load Bias Point ‘When Secondary Sweep value is: \

‘When Parametric Sweep value is: S

‘When Monte Carlo run number is:

‘When Temperature Sweep temperature is: ‘

[[] Do not save subcircuit voltages and curents
I 0K ] I Cancel ] [ Apply I [ Help ]
FIGURE 2.16

Loading saved bias point data.
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2.5 EXERCISES

Exercise 1

1. The circuit in Figure 2.17 is based upon the resistor circuit in Chapter 1. Add
a 1n capacitor, from the analog library, in parallel with R2.

. R1 FIGURE 2.17
n "y L RC circuit.
10R
N < R2
10v — < HMoR = ‘€1
T n
J__
-0

2. Delete the 0V volt symbol and resimulate. A warning message will appear
(Figure 2.18) asking you to check the session log, which is normally open
at the bottom of the screen in Capture.

| FIGURE 2.18
Orcad capture @ Warning message.

“Warnings were reported, check Session Log

[[] Do nat show this dialog again

You may have to expand the window upwards to see the complete message. If
the session log is not visible, it can be found from the top toolbar, Window >
Session Log and should contain the following message:

WARNING [NETO0129] Your design does not contain a Ground
(0) net.

Your reported net number shown will be different to the one above. The
PSpice window will then open and display the output file, which will report
that a number of numbered nodes are floating (Figure 2.19).


mailto:Image of Figure 2.17|tif

FIGURE 2.19

Output file reporting floating node errors.  [**%* INCLUDING RC.net xwxx
* zource RC

V_V1 IN NO0OS93 10V

R_R1 IN OUT 10R TC=0,0
R_R2 N0O0S93 OUT 10R TC=0.0
C_C1 OUT NO0S593 1n TC=0.0

xx%% RESUMING bias. cir *xxx
.END

ERROR —— Node IN is floating
ERROR —— Hode N00593 is floating
ERROR —— Node OUT is floatingl

3. In the RC circuit, reconnect the ground symbol and resimulate. There should
be no errors.

FIGURE 2.20 — — - — H
Ground symbols. TO _[;1_ / /y_l.v"’ ¥ P F
NOTE

P Spice automatically assign node numberstowiresinyour circuit unlessyou assign anet
name to them. In the above output file, every node is floating because node O has not
been assigned. In PSpice as with other Spice simulation software tools, there must be
a 0V node in the circuit, otherwise nodes will be reported as floating in the output file.

In the capsym library there are other ground symbols, as shown in
Figure 2.20. For PSpice simulations, make sure that you select the ground
symbol with the 0 showing. The other symbols can be placed in the circuit
to show the difference between ground connections as long as there is
a 0V node in the circuit.

4. Create a bias point simulation profile based upon the initial bias point:
PSpice > New Simulation Profile or click on the icon [ and enter bias
for the simulation Name (Figure 2.21) and click on Create.

FIGURE 2.21 . -
Creating a bias point simulation profile. [y [=3"s A3 1pa1 0| -8ae]a @

Name: .
) | Create
bias

Inherit From:

none o E]

Root Schematic:  RC
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5. The dialog box in Figure 2.22 will appear telling you that a simulation profile

of the same name already exists. New projects already include a default bias
point simulation profile called Bias.

OrCAD Capture CIS

FIGURE 2.22
A simulation profile where the same

3 There already is a profile bias. Please enter a different name name already exists.

Click on OK and Capture will automatically present you with a new name of
bias1 (Figure 2.23). Click on Create.

5 ; FIGURE 2.23
New Simulation The simulation profile name is automatically
N incremented to bias1.
Name:
f  Create |
|bias1 ' :

|
Inherit From:
\none V_ Q

Root Schematic:  RC

6. The simulation settings window will appear (Figure 2.24). If not already set by
default, select the Analysis type to Bias Point. Click on Apply but do not exit.

Simulation Settings - bias1 g;(tillr:?;(fb?a:

point analysis.

General | Analysis | Configuration Files | Options | Data Collection | Probe Window

Analysis type:

‘ ¥ [Olnclude detailed bias point information for nonlinear contralled
sources and semiconductors [.0OP)
Options:
General Settings
| [ Temperature [Sweep) | I
[[]5ave Bias Point
[]Load Bias Point [] Calculate small-signal DC gain (.TF)

Output File Options

[] Perform Sensitivity analysis (SENS)

r

I 0K H Cancel ][ Apply 1[ Help ]




@ Analog Design and Simulation using OrCAD Capture and PSpice

7. Under the Options tab, select Output File in the Category: box and uncheck
(NOBIAS) and check (LIST) (Figure 2.25). Click on OK.

FIGURE 2.25 . . . -
o Simulation Settings - bias1 @
General | Analysis | Configuration Files | “UD“O?IS-‘ Data Collection | Probe Window
Category: Include the following in the output [ OUT] file: [OPTION)
"Analpg Simulation [[] Detailed summary and accounting information  (ACCT)
ale—lel Simulation [[] Subcircuit expansion and Load Bias files (EXPAND)
L O ded from fiearies (LIBRARY)

‘ (LsT)

[JBias p voltages [NOBIAS)

[ Node summary [connections) (NODE)

Circuit file statements (NOECHO)

Model parameter values (NOMOD)

Digital timing and hazard messages (NOOUTMSG)

Page breaks and banners for each section [NOPAGE)

[[]Value of each PSpice option (OPTS)
MNumber of digits in printed values: | 4 [NUMDG)

Output file width: 80 v | characters

I 0K l[ Cancel i[ Spply H Help I

8. Run the simulation. When PSpice launches, select View > Output file. The
output file shows a summary of the resistors, capacitor and voltage source
used in the circuit, as shown in Figure 2.26. The output voltages and currents
are not reported in the output file.

FIGURE 2.26 *xx% RESISTORS
Summary list of circuit ;g NODES MODEL  VALUE TC1 TC2 TCE
devices.

R_R1 IN  OUT 1.00E+01

R_R2 0 oUT 1.00E+01

*xxx CAPACITORS
NAME NODES MODEL VALUE In. Cond. TC1 TC2
C_C1 ouT 0 1.00E-0D9

*%%% JNDEPENDENT SOURCES
NAME NODES DC VALUE AC VALUE AC PHASE
v_v1 IN 0 1.00E+01 O0.00E+00 O0.00E+00 degrees

9. Create another new PSpice simulation profile, but this time the bias point
simulation settings will be inherited from the previous bias1 point simula-
tion profile. In the New Simulation window, enter bias2 for the Name. Click
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on the pull down Inherit From menu as shown in Figure 2.27, select bias1
and click on Create. In the simulation settings, you will see that Bias Point
analysis is selected. Select Options > Output file and you will see that
LIST is checked and (NOBIAS) is unchecked. Close on OK to close the
new simulation profile.

You now have created three bias point simulation profiles: bias, bias1 and

bias2.
5 - FIGURE 2.27
New Simulation Inheriting an existing simulation profile
settings.

MName:

| |

:biaSZ 2|

Inherit From:

.—none o v | @

none

RC-bias

10. If it is not already displayed, open the Project Manager window by either

selecting Window > <project path> \RC.opj file (Figure 2.28) or clicking
on the icon %, or ¢ .

Window Ngllls] ca EIGURE 2.28
: » electing the Project Manager.
New Window 9 ) g

Cascade

Tile Horizontally

Tile Vertically

Arrange Icons
1 Session Log [

2 CAPSPICE EXERCISES\RC\RC .opi
3/-(RC: PAGEL)

Close All Windows

-

The Project Manager will be displayed as shown in Figure 2.29.
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FIGURE 2.29

Project Manager window.  BC:E FoF !Em

Analog or Mixed 4/D
tIFIfEI s, Hieralch_l.;
= B Design Resources
= B rcdsn
= RC
B PAGE1
@ O Design Cache
@ O Library
62 Outputs
Are-pspicefilesyrcire.net
8 PSpice Resources

]

B

11. In the Project Manager window, expand the PSpice Resources > Simulation
Profiles. The three bias point analysis simulation profiles that have been
created are listed in the Project Manager (Figure 2.30a) and are also displayed
on the left-hand side of the top toolbar (Figure 2.30b) in which a pull-down
menu lists the simulation profiles, bias, bias1 and bias2.

FIGURE2.30 ~  (3) = O3 DesignResources
(a) Bias profiles listed in = BBredan
Project Manager; (b) list =) RC
of bias profiles. B PAGE1L
w-E2 Design Cache
@ O Library
= 8 Outputs

. \rc-pspicefilesrcire.net:
= B PSpice Resources
6 Include Files
63 Model Libraries
= 63 Simulation Profiles

SCHEMATIC1-Bias
RC-bias1
RC-bias2

£ Stimulus Files

(b)




Note that bias2 is selected, which appears in the Project Manager with a red
icon to its left. This indicates that this is the current or active profile. You
can select another profile in the pull-down list or alternatively select the
profile in the Project Manager and rmb > Make Active.

12. Select bias1 in the pull-down profile list in Figure 2.30b and note the change
in the Project Manager Simulation Profiles section. Bias1 is now the active
profile.

NOTE

This is a useful way to switch between different profiles of different simulation settings
or different analysis types.

CHAPTER 2 €D
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DC Analysis

Chapter Outline

3.1 DC Voltage Sweep 39 Exercise 1 45
3.2 Markers 41 Exercise 2 48
3.3 Exercises 45

The DC analysis calculates the circuit’s bias point over a range of values when
sweeping a voltage or current source, temperature, a global parameter or a model
parameter. The swept value can increase in a linear or a logarithmic range or can
be a list of increasing values.

This is useful for example if you want to see the circuit response for a change in
the supply voltage or to see how a change in a resistor value affects the circuit
response. The DC sweep also allows for nested sweeps such that one of two
variables is kept constant while sweeping the other variable. For example,
the characteristic transistor Ic—V¢g curve plots the collector current against the
collector—emitter voltage for fixed values of base current. The DC sweep will
then contain two variables, the collector—emitter voltage Vg and the base
current Ip. The base current is the secondary sweep while the Vg is the primary
sweep. The collector current I¢ is recorded by successive voltage sweeps of the
collector—emitter voltage Vg for stepped values of base current producing
a series of curves as shown in Figure 3.1.

3.1 DC VOLTAGE SWEEP

As with other analysis types, a PSpice simulation profile needs to be created.
For a DC sweep analysis, select PSpice > New Simulation Profile and select
DC Sweep for the Analysis type. Make sure the Sweep Variable is set to
Voltage source. The Name is the reference designator for the voltage source,
which in this case is V1. The sweep type is set to Linear, starting from 0V to
10V in steps of 1 V. You can also enter a list of voltages in the Value list, for
example 1 2 4 5 99 100, as long as the voltages are increasing in value.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00003-9
Copyright © 2012 Elsevier Ltd. All rights reserved.
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200uA
30mA
160UA
120uA
20mA
80UA
10mA-
40uA
0A : T T T T
ov 2v av 6V 8V 10V 12v
ElTeltel))
V_VCE
FIGURE 3.1

Nested sweep for a transistor characteristic curve.

FIGURE 3.2

DC sweep simulation settings. Simulation Settings - DC Sweep
| General | Analyg Configuration Files | Options | Data Collection | Probe Window
Analysis type: Sweep variable
i DC Sweep > ® Voltage source Name: iﬁ \
N (O Curient source
=P |os. = : (O Global parameter =
O Model parameter 7:‘
[[JMonte Calo/worst Case O Iemperature Ll n L I }
[C]Parametiic Sweep
[ Temperature (Sweep) Sweep type I |
[]Save Bias Point ®L Start value: 0
. s Linear J
[JLoad Bias Point . Erd Vel 10 ‘
ogaiithmic =
Increment: 1 J
Ovauelid [
E OK 3 [ Cancel ] [ Apply ] I Help ]

Figure 3.2 shows the simulation profile for a DC linear sweep of V1 from 0 to
10V in steps of 1V.

NOTE

You can rename the reference designator for the voltage source to anything you like as
long as the first character is a V. For example, the voltage source could be named
Vsupply. This also applies to other components such as resistors, especially when you
want to define, for example, a load resistor, RL.




3.2 MARKERS

Markers are used to record the voltages on nodes or currents through compo-
nents and are accessed from the PSpice menu. They enable data to be auto-
matically displayed as a waveform in the PSpice waveform viewer, which is
known as the Probe window. To add markers, select PSpice > Markers and then
you have a choice of placing current, voltage or differential voltage markers as
shown in Figure 3.3. The Advanced markers are primarily used with an AC
analysis and will be covered in Chapter 4.

Figure 3.4a shows the icons for the markers in version 16.2 and Figure 3.4b the
markers in version 16.3.

Accessories  Options  Window  Help FIGURE 3.3
= New Simulation Profile PSpice markers.
Edit Simulation Profile S
@ Run Fi1 B § K
Yiew Simulation Results  F12
View Output File
Create Netlist

View Netlist
Advanced Analysis 4
[ Markers [ Voltage Level
Bias Points » | A Voltage Differential
28 Current Into Pin
#8 Power Dissipation
Advariced »
Plot Window Templates...
Show All
Hide All
Delete All
List...
(a)
Jolksrelrd
(b)
FIGURE 3.4

PSpice marker icons: (a) version 16.2; (b) version 16.3.
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FIGURE 3.5
Warning message if you try to place
a current marker on a wire. A

OrCAD Capture CIS

Current marker will be ignored unless connected to a pin.

Voltage markers are placed on wires, whereas current markers must be placed on
a component pin. A message (Figure 3.5) will appear if you try to place a current
marker on a wire instead of a component pin. The component pin is a different
color to a wire, and in version 16.3, component pins are noticeably thinner than
the connecting wires. For power markers, the markers are placed on the body of
the device.

NOTE
You can only add markers to a circuit after you have set up a PSpice Simulation
Profile and not before. It is a common mistake to add markers to a circuit and then
set up a new simulation profile and have the markers disappear when the profile is
set up.

Figure 3.6 shows the addition of two voltage markers on the resistor circuit that
will record the voltage at nodes ‘in” and ‘out’, respectively, and automatically
display their voltage traces in the PSpice Probe waveform window.

When the simulation is run, PSpice will launch and Probe will plot the
two voltage traces at nodes in and out. The x-axis is the swept voltage V(in)
and the y-axis is the resultant voltage V(out). Note that the respective
traces have the same color as the markers placed in the circuit. See Figures 3.6
and 3.7.

FIGURE 3.6 » G R1
Addition of two voltage markers. ' '\\'.:;.\\ . ;
- N ou
A
10R
v ¥
1m0V — § R2
T 10R
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1ov

5V

ov : : : : : : : :
ov v 2v 3v av 5V 6V v 8V
V(IN) o V(OUT)
V_V1

FIGURE 3.7
Probe Waveform viewer displaying the voltages at nodes, in and out.

NOTE

When you first place markers, their color is initially gray. After a simulation is run, the
markers will change color and the respective waveform in Probe will reflect the
marker’s color. If you delete a trace name in Probe, the marker on the schematic will
turn gray. By double clicking on the marker, the marker color will be restored and the
trace name will reappear in Probe.

In release 16.3, you can change the Probe background color, which by default
is black. From the top toolbar in PSpice, select Tools > Options > Color
Settings.

The waveform trace color in Probe can be changed by highlighting the trace and
rmb > Properties, for release 16.2 (Figure 3.8) or rmb > Trace Property in
release 16.3. Both actions will similarly display the Trace Properties box shown
in Figure 3.9.

In the Trace Properties box (Figure 3.9), the trace color, pattern, width and
symbol can be changed.

Information
Properties...

FIGURE 3.8
Trace options for 16.2.

T
oV 1oV



Trace Proper... @

co (S
Pattem -
Width -
Symbal | O T
[] Show symbal
[ 0K ] [Cancel] [ Help ]

FIGURE 3.9
Changing trace properties.

NOTE

From version 16.3, you have the functionality to rmb on a trace to open a context-
sensitive menu which displays all the related trace options as shown in Figure 3.10.

Add Trace
Add Plot
Add Y Axis

Log X
Logy

Zoom In
Zoom Qut
Zoom Area
Zoom Fit

Cursor On

Mark Data Point
Add Text Label

Trace Information
Trace Property
Copy to Clipboard
Hide Trace

Show All Traces
Hide All Traces

FIGURE 3.10
Trace menu options.

From version 16.3 you can change the foreground colors such as the axis and
grid lines and also the background color for Probe. Select Tools > Options >
Color Settings as shown in Figure 3.11.
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- P @ FIGURE 3.11
robe settings Changing colors in Probe.

Trace Colors

- -A

| Remove:

(R
E—

0K H Cancel I[ Reset ]

| General | Large DataFile | Cursor Sellings; Color Settings | Font Settings

|:| % | Background

Trace Colors Ordering

Available Colors

3.3 EXERCISES

Exercise 1

The resistor network circuit in Figure 3.12 is a potential divider where the ratio
of the output voltage to the input voltage is given by:

which can be written as:

V. R1
out _  RL (3.1)
Vin R1 + R2

R1
Vout = Vin o= 2
out nR1 1 R2 (3:2)

Therefore, the output voltage is determined by the ratio of the fixed values of the
resistors R1 and R2. If R1 = R2, the output voltage is equal to half of the input

FIGURE 3.12
Resistor network.

voltage.
R1
in AN out
10R
LV
10 —
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1. Draw the resistor circuit in Figure 3.12 and name the nodes as shown by
selecting Place > Net Alias (Figure 3.13).

FIGURE 3.13 A
Placing Net Alias. Place Net Alias @
Alias: m
'”
Rotation
®r O O O
Font
A7 i

2. Create a PSpice simulation profile, PSpice > New Simulation Profile and
for the Analysis type, select DC Sweep. Select the Sweep variable as the

voltage source V1 and set up a linear sweep from 0 to 10V in steps of 1V
(Figure 3.14). Click on OK.

Simulation Settings - transient @

FIGURE 3.14
DC sweep simulation setting.

| Gmel‘ Analysic i Configuration Fiss_ Options | Data Collection I Probe Windﬂwl
A_l:v_a_l;:vfis type: Sweep vanable
[DC Sweep v|  @Vokage source Nare: [
o O Curtent source
I, e (O Global parameter
v
[]Seconday Sweep © Model parameles T
["]Monte Carlo/worst Case | © Temperature L
[] Parametiic Sweep |
[] Temperature (Sweep) Sweep type | 1
[[]Save Bias Point @ Linexr Start value: |0 |
[]Load Bias Point ! Endvabe |10 i
O Logarithmic 2 X
Increment: 1
O Value list |
[ ok ][ cencel |[ 4wpk | [ Heb
Place voltage markers on nodes in and out (Figure 3.15).
/ \ R1
in out
A
10R
RR% b
1V — R2
T 10R
" |
'—i—
=0

FIGURE 3.15
Placing voltage markers on the nodes.



CHAPTER 3 @)

4. Run the simulation @ .

5. PSpice will launch and Probe will display the two traces for V(in) and
V(out). Figure 3.16 shows that the trace colors are the same as the marker
colors in the circuit diagram in Figure 3.15. Note that the circuit is acting
as a potential divider in that the output voltage is half of the input

voltage.

Tov FIGURE 3.16
Output voltage response of
resistor circuit for a DC
sweep of V.

5V

oV T T T T T T T T T

ov 1V 2v 3v 4v 5V 6V A% 8V v 10V

5 V(N) e V(OUT)
v_V1

6. Delete the ground symbol and resimulate. You should see the warning
message dialog box (Figure 3.17) and a message will be displayed asking
you to check the Session Log.

FIGURE 3.17
Orcad capture Warning message.

‘W arnings were reported, check Session Log

[[] Do not show this dialog again

7. The Session Log is normally open at the bottom of the screen; if not, it can
be found from the top toolbar, Window > Session Log. The warning
message will read:

WARNING [NET0129]Your design does not contain a Ground
(0) net.

8. Click on OK in the Warning message (Figure 3.15) and PSpice will launch. If
the Output file is not displayed, then select View > Output File. The output
file is shown in Figure 3.18. Your circuit will have different node numbers.
The removal of a 0V symbol was covered in the exercises at the end of
Chapter 2 and is mentioned here again as a reminder that in order for the
analog voltages to be calculated, a 0 V node must exist in the circuit other-
wise nodes will be reported as floating.



FIGURE 3.18 * source RC SUEEP

Output file showing floating node error  ¥_V1 IN NOOSSS 10V
messages R_R1 IN OUT 10R TC=0,0
' R_R2 NOOSES OUT 10R TC=0.0

10.
11.

12.

*x%%% RESUMING "DC Sweep.cir" *xxx
.END

ERROER —— Hode IN is floating
ERROR —— Hode N00555 is floating
ERROR —— HNode OUT i= floatingl

Reconnect a 0V symbol. Place > Ground or press G on the keyboard and
select a 0 V symbol.

Remove resistor R2 from the circuit and simulate.

PSpice will start and display the output file with an error message:

ERROR —— Less than ? connections at node outl

The error message relates to no DC path to ground at node out, i.e. the end
of the resistor R2 is floating. One other requirement in PSpice is that every
node in a circuit must have a DC path to ground. If you need to simulate
a node as open circuit, then you can always connect a large value resistor,
e.g. 100 GQ or 1TQ, from a node to ground, which will provide a DC
path to ground without adversely affecting the bias conditions of the circuit.
Similarly, a short circuit can be implemented by a very small resistance of
say 1 uQ or less.

Exercise 2

A nested sweep will be performed to display the transistor characteristic family
of curves. You will set up the VCE for the transistor as the primary sweep and the
base current as the secondary sweep.

FIGURE 3.19
Transistor circuit.
R1 .
12V —VCE
Vce
*— —
-0

R2 Q1
Yy [N
100k Q2N3904

11
OAdc

oIH
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1. Draw the circuit in Figure 3.19. The transistor can be found in the bipolar

library. In the Place Part menu, select the Add Library icon i

Figure 3.20 or in previous versions, click on Add Library.

Libraries:

FIGURE 3.20
Add Library.

as shown in

This will open up the Browse File window shown in Figure 3.21. Scroll
along or, alternatively, type in bipolar.olb in the File name field. Select bipo-
lar.olb and click on Open.

Browse File

Look in: [ ) pspice

¥ o2 Er

Y M anlg_dev.olb ®dataconv.olb 5
9 = apex.olb = dei_lin_rec.olb =
My Recent %) apex_pwm .olb ®dig_abm.olb L
LIBIPOLAR OLB Fdig_ecl.olb =
(3 [m@BREAKOUT.OLB %)dig_gal.olb E
Desktop | BIbUIT_brn.olb Hdig_misc.olb =
=] cd4000.0lb =ldig_pal.olb =
O Flcel.olb =ldig_prim.olb =
7 = coilcraft.olb =ldiode.olb =
My Documents %) com|inr.olb Hlebipolar.olb =
4 = darlngtn.olb lediode.olb =
i.! < } >
My Computer ‘
File name: BIPOLAR.OLB v (_Open |
‘g Files of type: ‘ Capture Library(*.olb) v [ Cancel ]
My N‘el‘wmk [T] Open as read-only
FIGURE 3.21

PSpice-Capture libraries.

2. The bipolar library will now be added to the list of libraries in the Place Part
menu. Select the bipolar library and type in Q2N3904 (not case sensitive) in
the Part box (Figure 3.22). Double click on the q2n3904 transistor and
place in the schematic page.
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FIGURE 3.22
(Q2N3904 selected from the bipolar library.

Place Part

Part Q @
|q2n3304 ]
Part List: Y

|Q2N3866/27C/RAD
Q2N3877
Q2N38774
(2N3300
2N33004
Q2N3301
02N3903

%

[*

L_|branes.

ANA_SWIT 242x493 A~
ANALOG —|
ANALOG

BIPOLAR =
BREAKOUT

| Design Cache ¥

Packaging
Parts per Pka: 1

Q7
ﬁ Q2N3304 Type: Homogeneous

=
MNormal 1 |
|+ | Search for Part

NOTE
The Q2N3904 is available in the OrCAD demo version.

3.
a.

5.

Place the rest of the components as shown in Figure 3.19.

You will set up a nested DC sweep where the VCE will be the primary sweep
and the base current the secondary sweep.

Create a simulation profile, PSpice > New Simulation Profile, and select the
Analysis type to DC Sweep. For the Primary Sweep, which is shown by
default, select the Sweep variable to be a voltage source and name the
source Vce. The Sweep type is Linear with a Start value of 0V, an End value

of 12 Vand an Increment of 0.1V (Figure 3.23). Click on Apply but do not
exit the Simulation Profile.
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Simulation Settings - dc sweep

| General Analysis Configuration Files | Options | Data Collection | Probe Window |

Analysis type: Sweep variable

_ vﬁ ® Voltage source Name: _-\Jr:e |

o O Current source

: ptlns, : O Global parameter -

[E2IF imay Sweep | O Model parameter 7% 7|

|[¥] Secondary Sweep | = I

|CJMonte Carlo/worst Case O Temperature

|[] Parametiic Sweep

|[] Temperature (Sweep) Sweep type ; :

|} fa:: BBfas ;o‘mll ®lren Start value: 0 |

[JLoad Bias Poi S, End value: 12 |
O Logarithmic [ — -

Increment: 0.1 |

O Value list I

FIGURE 3.23
Primary DC sweep settings.

6. In the Options box, select the Secondary Sweep. The Sweep variable is the
current source I1. The Sweep type is Linear with a Start value of 40 pA, an
End value of 200 pA and an Increment of 40 pA. Make sure the Secondary
Sweep box is checked and click on OK (Figure 3.24).

Simulation Settings - tran

_Genelali Analysis | Configuration Files| Options | Data Collection | Probe Window
[

Analysis type: Sweep vaiiable
DC Sweep v (Voliage source Name: n 1
(@ Current source
Options:

() Global parameter
imary Sweep

o | |
[E]5econdary Sweep O Mol parameter T )

| |[[JMonte Carlo/Worst Case O Temperatue e | |
[]Parametric Sweep

[ [] Temperature {Sweep) Sweep lype .
Dﬁa‘d::.ias:u_im ® Linear Start value: 40u i |
D O Logaithri Endvalue: | 200u |

oganthmic —

| Increment: 40u

O Value list |
ok [ cancet J[ ooy |[ Hep

FIGURE 3.24
Secondary DC sweep settings.

7. Place a current marker on the collector pin of the transistor and simulate.
8. You should see the characteristic curves shown in Figure 3.25.



40mA

20mA
0A
—20mA
ov 2V 4V 6V 8V 10V 12v
1IC(Q1) V_VCE
FIGURE 3.25

Nested sweep showing transistor characteristic curves.

9. Select Plot > Axis Settings > YAxis, change the Data Range to User
Defined and enter a range from 0 mA to 40 mA. Click on OK and see
the change.

10. Select Plot > Axis Settings > YGrid and uncheck Automatic and set the
Major Spacing to 10 m. Click on OK and see the change.

11. Select Plot > Axis Settings > XGrid and uncheck both Major and Minor
Grids to None. Click on OK and see the change.

12. Select Plot > Axis Settings > YGrid and uncheck both Major and Minor
Grids to None. Click on OK and see the change.

13. Select Plot > Label> Text,change the font color to silver and add the base
currents as shown in Figure 3.26.

40mA

200uA

30mA4
160uA

120uA
20mA-4

80uA

10mA-
40uA

0A : : : : T
ov 2v av 6V 8V 10V 12v
ic(Q1)
V_VCE

FIGURE 3.26
Nested sweep showing transistor characteristic curves for Ic against Vce for fixed values of Ib.
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The AC analysis is used to calculate the frequency and phase response of a circuit
by frequency sweeping an AC source connected to the circuit. The AC sweep
analysis is a linear analysis and calculates what is known as the small signal
response of a circuit over a range of frequencies by replacing any non-linear
circuit device models with linear models. The DC bias point analysis is run prior
to the AC analysis and is used to effectively linearize the circuit around the DC
bias point. It must be noted that the AC analysis does not take into account
effects such as clipping. You will have to run a transient analysis to determine
these effects.

To perform an AC analysis, the independent voltage source Vac or current source
Iac (Figure 4.1a) from the source library is used. However, any independent
voltage source which has an AC property attached to the part can be used as an
input to the circuit. Figure 4.1b shows the properties attached to the V¢ part as
displayed in the Property Editor.

By default, the magnitude of the V¢ source is 1V. In calculating the frequency
response of a circuit, you are normally looking to calculate the gain and phase
response of the circuit. Since the circuit gain is given by the ratio of Vo to Vi,
setting Vi, to 1V, the gain or transfer function of the circuit will be equal to the
output voltage, V.

4.1 SIMULATION PARAMETERS

One example in which an AC analysis is used to determine the frequency
response of a circuit is the notch filter, which attenuates a narrow band of

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00004-0
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FIGURE 4.1 (a) M |
Independent Vxc and /yc sources: .

. V1 R
(a) Capture parts; (b) Vac properties.
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L] L]
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A
7 SCHEMATIC1 : PAGE1
ACMAG Nee 7
ACPHASE
Color Default
DC 0vdc

unwanted frequencies — for instance, the removal of the mains frequency which
can lead to unwanted ‘hum’ in an audio amplifier. One common imple-
mentation of a twin T notch filter is shown in Figure 4.2, where the notch
frequency is given by:

1
fo = 27RC (4.1)

Figure 4.3 shows the notch filter response of the circuit where the output is
attenuated by —60 dB at the notch frequency of 53 Hz.

To set up an AC analysis, a PSpice simulation profile needs to be created: PSpice
> New Simulation Profile. In Figure 4.4, the Analysis type is set to AC Sweep/
Noise and has been set up for a logarithmic frequency sweep starting from 1 Hz
to 100 kHz. You have the choice to sweep the frequency linearly over the whole

FIGURE 4.2 i R2
Twin T notch filter. W WAV
27k 27k
V1
1Vac = I = 2
D‘v’dc@ 110n 110n
. ) out
R3 R4
27k 27k
= c3 c4
= J
1L
1 "
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-60
1.6Hz 100Hz 1.0kHz 10kHz 108kHz
o DB(U(OUT))
Frequency
FIGURE 4.3

Notch filter response.

Simulation Settings - AC Sweep E]

General | Analysis Configuration Files | Options | Data Collection | Probe Window
arj.?liynsis u"pe,;, - AL Sweep Type
|AC Sweep/Noise > [ O Linear Start Frequency: h ‘\
Options: () Logarithmic End Frequency: ﬁUﬂk
[E]General Settings [Decade v | Points/Decade: [100 |
[[JMonte CarloAw/orst Case : R
[JParametiic Sweep Noise Analysis
[] Temperature (Sweep)
[JSave Bias Paint
[JLoad Bias Paint
Output File Options
[[] Include detailed bias point infarmation for nonlinear
controlled sources and semiconductors (.0P)
[ OK ] [ Cancel I [ Lpply I [ Help
FIGURE 4.4

AC sweep simulation settings.

range or logarithmically either in decades or in octaves. If you want to use
a linear range, note that the Total Points is applied over the whole frequency
range compared to, say, a decade range where the number of points applies to

each decade.



NOTE

It is a common mistake to mix up the total number of points for linear and decade
(or octave). So if your AC response curve severely lacks any resolution, i.e. has been
plotted showing 10 points over the complete frequency range, check your AC sweep
simulation settings for the correct AC sweep type, linear of logarithmic. Another
common mistake is when specifying megahertz, to use MHz, which is the same
as mHz (millihertz) as PSpice is not case sensitive. For megahertz, use megHz or
MEGHz or 10e6 Hz. You do not have to enter the units (Hz), for example 100meg.

4.2 AC MARKERS

AC markers can be found be found under the PSpice > Markers > Advanced
menu as shown in Figure 4.5. These markers can be used to display dB
magnitude, phase, group delay, and the real and imaginary parts of voltage and
current. For example, a combination of these markers can be used for Bode and
Nyquist plots.

Accessories  Options  Window  Help

@ New Simulation Profile T
Edit Simulation Profile R
© Run Fi1 E g K

View Simulation Results F12 =
View Output File 8 pace
Create Neftlist

View Netlist
Advanced Analysis 4
[ Markers A3 Voltage Level
Bias Points ’_ # Voltage Differential
#3 Current Into Pin
% Power Dissipation
[ dB Magnitude of Voltage |[ Advanced
| dBMagnitude of Current Plot Window Templates...
Phase of Voltage Show Al
Phase of Current )
Hide All
Group Delay of Voltage
Delete All
Group Delay of Current List

Real Part of Voltage
Real Part of Current
Imaginary Part of Voltage
Imaginary Part of Current

FIGURE 4.5
AC Markers menu.



4.3 EXERCISES

Exercise 1

AC Analysis

Figure 4.6 shows a passive twin T notch filter. You will create an AC sweep and
plot the frequency response of the circuit.

1. Draw the circuit of the notch filter in Figure 4.6. The Vjc source can be
found in the source library.

R R2 FIGURE 4.6
Wy Mh—— Twin T notch filter.
27k 27k
1V ! c1 2
ac —_— —
Wdc@ 110n 110n
. ) out
R3 R4
27k 27k
=l c3 c4
=0 |
1l 1L
17 17
110n 110n

2. Create a PSpice simulation profile to perform a logarithmic sweep from
1 Hz to 100 kHz in steps of 100 points per decade (Figure 4.7).

Simulation Settings - AC Sweep @

.éenela-li Analysis "E-:uriiigun-alil.m Fil-es:f Dpti;:\né Data Collection f Probernduw

Analysis type:
AC Sweep/Noise v
Options:

General Settings
[[]Monte Caro/worst Case
[[]Parametric Sweep

[] Temperature [Sweep) |
[]Save Bias Point [
[[]Load Bias Point ‘

AC Sweep Type
O Linear Start Frequency: |1
(® Logarithmic End Frequency:
{Dacade v Points/Decade: EECI
Noise Analysis
[Enabled

Output File Options

[[]Include detailed bias point information for nonlinear
controlled sources and semiconductors (.OP)

I 0K H Cancel ][ Apply ][ Help

]

FIGURE 4.7
AC sweep

simulation
settings.
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3. Place a Vgp voltage marker, which will automatically calculate the output
voltage in dB: PSpice > Markers > Advanced > dB Magnitude of Voltage
(Figure 4.8).

[E=ellel Accessories  Options  Window Help

New Simulation Profile :l B
Edit Simulation Profile ——
© Run Fiu pE Ly [ R [E W K

View Simulation Results ~ F12 -~ =
View Output File PR eacer

1 T
Create Netlist

View Netlist
Advanced Analysis 4
[ Markers A3 Voltage Level
Bias Points ¥ 4 Voltage Differential
l \@ 23 Current Into Pin
oLl #8 Power Dissipation
< [ dB Magnitude of Voltage [ Advanced |
¢ i;"ag?im‘j‘e of Current Plot Window Templates. ..
e of Voltage
— Phase of Current %:V:‘\I“
11 Group Delay of Voltage Delate Al
Group Delay of Current List =

Real Part of Voltage
Real Part of Current
Imaginary Part of Voltage
Imaginary Part of Current

FIGURE 4.8
Adding a dB voltage marker.

4. Run the simulation and you should see the notch filter response
(Figure 4.9). What we need to do now is to determine the frequency at
the deepest part of the notch.

108Hz 1.8kHz 10kHz 108kHz
Frequency

.BHZz
o DB{U(OUT))

FIGURE 4.9
Notch filter response.



AC Analysis CHAPTER 4 @)

5. Turn on the cursor, Trace > Cursor > Display «# @ and place the cursor
at the bottom of the notch. For a more accurate reading, zoom in towards
the bottom of the trace, View > Zoom > Area or use the icons @ & @& & .
Alternatively, you can use one of the cursor functions, Trace > Cursor > Min

v or [ag.

The Probe Cursor box will display a notch frequency 53.703 Hz with an
attenuation of —59.348 dB as seen in Figure 4.10, depending on which soft-
ware version you are using. In both software versions, the Probe Cursor box
can be positioned anywhere in the Probe screen.

FIGURE 4.10
Cursor data: (a) version 16.2; (b) version 16.3.

A1 = 53.703, -59.348
= 1.0008, -24.147m
dif= 52.703, -59.324

(b) |

Trace Color Trace Hame | %2 |

W#Wﬁ@!&a 53.703 10000 |
JRSOR 12 DB(V(OUT)) |-59.348 -24.147m |

6. Restore the Probe display to its original size, View > Zoom > Fit &
Select the trace name at the bottom of the display and press delete on the
keyboard or select Trace > Delete all Traces. Now we are going to manually
add the trace for the output voltage V(out).

7. Select Trace > Add Trace . and the Add Traces window will appear as
shown in Figure 4.11.

FIGURE 4.11
Add Traces Add Traces window showing

Simulation Output Variables Functions or Macros . .

: | [ p———— the list of output variables and
- Analog Operators and
requency P . ;

o) A [anaog 0 “ | Functions.

VIC1:1) Digita 3

VIC1:2) = e + T

ViC2:1) 2

Vic22) 7] Yokages /

VIC3:1) @

VIC32) [ Curents ABS()

V(C4:1) ARCTAN()

V(C4:2 C1 Bower ATAN()

V(N19753) Noise V2/H> AVG()

V(N19773) e AVGX(.)

_V N13753 [¥] Alias Names g[U]S[ ]

VR1:1) har K DE()

V(R1:2) ez ENVMAX( , )

VIR2:1) ENVMIN(, )

V(R2:2) EXP()

V[R3:1) G[)

V(R3:2) IMG()

V(R4:1) LOG()

5%5?3]] 42 variables listed ::10[?1 00

V1) v MEX( ) Y

Full List

Trace Explession:lV[uul] l w M} [&]




8.

10.

The Add Traces window displays all the data for all the nodes and devices in
the circuit. Uncheck the boxes for Currents and Power and in the list of
Simulation Output Variables, scroll down and select the V(out) variable.
Click on OK.

The V(out) trace will be displayed in the Probe trace window. However,
what we want is the voltage in dB. Select the trace name V(out) and press
the delete key to remove the trace.

Select Trace > Add Trace and in the right-hand side of Add Traces under
Analog Operators and Functions, select DB().

Then, as before, select V(out) from the list of Simulation Output Variables.
At the bottom of the window in the Trace Expression box, you should see
DB(V(out)). The DB function automatically calculates the DB of V(out). See
Figure 4.12.

FlGURE 4.12 i _—
Conversion of V(out) to dB. l[ace ExpreSSlon: |l DBN[Out]]

Click on OK and you should see the trace shown in Figure 4.13.

Hz
= DB(U(out))

10Hz 100Hz 1.0kHz 10kHz 100kHz
Frequency

FIGURE 4.13
Notch filter response.

11.

Repeat Step 5 to determine the depth of notch attenuation in dB.

Twin T notch filter

Figure 4.14 shows the implementation of a notch filter which has a notch
frequency given by equation 4.1 as:

1

Jo = 27wRC
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K i FIGURE 4.14
/] Twin T notch filter.

— 2C

<
kol
-]

||

out

Vou
R/2

Using only one value of resistor and one value of capacitor, the circuit in
Figure 4.14 can be implemented as shown in Figure 4.15.

4 o

R R FIGURE 4.15
AN W Wy Twin T Notch filter implemented
with one resistor and one capacitor
Vin == =G
value.
out

Vout

|
o
V—rtp

The parallel combination of the two capacitors is given by:
C,=C+C=2C

The parallel combination of the resistors is given by:
_ RxR R

P R+R 2

which conforms to the circuit implementation shown in Figure 4.14.

For the notch filter in Figure 4.6, R=27 kQ and C= 110 n. Therefore, using
equation 4.1, the notch frequency is given by:
1
Jo = 27RC

1
— = 5:3.6 }{
Jo = 327 X 105 x 110 X 109 z
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Parametric Sweep
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Exercise 2 73

A parametric sweep allows for a parameter to be swept through a range of values
and can be performed when running a transient, AC or DC sweep analysis.
Parameters that can be varied include a voltage or current source, temperature,
a global parameter or a model parameter. A global parameter can represent
a mathematical expression as well as a variable and is defined using the PARAM
part from the Special library. To define the global variable, you have to add
a new property to the PARAM part by editing its properties via the Property
Editor. For example, in the resistor circuit shown in Figure 5.1, the value of
resistor R2 has been replaced with a variable called {rvariable}; you can name
the variable anything you like. The braces otherwise known as curly brackets { }
are required in PSpice to define global parameters.

The PARAM part has a heading called PARAMETERS: and contains a list of
defined variables and their default values. In this case, RL is defined to have
a default value of 10 kQ if no parametric sweep is performed.

RS
AV PARAMETERs: ~ FIGURE 5.1
47K rvariable = 10k Defining a global parameter and
V1 a default value.
10V —— RL
il {rvariable}
. |
L
=0

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00005-2
Copyright © 2012 Elsevier Ltd. All rights reserved.
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FIGURE 5.2
Property Editor.

5.1 PROPERTY EDITOR

As mentioned above, the global parameter variable name and default value must
be added to the PARAM part as a new property in the Property Editor. The
PARAM part is found in the special library and is placed anywhere in the
schematic page. By double clicking on the PARAM part, the Property Editor
(Figure 5.2) will open.

The Property Editor is a spreadsheet that displays all the properties attached to
a part. For example, a resistor will have defined properties such as a footprint,
resistor value, power rating, tolerance, manufacturer’s part number and PSpice
model. Properties can be added to parts in the Property Editor and in the case of
the PARAM part, we need to add a property to define the global variable that
needs to be swept.

When first selected, the Property Editor will open up in one of two modes,
displaying the properties in either rows (Figure 5.3a) or columns (Figure 5.3b).

It is easier to view all the properties listed in rows, as shown in Figure 5.3a. If the
properties are displayed in columns (Figure 5.3b), you will have to use the
scrollbar at the bottom of the Property Editor to scroll along to view all the other
properties. The viewed mode can be changed, for example, from columns to
rows by placing the cursor in the blank cell to the left of the Color property
(Figure 5.3b) and when the cursor changes to an arrow, rmb > Pivot. The
properties will now be displayed as rows.

[ New Row... | lAppIy J [Displa_u,,,l [Delele Property] Filter by: | < Cunent properties > v
1 A \
# SCHEMATIC1 : PAGE1
COlO! ‘ D'eﬁ'u'n it T
PARAM Normal
=

Implementation Type PSpice Model
Location X-Coordinate | 350
Location Y-Coordinate |

Part Reference 2
PCB Footprint
Power Pins Visible

DEFAULT
PSpiceOnly | TRUE
Reference |
Source Library | CAORCAL
" Source Package |

Source Part
Value

<[ » |\Parts { Schematic Nets £ Flat Nets {Pins £ Title Blocks | <



(@)

Filters L

Sort Ascending
Sort Descending
Pivot

Edit...

[elete Property
Display...

e

MNew Row... l Apply [ Dlsplay...l Delete Property |
Right ) |
mouse —p @ Te:PAGE1:1
C lle CAoInr Default
Designator
Graphic PARAM Normal
1]
Implementation
Implementation Path
Implementation Type

Location X-Coordinate|
Location Y-Coordinate|
Hame

Part Reference
PCB Footprint

Power Pins Visible
Primitive

PSpiceOnly
Reference

Source Library C

PSpice Model
350

Source Package PARAM
Source Part PARAM. Normal
Value PARAM
[New Eolumn_.] [ Apply ] [Display‘..] [Delete F'roperty] Filter by: | < Current properties >
Color | Designator Graphic
1| SCHEMARCT:PAGET peau PARAM Normal
Filters b
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. Sort Descendin
Right ]
mouse | _—¥ | Pivot
click Edt...
Delete Property
Display...
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FIGURE 5.3

Property Editor displaying
PARAM part properties in either
(@) rows or (b) columns.

To change the view from rows to columns, place the cursor in the blank cell
above the Color property (Figure 5.3a). When the cursor changes to an arrow,

rmb > Pivot.

To add a property which allows a global parameter to be swept, select New Row
as shown in Figure 5.3a and the Add New Row dialog box will appear
(Figure 5.4). Add the Name of the variable and the default Value of the variable.
Figure 5.4 shows a parameter called rvariable being defined with a default value
of 10k and Figure 5.5 shows the new row added in the Property Editor.

The properties listed in the Property Editor have a name and a value. For
example, a transistor may have a standard TO5 footprint. Footprint is the
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FIGURE 5.4
Adding a new property to the PARAM Add New Row @

part. Name:
tvariable |
Value:
‘ 10k |
Enter a name and click Apply or OK to add a column/row to the
property editor and optionally the current filter (but not the <Current
properties> filter).
No properties will be added to selected objects until you enter a value
here or in the newly created cells in the property editor spreadsheet.
Always show this columndrow in this filker
E Apply ﬂ [ 0K J [ Cancel J [ Help ]
FIGURE 5.5

The new parameter variable [ New Row... ]  Apply | (Display..] Delete Propery)

rvariable with a default value of 10k | 10K
has been added to the PARAM part.

A
SCHEMATIC1 : PAGE1 :
Color Default
Designator
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Implementation Type PSpice Model
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Part Reference 1
PCB Footprint
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PSpiceOnly TRUE
Reference 1
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property name and its value is TO5. Another example is a resistor with a 1%
tolerance. Tolerance is the property name and 1% is the value of the property.
Table 5.1 gives some examples of property name and value.

Table 5.1  Property Examples.

Property Name

Property Value

Footprint
Tolerance
Part reference

TO5
1%
R1

By default, new property names and values are not displayed on the part in the
schematic diagram so they have to be made visible. This is done by highlighting
the property cell in the Property Editor and selecting Display (or rmb > Display).
This will open up the Display Properties dialog box as shown in Figure 5.6.

Display Properties @

Name: rvariable

Value: |10k

Display Format
(O Value Only

O Name Only

O Do Mot Display
(&) Name and Value

O Both if Value Exists

Font
Arial 7

Color

(

v
Rotation
@0 O 180°
Qe O 270
0K ][ Cancel ] i Help

]

FIGURE 5.6

Display Properties controls whether property
names and values are displayed on the
schematic.

It is recommended for Global parameters that both property name and value are
both displayed when added to the Param part, as seen in the resistor circuit in

Figure 5.1.

NOTE

The Property Editor is closed by clicking on the lower right hand cross of the property
window. Be careful not to select the upper top cross as this will close Capture

5.2 EXERCISES
Exercise 1

When you connect audio equipment together, for example the output of
a microphone to the input of an amplifier, it is recommended that the output
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impedance of the microphone should match the input impedance of the
amplifier. This is also true for video and radio frequency (RF) equipment. What
happens is that the maximum power transfer of a signal between a source
impedance and a load impedance occurs when the impedances match and the
maximum power transfer that can be achieved is 50% of the source signal.

You will demonstrate simple resistance matching by plotting the load resistor
power dissipation against load resistance for the circuit in Figure 5.7.

FIGURE 5.7 PARAMETERS:
Resistor network to RS VL rvariable = 10k
demonstrate resistance M
matching. i\m RL
10V % {rvariable}
L
~o

1. Create a new PSpice project or use the resistor project from Chapter 1 as
a starting point.

2. Place a V¢ source from the source library and set its value to 10 V.

Place a resistor R from the analog library and name it RS and set its value to
47k. Place resistor RL and set its value to {rvariable}.

Connect a 0V symbol from the capsym library (Place > Ground).

Name the net node connecting RS to RL as VL (Place Net > Alias)
(Figure 5.7).

3. Place a PARAM part from the special library anywhere on the schematic.

Double click on the Param part to open the Property Editor.

5. Depending on how the properties are displayed in the Property Editor (rows
or columns), add a new property by either clicking on New Row... or New
Column... Create a new property called rvariable with a value of 10k as
shown in Figure 5.8.

FIGURE 5.8 '
. Add New Row @
Creating a new global parameter.

Mame:

E

rvariable

Yalue:
10k

Enter a name and click &pply or OK to add a column/row ta the
property editor and optionally the current filter (but not the <Current
properties> filter).

No properties will be added to selected objects until you enter a value
here or in the newly created cells in the property editor spreadsheet.

| Apply |[ 0K ] I Cancel ][ Help
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The circuit is now set up with a global parameter, rvariable, with a default
value of 10 kQ, which will be the resistor value used for simulation if no para-
metric sweep is performed. Click on OK but do not exit the Property Editor.
6. Highlight the new property rvariable and select Display. In the Display Prop-
erties window (Figure 5.9) select Name and Value. Close the Property Editor.

: . L FIGURE 5.9
D1splay Rroperties Display Properties.

) . Font
Name: rvariable Arial 7
Value: |10k Use Default
Display Format
. Caolor
(O Do Not Display
O Valus Only Default N |
(&) Name and Value Rotakion
O Name Dnly ®r O180°
(O Both if Value Exists O 90 O 270°
[ ok ][ cance |[ Hep |

7. You will need to set up a DC sweep with a Global parameter named rvari-
able for a linear sweep from 500 Q to 100 kQ in steps of 500 Q.
Create a new simulation profile, PSpice > New Simulation Profile, and call
it anything you like, for example, global sweep.
Select Analysis type to DC Sweep and select the Sweep variable as a Global
parameter with a Parameter name: rvariable. The Sweep type will be linear
with a start value of 500 Q, an end value of 100 kQ and an increment value
of 500 Q (Figure 5.10).

Simulation Settings - global sweep @ ;'g;g;ni‘;t?ngs for

| Genera | Anabss | Confiuration Fies | Options | Data Collcton | Frobe Windon | | aglobal parameter sweep.

Analysis type: Sweep vaiiable

‘. DC Sweep v | O Yoltage source

S O Current source

_ptlus‘ = () Global parameter

© Model pacainctes ‘

[]Secondary Sweep o P i i

[[]Monte Carlo/worst Case O Iemperature Lome L [otshe

[ Parametric Sweep

[] T emperature [Sweep) Sweep ype :

O Eav: g_ras ::o_lnll ® Linear Stat value: :500 |

[Load Bias Poin o Endvalue: 100k
O Logarithmic —

Increment: \SDU

OValueligt |

k 0K i[ Cancel ][ Apply ][ Help ]




8. Place a power marker on the body of RL, i.e. in the middle of RL, by selecting
PSpice > Markers > Power Dissipation, or select the icon % or 4.
Your circuit should look the same as that in Figure 5.7.

9. Run the simulation (PSpice > Run) .

You should see the power dissipation curve in Figure 5.11.

600ult

400ull

200ul

2
=

T T T T T T T T
0 18K 20K 30K 40K 50K 60K 70K 80K 96K 100K
W(RL)
rvariable

FIGURE 5.11
Resistor load power dissipation curve.

10. From the curve in Figure 5.11 the cursors can be turned on to determine the
value of load resistance for maximum load power.
Display the cursor, Trace > Cursor > Display w# or [[].
In Probe, there are two cursors and they follow either the left mouse button
(Imb) or the right mouse button (rmb). When you first select Cursor >
Display, a dashed white box will appear around the symbol used for the
trace name (Figure 5.12).

L
510
0 18K

[ W(RL)

FIGURE 5.12
Cursor activated for W(RL) trace.

The cursor will then follow the left mouse with the left mouse button held
down. The cursor box will then appear and give a coordinate reading of the
cursor. In release 16.2 and previous versions (Figure 5.13a), Al is the left
mouse cursor with the first value the x-coordinate and the second value
the y-coordinate. A2 is the second cursor, which follows the right mouse
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button. From release 16.3, the cursors are labeled as shown in Figure 5.13b,
where you can also add multiple cursor measurements from other traces
and plots.
(a) FIGURE 5.13
Cursor coordinates: (a) release 16.2;

R e o oo
A1 = 47.000K, 5.3192u |
A2 = 500.000, 221.607n
dif= 46.500K, 5.0975u |

(b)
Trace Color Trace Hame /@ 5
X Values 47.000K '500.000

EUREEEE R 1531.915u |43.403u

11. Place the cursor on the maximum point of the curve and read off the value
for the load resistor.
Alternatively, there are predefined cursor functions (Figure 5.14) which can
be used to find the points on the curve such as maximum or minimum
values. These can be accessed from Trace > Cursor or you can select the
readily available icons on the top toolbar.

@ il g @ s

The function of each icon is shown by moving the cursor over the icons.
Select the Cursor Max function and you will see the cursor move to the
maximum value on the curve. The cursor box then displays the maximum
value as 47k, which is the load resistor value for maximum power transfer
(Figure 5.15).

FIGURE 5.14
Cursor icons.

12.

FIGURE 5.15

| Trace Color Trace Hame
Cursor max.

X Values 47.000K 500.000
OR 1.2 W(RL) 531.915u |43.405u

13. With the cursor placed at the maximum value, select Plot > Label > Mark
or click on the icon .. or {~.. The coordinates of the maximum point on
the curve (47k, 531.915W) will now be marked and displayed
(Figure 5.16).
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W(RL)
rvariable
FIGURE 5.16
Load resistor power versus load resistance.

NOTE
You can add arrows and text on the curves by selecting the Plot > Label menu.

THEORY
RS

FIGURE 5.17

Resistor network.

RL

|
M

-0
In Figure 5.17, the current in the circuit is given by:
[ — Vs
~ Rs+RL

The power dissipated in the load resistor is given by:
P = I’°RL

Substitute for I from (5.1) into (5.2):

‘] 2
P, = * )R
Rs + RL

(5.1)

(5.2)

(5.3)



P, = vs? RL (5.4)
L™ RsZ ¥ 2RsRL + RL2 '
Dividing by RL:
Vs?
PL=— (5.5)

Rs + 2Rs +RL
— s
RL

For maximum power in (5.5), the denominator must be a minimum. Rather
than differentiating the whole equation, differentiating the denominator will
give the same result.

dr; Rs?2
RL - RLZ +1 (5.6)
For a turning point,
arp
dRL
Therefore, )
0= —%4— 1 (5.7)
Rs = RL

It can be shown by differentiating (5.6) again, that the denominator is a minimum
at the turning point and so when Rs = RL, the power is a maximum value.

Exercise 2
NOTCH FILTER

You will globally sweep the resistor values in the notch filter circuit from Chapter
4 on AC analysis to see what effect this has on the circuit response. In the circuit
shown in Figure 5.18, the four resistor values have been replaced by the global
parameter {Rvalue}, which has been defined by the Param symbol to have
a default value of 27 k if no parametric sweep is performed.

N R2 FIGURE 5.18
i AN PARAMETERS: _ Noch filter
e Foaluey Rvalue = 27k resistor values
V1
1Vac = &1 == €2
uvu:@ 110n | 110n set to a global
default
N out
l N parameter value
R3 R4 9 of 27 kQ.
:; {Rvalue} {Rvalue}
——o c3 Cc4
o J J

Jd L
10

110n 110n
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1. Place a Param part from the special library. Double click on the Param part and
define the global variable as Rvalue with a default value of 27 k. Display both
the property name and value for Rvalue. The steps are the same as in Exercise 1.

2. Create a PSpice simulation profile for an AC sweep with the same settings for
the passive notch filter in Exercise 1, performing a logarithmic sweep from 10
to 10 kHz with 100 Points/Decade (Figure 5.19). Click on Apply but do exit.

FIGURE 5.19

AC sweep settings. Simulation Settings - AC Sweep @

| Gereral | Analysis | Configuration Files | Options | Data Collection | Probe Window |

Analysis type:

anasis ype: - AC Sweep Type
AC Sweep/Noise v O Linear Start Frequency: im j
(® Logarithmic End Frequency: iwk
____— [Eleé:ade v Points/Decade: [100
= |
[]Monte CarloAworst Case |
[¥] Parametiic Sweep I HoeARakiis
[C] Temperature (Sweep) 5 B
[]Save Bias Point [JEnabled t |
[[]Load Bias Point v ! ————

Output File Options

[[]Include detailed bias point information for nonlinear
controlled sources and semiconductors [.0P)

l 0K ] [ Cancel J Apply

3. Select the Parametric Sweep in the Options box and set up a Global
parametric linear sweep for the Rvalue variable starting at 24 kQ to 30 kQ in
steps of 1kQ, which will perform a total of seven AC sweeps (Figure 5.20).

Click on OK.
FIGURE 5.20 : : ;
Simulation Settings - AC Swee X
Global parameter 5 P D
Settings. | Gereral | Analysis | Configuration Files | Options | Data Collection | Probe Window |
A"alyﬂs, pe: B Sweep variable
AC Sweep/Noise v |  OVohage source Nar [

. O Current source
DOptions:

General Settings
[[JMonte Carlo/worst Case |
Parametric Sweep

(®) Global parameter
O Model parameter 00 name lij

(O Temperature Parameter name: !Flvalue

] Temperature [Sweep)
[]Save Bias Point Sweep lype '
[[]Load Bias Point ® s Statvalue: |24k ‘
o Endvalue: |30k ‘
O Logarithmic ’ | e 1|
Increment: 11k
O Value list ‘

[ ok i[ Cancel J[ Apply ][ Help ]
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4. Place a Vg, marker on the output node, ‘out’. PSpice > Markers > Advanced >
dB Magnitude of Voltage.

out

VDB

5. Run the simulation .

The notch filter response is shown in Figure 5.21. Here you can see that the notch
frequency changes with a change in resistance Rvalue. However, the attenuation
depth of the notch, also known as the Q of the filter, also changes with

frequency.

-404

-86 T T T T T
10Hz 30Hz 100Hz 300Hz 1.0KHz 3.0KHz 10KHz

o % o+  DB(U(DUT))
Frequency

FIGURE 5.21
Passive notch filter response.

Exercise 3
ACTIVE NOTCH FILTER

Figure 5.22 shows an active notch filter built upon the previous twin T notch
filter. The notch frequency is set as before by the resistor and capacitors in
the passive network but the potentiometer R5 is used to set the Q (the
sharpness of the attenuation) of the notch, which is not dependent on

frequency.



FIGURE 5.22
Active notch filter.

R5
100k
SET = {ratio}

<

1Vac
0vde

ol

! == vss PARAMETERS:
110n 110n ratio = 0.5

The potentiometer, R5, has a SET parameter which effectively sets up the ratio
between the two resistances on either side of the potentiometer wiper (pin 2). For
example, if the ratio is set to 0.4, the resistance between pins 1 and 2 takes on avalue
of 0.4 x 100 k = 40 k and the resistance between pins 2 and 3 takes on a value of
(1 -=0.4) x 100 k=60 k. So by varying the SET parameter between 0 and 1.0, the
pot is effectively being turned through its complete resistance range.

Now, in order to automatically sweep the SET parameter through its range of 0 to
1.0, a global parameter, ratio, has been set up which has a default value of
0.5 corresponding to the midrange of the potentiometer (50 kQ).

In order to draw the circuit of the active notch filter, the operational amplifiers
(opamps) AD648A need to be found. Any opamps could be used, but this is
a good exercise in how to search for specific parts.

NOTE
If you have the OrCAD Demo CD, search for the pA741 opamp in the eval library.

1. In the Place Part menu there is a Search for Part function which can help to
locate the opamp library as shown in Figure 5.23.

FIGURE 5.23
Search for Part.

E] Search for Part
Search For v i_;ﬁ]

Path |C:A\CADENCEASPE_16.3\TOOLSAC [Z]
Libraries
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NOTE

By default, the Search Path in Figure 5.23 does not point to the PSpice libraries but to
the Capture libraries, so running a search for the opamps will not return any devices. It
is acommon mistake when searching for parts to forget to change the Search for Part

path.

To change the search path, click on the Browse icon j to the right of the
Search Path box, which will open the Browse File window (Figure 5.24)
showing the [install path] > capture > library folder selected on the right-
hand side and the list of libraries in that folder shown on the left.

Browse File

Avrithmetic.olb
ATOD.OLB
BusDriverTransceiver.
capsym.olb
CAPSYM.OLBIck
Connector.olb

| Counter.clb

List files of type:

[ Amplifier.olb A |

Folders:
¢\ Acapturehlibrary

[ [ CAPTURE

fawr library
2 fega
£ iec
£ ieee
£ ieeelibs

Drives:

Bl |

Capture Libraries("olb) ¥ | | & c: IBM_PRELOAD |+ |

FIGURE 5.24
Browse File window displays
the search part path.

In the Folder section, scroll down and double click on the pspice folder as
shown in Figure 5.25. On the left-hand side, you will see a list of the available
PSpice libraries. Click on OK.

Browse File

1_shot.olb 2l
7400.0lb I
74ac.olb -1
74act.olb

74als.olb

74as.olb

74f.olb

74hob |

List files of type:
| Capture Libraries(".olb) i

Folders:
o\ Mibran\pspice

== TOOLS
(= C&PTURE
[ library
1 advanls
&0 modeled

Drives:
c IBM___FFEELUAD

N

v (Rowor ]

FIGURE 5.25
The PSpice library is now
selected.

2. Different manufacturers append their own specific numbers and letters to
standard part numbers. For example, if you are searching for the
BC337 transistor and type in BC337 in the Search For box, you will
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only see one result. However, if you type in a wildcard (*) after the tran-
sistor number, BC337%, you will see more results because the wildcard

effectively ignores the manufacturer’s extra characters after the transistor
number when doing a search.

In the Search for Part enter the opamp number, AD648", and either press return
or click on the Part Search icon .

There should only be one instance of the AD648A from the opamp library, as
shown in Figure 5.26. Double click on the AD648A and you will see the opamp

library added to the list of libraries and a Capture graphical representation of the
opamp.

FIGURE 5.26 * Place Part

The opamp AD648A is found in the opamp Part @ @
library.

|ADB4R4 {
Part List: Y

~
ADB48B
ADBA8C =5
AD741
CA3085
CA3085/25C
CA723
FramM12

[ <

Libraries:

ANA_SWIT
ANALOG
BIPOLAR
BREAKOUT

Desiﬂn Cache

Packaging
Paits per Pk 2

Part: | v I

Type: Homogeneous

=
(& Nomal Conwvert
E] Search for Part
Search For |ADE4B“ v l m
Path |C:\Cadence\SPB_16 3uools\captur [
Libraries g
A

ADB48B fopamp.olb
ADE48C/opamo. olb

v
Select the library to add[: Add ] @




NOTE

If you have the eval software version, search for the nA741" opamp.

In the Place Part menu alongside the graphical representation of the opamp,
there is a Packaging section which shows that there are two Parts per package. As
this is a dual opamp, there are two available sections, A and B. Figure 5.26 shows
Part A selected, while Figure 5.27 shows Part B selected. Note the different pin
numbers and different reference designators, U?A and U?B. Type: Homogeneous
indicates that both sections in a part are the same, in contrast to, for example,
a relay and coil, where both sections are different and are classed as
heterogeneous.

The two icons shown in Figure 5.27 indicate that the AD648A has PCB
footprint and a PSpice model attached and is therefore ready for simulation.
It is important that the PSpice icon is displayed when selecting parts for
simulation.

Packaging FIGURE 5.27
Parts per Pka: 2 Part B of the opamp is selected.

ot [N~

Type: Homogeneous
=l

| £

PCB footprint  PSpice model

3. Place the A part of the opamp in the circuit. Highlight the opamp and rmb >
Mirror Vertically or press V. The Mirror and Rotate operations can be used
even if the opamp is connected in the circuit. You do not have to delete any
wires.

4. Select the B part of the opamp and place it in the circuit.

5. With all the libraries selected (left mouse click at the top of library list
and drag mouse pointer down to bottom of library list), type pot, in
the Part box. The pot is found in the breakout library. Place the pot
part and change its value to 100 k. Double click on the SET property
and change the default value of 0.5 to {ratio}. Do not forget the
brackets.
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10.

FIGURE 5.28
AC sweep settings.

11.

and Simulation using OrCAD Capture and PSpice

. We need to define ratio as a global parameter with a default value of 0.5.

Place a Param part from the special library in the circuit.

Double click on the param part and enter a new row (or new
column). Create a new property called ratio with a value of 0.5 and
display the property name and value. The steps are the same as in
Exercise 1.

Select Place > Power and scroll down to the VCC_CIRCLE symbol and in
the Name: box, change the name to VCC and click on OK. Repeat for the
VSS symbol.

Place and connect the remaining components as shown in Figure 5.22.
The parametric sweep is run in conjunction with an AC analysis. In this
example we are going to run a parametric sweep on the potentiometer ratio
from 0.1 to 0.9 in steps of 0.1. The first thing to do is to set up the same AC
analysis as before with the passive notch filter, sweeping the frequency loga-
rithmically from 10 to 10 kHz with 100 points/decade (Figure 5.28). Click
on apply but do not exit.

Simulation Settings - AC Sweep

| General | Analysis | Configuration Files | Dplions | Data Collection | Frobe Window|

Analysis ype: ) AC Sweep Type
weep/Moise v § tart Frequency: |10
ACS /Noi 7 O Linear Start Fi
Oplions: & Logarithmic End Frequency: [10k
[lGeneral Setiings | \Decade v | Points/Decade: [100 |

[[IMonte Carlo/AWorst Case |
[C]Parametiic Sweep ‘
[[] Tempetature (Sweep)
[[]Save Bias Point ge: |
[[JLoad Bias Paint ‘ ” T

Moise Analysis
|

Output File Options

[]Include detailed bias point information for nonlinear
controlled sources and semiconductors [.OP]

I 0K H Cancel ][ Apply ][ Help ]

Select the Parametric Sweep in the Options box. The Sweep variable is
a Global parameter and the Parameter name is ratio. The Sweep type is
linear, the Start value 0.1, the End value 0.9 and the Increment 0.1
(Figure 5.29). Click on OK.
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Simulation Settings - ac sweep 4] FIGURES.29 .
y Global parameter settings.
| General Analysis | Configuration Files | Options | Data Collection | Probe Window|
é{tﬁwsis lype; - Sweep variable
!1!: Swee_p.’Nnise vﬁ O Vollage source N | |
= O Current source
Options:

(® Global parameter

|[7] General Settings | OModel prometsr Mo 7‘
|[JMonte Carlo/worst Case | i i
= O Temperature Parameter name: |ratio |
||:| Temperature (Sweep) |
|[]5ave Bias Paint Sweep lype
[[]Load Bias Point ® Linear Statt value: |01

O Logarthwric End value: (03

Increment: 01

O Value list

ok J[ cences J[ oy J[ Hen ]

12. Place a Vg, marker on the output node ‘out’. PSpice > Markers > Advanced >
dB Magnitude of Voltage.

7
EEEE:*“ out
\\\..ns

RS
100k
| SET = {ratio}

13. Run the simulation .

Figure 5.30 shows that by varying R5, the Q of the circuit (the sharpness of the
notch) can be varied without a change in the notch frequency.

,2“«
—y9-
60 T T T T T T T
1.0Hz 3.0Hz 10Hz 30Hz 100Hz 300Hz 1.0KHz 3.0KHz 10KHz
oo ¥ ° + ¥ DB(U(OUT))

Frequency

FIGURE 5.30
Response of the active notch filter.
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The Stimulus Editor is a graphical tool to help you define transient analog and
digital sources. The sourcestm library contains three source parts, shown in
Figure 6.1, each of which provides the interface with the defined stimulus in the
Stimulus Editor.

When you first place one of the sources from the sourcestm library, the
implementation property is displayed in the schematic. This property refers
to the name of the stimulus which is defined in the Stimulus Editor. Either
you can enter a name of the stimulus on the schematic to start with, or
you will be prompted for the stimulus name in the Stimulus Editor when

started.
To start the Stimulus Editor, highlight a sourcestm source, rmb > Edit PSpice
Stimulus.

V1 T ST FIGURE 6.1

@ - Stimulus Edltf)r-, transient
. ; . analog and digital sources.
Implementation = 1 Implementation = Implementation =
VSTIM ISTIM DigStim 1

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00006-4
Copyright © 2012 Elsevier Ltd. All rights reserved.
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FIGURE 6.2
Stimulus Editor started.

Analog
(¢ EXP [exponential)
" PULSE

" PWL (piecewise linear)

" SEFM (single-frequency FM)

" SIN (sinusoidal)

Digital
" Clock
" Signal

" Bus  Width:
Initial Yalue:

OK | Cancel |

When the Stimulus Editor starts, the New Stimulus window will appear as
shown in Figure 6.2. Note that the stimulus file name in 16.3 has taken on the
name of the PSpice simulation profile, in this case, transient.stl. In previous
versions, the stimulus name takes on the name of the project name.

The New Stimulus window allows you to define analog and digital signals and
prompts you to enter the stimulus name if you have not already defined the
name in Capture.

6.1 STIMULUS EDITOR TRANSIENT SOURCES
6.1.1 Exponential (Exp) Source

Figures 6.3 and 6.4 show the two possible exponential waveforms which can be
defined for a voltage or a current using VSTIM or ISTIM sources, respectively.

Both exponential waveforms start after a time delay (td1) and then exponen-
tially rise or fall, using a time constant (tc1) between two voltages V1 and V2 up

to a time td2. The waveform then decays or rises after td2, using a time constant
(tc2).



CHAPTER 6 €O

10V

5V A

oV A

Os 10us 20us 30us
V(OUT)

FIGURE 6.3
Exponentially rising voltage waveform.

10V 4

40us

50us 60us 70us

Time

5V

ov

80us

90us 100us

Os 10us 20us 30us
V(OUT)

FIGURE 6.4
Exponentially decreasing voltage waveform.

40us

50us 60us 70us

Time

80us

For example, in Figure 6.3, the voltage is V1 (0V) up to td1 (10 ps); then the
voltage increases exponentially with a time constant given by tc1 (10 ps) towards
V2 (10V). The time for the exponential rise is defined by td2—td1 as 35 s
(40 —5 ps), after which the voltage decreases exponentially with a time constant

given by tc2 (5 ps) back towards V1.

Figure 6.5 shows the attribute settings for the waveform in Figure 6.3, where:

V1 — initial starting value at time O's,

V2 — value that voltage rises or falls to,

td1 — start time (delay) of exponential rise (or fall),

tcl — time constant of rising (or falling) waveform,

td2 — start time (delay) of exponential fall (or rise),

tc2 — time constant of falling (or rising) waveform.

90us 100us
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E)Iq();oungnfia?ft,tributes. EXP Attr'l bu tes
MName: exp

Initial value IU_ Vi

Peak value I—‘IU—‘ V2

Rise (fall] delay (sec) Iﬁ;—_ td1

Rise [fall) time constant (sec) Iﬁui tcl
Fall [rise) delay [sec) IF td2

Fall [rise] time constant [sec) |5LI7 tc2

Cancel I Apply I

Figure 6.3 was defined using V1=0V, V2=10V, td1=10ps, tcl =5 us,
td2 =40 us and tc2 =5 ps.

Figure 6.4 was defined using V1=10V, V2=0V, tdl1 =10ps, tcl =5yps,
td2 =40 ps and tc2 =5 ps.

Now the exponential voltage is defined by:
time
y(t) = (V2 — Vl) <1 — ¢ time constant>

So between 0 seconds and td1 the voltage is a constant:
v(t) = V1
Between td1 and td2:

(time — td1)
v(t) = V1+ (V2 -V1) <l —e )

and for the time between td2 and the stop time, the voltage is given by:

(time — td1) (time — td2)
v(t) = V1+ (V2 -V1) (1 —e ) — (1 B v )



6.1.2 Pulse Source

Figure 6.6 shows the definition for a voltage pulse waveform, where:
V1 — low voltage,

V2 — high voltage,

TD — the time delay before the pulse starts,

TR — rise time specified in seconds and is defined as the time between 90% and
10% of V2,

TF — fall time defined in seconds and is the time between 90% and 10% of V2,
PW — pulse width of the pulse,
PER — period of the pulse, i.e. the pulse frequency.

risetime tr falltime tf

(0.9-0.1)x V2 (0.9-0.1) x V2
V2 90% of V2

amplitude
10% of V2
V1
| time delay TD | tf
pulsewidth PW J
period T |
FIGURE 6.6

Pulse waveform specification.

Similarly, current pulses can be defined using the ISTIM part as shown in
Figure 6.7.

11 R1
Implementation = Ipulse 1k

—0

o

FIGURE 6.7
Using ISTIM to define a current pulse waveform.
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When you first place a VSTIM, ISTIM or DigSTIM part, the implementation
property name and value are shown. You only need to display the name of the
stimulus, so double click on the Implementation=, which will open up the
Display Properties dialog box, and select Value Only (Figure 6.8).

FIGURE 6.8 S - k
Making the Display Properties
Implementation= invisible. _ Font
Mame: Implementation Al 7 (defaul
o
. Change...
Display Format
: Color
() Do Not Display - .
(& Value Only ._ ‘_’|
(O Name and Value Rtaer
(O Name Only ®0 01800
O Both if Value Exists O O 2700
[ 0K ] [ Cancel ] [ Help ]

Figure 6.9 shows the ISTIM part with the defined current stimulus, Ipulse dis-
played. As before, to start the Stimulus Editor, rmb and select Stimulus Editor
and then select PULSE for New Stimulus. Figure 6.10 shows the pulse attributes
defined for a current pulse using the ISTIM part. The resulting current waveform
is shown in Figure 6.11.

FIGURE 6.9
ISTIM part with defined current

stimulus, Ipulse displayed.

Ipulse 1k

RS

0

6.1.3 VPWL

Piecewise linear (PWL) is where you actually draw the voltage or current
waveform. You define the time and voltage (or current) axis and then use
a cursor to draw the waveform. An example is given in the exercise at the end of
the chapter.
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PULSE Attrib... [X]

MName: lpulse

Initial value IUi
Pulse value |1UUuA
Delay [sec) lﬂi
Rise time [sec) Ir
Fall time (sec) IZDu
Pulse width [sec) W
Period (sec) W

Cancel | Apply |
FIGURE 6.10
Current pulse attributes.
100uUA T———
50UA |
0A . . . . . T
Os 20us 40us 60us 80us 100us 120us
1 (R1)
Time
FIGURE 6.11

Current pulse waveform using the attributes in Figure 6.7.

6.1.4 SIN (Sinusoidal)

140us 160us 180us  200us

Figure 6.12 shows the attributes for a sinewave. The complete definition includes
attributes for a damped sinewave, with a phase angle and an offset value. Offset
value is the initial voltage or current at time 0s, Amplitude is the maximum
voltage or current, Frequency (Hz) is the number of cycles per second, Time
delay (s) is the start delay, Damping factor (1/s) is the exponential decay, and

Phase angle (degrees) is the phase angle.



@ Analog Design and Simulation using OrCAD Capture and PSpice

SIN Attributes

Mame: sin

DOffset value ,l]—
Amplitude l'li

Frequency (Hz) W

Time delay (sec) W
Damping factor (1/sec) l—
Phase angle (degrees) |0 ]—

Cancel | Apply l

FIGURE 6.12
Sinewave attributes.

Mame: sffm

Dffset value ,2—

Amplitude [T

Carrier frequency (Hz) W
Modulation index h
Modulation frequency [Hz) [Hz—

Cancel | Apply |

FIGURE 6.13
Frequency modulated sinewave.

6.1.5 SSFM (Single-frequency FM)

This source generates frequency-modulated sinewaves as shown in
Figure 6.14, which shows the modulation of a carrier frequency. The sin-
ewave is given by:

v(t) = Vot + Vampl X sin[(27fct + (mod x sin(27fmtime))]

where Vo ris the offset voltage, Vampi is the maximum value of voltage, mod is the
modulation index, f. is the carrier frequency, and f, is the modulation
frequency.
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3.0A
2.0A 1
1.0A T T T T T T T T T
Os 0.2s 0.4s 0.6s 0.8s 1.0s 1.2s 1.4s 1.6s 1.8s 2.0s
1 (R1) )
Time
FIGURE 6.14

Single-frequency FM attributes.

6.2 USER-GENERATED TIME—VOLTAGE WAVEFORMS

You can also use the waveforms generated by a transient analysis in Probe as
a time—voltage source. In Probe, select File > Export, which gives the options
shown in Figure 6.15.

An alternative method to create a time—voltage text file is to select the trace name
in Probe, select copy and paste the data into a text file.

[ Eport ProbeData  (datfile) FIGURE 6.15
[mport Stimulus Library (st file) | Exporting time—voltage data
Qpen File Location Text (bct file) porting g .
Pane Sehin... Comma Separated File  (.csv file)

6.3 SIMULATION PROFILES

Prior to version 16.3, when you launch the Stimulus Editor, a stimulus file
with the name of the project is created; for example a project named stimulus
will create a stimulus.stl. All the stimuli you create are saved in the stimulus.stl
file and so in order to select a different stimulus, all you need to do in the
schematic is to change the name shown on the VSTIM, ISTIM or DigSTIM
source.

From version 16.3 onwards, the stimulus file is associated with the current active
simulation profile and can be accessed via the simulation profile under the

Configuration Files tab. In previous versions, there were separate tabs for

Stimulus, Library and Include options.



Under configured files you will see the stimulus.stl file (see Figure 6.17). If you
do not see the stimulus file then you can browse for the Filename. You can then
add the stimulus file to the profile (Add to Profile). However, there are other
options:

e Add as Global: all designs will have access to the stimulus file

e Add to Design: only the current design will have access.

Adding the stimulus file as Global is useful if you have created a standard set of
stimuli to test all your circuits. You can add several stimulus files and arrange the
order by clicking on the up and down arrows. The red cross deletes the selected
file.

6.4 EXERCISE

NOTE

From release 16.3 onwards, there are some differences compared to previous
versions. When you first create a new project in any release, a PSpice bias simulation
profile is created by default. This can be seen in the Project Manager under PSpice
Resource > Simulation Profiles. In order to keep compatibility between releases,
delete the bias simulation profile in the Project Manager.

1. Create a project called stimulus.
2. In the Project Manager, expand PSpice Resources > Simulation Profiles as
shown in Figure 6.16 and delete the SCHEMATIC1-Bias profile.

FIGURE 6.16  einrio
ias simulation profile in Project Manager.
# B3 stimulus.dsn
=8 Library
B Outputs
=3 PSpice Resources
O Include Files
0 Model Libraries
=0 Simulation Profiles
SCHEMATIC1-Bias
0 Stimulus Files

3. Draw the circuit diagram in Figure 6.17. The VSTIM source (V1) is from the
Sourcestm library.
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out FIGURE 6.17
VSTIM 100 Hz sinewave generation.

V1

Implementation =

-0

4. Highlight VSTIM and rmb > Edit PSpice Stimulus. In the New Stimulus
window, name the source as sin100Hz and select a SIN source (Figure 6.18).

& > FIGURE 6.18
New St'l mu lus New sinewave source.
Name: |sin100Hz

Analog
" EXP (exponential)

" PULSE
" PWL [piecewise linear)
" SFFM (single-frequency FM)

& SIN [sinusoidall

Digital
" Clock
" Signal

" Bus Width |
Initial Value: | ]

| OK I Cancel l

5. Create a 100 Hz sinewave with no offset and amplitude of 1 V. Leave all the
other values at their default value of 0 (Figure 6.19). Click on OK and save
the stimulus source and Update Schematic when prompted and exit the
Stimulus Editor.
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SIN Attributes  [X]
Name: sin100Hz

Offset value IU—.
Ampltude [1

Frequency [Hz) |1CID—

Time delay (sec) IUi
Damping factor (1/sec) ’07
Phase angle [degrees] I_IJ—

Cancel | Apply ‘

FIGURE 6.19
Creation of a 100 Hz sinewave source.

6. In Capture, the name of the stimulus is now shown on V1. Double click on
Implementation= sin100Hz and select Value Only (Figure 6.20).
Only the name of the stimulus will be displayed, as seen in Figure 6.21.

FIGURE 6.20 5 .
Making the implementation name invisible. D1splay Propert]es @

: : Font
MName: Implementation Arial 7 (defaul]
Value: | sin100Hz | Use Defaul
Display Format
. Color
(O Do Not Display -
@i i Default v
O Name Ratation
(O Name Only @0 O180°
() Both if Value Exists O éD‘ @) é?ﬂ‘
[ 0K ] [ Cancel ] [ Help ]

FIGURE 6.21 out

Displaying only the stimulus name.
<> R1
S
- 1k

sin100Hz
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7. Create a PSpice simulation profile (PSpice > New Simulation Profile) and
call it transient. In the Analysis type: pull-down menu, select Time Domain
(Transient) and set the Run to time: to 20 ms (Figure 6.22). Click on Apply

but do not exit the profile.

Simulation Settings - transient

KGeneran Analysis iConﬁguralion Files | Options | Data Callection | Probe Window |

Analysis type: ;
| Time Domain [Transient v | Fitinto Nene: | ens:

Options: Start saving data after: }IJ } seconds
General Settings Transient options i
[[JMonte Carlo/Worst Case | Maximum step size: || seconds

[[]Parametiic Sweep
[ Temperature (Sweep)

| seconds (TSTOP)

[7] Skip the initial transient bias point calculation (SKIPBP)

FIGURE 6.22
Simulation settings.

[[15ave Bias Point
[[JLoad Bias Point [J Runin resume mode Outout File Opti
[[]Save Check Points et Fle Dotiore,
[]Restart Simulation
I 0K ] [ Cancel ] [ Apply ] [ Help ]

stimulus.stl file listed (Figure 6.23).

Select Configuration Files > Category > Stimulus and you should see the

Highlight the stimulus.stl file and click on Edit. The Stimulus Editor will
launch showing the sinl00Hz stimulus. This is a quick way to see what
stimuli are available in stimulus files. Close the simulation profile.

Simulation Settings - transient

| General | Analysis \ Configuration Files | Dptions | Data Collection | Probe Window

Details

Category. Filename:

[ Stimuius ]

| Library ,

Llncluda Configured Files | €
\stimulus-pspicefileshstimulus. stl
& >

Add

Browse...

AddasG

lobal

Add to Design

to Profile

Change

FIGURE 6.23
Stimulus files listed in

Simulation profile.

0K

][ Cancel ][

Apply

J [

Help

]




9. Place a voltage marker on node out (Figure 6.24), run the simulation
(PSpice > Run) and confirm that a sinewave voltage appears across the
resistor.

FIGURE 6.24 out
Placing a voltage marker.

V1

Implementation = sin100Hz

NOTE

If you see a flat voltage line in the Probe window, then you may have not deleted the
default bias.stl file. See note at the beginning of the exercise. The Stimulus Editor was
then invoked with the default bias.stl as the active simulation profile. If you do not see
the stimulus file in the simulation profile (Figure 6.23) then Browse for the file, which
can be found in the bias folder, and then select Add to Design.

10. In the Project Manager, expand PSpice > Resources > Stimulus Files and
you should see the transient.stl stimulus file as shown in Figure 6.25.
You can double click on the file here to open the Stimulus Editor to check
the stimulus.

FIGURE 6.25 -8 PSpice Resources
Location of stimulus file, g
ransient st 0 Include Files
2 Model Libraries
- Simulation Profiles
SCHEMATIC 1-transient
=6 Stimulus Files
Astimulus-PSpiceFiles\stimulus st

11. Highlight VSTIM in Capture and launch the Stimulus Editor. In the Stimulus
Editor the previous SIN Attributes will be displayed. Click on Cancel.

12. Create a pulse source named Vpulse (Stimulus > New) with an initial value
of 0V, an amplitude of 1V, no initial delay, a rise time of 500 ps, a fall time
of 1 ms, a pulse width of 2 ms and a period of 10 ms (Figure 6.26). Click on
OK and save the stimulus but do not Update Schematic when prompted.
Exit the Stimulus Editor.
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Name: Vpulse

Initial value [U—
Pulse value ’1—
Delay (sec) |0
Rise time [sec) W
Fall time (sec) ’hni
Pulse width [sec) ’2m—
Period (sec) ’1Drn—

Cancel I Apply |

FIGURE 6.26
Vpulse attributes.

NOTE

When entering attribute values, press the TAB button on the keyboard to move down
to the next attribute box.

NOTE

The stimulus is already named as sin100Hz in Capture and cannot be updated from the
Stimulus Editor. In previous software releases, if you say yes to Update Schematic, the
cursor will change to an hourglass and just sit there. You will need to switch to
Capture, where you will see the dialog box in Figure 6.27. Just click on OK.

OrCAD Capture CIS

A This stimulus name cannot be changed on schematic.

FIGURE 6.27
Stimulus name change warning.
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13. In Capture, double click on the stimulus name, sin100Hz, and change it to
Vpulse as shown in Figure 6.28.

FIGURE 6.28 out

Using the Vpulse source. \
v
V1
g) § R1
- 1k
Vpulse
4L
o

14. Run the simulation. PSpice > Run or click on the blue play button .

15. Confirm that a voltage pulse waveform appears across the resistor.

16. In Capture, highlight VSTIM and rmb > EditStimulus Editor. In the Stimulus
Editor the previous PULSE Attributes will be displayed. Click on Cancel.

17. Create a new stimulus, Stimulus > New. Name the stimulus Vin and select
PWL (piecewise-linear).

NOTE

You may be asked if you want to change the axis settings.

18. From the top toolbar, select Plot > Axis Setting. Set the waveform drawing
resolution to that shown in Figure 6.29.

Mgl Axis Settings
Displayed Data Range
Time IDs to [1Urns
Yadis o o |1V

Extent of the Scrolling Region

@+ Auto Range ¢ User Defined
X Bis: 0 to
YAds | to |

Minimum Resolution

¥ Awis: |500us Y Awis: [100u

Cancel |
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(0,0) has already been selected. The accuracy does not matter as long as
there are three peaks defined. This stimulus will be used in Chapter 7 on
transient analysis. Press escape to exit draw mode.

19. A pen cursor will appear. Draw a corresponding piecewise linear graph
approximating the PWL voltage shown in Figure 6.30. The first point at

1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms

Os

Time

oV (VIN)

place the cursor on a point, which will turn red, and then delete or move
the point. To return to draw mode, select Edit > Add or select the icon

or [7

20. If you want to delete or move a point, press escape out of draw mode and

Piecewise linear waveform.

FIGURE 6.30

NOTE

you cannot go

backwards. If you want to delete or move a point, press escape out of draw mode and
place the cursor on a point, which will turn red, and then delete or move the point.

Prior to release 16.3, you can only place points forward in time;

confirm that the piecewise voltage waveform appears across the resistor.

Schematic.
22. Change the name of the stimulus from Vpulse to Vin and simulate, and

21. Save the stimulus file and exit the Stimulus Editor but do not Update

NOTE

The Vin source will be used in Chapter 7.
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Transient analysis calculates a circuit’s response over a period of time defined by
the user. The accuracy of the transient analysis is dependent on the size of
internal time steps, which together make up the complete simulation time
known as the Run to time or Stop time. However, as mentioned in Chapter 2,
a DC bias point analysis is performed first to establish the starting DC operating
point for the circuit at time t=0s. The time is then incremented by one pre-
determined time step at which node voltages and current are calculated based on
the initial calculated values at time t = 0. For every time step, the node voltages
and currents are calculated and compared to the previous time step DC solution.
Only when the difference between two DC solutions falls within a specified
tolerance (accuracy) will the analysis move on to the next internal time step. The
time step is dynamically adjusted until a solution within tolerance is found.

For example, for slowly changing signals, the time step will increase without
a significant reduction in the accuracy of the calculation, whereas for quickly
changing signals, as in the case of a pulse waveform with a fast leading edge rise
time, the time step will decrease to provide the required accuracy. The value for
the maximum internal time step can be defined by the user.

If no solution is found, the analysis has failed to converge to a solution and will
be reported as such. These convergence problems and solutions will be discussed
in more detail in Chapter 8.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00007-6
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There are some circuits where a DC solution cannot be found, as in the case of
oscillators. For these circuits, there is an option in the simulation profile to skip
over the initial DC bias point analysis. If you add an initial condition to the circuit,
the transient analysis will use the initial condition as its starting DC bias point.

7.1 SIMULATION SETTINGS

Figure 7.1 shows the PSpice simulation profile for a transient (time domain)
analysis. In this example, the simulation time has been set to 5 ps. The Start
saving data after: specifies the time after which data are collected to plot the
resulting waveform in Probe in order to reduce the size of the data file.

FIGURE 7.1 : : ’ :
Transient analysis Simulation Settings - transient @

simulation profile. General | Analysis Configuration Files | Options | Data Collection | Probe Window
Analysis type: -
e Domas (Trarient [ Bun to time: ‘5u | seconds (TSTOP)
Options: Start saving data after: |0 seconds
General Settings Transient options )
[[IMonte Carlo/Worst Case Maximum step size: seconds

[[]Parametric Sweep
[[] Temperature [Sweep)
[[]Save Bias Point

[[]Load Bias Point [[J Bun in resume mode
[[]Save Check Points e

[[]Restait Simulation

[[] Skip the initial transient bias point calculation (SKIPBP)

I 0K ][ Cancel ][ Lpply J[ Help i

Maximum step size: defines the maximum internal step size, which is depen-
dent on the specified run to time but is nominally set at the run to time divided
by 50.

Skip the initial transient bias point calculation will disable the bias point
calculation for a transient analysis.

7.2 SCHEDULING

Scheduling allows you to dynamically alter a simulation setting for a transient
analysis; for example, you may want to use a smaller step size during periods that
require greater accuracy and relax the accuracy for periods of less activity.
Scheduling can also be applied to the simulation settings runtime parameters,
RELTOL, ABSTOL, VNTOL, GMIN and ITL, which can be found in PSpice >
Simulation Profile > Options. You replace the parameter value with the
scheduling command, which is defined by:
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{SCHEDULE(t1,v1,t2,v2...tn,tn) }
Note that t1 always starts from 0.

For example, it may be more efficient to reduce the relative accuracy of simu-
lation from 0.001% to 0.1%, RELTOL, during periods of less activity by speci-
fying a change in accuracy every millisecond. The format will be defined as:

{schedule(0,0, 1m,0.1, 2m,0.001, 3m,0.1, 4m,0.001)}

The simulation settings will be discussed in more detail in Chapter 8.

7.3 CHECK POINTS

Check points were introduced in version 16.2 to allow you to effectively mark and
save the state of a transient simulation at a check point and to restart transient
simulations from defined check points. This allows you to run simulations over
selective periods. This is useful if you have convergence problems in that you can
run the simulation from a defined check point marked in time before the simu-
lation error, rather than having to run the whole simulation from the beginning,

Check points are only available for a transient simulation and are selected in the
simulation profile in Analysis > Options box (Figure 7.2) as Save Check Points
and Restart Simulation. Check points are defined by specifying the time interval
between check points. The simulation time interval is measured in seconds and
the real time interval is measured in minutes (default) or hours. The time points
are the specific points when the check points were created.

Before you restart a simulation from a saved check point, you can change
component values, parameter values, simulation setting options, check point
restart and data save options. Figure 7.3 shows the Restart Simulation option
selected.

Simulation Settings - transient @ gﬁﬁ’ngcz;ﬁk ooint

| General | Analysis | Configuration Files | Options | Data Collection | Probe Window

Qnalysw tpe: Check Point Location

Time Domain (Transient | v Directories: {3 X+ +
Options: [chkot_defauit
o= - C:\PSpice Exercises\Peak Detector

General Sellings

[ Monte CarloAWorst Case

[ Parametric Sweep

[] Temperature [Sweep)

[JSave Bias Point Simulation Interval Save Checkpoint States At
[Load |as Point 0.004

Save Check Points O User specified time points

Real Time interval
0.004

Time Points
0.004

["]Restart Simulation

[ 0K ” Cancel ][ Apply ][ Help ]




FIGURE 7.3
Restarting a simulation

using a saved check point.
Analysis type:

Time Domain (Transient v

Options:

General Settings

[ Monte Caro/Worst Case
[ Parametric Sweep

[] Temperature [Sweep)

Check Point Location
Directories:

C:\PSpice Exercises\Peak Detector

| General | Analysis | Configwation Files | Options | Data Collection | Probe Window |

I+ 4

Simulation Settings - transient

[[]Save Bias Point T
[]Load Bias Point . é' L
[]Save Check Paints © simulation Time
Restart Simulation O Real Time
4.0000ms v

[ 0K ][ Cancel ][ Apply ][ Help ]

The saved check point data are set to simulation time in seconds such that Restart
At shows 4 ms, which was specified in the saved check point data file. The
simulation will then start at 4 ms using the saved state of the transient simulation.

7.4 DEFINING A TIME—VOLTAGE STIMULUS
USING TEXT FILES

The piecewise linear stimulus was introduced in Chapter 6, where a graphically
drawn voltage waveform was used as an input waveform to a circuit. Input
waveforms can also be defined using pairs of time—voltage coordinates, which
can be entered in the Property Editor or read from an external text file.

Figure 7.4 shows the voltage VPWL and current IPWL sources and the corre-
sponding time and voltage properties (Figure 7.5) in the Property Editor. By
default, eight time—voltage pairs are displayed in the Property Editor for the
VPWL and IPWL parts, but, as seen in Figure 7.5, more time—voltage pairs
have been added. It is more efficient and easier to define a large number of
time—voltage pairs in a text file.

Figure 7.6 shows the VPWL_FILE part referencing a text file which contains
time—voltage pairs as shown in Figure 7.7. For example, at 1 ms the voltage is
(a) vPwL (b) 1PwL

Al 11

FIGURE 7.4
Piecewise linear sources for (a) voltage and (b) current.
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T 0 FIGURE 7.5
T2 1ms VPWL and IPWL time—voltage properties
13 Ims displayed in the Property Editor.
T4 3ms
5 4ms
T6 ams
T7 Bms
T8 ms
T9 &ms
T10 9ms
T11 10ms
V1 0
V2 0.2055
V3 0.3273
V4 01382
V5 0.2852
V6 05182
V7 0.5527
Vs 0.3727
V9 0.3584
V10 06673
Vi1 0.6291
Value WAL
V1 V2
<FILE> Vin.txt
FIGURE 7.6

Piecewise linear part VPWL_FILE referencing a file.

* Stimulus Vin
0,0

0.001, 0.2055
0.0015, 0.3109
0.002, 0.3273
0.0025, 0.2345
0.003, 0.1382
0.0035, 0.1564
0.004,0.2582

FIGURE 7.7
Time—voltage data points describing the input voltage waveform, V.



0.2055V, at 2 ms 0.3273V, and so on. It is always a good idea to make the first
line a comment as PSpice normally ignores the first line.

When you reference a text file such as Vin.txt, you need to specify the location of
the text file. You can use absolute addressing specifying the direct path to the file
or relative addressing specifying the path location relative to the project location.
Figure 7.8 shows the hierarchy of a project showing the different folders in
which the Vin.txt file can be placed and the corresponding <FILE> name for the
referenced Vin.txt on the VPWI_FILE part.

FIGURE 7.8 Project Folder > PSpiceFiles > schematics > simulation profiles
Referencing the Vin.txt time—voltage

text file for VPWL_FILE. e P NMEERE | | [T

For example, if you place the Vin.txt file in the same folder which contains
the schematics, then you enter .\Vin.txt in the <FILE> property of the
VPWL_FILE.

Project Folder > PSpiceFiles > schematics > simulation profiles
2\-\Vinetxt L\Vin.txt Vin.txt

You can also provide an absolute path to a text file. For example, if you had
a folder named stimulus, then you enter C:\stimulus\Vin.txt.

In the source library there are other VPWL and IPWL parts which allow you
to make a VPWL periodic for a number of cycles or repeat forever. These are
given as:

VPWL_F_RE_FOREVER
VPWL_F_RE_N_TIMES
VPWL_RE_FOREVER
VPWL_RE_N_TIMES
IPWL_F_RE_FOREVER
IPWL_F_RE_N_TIMES
IPWL_RE_FOREVER
IPWL_RE_N_TIMES

The above source will be introduced in the exercises.

7.5 EXERCISES

Exercise 1

This exercise will demonstrate the effect that the maximum time step has on
the resolution of a simulation and introduce the use of the scheduling
command.
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1. Draw the circuit in Figure 7.9, which consists of a VSIN source from the
source library, connected to a load resistor R1.

out FIGURE 7.9
Sinewave voltage applied to a load
V' resistor.
VOFF =0 V1
= R1
VAMPL =1V r\) 1k
FREQ = 1kHz
AC=0 -
_i_
-0

2. Create a PSpice simulation profile called transient and select Analysis type:
to Time Domain (Transient) and enter a Run to time of 10 ms, which will
display 10 cycles of the sinewave (Figure 7.10).

. . . 5 FIGURE 7.10
Simulation Settings - transient @ Simulation settings for a transient

r e P mE———— : : ‘ ‘ analysis.

General | Analysis | Configuration Files | Options | Data Collection | Probe Window v

Analysis type: e .

”fi;ar:nmiaiﬁ%i;a;ﬁ Run to time: 10ms | seconds [TSTOP)

Optione: Start saving data after: o ﬁi seconds

' Transient options 7

[JMonte Carlo/Worst Case Maimum step size: seconds

[[]Parametric Sweep e, e — -

D Temperature [Sweep) [JiSkip the initial transient bias point calculation (SKIPBPY

[[]Save Bias Point

g;:’: iﬁ:;og];ints [J Run in resume mode Output File Options...

] Restart Simulation

0K ][ Cancel ][ Apply ][ Help ]

Place a voltage marker on node ‘out’ and run the simulation. You should see
the resultant waveform as shown in Figure 7.11, which is lacking in
resolution.

3. In Probe select Tools > Options and check the box for Mark Data Points or
click on the icon 3.. [#:. You will see the data points that make up the
sinewave.



0V
_1 OV T T T T T T T T T
Os 1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms
V(OUT) Time
FIGURE 7.11

Distorted resultant sinewave lacking resolution.

4. In the simulation profile, set up a schedule command to decrease the time
step at set time points. You can enter the schedule command in the
Maximum step size box, but because of the small field in which to type
in the command it is recommended to type the schedule command in
a text editor such as Notepad and cut and paste the following command

into the box:
{schedule(0,0, 2m,0.05m, 4m,0.01m, 6m,0.005m, 8m,0.001m)}

5. Run the simulation. As the Mark Data Points is still on, you should see the
resolution of the waveform improve with a decrease in the limit of the

maximum step size (Figure 7.12).

ov+ 1 R S

A T S O

[ Voo i i
) . . . ]
| :- v \/

_1 OV T T = T T U T V T T T
Os 1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms
Time

V(OUT)

FIGURE 7.12
Improved sinewave resolution with a successive decrease of the maximum time step using the schedule command.



Exercise 2

Figure 7.13 shows a peak detector circuit, where the input stimulus can be either
the Vin Sourcstm source created in the Stimulus Editor exercise or a file contain-
ing a time—voltage definition of the input waveform. Both implementations will
be described.

CHAPTER 7 €D

;\k FIGURE 7.13
vee 47K Peak detector circuit.
Q
U1A®
Vin
D1 D2
V3 1 va Vx
2 . D1N3940 D1N3940 out
Vin
1 LF412 ch
0 VsS
vC
vce Vss
Q Q
+| V1 +| V2 C1

1.

N

+H12V — -12V — 10n 5

-
JH

Create a project called Peak Detector and draw the circuit in Figure 7.13. If
you are using the demo CD, use the uA741 opamps.

. Rename the SCHEMATIC]1 folder to Peak Detector.
. You need to set up an initial condition (IC) on the capacitor, C1, by using an

IC1 part from the special library. This ensures that at time ¢t = 0, the voltage

IC=0

on the capacitor is 0V ? .

Alternatively, you can double click on the capacitor, C1, and in the
Property Editor enter a value of 0 for the IC property value (Figure 7.14).
This ensures that at time t=0, the voltage on the capacitor is OV. If
you change the capacitor, then you have to remember to set the initial
condition, whereas an IC1 part will always be visible on the schematic.

IC 0 FIGURE 7.14
Setting an initial value of 0V on

the capacitor.

4. Create a simulation profile, make sure you name it transient and set the run

to time to 10 ms. Close the simulation profile.
Two methods are described to define the input waveform Vi, for the Peak

Detector.
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USING THE GRAPHICALLY CREATED WAVEFORM IN THE STIMULUS
EDITOR

5. For the input stimulus, using the predefined Vin sourcestm in Chapter 6,
edit the simulation profile and select the Configuration Files tab, select
Category to Stimulus and Browse to the location of the stimulus.stl file.
Click on Add to Design as shown in Figure 7.15. An explanation of stimulus
files added to the simulation profile was given in Chapter 6.

FIGURE 7.15 . : E . 2 @
Adding the Simulation Settings - tran using checkpoints
stimulus.stl file to | General | Analysis Configuration Files Options | Data Collection || Probe Window
the simulation , Deisks
. Paegaly 4  Filename:
proflle. C:\PSpice Exercises\Stimulushstimulus-PS piceFilesst
Include Configured Files 5 ,] il
Astimulushstimulus-pspicefiles\stimulus. st . Add as Global
Add to Design
Add to Profile
< >
0K ] [ Cancel ] [ Lpply ] [ Help

6. Check the stimulus by highlighting the stimulus name and click on Edit.
This will launch the Stimulus Editor and display the Vj, waveform. Close
the simulation profile.

7. Go to Step 12.

USING A FILE WITH TIME—VOLTAGE DATA DESCRIBING THE INPUT
WAVEFORM

8. Enter the time—voltage data points in Figure 7.16 in a text editor such as
Notepad. By default, the simulator ignores the first line, so do not enter
data on the first line. However, it is always a good idea to add a description
or a comment to the data file using an asterisk * character to describe, for
example, what the data is. The simulator will ignore any lines beginning
with a * character.

Name the file Vin and save the file as a text file in the PSpice folder for the
Project, Peak Detector > peak detector-PSpiceFiles (Figure 7.17).
Make sure the file has been saved with a .txt extension as Vin.txt.



FIGURE 7.16

* Stimulus Vin
0,0

0.001, 0.2055
0.0015, 0.3109
0.002, 0.3273
0.0025,0.2345
0.003, 0.1382
0.0035, 0.1564
0.004, 0.2582
0.0045, 0.44
0.005,0.5182
0.0055, 0.6018
0.006, 0.5527
0.0065, 0.5018
0.007, 0.3727
0.0075,0.3
0.008, 0.3564
0.0085, 0.5109
0.009, 0.6673
0.0095, 0.6782
0.01, 0.6291

Time—voltage data points describing the input voltage waveform, V.

peak detector

9. Place a VPWIL_FILE from the source library and rename the <FILE> shown

SCHEMATIC1

Vin.txt

in Figure 7.18 as ..\..\Vin.txt

FIGURE 7.17
Place the V, text file in the

PSpiceFiles folder.
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| \\Vin.txt
-0

FIGURE 7.18

Adding a VPWL_FILE.

10. Your Peak Detector circuit will be as shown in Figure 7.19.

FIGURE 7.19 A
Peak detector circuit using a text file. vee 47k
?
D1 D2
va Vx

—e

DIN3940  D1N3940 out

L\L\Vinutxt

&
L

LF412 ¢(L
VsS

-0

VC

vcC VSs

|§_@
||*<—o

2 Cc1

10n =
£
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+
+H2V— -12V

JH
K

11. Go to Step 12.
12. Place voltage markers on nodes in and out and run the simulation.

Figure 7.20 shows the simulation response of the peak detector to the input
voltage Viy.

800mV
400mV
0V
—-400mV T T T T T T T T T
Os 1ms 2ms 3ms 4ms 5ms 6ms 7ms 8ms 9ms 10ms
o V(OUT) o V(VIN) Time
FIGURE 7.20

Peak detector transient response.
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GENERATING A PERIODIC Vy

13. Delete the VPWL_FILE source and replace it with a VPWL_F_RE_FOREVER
from the source library. Double click on <FILE> and, as in Step 9, enter
2\-\Vinaxt

14. Edit the PSpice Simulation Profile, increase the simulation run to time to
50 ms and run the simulation. You should see the response as shown in
Figure 7.21, where Vi, is now periodic (repeats forever).

15. Investigate the VPWL_F_RE_N_TIMES source.

800mV
400mV -
oV A
—400mV T T T T T T T T T
Os 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
V(OUT) ¢ V(VIN) Time
FIGURE 7.21

The U, signal is periodic.
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PSpice uses the Newton—Raphson iteration method to calculate the nodal
voltages and currents for non-linear circuit equations. The algorithm will start
off with an initial ‘guess’ to the solution and perform an iterative process until
the voltages and currents converge to a consistent solution. As discussed in
Chapter 7, at every time step, the node voltages and currents are calculated and
compared to the previous time step DC solution. Only when the difference
between two DC solutions falls within a specified tolerance (accuracy) will the
analysis move on to the next internal time step. The time step is dynamically
adjusted until a solution within tolerance is found. However, if a solution
cannot be found, PSpice will report that the simulation has failed owing to
a convergence problem. There are also occasions where the time step becomes
too small for the iteration process to continue. This can occur if there is a fast
moving signal in the circuit such as a pulse with a very short unrealistic rise time.

Simulations can also fail because of circuit errors and missing or incorrect
parameters specified. Some of these common errors will be discussed in this
chapter.

8.1 COMMON ERROR MESSAGES

Error - Node <name> is floating

There is no zero volt node ‘0" in the circuit. See Chapter 2, Exercise 1, and
Chapter 3, Exercise 1.
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Error - Missing DC path to ground

There is no direct DC path to ground at a node. Add a large value resistor from
the node either to the 0 node or to a DC ground path. See Chapter 3, Exercise 1.

Error - Less than two connections at node <name>

There is no PSpice model attached to the Capture part. The Capture part is
missing the required properties for PSpice simulation. This error can also
happen if nets are left floating in that a wire is left ‘dangling’

Error - Voltage source or inductor loop

Voltage sources are modeled as ideal in that they have no internal resistance;
therefore, connecting two voltage sources in parallel will result in an infinite
current, which will exceed the maximum current limit. Voltages and currents are
limited to £+ 1el0 Vand £ 1el0 A.

An inductor is essentially a time-varying voltage source and if connected in
parallel with another inductor or voltage source, the same error message will
result. Inductors are modeled as ideal in that they have zero series winding
resistance.

8.2 ESTABLISHING A BIAS POINT

The bias point analysis is the starting point for a transient analysis and a DC
sweep. However, if PSpice cannot calculate the bias point for a circuit, the power
supplies will be reduced from 100% towards zero, where the non-linearities of
the circuit will effectively be linearized and hence improve the chances of a bias
point solution being found. The power supplies are then stepped back up to
100% to establish a bias point upon which a DC sweep or a transient analysis
can be started.

When you run a transient analysis, PSpice launches and the simulation prog-
ress is shown in the Simulation Status Window and Output Window.
Figure 8.1 shows an example of the Output window reporting that the bias
point was calculated, the transient analysis was started and finished and the
simulation is complete.

FIGURE 8.1 Reading and checking circuit

Output Window in PSpice.  Circuit read in and checked, no ernrors
Calculating bias point for Transient Analysis
Bias point calculated
Transient &nalysis
Transient Analysis finished
Simulation complete



The information displayed helps us to determine whether the convergence failed
during the bias point analysis or the subsequent transient, DC or AC analysis.

8.3 CONVERGENCE ISSUES

If there is a convergence issue then the simulation pauses and the PSpice
Runtime Settings window appears as shown in Figure 8.2. You can then change
a simulation parameter and resume the simulation.

The output file will also be displayed and will report the last node voltages tried
and which devices failed to converge, which may relate to the nodes where the
problem is.

There are no clearly defined rules for solving convergence problems. What you
need to do is to try to localize the problem. For large circuits, methodically
remove and simulate smaller portions of the circuit. A hierarchical design, made
up of blocks of circuitry, can help in solving convergence problems. Each block
can be simulated separately and successively in the hierarchy, building up to the
complete design. Hierarchical designs are covered in Chapter 20.

Another approach for large circuits is to replace parts of circuits with Analog
Behavioral Models (ABMs), which use mathematical expressions or tables to
model components or circuit behavior. These devices simulate more quickly and
can help to localize which circuits are not converging by a process of replace-
ment and elimination. However, ABMs, if not used properly, can cause
convergence problems in their own right, especially if a mathematical expression
contains a denominator variable, which can under certain circuit conditions be
set to equal zero, resulting in large numbers exceeding the PSpice limits of
+ 1el0Vand £ 1el0 A.

Small circuits consisting of a few components can also cause convergence
problems; even the humble diode, if not modeled with a series resistance, can
cause currents and voltages to exceed the PSpice limits of + 1e10 Vand + 1e10 A.
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: : : FIGURE 8.2
PSpice Runtime Settings @ PSpice Runtime Settings.

Use Original'Yalue  Change To

Relative accuracy of V's and I's: 0.001 [RELTOL)
Best accuracy of currents [amps]: 1e-012 | (ABSTOL)
Best accuracy of voltages [volts]: 1e-006 (VNTOL)
Minimum conductance for any branch [1/chm}: 1e-012 (GMIN )

Flun to time [seconds]: 0.m [[TSTOR)
Maximum step size [seconds]: [ TMAX)

DC and bias "blind" iteration limit: 150 (ITL1)

DC and bias "'best guess" iteration limit: 20 (ITL2)

Transient time point iteration limit: 10 |(ITL4)
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Ideally, models from semiconductor vendors are complete, have been tested for
simulation and should not be the main cause of convergence problems. The
only issue is that some semiconductor models are represented by a subcircuit,
especially power MOSFETs, which can lead to convergence problems.

8.4 SIMULATION SETTINGS OPTIONS

The simulation settings can be accessed via the simulation profile and selecting
the Options tab as shown in Figure 8.3.

The calculated voltages and currents are based on previously calculated values,
such that the condition for convergence, for a node voltage, is given by:

lv(n — 1) — v(n)| > RELTOL*v(n) + VNTOL (8.1)
Similarly, for a branch current:
li(n — 1) — i(n)| > RELTOL*i(n) + ABSTOL (8.2)

where RELTOL is the relative tolerance and VNTOL and ABSTOL are the absolute
tolerances for voltage and currents, respectively. RELTOL has a default value of
0.001, which is equivalent to a 0.1% accuracy. Convergence will only occur
when the relative differences between consecutive voltages and consecutive
currents are calculated within the specified accuracy of simulation.

If you have a high-voltage circuit in which the output voltage is 100V, then
VNTOL which by default is 1 uV, can be increased to 10 mV or 100 mV without
affecting the resolution of accuracy and may help with subsequent convergence
problems. The same applies to high-current circuits, where the default value of
1 pA for ABSTOL can be increased.

FIGURE 8.3 . . : :
eyl Simulation Settings - transient [g]

OptiOHS. | General | Analysis | Configuration Files Options | Data Collection || Probe Window
- (OPTION)
o Relative accuracy of V's and I's: 0.001 (RELTOL)
Gate-level Simulation Best accuracy of voltages: 1.0u  |volts  [VNTOL)
ENlpu e Best accuracy of currents: 1Up i amps  [(4BSTOL)
Best accuracy of charges: 001p |coulombs [CHGTOL)
Minimum conductance for any branch: | 1.0E-12 [ 1/0hm  [GMIN)
DC and bias "blind" iteration limit: 150 (ITLT)
DC and bias "best guess" iteration limit: |20 ‘ (ITL2)
Transient time point iteration limit: 10 (ITL4)
Default nominal temperature: 270 |T (TNOM)
[]Use GMIN stepping to improve convergence. (STEPGMIN)
[] Use preordering to reduce matrix fillin. (PREORDER)

[Auln;onverge...l [MDSFET Dptionsu.] [Advanced Qpliunsm] [ Reset ]

I 0K ][ Cancel ]




The number of times the simulator will try to reach convergence is set by the
iteration limits, ITL1, ITL2 and ITL4. In some cases, just increasing the number of
iteration limits will help a circuit to converge without having to reduce the
accuracy of any of the simulation parameters. In Figure 8.3, you can see that ITL1
and ITL2 are used in the calculation of the DC bias point and ITL4 is used in
a transient analysis. When running a transient analysis it is always a good idea to
see whether the convergence problem occurs during the DC bias point calculation
or the transient analysis so that you can increase the appropriate iteration limit.

There is a new feature in the simulation settings option window, labeled
AutoConverge, which allows modified simulation settings to be used in
a subsequent simulation run if there is a convergence problem. You enter the
maximum Relaxed limit such that the simulator will automatically relax the
simulation limit in an optimal manner subject to the maximum values set
(Figure 8.4). The simulator will automatically start again at time ¢t = 0 using the

modified values.
AutoConverge Op... @

AutoConverge
Option: Relaxed limit:
[t 1000
[lme 1000
ITL4 1000
RELTOL (0,05
ABSTOL 1.0E-6
YNTOL 001
[V]PvTOL 1.0E-10
Restart

[ OK ] l Cancel J L Reset I

FIGURE 8.4
AutoConverge settings.

Across each semiconductor there is a small conductance which provides a small
conducting path for currents such that initial currents and voltages can be
calculated for the initial DC bias point solution. This conductance is called
GMIN and is globally available as one of the simulation setting options shown
in Figure 8.3. This is particularly useful when you have power MOSFETs or
diodes with a large off resistance. By default, GMIN is 1.0E-12 siemens, but this
can be increased by a factor of 10 or 100. There is an option to automatically step
GMIN, Use GMIN stepping to improve convergence, which is very useful.
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8.5 EXERCISES
Exercise 1

FIGURE 8.5 R1
Missing zero volt node.

10R

1. Draw the circuit in Figure 8.5 and create a bias point analysis, PSpice > New
Simulation Profile. In the Analysis type select Bias Point and click on OK.
2. Run the Simulation, PSpice > Run or click on the run button @ .
You should see the warning message dialog box (Figure 8.6) and a message
will be displayed asking you to check the Session Log.

FIGURE 8.6
sl Orcad Capture

\Warnings were reported, check Session Log
[[] Do not show this dialog again

The Session Log is normally open at the bottom of the screen; if not, it can be
found from the top toolbar, Window > Session Log. The warning message
will read:

WARNING [NET0129] Your design does not contain a Ground
(0) net.

Click on OK and PSpice will launch.

3. In PSpice, the output file displays an error message as shown in Figure 8.7.
All nodes are reported as floating as there is no reference to 0 V. Connecting
a ground 0V symbol will allow the circuit to simulate.

FIGURE 8.7 v_vi A NOOS514 10V
Floating node error message. ~ R_R1 A B 10R TC=0,0
R_R2 NO0S14 B 10R TC=0,0

®%%x% RESUMING bias.cir *x%x
.END

ERROR —-- Node & is floating
ERROR —— Node N00514 is floating
ERROR —- Node B is floatingl



Exercise 2

C1 FIGURE 8.8

A | Floating node.

1
o

VA1
nov — —_— C2

e

0

1. Draw the circuit in Figure 8.8 and create a bias point simulation, PSpice >
New Simulation Profile. In the Analysis type select Bias Point and click
on OK.

2. Run the Simulation, PSpice > Run or click on the run button @ .

3. In PSpice, the output file displays an error message as shown in Figure 8.9.
This is because there is no DC path to ground at node B, which will always be
the case for two capacitors connected in series. Connecting a large value
resistor across C1 or C2 will allow the circuit to simulate.

* zource CAPACITORS FIGURE 8.9

C_C1 A B 1In TC=0,0 Floating node error message.
V_V1 A0 10V

c_Cc2 0B 1n TC=0.,0

*%x%x% RESUMING bias.cir %xxx
.END

ERROR —— Node B i= floatingl

Exercise 3
1. Draw the circuit in Figure 8.10 and create a bias point simulation profile.

FIGURE 8.10
Inductor loop.

1oV —— 10uH
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2. Run the simulation @ .

3. The PSpice output file will display an error message as shown in Figure 8.11.
Inductors do not contain a series resistance, so adding a series resistor will
allow the circuit to simulate.

* =zource SINEVAVE

v Vi NOO502 0 10V
L I1 NOOS02 0 10uH
*%%% RESUMING transient . cir *xx*
.END
ERROR -- Voltage source and-/or inductor loop involwving V_V1
You may break the loop by adding a series resistancel
FIGURE 8.11

Inductor loop error message.

Exercise 4

1. Draw the circuit in Figure 8.12 using the Q2N3904 transistor from the
Capture transistor library. Label the nodes as shown (Place > Net Alias).

_ vVCC
V1
+
R2 122V —
gz R1 100R _T
100k 1
c R1 ~ o
B Q1
N 2N3904
E
-0

FIGURE 8.12
No PSpice model.

2. Create a bias point simulation profile.

3. Run the simulation @ .

4. The PSpice output file will display an error message as shown in Figure 8.13.
Note that the transistor does not appear in the netlist.
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* source SINEUAVE

R_R2 C VCC 100R TC=0.,0 EIG;;’RE 8'1§|
v_v1 VCC 0 12V 0 Fopice model.
R_R1 B VCC 100k TC=0,0

*#%%% RESUMING transient.cir *xxx

.END

ERROR —— Less than 2 connections at node C

ERROR —— Less than 2 connections at node Bl

5. In Capture a green circle will appear next to the transistor. Click on the circle
and a warning message will appear as shown in Figure 8.14, stating that there
is no PSpice Template for Q1. The PSpice Template is a required property for
a Capture part to be simulated in PSpice. This will be covered in more detail
in Chapter 16.

_ VCC FIGURE 8.14
Missing PSpice template.
V1
+
R2 172v. —
§ R1 100R - T
100k 1
C —
0
Q1

2N3904

View DRC Marker

a

WARNING: [NET0093]
No PSpiceTemplate for @1, ignoring

|
| Help




CHAPTER 9
Transformers

Chapter Outline

9.1 Linear Transformer 125 9.4 Exercises 128
9.2 Non-inear Transformer 126 Exercise 1 128
9.3 Predefined Transformers 127 Exercise 2 131

A transformer is implemented by magnetically coupling two or more coils
(inductors) together. For air core transformers, a K_Linear coupling device
from the analog library is used, whereas for non-linear transformers,
a magnetic core model is referenced by the K coupling devicee. When
creating a linear transformer, the coils are specified in units of henry (H),
whereas for non-linear transformers, you specify the number of turns for the
inductors.

The PSpice magnetic cores model hysteresis effects and include a coupling
coefficient which is used to define the proportion of flux linkage between the
coils and has a value between 0 and 1. For coils wound on the same magnetic
core, the coupling coefficient has a value almost equal to 1. For air cored coils,
the flux linkage is smaller.

9.1 LINEAR TRANSFORMER

Figure 9.1 shows a step-down linear transformer using inductors for the primary
and secondary windings which are specified in Henry's. The two coils are
magnetically coupled together using the K_Linear part, K1, which shows that L1
and L2 are coupled together. Ideally, the primary and secondary circuits are
electrically isolated. However, for PSpice simulation, as mentioned in Chapter 2,
there must be a DC path to ground for every node. This is achieved by using
a large value resistor R4 connected from the secondary to 0V, which will not
have a significant effect on the accuracy of simulation.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00009-X
Copyright © 2012 Elsevier Ltd. All rights reserved.
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FIGURE 9.1 K1

: f K_Linear
Linear air core transformer. COUPLING = 0.65

L1
R1 L2 R2
primary A secondary
0.2R 0.2R
V1 e |1
VOFF =0 @ 31H L2 R3
VAMPL =100V \_ 31mH 100R
FREQ=50Hz |
)
|
I
R4
AM—
1G
=0
NOTE

The dot convention has now been added to inductors to indicate the direction of
current flow and subsequent voltage polarity, which is related to how the coils are
wound relative to each other. In previous OrCAD versions, you have to display the pin
numbers for the inductors, which can then be aligned relative to each other.

9.2 NON-LINEAR TRANSFORMER

Figure 9.2 shows a circuit for a non-linear transformer created using three
inductors for the coils, L1, L2 and L3. The reference designators, L1, L2 and L3,
are added to the K device in the Property Editor and displayed on the schematic
to indicate which coils make up the transformer. The standard K coupling

FIGURE 9.2 K1
Non-linear center-tapped E13_6_6_3C81
COUPLING =0.99
transformer. L1 secondary1
L2
Ri L3
primary W\/ L2
0.1R 100 § Rs
. . 100R
V1 e L1
VOFF =0 < 800
VAMPL = 230V \& )
FREQ = 50Hz
L3 =

0
100
T : e
"0

secondary2
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| )
Model ... Type Modified D] Hysteresis Curve
E13_6_... Core 05/11/99 at
To include this spec in the model
extraction please enter two or more
data points in the followina table:
#| H(Oers.) | B (Gauss) | A
1 ]
2 |
13 |
4 |
15 |
5 |
7 v
Initial Perm: | 1000
o B (Gauss) (27°C)
H (Dersteds)
< > Hysteresis C..
Lj
|| Parameter Hame Value Minimum | Maximum l Default | Active ‘ Fixed | A
HLEVEL 2 1 2 2 (] [¥]
|Gap 0 0 1e+030 0 (] O
\_ MS 383130 1 1e+030 1000000 ] ]
A 28753 1 1e+030 w00 ¢ 0
1 C 019018 0o 1e+030 02 ] ]
K 17.529 1 1e+030 500 ] |
U AREA, 0.202 1e-008 1e+030 01 1 ] i

Model parameters and hysteresis curve for the E13_6_6_3C81 magnetic core.

devices allow for up to six inductors to be coupled together. Manufacturer’s
magnetic core models are found in the magnetic library. In this example, the
E13_6_6_3C81 magnetic core is used.

The hysteresis curve for the magnetic cores can be displayed by selecting a K
device and rmb > Edit PSpice Model, which will open the PSpice Model Editor.
In the Model Editor the text description for the model will be displayed. By
selecting View > Extract Model and clicking on Yes to the message window, the
characteristic hysteresis curve will be plotted. At the bottom of the Model Editor,
is a table of the magnetic core parameters. For each core, there is a gap parameter
which can be specified. There is also an entry table whereby you enter B-H curve
data and extract your own model parameters. Figure 9.3 shows the model
parameters and hysteresis curve for the E13_6_6_3C81 magnetic core. The
Model Editor will be covered in more detail in Chapter 16.

9.3 PREDEFINED TRANSFORMERS

A linear transformer, XFRM_LINEAR (Figure 9.4), is available in the analog
library. Non-linear transformers, which include center-tapped primary and
secondary windings, can be found in the breakout library (Figure 9.5). These
transformers have properties that enable you to enter the inductance, coil
resistances and number of turns. Double click on the transformers to access the
properties in the Property Editor.
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X1

FIGURE 9.4
Linear transformer XFRM_LINEAR.

TX2 TX3

Lp1 Lp1 Ls1
Ls
Lp2

Lp2 Ls2

XFRM_NONLIN/CT-PRI

FIGURE 9.5
Non-linear transformers.

XFRM_NONLIN/CT-PRI/SEC

9.4 EXERCISES
Exercise 1

FIGURE 9.6
Linear transformer.

XFRM_NONLIN/CT-SEC

TX4

TX5
Ls1
Lp
Ls2

TN33_20_11_2P90

K1
K_Linear
COUPLING = 0.65

L1

R1 L2 R2
primary s __secondary _
0.2R 0.2R
V1 © L1
VOFF =0 ~ 3.1H L2 R3
VAMPL =100V \_ 31mH 100R
FREQ = 50Hz
| )
|
I
R4
e
1G
=0

You will create a step-down transformer circuit with a primary inductance
winding inductance of 3.1 H and a winding resistance of 0.2 Q. The secondary
winding has an inductance of 31 mH and a winding resistance of 0.2 Q. The
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transformer provides a step-down ratio of 10 and is connected to a 100 Q load

resistance.

1. Create a new project called Linear Transformer and draw the circuit in
Figure 9.6. The inductors, resistors and K_Linear are all from the analog
library. V1 is a VSIN source from the source library. Set the coupling coeffi-
cient to 0.65.

2. If you have a previous version of OrCAD which does not have the dot
convention shown on the inductors, then display pin 1 of the inductors
and orientate the inductors accordingly.

3. Double click on the K_Linear device to open the Property Editor and add the
inductor reference designators as shown in Figure 9.7. Highlight L1 and L2,
then rmb >Display and select Value Only (Figure 9.8).

L1 L1 FIGURE 9.7

L2 L2 Defining which coils are magnetically
L3 coupled together.

L4

LS

L6

. : FIGURE 9.8
D1splay Properties @ Displaying the reference designators

e Font for the inductors.
; Arial 7
e [ Change... J [Use Deiault)
Display Format
; Color
() Do Not Display : :
@ Value Only Default v
() Name and Value S
() Name Only ®0 O180°
(O Both if Value Exists O 9 O 270"
[ (1] ] [ Cancel ] [ Help ]
NOTE

A common misunderstanding is that the coil reference designators must be entered as
L1 to L6 in the Property Editor. If you have coils with reference designators L3, L4 and
L5 in a circuit, then you enter the designators as shown in Figure 9.9. It is recom-
mended that you show the reference designators on the schematic for a K core device,
especially if you annotate and change the coil numbering.
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FIGURE 9.10
Transient

simulation profile.

FIGURE 9.9

Entering coil reference designators.

L1
L2
L3

and PSpice

L3
L4
L5

4. Set up a transient simulation profile with a Run to time of 50 ms

(Figure 9.10).

Genemlj Analysis | Configuration Files | Options | Data Collection Probe Window

Simulation Settings - transient

Analysis type:

Options:

[E|General Settings
[[JMonte Carlo/wWorst Case
[[JPatametiic Sweep

] Temperature (Sweep)
[[]Save Bias Paint
[JLoad Bias Paint

[[]Save Check Points
[C]Restart Simulation

Bun

Start saving data after: \El seconds

Transient options

Maximum step size: I

O
O

Aun in resume mode

to time:

fﬁﬂms seconds (TSTOP)

\ seconds

Skip the initial transient bias point calculation [SKIPEP)

Output File Options...

[

0K ] [ Cancel

5. Place voltage markers on the primary and secondary nets and run the simu-
lation. You should see the response as shown in Figure 9.11 with a secondary

FIGURE 9.11

Primary and secondary voltage
waveforms of the step-down
transformer.

voltage of 6.4 V.

100V
0V 1
-100V T T T T T T r T T
Os 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
o V(PRIMARY) ¢ V(SECONDARY) Time



If you have not placed markers on the circuit then when the PSpice window
appears, select Trace > Add Trace and select from the left-hand side under

Simulation Output Variables, V(primary) and V(secondary).

6. The relationship between the primary and secondary voltages and the

primary and secondary inductances for air cored transformers is given by:

Ve  \Lp

Vs L

So, if you increased k to 1 you would see a secondary voltage of approximately

10 V. In practice, air cored transformers have a low coupling coefficient.

TIP

When running simulations with transformers, you may need to limit the maximum step
size if you see distorted sinewave outputs.

Exercise 2

K1
E13_6_6_3C81
COUPLING =0.99
L1 secondary
R1 L2
primary L3 L2
W 100 § R3
0.1R 100R
e
V1 e L1
VAMPL = 230V - .
FREQ = 50Hz
L3 =
0
T g
L L] 100R
"0
secondary2
FIGURE 9.12

Non-linear, center-tapped transformer circuit.

You will create a non-linear, center-tapped transformer circuit.

1. Create a new project called Non Linear Transformer and draw the circuit in
Figure 9.12. Enter the inductor values as the number of turns as shown. The
E13_6_6_3C81 core model is found in the magnetic library. Enter a value of

0.99 for the coupling coefficient.

2. Asin Exercise 1, double click on the K core device and in the Property Editor,

add and display the reference designators L1, L2 and L3.
3. Create a transient simulation profile with a run to time of 50 ms.

4. Place voltage markers on the nets, primary, secondaryl and secondary2 and

run the simulation.

CHAPTER 9 €ED
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400V
oV 1
'400V T T T T T T T T T
0Os 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms
0 V(SECONDARY1) < V(SECONDARY2) Vv V(PRIMARY) Time
FIGURE 9.13

Primary and secondary waveforms.

5. Figure 9.13 shows the voltage waveforms for the non-linear transformer. You
should see 25.1V on each secondary winding.
6. Investigate the other transformers in the analog and breakout libraries.
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Monte Carlo analysis is essentially a statistical analysis that calculates the
response of a circuit when device model parameters are randomly varied between
specified tolerance limits according to a specified statistical distribution. For
example, all the circuits encountered so far have been simulated using fixed
component values. However, discrete real components such as resistors, induc-
tors and capacitors all have a specified tolerance, so that when you select, for
example, a 10 kQ + 1% resistor, you can expect the actual measured resistor value
to be somewhere between 9900 and 10 100 Q. Other discrete components and
semiconductors in a circuit will also have tolerances and so the combined effect of
all the component tolerances may result in a significant deviation from the
expected circuit response. This is especially the case in filter designs where applied
component tolerances may result in a deviation from the required filter response.

What the Monte Carlo analysis does it to provide statistical data predicting the
effect of randomly varying model parameters or component values (variance)
within specified tolerance limits. The generated values follow a statistically
defined distribution. The circuit analysis (DC, AC or transient) is repeated
a number of specified times with each Monte Carlo run generating a new set of
randomly derived component or model parameter values. The greater the
number of runs, the greater the chances that every component value within its
tolerance range will be used for simulation. It is not uncommon to perform
hundreds or even thousands of Monte Carlo runs in order to cover as many
possible component values within their tolerance limits. Monte Carlo, in effect,

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00010-6
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FIGURE 10.1

predicts the robustness or yield of a circuit by varying component or model
parameter values up to their specified tolerance limits.

Although the results of a Monte Carlo analysis can be seen as a spread of
waveforms in the PSpice waveform viewer (Probe), a Performance Analysis can
be used to generate and display histograms for the statistical data together with
a summary of the statistical data. This provides a more visual representation of
the statistical results of a Monte Carlo analysis.

10.1 SIMULATION SETTINGS

A Monte Carlo analysis is run in conjunction with another analysis, AC, DC or
transient analysis. Tolerances are applied to parts in the schematic via the
Property Editor and the required analysis is created in the simulation profile.
For the band pass filter in Figure 10.1, component tolerances have been added to
the resistors and capacitors and displayed on the circuit. The circuit response is
analyzed by performing an AC sweep from 10 Hz to 100 kHz. Monte Carlo will
run an initial analysis with all nominal values being used and then run subse-
quent analysis using randomly generated component values up to the number
of Monte Carlo runs specified.

Figure 10.2 shows the simulation profile for an AC sweep running a Monte Carlo
analysis.
OUTPUT VARIABLE

You need to specify a node voltage or an independent current or voltage source.
In this example, the output variable is V(out).

c1
1500 Hz band pass filter. |
+1$v -1$v !
L V2 NRE 10n
_ 10%
12V — 12V—= o R3
NMW—
150k
=5 5%
-12v
R1 co LF411NS
AV— | 2
1K5 10n
V1 5% R2 10% 3
1Vac® ? 1k5
0vdc 5%




FIGURE 10.2
Monte Carlo

simulation settings.

Simulation Settings - ac sweep1

| General | Analysis | Configuration Files | Options | Data Collection | Probe Window |

ot i 5 3

fnalysis pe -  (®MonteCarlo  [[] Enable PSpice 44 support for legacy

AL Sweep/Noise ¥ OWorstcase/Sensiivy  Dutput variable: [ vout)

Dptions: Monte Carlo options

General Setlings Number of runs: 50

Monte Carlo/Worst Case Use distribution: Uniform ~ +
% ?::E:I:;Ez?se :::ep] Bandom number seed: [1..32767)

[[]Save Bias Point Save data from All v | tuns

[[]Load Bias Point

‘Worst-case/Sensitivity options

l MC Load/Save... ] [ Mare Settings... ]

Apply

[ ok ][ cancel ||

J

Help ]

NUMBER OF RUNS

This is the number of times the AC, DC or transient analysis is run. The
maximum number of waveforms that can be displayed in Probe is 400.
However, for printed results, the maximum number of runs has now been
increased from 2000 to 10 000. The first run is the nominal run where no
tolerances are applied.

USE DISTRIBUTION

The model parameter deviations from the nominal values up to the tolerance
limits are determined by a probability distribution curve. By default, the
distribution curve is uniform; that is, each value has an equal chance of being
used. The other option is the Gaussian distribution, which is the familiar bell-
shaped curve commonly used in manufacturing. Component values are more
likely to take on values found near the center of the distribution compared to the
outer edges of the tolerance limits.

You can also define your own probability distribution curves using coordinate
pairs specifying the deviation and associated probability, where the deviation is
in the range —1 to +1 and the probability is in the range from 0 to 1. More
information can be found in the PSpice A/D Reference Guide in <install dir>
doc\pspcref\pspcref.pdf.

RANDOM NUMBER SEED

As with most random number generators, an initial seed value is required to
generate a set of random numbers. This value must be an odd integer number
from 1 to 32 767. If no seed number is specified, the default value of 17 533 is
used.
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SAVE DATA FROM

This allows you to save data from selected runs. For example, if you just want to
see the circuit response from the nominal run, select none. If you want to save all
the runs, select All. If you want to select every third run from the nominal run,
i.e. the fourth, seventh, tenth, etc., select Every, then enter 3 in the runs box. If
you want to save data from the first three runs, select First and then enter 3 in the
runs box. If you want to save data from the third, fifth, seventh and tenth run,
select Runs (list) and enter 3, 5, 7, 10 in the runs box. Saved runs will be dis-
played in Probe.

MC LOAD/SAVE

PSpice now has history support which allows you to save randomly generated
model parameters or component values from a Monte Carlo run in a file, which
can be used for subsequent analysis.

MORE SETTINGS

This option allows you to specify Collating Functions which are applied to the
output waveforms returning a single resulting value. For example, the MAX
function searches for and returns the maximum value of a waveform. The YMAX
function returns the value corresponding to the greatest difference between the
nominal run waveform and the current waveform. The RISE and FALL functions
search for the first occurrence of a waveform crossing above or below a set
threshold value. For each function, you can specify the range over which you want
to apply these functions. Figure 10.3 shows the available collating functions.

FIGURE 10.3 ‘ S @
Collating functions. Monte Carlo/Worst-Case Output Fil...
Collating Function
The co[l!ati'r}[g ;;m?ian is piallormeg on zn output rg;j?l]ef l[for
example, V(1)) The result is listed in the output (. ile only.
Find: | the maximum value (MaX] v

the greatest difference from the nominal iun [YMaX!
the maximum value [MAX

the minimum value [MIN)
Evalu e first rising threshold crossing (RISE_EDGE)
the first falling threshold crossing (FALL_EDGE)

Worst-Case direction

[ List model parameter values in the output file for each run

The collating functions are summarized as:

YMAX: Find the greatest difference from the nominal run
MAX: Find the maximum value

MIN: Find the minimum value

RISE_EDGE: Find the first rising threshold crossing
FALL_EDGE: Find the first falling threshold crossing



10.2 ADDING TOLERANCE VALUES

Tolerances can now be added to the discrete R, L and C parts in the Property
Editor as these parts now include a tolerance property. You must make sure that
you include the % symbol when entering the tolerance value i.e. 10%.

In previous OrCAD versions the only way to add tolerances to discrete parts was
to use generic Breakout parts, which allowed you to edit the PSpice model. For
example, to add a tolerance to a resistor, you had to use an Rbreak part from the
breakout library, edit the model (rmb > Edit PSpice Model) and add tolerance
statements to the PSpice model. The default model definition for an Rbreak is
given by:

.model Rbreak RES R=1

where Rbreak is the model name that can be changed and appears on the
schematic, RES is the PSpice model type and R is a resistance multiplier. There
are two types of tolerance you can add, dev and lot, as shown below:

.model Rmcl RES R=1 lot = 2% dev=5%

Here, the model name has been changed to Rmcl and two tolerance types
have been added to the model statement. The dev tolerance causes the
tolerance values of devices that share the same model name (Rmcl in this
example) to vary independently from each other, while the lot tolerance will
cause the tolerance values of devices, with the same model name, to track
together.

Dev is the same as applying a standard 5% tolerance to all the resistors, where
each resistor with the same model name will be assigned its own random
resistance value independent from all the other resistors with the same model
name.

Lot is where all the resistors with the same model name will be treated as one
group and will track together by as much as 4+ 2%. This was mainly used in
integrated circuit (IC) design where a change in temperature was equally applied
to groups of components. The combined total tolerance for Rmc1 can therefore
be as much as + 7%.

One example in which you would use both lot and dev is for a single in-line
(SIL) or dual in-line (DIL) resistor pack; each resistor will have a dev tolerance
defined, and therefore each randomly generated resistance value will have
a different value from the others. If there is a rise in temperature, the lot
tolerance will ensure that all resistance values increase together by the same
percentage.

As mentioned above, only discrete parts have an attached tolerance property
which can be edited in the Property Editor. If you want to add for example
a specified manufacturer’s tolerance to the B¢ of a transistor to see its effect on
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FIGURE 10.4

a circuit’s performance, you will have to edit the transistor model and add, for
example, the dev tolerance to the Bf model parameter as:

.model Q2N3906 PNP (Is=1.41f Xti=3 Eg=1.11 Vaf=18.7
Bf=180.7 dev=50% Ne=1.5 Ise=0

In this example, a dev tolerance of 50% with a default uniform distribution has
been added to the B of the transistor. However, the distribution for the By is
more likely to be Gaussian, so you would add dev/gauss=12.5% as PSpice limits
a Gaussian distribution to + 4c:

.model Q2N3906 PNP (Is=1.41f Xti=3 Eg=1.11 Vaf=18.7
Bf=180.7 dev/gauss=12.5% Ne=1.5 Ise=0

10.3 EXERCISES

C1
1500 Hz band pass filter. |
+1$v -1$v !
V2 V3 10n
s -12v= 10%
12V — 12V—= o R3
ANV—
150k
=0 5%
-12V
R1 c2 LF411/NS ‘*T
M\~ | 2
1k5 10n
V1 5% R2 10% 3
1Vac® ? 1k5
0Vde \s 5%

Exercise 1

Figure 10.4 shows a Sallen and Key 1500 Hz band pass filter circuit. Toler-
ances will be added to the resistors and capacitors and a Monte Carlo anal-
ysis will be performed to predict the statistical variation of the band pass
frequency.

1. Draw the circuit in Figure 10.4. If you are using the demo CD, use the ua741
opamps, which can be found in the eval library; otherwise, the LF411 opamp
can be found in the opamp library. Performing a Part Search will result in
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the LF411 opamp being sourced from different manufacturers. It does not
matter which one you use. V1 is a V¢ source from the source library, used

for an AC analysis, and the power symbols are VCC_CIRCLE symbols from
Place > Power, renamed +12 Vand —12V, respectively.

NOTE

When running a Part Search for the LF411, make sure the search part is pointing to the
<install dir> \Tools\ Capture > Library > PSpice library (see Chapter 5, Exercise 3).

2. You need to add a 5% tolerance to all the resistors. Hold down the control
key and select the resistors R1, R2 and R3, then rmb > Edit Properties. In
the Property Editor highlight the entire Tolerance Row (or column) as
shown in Figure 10.5 and rmb > Edit. In the Edit Property Values box
(Figure 10.6), type in 5% and click on OK.

TC1 | 1) 0 1}

= , 7 5 i FIGURE 10.5
o — Select entire TOLERANCE row
Value | 150k 1kS 1kS VO -

VOLTAGE | RYMAX RVMAX Rimiax | Edit | and select Edit.
{I»\Parts { Schematic Nets { Flat Nets {Pins £ Title Blocks | ¢ Delete Property
g Display...
Edit Property Values FIG_URE 10.6

Adding a 5% tolerance to the
TOLERANCE| resistors.
1 5%]

3. To display the component tolerances on the schematic, select the entire
TOLERANCE row as in Figure 10.5, rmb > Display and in Display Properties
(Figure 10.7), select Value Only and click on OK.

Display Properties 4] FIGURE 10.7

Displaying tolerance values.
Mame: TOLERANCE

i Use Default
Display Format
2 Color
© Do Not Display :
®NaiE Tl v
Rotation

O Name Only ®0 Ot
O Both i Yalue Exists O O 27

[ 0K J[ Cancel H Help |
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4. Repeat Step 2 by assigning a 10% tolerance to capacitors C1 and C2.
5. Create a PSpice simulation profile called AC Sweep for an AC logarithmic

sweep from 100 to 10 kHz with 50 points per decade (Figure 10.8). Select
Monte Carlo/Worst Case in the Options box.

FIGURE 10.8 ; : y
phiaysiieee il Simulation Settings - ac sweep' @

for an AC sweep. | | General| Analsi

| Analysis type: AC Sweep Type
IAC Sweep/Noise L] O Linear Stait Frequency: [100 |
Options: ® Logaiithnic EndFrequency: [10k |
[E]General Settings | [Decade v } Points/Decade: |50 |
Monte CarloAwforst Case § :
[[]Parametiic Sweep Noise Analysis

| |0 Temperature (Sweep) .

| |[CJSave Bias Point [JEnabled |
[[JLoad Bias Point

[

Output File Options

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

[ ok ][ cancel J[ 2epy ][ Hep |

The output variable is V(out) and the number of runs is 50. The distribution
used will be uniform and you will use the default random seed setting by
leaving the Random number seed box empty. Your Monte Carlo simulation
settings should be as shown in Figure 10.9.

FIGURE 10.9

Monte Carlo Simulation Settings - ac sweep1
simulation settings. .M};;Tﬁ: | Corfiguration Files | Options | Data Collection | Probe Window |
E Analysis type:

(@ Monte Carlo  [[] Enable PSpice &4 support for legacy

IAEﬂ@"NL Y| Oworstcase/Sensiivity  Qutput variable: F{_uu[] |
Options: Monte Carlo options _
W Mumber of runs: 50

‘ FMonte Carlo/worst Case Use distribution: [ Unkon D
["]Parametric Sweep : e

| | Temperature (Sweep) Bandom number seed: _ [1..32767] ‘

| |CJsave Bias Point Save data from |4l v } | tuns
[[JLoad Bias Point e

Worst-case/Sensitivity options

[ MC Load/Save... J [ Mare Settings... J

[ ok ][ cance J[ appb ][ Hep |
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6. Place a dB voltage marker on node out (PSpice > Markers > Advanced > dB
Magnitude of Voltage) and run the simulation.

NOTE

Monte Carlo runs can produce large data files. Since we are only interested in the
output node, the simulation can be set up to collect data for display waveforms only for
markers placed on the schematic. In the simulation profile, select the Probe Window

tab and make sure that All markers on open schematic is selected.

7. When PSpice launches, a list of available runs is shown (Figure 10.10). Select
All and click on OK.

Available Sections

band pass 2-ac sweepl" [ C:APSpic...
"band pass 2-ac sweepl" [ C:\PSpic...
"band pass 2-ac sweepl” [ C:\PSpic...
"band pass 2-ac sweepl" [ C:\PSpic...
"band pass 2-ac sweepl" [ C:\PSpic...
! sweepl" [ C:APSpic...
epl" [ C:APSpic...

epl" [ C:\PSpic...

"band pass 2-ac sweepl" [ C:\PSpic...
"band pass 2-ac sweepl” [ C:\PSpic...

** Profile:
** Profile:
i Proh:!e:

** Profil
** Profile:
** Profile:

** Profile:
** Profile:
** Profile:

** Profile: '

"band pass 2-ac sweepl" [ C:\PSpic...
“band pass 2-ac sweepl” [ C:\PSpic...
'band pass 2-ac sweepl” [ C:\PSpic...
"band pass 2-ac sweepl" [ C:\PSpic...
"band pass 2-ac sweepl" [ C:\PSpic...

"band pass 2-ac sweepl" [ C:APS

Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pa

Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass
Monte Carlo Pass

27.0Deg
27.0Deq
27.0Deg
27.0Deq
27.0Deg

FIGURE 10.10
Available sections.

8. Figure 10.11 shows the band pass filter response showing a spread in the
center frequency. Open the output file, View > Output File{ XE “Output
File” } and scroll down to see the results for each Monte Carlo run. At the
bottom of the file, you will see a summary of the statistical results and the

deviation from the nominal for each run.

However, to get a better picture of the spread of the center frequency, you can
use a Performance Analysis to display histograms representing the statisti-
cally generated data. Performance analysis will be covered in more detail
in Chapter 12, but for now, the steps required for a performance analysis
for the bandpass filter are introduced in Exercise 2.
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100Hz 300Hz 1.0kHz

oV o+ AY % ...DB(VOUT) Frequency

FIGURE 10.11
Monte Carlo band pass filter response.

Exercise 2

3.0kHz 10kHz

1. In Probe, from the top toolbar, select Trace > Performance Analysis. At the
bottom of the Performance Analysis window, click on Wizard, then in the
next window click on Next. You will be presented with a list of measurements

as shown in Figure 10.12.

FIGURE 10.12 ; -
Available Performance Analysis Wizard - Ste...

measurements. Choose a Measurement.

'Bandwidth
Bandwidth_Bandpass_3dB

CenterFrequency_XRange
ConversionGain
ConversionGain_XRange
Cutoff_Highpass_3dB

Cutoff_Lowpass_3dB

~

Bandwidth Bandpass_3d8 XAl

Cutoff_Highpass_3dB_XRange

Cutoff Lowpass 3dB XRanae

!CenlerFrequencylt(ace name, db_level)

Find the midpoint between the X values
where the trace first crosses its maximum
value minus db_level [Ymaz-db_level) with
a positive slope, and then with a negative
slope. [i.e. Find the <db_level> center
frequency of a signal.)

i
[ Help H Cancel ][ <Back ]I Next> ][ Finish ]

2. Select the CenterFrequency measurement and click on Next.

3. In the Measurement Expression window (Figure 10.13), enter the name of

the trace to search as V(out). Alternatively, you can click on the Name of
trace to search icon and search for the trace name, V(out).
Enter a value of 3 for the db level down for measurement as shown. The
center frequency of the filter will be measured 3 dB down either side of the
maximum value for the Monte Carlo nominal run (no component tolerances
applied). Click on Next in the Performance Analysis Wizard.
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; . FIGURE 10.13
Performance Analys1s Wizard ... V(out) is selected as the trace variable with

Measurement Expression a —3 dB measurement down either side.

CenterFrequencylV{out. ]

Now you need to fill in the Measurement arguments. That is, you need
to tell the Measurement which trace(s] to look at, and if necessary,
the other numbers the Measurement needs to work.

The Measurement 'CenterFrequency’ has 2 arguments.
Please fill them in now.

Mame of trace to search V[ouk] i

db level down for measurement |3 \

uefp ][ Cancel ][ <Back ][ Mext> ][ Finish ]

4. The nominal trace waveform of the band pass circuit will be displayed
(Figure 10.14). This is the simulation response using the component
nominal values. The trace shows two points where the measurements
from the waveform will be taken. In this case, the center frequency is
defined at 3 dB down from the maximum value. This is shown so that
you can confirm whether you are seeing the correct circuit response
and that the measurements are taken at the correct points on the
waveform.

CenterFrequency(v(out), 3) = 1.50091k _/_/

20

Performance Analysis Wizard...

| Sometimes a trace doesnt have the characteristics you expect. Now
we have tested the Measurement you have chosen on the trace from
the first section.

If this result appears to be comect, then choose Next or Finish to
display the Performance Analysis trace.

S l Help i[ Cancel ][ <Back ][ Next> H Einish ]

100Hz 300Hz 1.0KHZ 3.0KHz 10KHz
o db(U(out))

Frequency

FIGURE 10.14
Nominal trace showing where the —3 dB measurement will be taken on the nominal circuit response waveform.



5. Click on Next in the Performance Analysis Wizard.
6. Histograms will now be displayed (Figure 10.15) representing the generated
statistical data together with a summary of statistical data.

% 20
101
SEL>>
0 T T T T T T T T T
1.32k 1.36k 1.40k 1.44k 1.48k 1.52k 1.56k 1.60k 1.64k 1.68k 1.72k
CenterFrequency(v)out), 3)
nsamples =50 mean =1498.58 minimum =1384.17 median =1491.56 maximum = 1662.67
ndivisions =10 sigma =72.6458 10th %ile =1401.46 90th %ile =1604.45 3#sigma =217.937
40
O_
-40 T T T
100Hz 300Hz 1.0kHz 3.0kHz 10kHz
oV o+ AY + ... DBV(OUT))

Frequency

FIGURE 10.15
Histograms shows the possible spread in center frequency.

7. Change the resistor tolerances to 1% and the capacitor tolerances to 5% and
re-run the simulation. Run a performance analysis as before using the center
frequency measurement as above. The results are shown in Figure 10.16.

% 40
20
SEL>>
0 T T T T T T T T
1.42k 1.44k 1.46k 1.48k 1.50k 1.52k 1.54k 1.56k 1.58k 1.60k
CenterFrequency(v)out), 3)
n samples =50 mean =1498.58 minimum =1442.33 median =1500.86 maximum =1573.96
ndivisions =10 sigma =34.0612 10th %ile  =1454.26 90th %ile = 1549.78 3=sigma =102.184
40 —
. ___KM\«Q,,M‘_
0 T i ——— —
—-40 T T T
100Hz 300Hz 1.0kHz 3.0kHz 10kHz
o v o+ A Y # ...DB(V(OUT)) Frequency

FIGURE 10.16
Statistical data for the center frequency with tighter component tolerances.

NOTE

Because the tolerances are displayed on the schematic, there is no need to use the
Property Editor to change the tolerance values. Just double click on the tolerance
values in the schematic and enter the new tolerance value.




8. Run another Performance analysis but this time, use the bandwidth
measurement.

NOTE
The number of displayed histograms can be changed in Probe. Select Tools > Options >
Histogram Divisions.

FILTER SPECIFICATIONS
The gain of the filter is given by:

R3
Gl = 2rT
150 x 103 (10.1)
Gl = —2 2~ = 50
2x1.5x 103

or in dB:
|Glgg = 20l0g1050 = 34 dB

The band pass center frequency is given by:

= (10.2)
R1R2
27C
R1 + R2
where C1 = C2 =C
1
f =
1.5 x 103 x 1.5 x 103 3
27 x 10 x 1079 x 150 x 10
1.5%x 103+ 1.5 x 103
f = 1501 Hz
The —3 dB bandwidth is given by:
1
I =crs
m . (10.3)
f= — 212.2 Hz

mx 10 x 1072 x 150 x 103
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CHAPTER 11
Worst Case Analysis

Chapter Outline

11.1 Sensitivity Analysis 148 11.4 Collating Functions 150
11.2 Worst Case Analysis 149 11.5 Exercise 151
11.3 Adding Tolerances 150

Worst case analysis is used to identify the most critical components that
will affect circuit performance. Initially, a sensitivity analysis is run on each
individual component that has a tolerance assigned. The component value
is effectively pushed towards both of its tolerance limits by a small
percentage of its value to see which limit would have a greater effect on
the worst case output. A worst case analysis is then performed by setting all
the component values to their end tolerance limits which gave an indica-
tion of the worst case results. In order to reduce the number of simulation
runs, collating functions can be used to detect differences from the
nominal worst case output such as minimum, maximum or threshold
differences.

In Figure 11.1, an equivalent inductor circuit known as a gyrator is imple-
mented using U1B, R4, R5 and C2, which enables a high inductance value to be
realized, 100 H in this example. The series connection of the equivalent
inductor and C1 forms a series tuned circuit which determines the frequency of
the notch filter. Using ideal component values, the initial simulation results
will show the required notch filter response. However, components have
tolerances that may affect the notch frequency. Adding component tolerances,
a Worst Case analysis will determine which components are critical to the
circuit’s performance. The notch frequency can be determined by detecting the
minimum output voltage of the filter. Therefore, a worst case analysis can be
run using a collating function on the output voltage, which will only record the
minimum output voltages.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00011-8
Copyright © 2012 Elsevier Ltd. All rights reserved.
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FIGURE 11.1
Notch filter using

a gyrator circuit.
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11.1 SENSITIVITY ANALYSIS

We are looking to investigate the effect that each component has on the notch
frequency by recording the minimum output voltage of the filter, and hence to
determine which components are critical to the notch frequency. A sensitivity
analysis will be run on each component in turn, with its sensitivity value
given by:

value = nominal value * (1 + RELTOL)

where RELTOL is the relative tolerance and can be found in the PSpice Simu-

lation Settings > Options as shown in Figure 11.2. By default, RELTOL is 0.001
(0.1%).

For example, R1 has a value of 20kQ and a tolerance of 5% and so has an
expected value between 19 and 21 kQ. If RELTOL is set to 0.01 (£ 1%), the
resistor value will be increased to 20 200 Q and then decreased to 19 800 Q. The
direction in which the change in resistor value gave the worst case result
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. . . P FIGURE 11.2
S1ITILI|at'|0n Settlngs = WOFSt case Simulation settings options.
| General | Analysis | Configuration Files | Options | Data Collection | Probe Window |

e — (OPTION)

TS| Relative accuracy of V's and I's: a0 | (RELTOL)
Gate-level Simulation | Best accuracy of voltages: 1.0u  |volts  [WNTOL)
Output file | TR

Best accuracy of currents: 1.0p  |amps  (ABSTOL)
Best accuracy of charges: :'_U.EP_ ' coulombs [CHGTOL)
Minimum conductance for any branch: | 1.0E-12 | 1/0hm  (GMIN)

DC and bias "blind" iteration limit: 150 | (ITL1)

DC and bias "best guess" iteration limit; 207 [ITL2)
Transient time point iteration limit: 10 (ITL4)
Default nominal temperature: _2?U_d C (TNOM)

[[] Use GMIN stepping to improve convergence. (STEPGMIN)
[ Use preordering to reduce matrix fillin, (PREORDER)

[Autogonvelge.,.] [MDSFET Dplions...] [Advancedgptians...] [ Reset ]

[ 0K ][ Cancel ]

(minimum voltage) determines which tolerance limit (upper or lower) to use in
the worst case analysis. If the minimum output voltage was recorded with a 1%
decrease in the resistor value, then the lower tolerance limit of 19 kQ would used
for R1 in the worst case analysis.

The value of R1 is then reset to its nominal value of 20 kQ and a sensitivity
analysis is performed on R2, varying its value towards its tolerance limits and
recording the 'tolerance direction’ that gave the minimum output voltage. The
resistor values will then be set to their tolerance limit value that gave the worst
case minimum output voltage.

It must be remembered that the above assumes that the output voltage changes
continuously with a continuous change in component values and that there are
no interdependencies with other components, which may not be the case.

11.2 WORST CASE ANALYSIS

Based upon the results of the sensitivity analysis, worst case analysis sets the
component values to one of their tolerance limits. If R1, 20 kQ —1% gave the
minimum voltage, then R2 would be set to 20 kQ —5%.

A worst case analysis is run in conjunction with a DC, AC or transient
analysis and does not take into account the interdependence of the param-
eters. The results of the sensitivity and worst case analysis are written to the
output file.
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FIGURE 11.3

11.3 ADDING TOLERANCES

As with Monte Carlo analysis, tolerances can be added directly to the R, Land C
Capture parts in the schematic. Alternatively, breakout parts can be used and

the following dev or lot statements are added as used with a Monte Carlo
analysis:

.model Rwcl RES R=1 dev=5% lot=2%

The dev statement causes the tolerance values of devices that share the same
model name to vary independently from each other, while the lot statement will
cause the tolerance values of devices to track together.

As with a Monte Carlo analysis, you have to define an output variable, which can
be a node voltage or an independent current or voltage source. In Figure 11.3, the
output variable is V(out).

Worst case analysis simulation SimUIation SEttingS - worst case

settings.

General| Analysis | Configuration Files | Options | Data Collection | Probe Window

Analysis type:

(O MonteCallo [ Enable PSpice &4 support for legacy

(@ Worst-case/Sensitivity  Qutput variable: | v{out) }
Options: Monte Carlo options
[7] General Setlings !

Manle Carlo/worst Case

[]Parametiic Sweep

[ Temperature (Sweep) ' = ' *J

[[]Save Bias Point Ve da L,,;
[[JLoad Bias Point ‘

‘ AC Sweep/Noise v

Worst-case/Sensitivity options

Vary devices that have |both DEV and LOT | ¥ | tolerances
Limit devices to type(s): i_ '

[[] 5ave data from each sensitivity run

More Settings...

I 0K I [ Cancel l [ Apply ] [ Help ]

11.4 COLLATING FUNCTIONS

As with Monte Carlo, collating functions detect and compare the output
response of the circuit with defined parameters. There are five functions that
define the worst case results:

e YMAX finds the greatest distance in the Y direction in each waveform from
the nominal run.

o MAX finds the maximum value of each waveform.
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MIN finds the minimum value of each waveform.

RISE_EDGE(value) finds the first occurrence of the waveform crossing above
the threshold (value). The 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). The function assumes that there will be at
least one point that lies above the specified value followed by at least
one below.

11.5 EXERCISE

1. Draw the circuit in Figure 11.4. The LF412 dual opamp is from the opamp
library, or you can use any opamps.

R1 FIGURE 11.4
AV Notch filter.
20k 5%
vgs
R2 LF412 <
AW 52
| R3 20k 5% out
V1
1Vac 20k 5%
ovdc
~o
T 47n10%
vce VSS
¢ Vo < V3 R4
10k 5%
15v% -15v% °
=0 =0 —

2. Select all the resistors by holding down the control key and rmb > Edit
Properties.

3. In the Property Editor, select and highlight the whole row (or column) for
the Tolerance property and rmb > Edit (Figure 11.5).
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FIGURE 11.5
Selecting the tolerance property for all the resistors.

Add a 5% tolerance in the Edit Property Values window as shown in
Figure 11.6, click on OK and then close the Property Editor.

FIG_URE 11.6 Edit Property Values
Adding a 5% tolerance to the
resistors. TOLERAIICE|

1 5%

4. Repeat Steps 3 and 4 adding a 10% tolerance to the capacitors, C1 and C2.
5. Set up a simulation profile for an AC sweep from 10 Hz to 10 kHz perform-

ing a logarithmic sweep with 100 points per decade (Figure 11.7). Click on
Apply but do not exit.

FIGURE 11.7 5 5 . 3
AC sweep simulation settings. Simulation Settlngs - ac sweep

] Generaﬂ Analysis | Canfiguration Files | Options | Data Collection | Probe Window

Analysis type: AC Sweep Type

i, S wep.fN oise 7V‘ O Linear

Start Frequency: \r 10

Options: (®) Logarithmic End Frequency: |10k |
[Decade v | Points/Decade: [100 |
Monte Carlo/Worst Case = S

[[]Parametric Sweep
[[] Temperature (Sweep) -
[[]Save Bias Point [JEnabled i . { I

[]Load Bias Paint I:’

Noise Analysis

Output File Options

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

I 0K I[ Cancel ] Apply

6. In the simulation profile, in Options select Monte Carlo/Worst Case and

enter V(out) for the Output variable (Figure 11.8). Click on Apply but
do not exit.
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| General | Analysis | Corfiguration Files | Options | Data Collection | Prabe Window

Simulation Settings - ac sweep @ FIGURE 11.8

Setting up a worst case analysis.

AT e  OMonteCalo [ Enable PSpice &4 support for legacy
o SWEENNL- B _l ® Worst-case/Sensitivity Output variable: :v[out]
Options: Monte Carlo options —

M onte Carlo/worst Case |
[]Parametiic Sweep

[v] General Settings | Number of runs L |

[ Temperature (Sweep)
[]5ave Bias Point

[]Load Bias Point -
Worst-case/Sensitivity options

Vary devices that have | both DEV and LOT v w tolerances

Limit devices to type(s): [ _ \

[[] Save data from each sensitivity run

I 0K I[ Cancel ][ Apply ][ Help

l

7. Click on More Settings and in Find, select the minimum (MIN) for the
Collating Function and select Low for the Worst Case Direction as shown

in Figure 11.9. Click on OK but do not exit.

Monte Carlo/Worst-Case Output Fil...@

Collating Function
The collating function is performed on an output varable [for L

example, V(1)) The result is listed in the output (OUT) file only.

Find: ] the: minimum value [MIN] v ]

Ewvaluate only when the sweep variable is in the range:

[ e[ ™

“Worst-Case direction

O Hi () Low

[] List model parameter values in the output file for each run

FIGURE 11.9
Selecting the MIN collating function.

8. Select the Options tab and select Output File and uncheck Bias Point Node
Voltages and Model parameter values as shown in Figure 11.10. Click on

OK but do not close the simulation profile window.
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FIGURE 11.10
Output file options.

Simulation Settings - ac sweep

| General | Analysis | Configuration Files| Options | Data Collection | Probe Window
Category: Include the following in the output [.OUT) file: (OPTION)
Analog Simulation ‘ [] Detailed summary and accounting information  (8CCT)
! [[] Subcircuit expansion and Load Bias files (EXPAND)
e J [[] Statements included from libraries (LIBRARY)
[] Device summary [LIST)
[[] Bias point node voltages (NOBIAS)
[[] Node summary (connections) (NODE)
Circut file statements (NDECHO)
(NOMOD)
Digital timing and hazard messages (NOOUTMSG)
Page breaks and banners for each section (NOPAGE)
[JValue of each PSpice option (OPTS)
Nurnber of digits in printed values: ﬂ'{ b (NUMDG)
Output file widkh:i 80 w 'characters
I 0K l [ Cancel ] I Apply I [ Help I

9. In the simulation profile select Options and change RELTOL to 0.01
(Figure 11.11). Click on OK to close the simulation settings profile.

FIGURE 11.11
Changing RELTOL.

Simulation Settings - ac sweep

| General | Analysis | Configuration Files| Options IData Collection | Probe Window

Best accuracy of charges:
Minimum conductance for any branch:

DC and bias "blind" iteration limit: 150

DC and bias "best quess" iteration limit: |20
Transient time point iteration limit: 1U__
Default nominal temperature: 27.0 °C

[[JUse GMIN stepping to improve convergence.
[[] Use preordering to reduce matrix fillin.

(OPTION)
Category:
‘| Relative accuracy of V's and I's: 0.01 [RELTOL)
ga:e-ltl?;{lel Simulation | Best accuracy of voltages: 10”7 volts [VNTOL)
e Best accuracy of curents: 1.0p amps (ABSTOL)

0.01p | coulombs [CHGTOL)
1.0E-12 | 1/0hm

(GMIN)
(1TL)
(TL2)
(1TL4)
(TNOM)

[STEPGMIN)
[PREORDER)

[Aulotonverge.,.] [MDSFET Dptions...] [Advanced Dptions.,.] L Reset i

[ 0K ] [ Cancel ] l Apply I [ Help ]

10. Place a Vdb marker on node out (PSpice > Markers > Advanced > dB
Magnitude of Voltage).
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11. Run the simulation .
12. In Probe you will see two output notch responses. The nominal response is
at 234 Hz and the worst case response is at 199 Hz (Figure 11.12).

0

—-104

—201

-30 T T T T T
10Hz 30Hz 100Hz 300Hz 1.0kHz 3.0kHz 10kHz

o ¢ DB(V(OUT)) Frequency

FIGURE 11.12
Ideal notch filter response at 234 Hz and worst case response at 199 Hz.

13. Open the Output File and scroll down to the list of Minimum values
(Figure 11.13). Here, as expected, R4, R5, C1 and C2 have a greater effect
on the notch output voltage compared to R1, R2 and R3.

RUN MINIMUM VALUE
R_R2 R_R2 R L0725 at F = 234 .42

{ .2904% change per 1% change in Model Parameter)
R_Rl1 R_R1 R L0725 at F = 234 .42

( .1786% change per 1% change in Model Parameter)
R_R3 R_R3 R L0721 at F = 234 .42

( —.3169% change per 1% change in Model Parameter)
CiC2 € E2 C L0593 at F = 229.09

( —37 .543% change per 1% change in Hodel Parameter)

R_R4 R R4 R .058%3 at F = 229.09
( =37 . 601% change per 1% change in Hodel Parameter)
R_RS R RS R L0593 at F = 229.09
( =37 . 616% change per 1% change in Hodel Parameter)
CClCCLC .0588 at F = 229.09
( —38.143% change per 1% change in Hodel Parameter)
FIGURE 11.13
Minimum value.

Scroll down to Worst Case All Devices, as shown in Figure 11.14, where you
can see, as the result of the sensitivity analysis, the tolerance direction in
which the component values were set for the worst case analysis.



FIGURE 11.14
Table showing which

tolerance limits were
used.

Device MODEL PARAMETER NEW VALUE

| el G C E2 C 1.3 { Increased)
C_C1 C_C1 C 1 S { Increased)
R_RS R_RS R 1.05 (Increased)
R_R4 R_R4 R 1.05 ({ Increased)
R_R1 R_R1 E .95 (Decreased)
R_R2 R_R2 R .95 ({Decreased)
R_R3 R_R3 R 1.065 ({ Increased)

14. At the bottom of the output file is the Worst Case Summary (Figure 11.15),
showing that the worst case scenario is for the notch filter frequency at
199 Hz, which is a deviation of 7% from the nominal.

FIGURE 11.15 RUN MINIMUM VALUE

Worst case summary. VORST CASE ALL DEVICES
.0522 at F = 199.53
( 7.0339% of NHominal)

15. Change the tolerance of the capacitors to 5% and resistors R4 and R5 to 1%
and run the simulation to see whether this improves the predicted worst
case response.

16. Figure 11.16 shows an improvement in the worst case notch frequency,
which is given in the summary as 218 Hz (Figure 11.17), being closer to
the nominal frequency of 234 Hz.

_‘10_

-20

_3“ .

-40
10Hz
o ¢ DB{U(OUT))

FIGURE 11.16

30Hz 1080Hz 308Hz 1.0kHz 3.0kHz 18kHz

Frequency

Improvement in worst case frequency deviation.

FIGURE 11.17 RUN MINIMUM VALUE
Improvement in worst  yopsT CASE ALL DEVICES
case frequency. .019 at F = 218.78

( 4. 8075% of Nominal)
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Performance analysis uses measurement definitions to scan a family of curves
in Probe and to return a series of values based on the measurement definition.
For example, after sweeping a voltage source connected to a CR network,
a series of capacitor voltage charging curves will be obtained. Running
a performance analysis using the rise time measurement definition on the
resulting waveforms will generate a series of rise time values plotted against the
swept source voltage.

12.1 MEASUREMENT FUNCTIONS

PSpice includes over 50 measurement definitions, some of which are listed in
Table 12.1. A full list is given in the Appendix. The standard CenterFrequency
and Bandwidth definitions were used in Chapter 10, Exercise 2. However, the
measurement definitions also give you an option to define the range over which
you want the measurement to be made. For example, the Center-
Frequency_XRange definition gives you the option to measure the waveform
over a specified x-range, which would be the frequency range. You can also
custom design your own measurement definition.

12.2 MEASUREMENT DEFINITIONS

The measurement definitions can be viewed in PSpice from Trace > Measure-
ments, which displays all the available measurements as well as the various
options to create, view, edit and evaluate measurements (Figure 12.1).

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00012-X
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Table 12.1 = Some of the Measurement Definitions Available in PSpice

Definition Description

Bandwidth Bandwidth of a waveform (you choose dB level)
Bandwidth_Bandpass_3dB Bandwidth (3 dB level) of a waveform
CenterFrequency Center frequency (dB level) of a waveform

CenterFrequency_XRange
ConversionGain

Cutoff_Highpass_3dB
Cutoff_Lowpass_3dB
DutyCycle
Falltime_NoOvershoot
Max

Min

NthPeak

Overshoot

Peak Value
PhaseMargin
Pulsewidth
Q_Bandpass

Risetime_NoOvershoot
Risetime_StepResponse
SettlingTime

SlewRate_Fall

Center frequency (dB level) of a waveform over a specified X-range
Ratio of the maximum value of the first waveform to the maximum value
of the second waveform

High pass bandwidth (for the given dB level)

Low pass bandwidth (for the given dB level)

Duty cycle of the first pulse/period

Fall time with no overshoot

Maximum value of the waveform

Minimum value of the waveform

Value of a waveform at its nth peak

Overshoot of a step response curve

Peak value of a waveform at its nth peak

PhaseMargin

Width of the first pulse

Calculates Q (center frequency/bandwidth) of a bandpass response at
the specified dB point

Rise time of a step response curve with no overshoot

Rise time of a step response curve

Time from <begin_x> to the time it takes a step response to settle
within a specified band

Slew rate of a negative-going step response curve

FIGURE 12.1
Available measurements.

Bandwidth N
Bandwidth_Bandpass_3dB
Bandwidth_Bandpass_3dB_XRange
CenterFrequency
CenterFrequency_*Range
ConversionGain
ConversionGain_xRange
Cutoff_Highpass_3dB
Cutoff_Highpass_3dB_*Range
Cutoff_Lowpass_3dE
Cutoff_Lowpass_3dB_XRange
DutyCycle

DutyCycle_xXRange
Falltime_MaOvershoot
Falltime_StepResponse
Falltime_StepResponse_XRange
GainMargin

Max
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For example, Figure 12.2 shows the measurement definition for Risetime_
NoOvershoot.

Rise time, by definition, is the time difference between the value of the voltage or
current at 10% and 90% of the maximum value. So two measurements are
needed, one when the voltage (or current) curve is at 10% of the maximum value
(x1) and the other measurement when the curve is at 90% of the maximum
value (x2).

In order to find the points at 10% and 90% of the curve, search commands are
used:

Search forward level(10%,p) !1
Search forward level(90%,p) !2

A FIGURE 12.2
View Measurement Risetime_NoOvershoot measurement

'ﬁiseﬁhe_i\léﬁ%fersﬁootﬁjr= xEﬂ definition.
*#DescH” Find the difference between the X values where the trace first
*HDescH” crosses 10% and then 90% of its maximum value with a positive
*HDescH” slope.

*#Desctt* (i.e. Find the risetime of a step response curve with no
*#DescH* overshoot. If the signal has overshoot, use Risetime_StepResponse().)

*Horgl #* Mame of trace to search

*Jsage:
5 Risetime_NoOvershoot(<trace name>)

*®

1|5earch forward level(10%, p) 11
Search forward level(30%, p) 12;

This Measurement is saved in the file:
'C: \Caden]::e\SPBJ §.3\luuls‘\FS pice\Common'\pspice.pib

Close

In this example, search in the positive going direction (p) for the 10% level and
return the first data point (x1), and also search in the positive going direction (p)
for the 90% level and return the second data point (x2).

The first line in Figure 12.2 is called a marked point expression (has one value)
and calculates the difference between x2 and x1 (x2 — x1). Any line starting with
a # is a comment line and provides information to the user.



12.3 EXERCISES

FIGURE 12.3 R1
Measuring rise time. A A A out
470R
.| V1
v = — C1
T 1n
e
=0

Exercise 1

1. Create a project called Risetime and draw the CR circuit in Figure 12.3. Make
sure you name the node out as shown.

Create a PSpice transient analysis with a run to time of 5 ps.

Place a voltage marker on node out.

Run the simulation.

What you will see is a flat line for the voltage (Figure 12.4). This is because
a DC bias point analysis has been run prior to the transient analysis such
that the capacitor has reached a steady-state voltage of 10V. So at time
t=0s, the voltage across the capacitor is 10V, as shown.

o wN

16V
12V A
8V A
Y T T T T T T T T T
Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us 4.5us 5.0us
V(OUT) Time
FIGURE 12.4

Capacitor voltage has reached steady state.

6. You can place an initial condition, IC1 part from the special library to
ensure that at time t=0s, the voltage across the capacitor is 0V, as in
Chapter 7, Exercise 2. Alternatively, in this example, check the Skip the
initial transient bias point calculation in the Simulation profile
(Figure 12.5) and run the simulation.
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; . : : FIGURE 12.5
Simulation Settings - transient @ Skipping the initial bias point
| General| Analyss | Configuration Files | Dptions | Data Colection | Probe Window| calculation.

Analysis type:

| Time Domain (Transient v ‘

Options: Start saving data after: \b } seconds
CECTTEE Lot o

\[[JMonte Carlo/worst Case Maximum step size: seconds

| Parametiic Sweep i i Fmm ;

] Temperature (Sweep) [¥]iSkip the initial transient bias point calculation [SKIPBP]
|J5ave Bias Point

Dioxteren | Dbeoewmemss  (iiBeosor
[JRestart Simulation

Bun to time: \Sus \ seconds [TSTOP)

I 0K ][ Cancel ][

Apply ][ Help ]

7. You should see the familiar exponential voltage rise across the capacitor

(see Figure 12.6).

10V
5V
ov T T T T T T T T T
Os 0.5us 1.0us 1.5us 2.0us 2.5us 3.0us 3.5us 4.0us 4.5us 5.0us
o V(OUT) Time
FIGURE 12.6

Voltage across capacitor initially rising exponentially.

8. In PSpice, select Trace > Evaluate Measurement, scroll down on the right-

hand side (Measurements) and select Risetime_NoOvershoot(1). The (1)
means that the function is expecting one parameter.
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In the Trace Expression box, the cursor is automatically placed where the
trace name will be entered. Select V(out) and the trace expression will be
as shown in Figure 12.7. Click on OK.

Evaluate Measurement

Simulation Output Y ariables

[
B

IIC1)
I(C1:1)
IiR1)

V(R1:1)
V(R1:2)

Full List

~

Eunctions or Macros
‘ Measurements v
NthPeak(1,n_occur) ~
Analog Overshoot(1) —
Overshoot_¥Range(1,begin_x.end_z)
Peak(1,n_occur)
Period(1)
Yoltages Period_*Range(1.begin_x.end_x)
PhaseMarain(1,2)
Cytenis PowerDissipation_m\w/(1,Period)
Pulsewidth(1)
Bower Pulsewidth_xXRange(1,beqin_x.end_x)
Noise [V2/Hz) (_Bandpass{1.db_level)
LU s Risetime_StepResponse(1)
(it Risetime_StepResponse_XRange(1,bt
: SettlingTime(1,SBAND_PERCENT)
SettlingTime_xRange(1,5BAND_PERI
SlewRate_Fall(1)
SlewR ate_Fall_XRange(1,begin_x.enc
SlewRate_Rise[1)
SlewR ate_Rise_XRange(1,begin_x.en
R e ] Swing_*Range(1 begin_x.end_x) i
< | >
| I oK ] [ Cancel ] [ Help ]

Trace Expression: L Risetime_MNoOwvershootV[out])

FIGURE 12.7

Selecting the Risetime_NoOvershoot measurement.

9. The Trace measurement result will be displayed as seen in Figure 12.8.

Measurement Results
Evaluate Measurement Value
» Rizetime_NoOvershoot(V(out)) 1.03128u
Click here to evaluate a new measurement...
FIGURE 12.8

Trace measurement evaluation.

10. Turn on the cursors, measure the voltage at 1V (10%) and 9V (90%) and
confirm that the rise time is correct w«# or [Ij].
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Exercise 2
C1
| L
11
100nF vee
(e}
RA RB uz™~
3 5
A o
V1 16k 16k 6 out
1Vac l ouT ;
0vdc c2 2| .
| T 100nF - —Fos
AD741 &
= = b
0 0 VSS
VCe VSS R2
¢ it ANV—
o v2 Y] 5k9
12V —= A2V —
) ) R1
. 1 10k
0 -0 il
=0
FIGURE 12.9

Sallen and Key low pass filter.

You will measure the low-pass cut-off frequency for a Sallen and Key filter.
1. Draw the Sallen and Key filter in Figure 12.9.

2. Set up an AC sweep for 1 Hz to 10 kHz, performing a logarithmic sweep with
20 points per decade.

Place a V4p voltage marker on the output: PSpice > Markers > Advanced > dB
magnitude of Voltage.

4. Run the simulation.

3.

5. In PSpice, select Trace > Evaluate Measurements > Cutoff_Lowpass_3dB()

and select V(out). The trace measurement should report a cut-off frequency

of 99.6 Hz, as shown in Figure 12.10.

Measurement Results
Evaluate Measurement Value
» Cutoff_Lowpass_3dB(V{out)) 9962219
Click here to evaluate a new measurement...
FIGURE 12.10

Cut off frequency measured as 99.6 Hz.
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6. The frequency response is shown in Figure 12.11.

40

—40 A

_80 T T T T T T T
1.0Hz 3.0Hz 10Hz 30Hz 100Hz 300Hz 1.0kHz 3.0kHz 10kHz

o DB(V(OUT)) Frequency

FIGURE 12.11
Frequency response of Sallen and Key filter.
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Analog Behavioral Model (ABM) devices are extended versions of the traditional
Spice voltage-controlled sources, the E device, which is a voltage-controlled
voltage source (VCVS), and the G device, a voltage-controlled current source
(VCCS). They provide transfer functions, mathematical expressions or look-up
tables to describe the behavior of an electronic device or circuit. ABMs can
provide a systems approach to designing electronic circuits. The electronic
system is represented by a block diagram with each block represented by an ABM
device which can reduce the total simulation time. If the system meets the
required specifications, then each block can be successively replaced by its final
electronic circuit. Alternatively, working electronic circuits can be replaced by an
equivalent ABM block.

There are two types of ABM device: PSpice equivalent parts, which have
a differential input and double-ended output; and control system parts, which
have a single input and output pin. The standard E, E G and H devices can be
found in the analog library, whereas the ABM devices can be found in the ABM
library.

13.1 ABM DEVICES

The extended sources provide five additional functions, which are defined as:

Value Mathematical expression
Table Look-up table

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00013-1
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Freq Frequency response
Chebyshev Filter characteristics
Laplace Laplace transform

Figure 13.1 shows a typical use of an ABM EValue device to implement a voltage
doubler. The ABM has a differential input (IN+, IN—) and a double-ended output
(OUT+, OUT-). When you first place the ABM, the default expression is given by:

V(ZIN+, %IN-—)
which calculates the difference between the voltages on the input pins IN+ and
IN—. In order to multiply by a factor of 2, the expression is first enclosed in curly

brackets (braces).

2RV (BINE, ZIN=)}

FIGURE 13.1 _ E1
Amplitude doubler. in N+ OUT+L— out
V1 B
VOFF =0 PUN-___OUT—[—
VAMPL = 1 — EVALUE =
FREQ=1kHz | ygn  ° 2V(%IN+, %Ny O
=

Figure 13.2 shows the output voltage when a 1 V sinewave is applied to the input

pins.

2.0V
1.0V4
oV

o \ /

-2.0V T T T T T T T T T
Os 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms
V(IN) o V(OUT) Time
FIGURE 13.2

Input and output waveforms for the voltage doubler.
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Other mathematical functions that can be applied to ABM expressions are

shown in Table 13.1.

Table 13.1 = Mathematical Functions

Function

Expression

ABS
SQRT
PWR
PWRS
LOG
LOG10
EXP
SIN
COS
TAN
ATAN
ARCTAN

Absolute value
Square root /x
|X|exp

Xexp

Log base e In(x)

Log base 10 logo(x)
eX

sin
cos
tan
tan™
tan™

1
1

Conditional statements

can also be applied to ABM parts. For example, in

Figure 13.3, if the input voltage is greater than 4 V, then output 0 Velse output 5 V.
This effectively is a comparator. The resulting waveform is shown in Figure 13.4.

in E1 out FIGURE 13.3
pIN+ OUT+— ABM comparator.
V1 L—» - OUT-|—
VOFF =0 IIE’\\I/ALUE L
VAMPL =6 — =
FREQ=1kHz | vsIN O if(V(in) > 4,0,5)
-0
8.0V
4.0V A \ l \ I
oV 4
—4.0V 1
-8.0V . . . . . . . . .
Os 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms
V(IN) ¢ V(OUT) Time
FIGURE 13.4

ABM comparator.
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The first order 159 Hz low-pass filter in Figure 13.5 can be defined by the transfer

function:
\% 1
out — 5 (13.1)
Vin 1+ ] _
Wc
where the cut-off frequency is given by:
LI f (13.2)
we = — = 2m .
7 CR
1 1
! 27wCR 2w x 1076 x 103
FIGURE 13.5 R1
Low-pass filter. out
" AN
VDB
| V1
1Vac
oVdc _— C1
’ 1u
=0
Figure 13.6 shows the frequency response of the filter.
0
_20_
_40 T T T T T
10Hz 300Hz 100Hz 300Hz 1.0kHz 3.0kHz 10kHz
o DB(V(OUT)) Frequency
Measurement Results
| Evaluate | Measurement | Value |
(| [Cutoff_Lowpass_3dB(v(ou)) | 153 40461 |
FIGURE 13.6

Low-pass filter frequency response.
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Laplace ABMs can be used to implement filter circuits where the transfer func-
tion is transformed to the s domain, where s = jw and w = 27f, so the transfer
function for the low-pass filter is defined in the s domain by:

Vout _ 1

= 13.3
Vin 1+s7 ( )

where 1=CR=10"° x 10% 1=10"> or 0.001 s.
The filter circuit is redrawn in Figure 13.7 with the transfer function given as:

Vour 1

= . 13.4
Vin 1+ 0.001*s ( )
FIGURE 13.7
IN TouT|— out Laplace low-pass filter.
1+ 0.001%s
V1
1Vac R1
0Vdc 1K

L o

NOTE

When you enter the coefficient for s, make sure you that enter the multiplier, i.e.
1+0.001"s and not 14+0.001 s.

Figure 13.8 shows the low-pass frequency response for the Laplace filter.

0
—204
—40 T T T T r

10Hz 30Hz 100Hz 300Hz 1.0kHz 3.0kHz 10kHz

DB(V(OUT)) Frequency
Measurement Results

| Evaluate | Measurement | Value |
[ |Cutoff_Lowpass_3dB(V(out)) | 158.40481 |
FIGURE 13.8

Low-frequency response for the Laplace filter.



In the circuit of Figure 13.9, both ABM inputs are grounded but the ABM
expression is referencing a net name called ‘source’. This is useful to reduce the
wiring complexity of a circuit, especially if there are multiple ABMs being driven
by a single source. Note that since a GValue ABM part is being used, the output is
a current and therefore cannot be left unconnected, hence the output resistor,
R1, provides a DC path to O V.

G1
S\‘/’;‘me N+ OU
_ IN- OUT=
xg,\ji,[ 0 1 — GVALUE
P -0 V(source)
FREQ=1kHz | VSIN
¥
=0
FIGURE 13.9

Referencing the source node in the circuit.

13.2 EXERCISES
Exercise 1

In Figure 13.10, an EFreq ABM part is being used to model a bandpass filter using
a table of parameters defining frequency, magnitude and phase.

E1
in T Vi —_
Vi L—» IN-  OUT-|—
1Vac . EFREQ ;
0Vde =0 V(%IN+, %IN-) )
L
)

FIGURE 13.10
Using a frequency table.

1. Draw the circuit in Figure 3.10 using an EFreq part from the ABM library. The
Vac source (V1) is from the source library.

2. Double click on EFreq to open the Property Editor, scroll to the Table prop-
erty and enter:

(0.1,-40,170)(1k,-40,160)(2k,-20,140)(3k,-0,100) (6k,-0,-100) (10k,-20,-140)
(20k,-40,-160)(30k,-40,-170)

3. Set up a simulation profile for an AC sweep from 1 Hz to 100 kHz and place
a Vgp voltage marker on the out node (PSpice > Markers > Advanced > dB
Magnitude of Voltage).

4. Run the simulation. You should see the bandpass response as shown in
Figure 13.11.
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0 1
1.0Hz 10Hz 100Hz 1.0kHz 10kHz 100kHz
DB(V(OUT))

Frequency

FIGURE 13.11
Bandpass filter response using a Freq ABM.

Exercise 2

1. Draw the ABM rectifier as shown in Figure 13.12. The net name in is refer-
enced inside the ABM expression brackets.

G1 FIGURE 13.12
S\c/):]rce N+ OUT#a—-out Behavioral implementation of
VOFF =0 1 IN-__OU =] Ry arectifier.
VAMPL = 1 — GVALUE —
B -0 \V/ — 0 1k

FREQ = 1kHz | VSIN (source)

—— [

= =

2. Set up a simulation profile for a transient sweep with a run to time of 4 ms.

3. Run the simulation.

4. Investigate the use of the EFREQ ABM device in modeling the 1500 Hz band-
pass filter discussed in Chapter 10.
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Noise analysis is run in conjunction with an AC analysis and calculates the
output noise and equivalent input noise in a circuit. The output noise, at
a specified output node, is the root mean square (RMS) sum of the noise
generated by all the resistors and semiconductors in the circuit. If the circuit is
considered as noiseless, then the equivalent input noise is defined as the noise
required at the input in order to generate the same output noise. This is the same
as dividing the output noise by the gain of the circuit in order to obtain the
equivalent input noise.

14.1 NOISE TYPES
14.1.1 Resistor Noise

Johnson noise or thermal noise is due to the random thermal agitation of
electrons in a conductor, which increases with frequency and temperature. In
PSpice, the thermal noise contribution from a resistor is represented by a current
source in parallel with a noiseless resistor. Because of its random nature, the
noise current source is represented as a mean square value given by:

_4kTAf

=
! R

(A? /Hz) (14.1)

where:

k — Boltzmann's constant: 1.38¢ 2> (JK™ 1),
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T — absolute temperature (K),
R — resistance (Q),
Af — frequency bandwidth (Hz).

14.1.2 Semiconductor Noise

Semiconductor noise is generally made up of thermal, shot and flicker noise.
Thermal noise is generated by the intrinsic parasitic resistances for the device.
Shot noise, however, is a randomly fluctuating noise current generated when
a current flows across a PN junction and is given by:

2 = 2q1 (A?/Hz) (14.2)
where:

q — electron charge, 1.602 x 10" C,
I — current through the device (A).

Flicker noise is a phenomenon not widely understood but has been attributed
to imperfections in semiconductor channels and the generation and recom-
bination of charge carriers. However, what is known is that flicker noise occurs
at low frequencies and that the noise current decreases with frequency
exhibiting a 1/f characteristic. Flicker noise current is given by:

_ KF x Id*F
Y

2 (A2 /Hz) (14.3)

where:

KF — flicker noise coefficient,
Id — current through the device,
AF — flicker noise exponent,

Af — frequency bandwidth.

14.2 TOTAL NOISE CONTRIBUTIONS

After a noise analysis is run, the thermal, shot and flicker noise contributions for
resistors and semiconductors are made available as trace variables in Probe.
Table 14.1 shows the available noise variables for some of the devices.

The noise spectral density for NTOT(device) is measured in units of V?/Hz.

The total circuit noise is represented as either NTOT(ONOISE) in units of V?/Hz
or the RMS summed output, V(ONOISE) in units of V/v/Hz.

V(ONOISE
The equivalent input noise is V(INOISE) and is calculated from (¥)
gain of circuit

in units of V/v/Hz or A/v/Hz. If the input source is a current source, the units
are A/+/Hz. If the input source is a voltage source, the units are V/v/Hz.



Table 14.1  Noise Output Variables Available in Probe

Device Output Variable Noise
Resistor NTOT Thermal noise
Diode NRS Parasitic thermal noise for RS
NSID Shot noise
NFID Flicker noise
NTOT Total of noise contributions
Bipolar transistor NRB Parasitic thermal noise for RB
NRC Parasitic thermal noise for RC
NRE Parasitic thermal noise for RE
NSIB Shot noise for base current
NSIC Shot noise for collector current
NFIB Flicker noise
NTOT Total of all noise contributions
MOSFET NRD Parasitic thermal noise for RD
NRG Parasitic thermal noise for RG
NRS Parasitic thermal noise for RS
NRB Parasitic thermal noise for RB
NSID Shot noise
NFID Flicker noise
NTOT Total of all noise contributions

14.3 RUNNING A NOISE ANALYSIS

You have to run an AC analysis in order to run a noise analysis. In the simu-
lation settings for an AC sweep, there is an option to enable the Noise Analysis
as shown in Figure 14.1. In this example, the output voltage node V(out) has

CHAPTER 14 €D

1 < 4 FIGURE 14.1
Simulation Se""tmgs - AC sweep @ AC sweep and noise analysis settings.

General | Analysis | Configuration Files | Options | Data Collection Probe Window |

Analpsis ype: AL Sweep Type

AC Sweep/Noise v O Linear Start Frequency: [0k
Dot @ Logaithic End Frequency: 16 1
Genera1 Settings [ iDecade v | Points/Decade: ‘10

| |CIMonte Cardo/worst Case
[C]Parametric Sweep

| Noise Analysis
| ] Temperature [Sweep) ¢

[[]Save Bias Paint Enabled Output Voliage: :V[outJ
[[JLoad Bias Point 12 Source: n
Interval: [10

Output File Options

[ Include detailed bias point infarmation for nonlinear
controlled sources and semiconductors (.OP)

l 0K ][ Cancel ] I




been specified as the node at which the total output noise will be calculated.
The I/V Source references the current or voltage source used as an input to the
circuit, which is usually a V¢ or Ixc source. In this example, the reference
designator is V1.

The Interval is an integer that specifies how often results are written to
a table which is generated in the output file. Each table entry will be deter-
mined by the frequency Interval, which specifies the nth interval of the range
set in the AC sweep. For example, in Figure 14.1, the AC sweep is from
10 kHz to 1 GHz with 10 points per decade; the decade frequencies will be
10 kHz, 100kHz, 1MHz, 10MHz, 100MHz and 1GHz. So the 10th
frequency interval will be 100 kHz, the 20th interval 1 MHz, and so on. If the
number of points/decade was set at 5, with the same interval integer of 10,
then the frequencies written to the output file would be 10 kHz, 1 MHz and
100 MHz. If no interval number is entered, then no table will be generated in
the output file. This is not to be confused with the frequency interval of the
waveform data points in Probe, which is determined by the AC frequency
sweep settings.

14.4 NOISE DEFINITIONS

The instantaneous value of noise voltage at any time t, is given by v,(t). As
the noise voltage is statistical in nature, the root mean square (rms) value is
given by:
2
E, = Vv () (V) (14.4)
Similarly for noise current, the rms value is given by:
N2
In = \in(t)" (A) (14.5)
The rms noise voltage across a resistor is given by:

E, = \/4kTRAf (V) (14.6)

and the rms noise current for a resistor is given by:

I = ,/4”;” (A) (14.7)

k — Boltzman’s constant 1.38 x 102> (J K1),
T — absolute temperature (K),

R — resistance (Q),

Af — frequency bandwidth (Hz).

where:

In PSpice, noise calculations are made assuming a unity gain bandwidth, ie
Af = 1Hz.
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The rms noise power for a resistor is given by:

B _ p
Py = =GR (W) (14.8)
The noise power spectral density, S, is given by:
Py
S=— (W/H 14.9
5 (W) (149)

Substituting for Pn from (14.8) into (14.9):

&) (%)

Af Af
S = 4kT (W/Hz) (14.10)

Noise voltage spectral density, ey, is given by:

_ E, _ \/4kTRAf

en

=y ="ar
_ VALTR \/Af

en = N
_ VAFR V5] &

TN

en = VAKTR (V/VHz) (14.11)

s

Similarly the noise current spectral density, iy, is given by:

4k

H

iy =

(A/VHz) (14.12)

=

If the rms quantities, En and In, are uncorrelated (independent of each other),
then noise sources can be added together such that:

2 2 2
E, = Eq+E,

E, = \/E2, + E2, (14.13)

In PSpice, the noise contributions for a bipolar transistor are represented by the
thermal noise sources for the intrinsic base, emitter and collector resistances and
the shot and flicker noise contributions for the base and collector currents. Each
noise source is represented by the following spectral power densities assuming
a unit frequency bandwidth (Af =1Hz).

or



Collector parasitic resistance thermal noise:

@ = AT (A /Hz)

RC
AREA

Base parasitic resistance thermal noise:

4kT
? = — (A%/H
e (A2/H2)
Emitter parasitic resistance thermal noise:
4kT
2 s 2
le” = RE (A°/Hz)
AREA
Base shot and flicker noise currents:
KF x IbAF
Ib = 2qIb + ———— (A/Hz)

Af
Collector shot noise current:

Ic = 2qlc  (A/Hz)
where:

AREA — area scaling factor. By default this is set to 1,
AF — flicker noise exponent,
KF — flicker noise coefficient.

14.5 EXERCISE

(14.14)

(14.15)

(14.16)

(14.17)

(14.18)

A simple transistor circuit is used to illustrate the contribution of component
noise in a circuit. A large value resistor is used for RB in order to compare
its noise contribution to the noise contribution from the transistor.
1. Draw the circuit in Figure 14.2. The Q2N304 transistor is from the bipolar
library and the V¢ source V1 is from the source library.

FIGURE 14.2
A simple transistor amplifier. .
VCC1 —
20V —|-
. 220k

o

2k2

out

Q2N3904
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2. Create a PSpice simulation profile and set up an AC sweep from 10 kHz to
1 GHz using a logarithmic sweep using 10 points/decade. Enable Noise Anal-
ysis, defining V(out) as the output node and I1 as the source (Figure 14.3).

. 2 . FIGURE 14.3
Simulation Settings - AC sweep @ AC with noise-enabled
analysis.

Genetali Analysis | Configuration Files | Dptions | Data Collection | Probe Window |

Analysis lype: AC Sweep Type
I: Sweep/Noise a | O Linear Start Frequency: |10k
Options: () Logarithmic End Frequency: [1g
i [Decade v | Points/Decade: |10
[[TMonte Carlo/worst Case
j|:[F'a|ametiic: Sweep Noise Analysis
:D Temperature [Sweep)
] Save Bias Point Ensbled  OutputVoltage: Vijow) |
[[JLoad Bias Paint 17/ S g
'Y Source: 11
Interval: [1[]

Output File Options

[[]Include detailed bias point information for nonlinear
controlled sources and semiconductors [.OP)

Lo J oo ][ o

3. Run the simulation.
4. In PSpice, add the trace (Trace > Add) for the noise contribution from the

collector resistor, NTOT(RC) (Figure 14.4). Units are V?/Hz.

800e-24

600e—24

400e—24

200e-24

0 T T T T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz
NTOT(RC) Frequency

FIGURE 14.4
Noise spectral density for the collector resistor.



5. Add the trace for the noise contribution from the base resistor, NTOT(RB).
Figure 14.5 shows that the larger base resistor contributes a larger noise
contribution compared to the collector resistor.

60e-21
40e-21+
20e-211
0 T T T i
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz
NTOT(RC) ¢ NTOT(RB) Frequency
FIGURE 14.5

A greater noise contribution is from the base resistor.

6. Delete the resistor traces and add the noise traces for Q1: NFIB(Q1), NRB(Q1),

NRC(Q1), NRE(Q1), NSIB(Q1), NSIC(Q1) (Figure 14.6). You should see
that the greatest noise contribution is from the shot noise associated with

the base current, NSIB(Q1), which exhibits a low pass frequency response.

20e-18

15e—18+

10e-18+

5e-18+

0- 1 1 1 T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz

NFIB(Q1) ©NRB(Q1) vNRC(Q1) NRE(Q1) ¢ NSIB(Q1) + NSIC(Q1)
Frequency

FIGURE 14.6
Transistor noise traces.

NOTE

To delete a trace, select the trace name, which turns red, and press the delete key.
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7. Delete the collector current shot noise trace NSIC(Q1) and you will see the
noise contributions from the intrinsic transistor resistances.

8. Delete all the traces, Trace > Delete All Traces, and add the noise trace for the
base resistor NTOT(RB) and the total noise trace for Q1, NTOT(Q1). As you
cansee in Figure 14.7, the transistor contributes the greatest noise in the circuit.

20e-18

15e—184

10e—-184

5e—18

0 T | 7 T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz

NTOT(RB) ¢NTOT(Q1) Frequency

FIGURE 14.7
The transistor contributes the greatest noise in the circuit.

9. Delete all the traces.
10. Add the NTOT(ONOISE) trace, which is the total output noise for the circuit
in units of V2/Hz as shown in Figure 14.8.

20e-18

15e—18

10e—18-

5e—18+

0 T T T T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz

NTOT (ONOISE) Frequency

FIGURE 14.8
Total output noise in the circuit.

11. Delete NTOT(ONOISE) and add the trace for the equivalent input noise
[(NOISE). You should see the noise increase with an increase in frequency
due to the current gain of the transistor being proportional to frequency
(Figure 14.9). As the input source is a current source, the units are A/v/Hz.



120pA

80pA

40pA 1

0A T T T T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz

| (INOISE) Frequency

FIGURE 14.9
Increase in equivalent input noise with frequency.

12. Delete [(NOISE) and add the trace for V(ONOISE) (Figure 14.10). The units
are V/v/Hz.

6.0nV

4.0nV -

2.0nV 1

ov T T T T
10kHz 100kHz 1.0MHz 10MHz 100MHz 1.0GHz
V (ONOISE) Frequency

FIGURE 14.10
Output noise of the circuit.

13. A table of results will be generated for the noise analysis and can be seen in
the Output File for decade frequencies of 10 kHz, 100 kHz, 1 MHz, 10 MHz,
100 MHz and 1 GHz. Select View > Output File and scroll down to the start

of the noise analysis, which is 10 kHz (Figure 14.11).
The first section of the Output File states the frequency used for the noise
calculation. The calculated noise contributions from the transistor and the
two resistors are shown in units of V?/Hz. Next, the total circuit noise was
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calculated and shown in units of V2/Hz for NTOT(ONOISE) and V/+/Hz for
V(ONOISE).

The transfer function was then calculated giving, in the above case, a circuit
gain of 832.9 at 10 kHz, from which the equivalent input noise [(NOISE) was
calculated and shown in units of A/ V/Hz, as the input source was a current
source.

XXX NOISE ANALYSIS TEMPERATURE = 27.000 DEG C FIGURE 14.11
nnnnnnnnnnn XXX E XXX XEARRLR LR RH KRR OUtpUt file showing
FREQUENCY = 1.000E+07 HZ noise calculations.

»#xx%x TRANSISTOR SQUARED NOISE VOLTAGES (SQ V~/HZ)

Q01
RB 1.B845E-26
RC 1.649E-20
RE 0.000E+00
IBSN 1.513E-19
IC 6.411E-20
IBFN 0.000E+00
TOTAL 2.319E-19

*x%%x RESISTOR SQUARED NOISE VOLTAGES (SQ V-/HZ)

R_RC R_RB
TOTAL 2.452E-22 4.060E-22

*x%x TOTAL OUTPUT NOISE VOLTAGE

2.325E-19 SQ V/HZ

4 §22E-10 V/RT HZ
TRANSFER FUNCTION VALUE:

V(OUT)~/I_I1 = 7.340E+01
EQUIVALENT INPUT NOISE AT I_I1 = & G69E-12 A/RT HZ



CHAPTER 15
Temperature Analysis

Chapter Outline

15.1 Temperature Coefficients 185 15.3 Exercises 188
15.2 Running a Temperature Exercise 1 188
Analysis 186 Exercise 2 191

A change in temperature can affect the performance and characteristics of
a circuit. The components most affected by a change in temperature include
semiconductors, resistors, capacitors and inductors. All of these components
have an inbuilt temperature dependence model parameter such that performing
a temperature sweep will change component and subsequent circuit behavior.

15.1 TEMPERATURE COEFFICIENTS

For a resistor, the change in its nominal value due to a change in temperature is
defined as:

R = R(nom) * (1+TC1 * (T — Tnom) + TC2 * (T — Tnom)?) (15.1)

where:

TC1 — linear temperature coefficient (ppm/°C),

TC2 — quadratic temperature coefficient (ppm/OC_z),

T — simulation temperature (°C),

Thom — nominal temperature (°C), set by default to 27°C.

There is a TCE — exponential coefficient which if specified gives the resistor
value as:

R = R(nom) * 1.017CF"(T" = Tron) (15.2)
Manufacturers normally specify the linear coefficient TC1 for resistors.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00015-5
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The temperature coefficients specified for resistors are given in parts per million
per degree Celsius (ppm/°C). So for a 10 kQ resistor with a linear temperature
coefficient of +200 ppm/°C, TC1 =0.0002 and with no TC2 specified, a 20°C
rise in temperature will give:

R = 10000 x (1 + (0.0002 * 20))

Therefore, for a 20°C rise in temperature, R = 10 040 Q.

Similarly, for inductors and capacitors the component values are given by:
L = L(nom) * (1 +TC1 * (T — Tnom) + TC2 * (T = Tnom)?)

C = C(nom) * (1 4+TC1 * (T — Tnom) + TC2 * (T — Thom)?)

There is no TCE exponential coefficient for the inductors and capacitors.

In previous versions of OrCAD, the temperature coefficients were not readily
available on the Capture parts therefore to add TC1 and TC2. Breakout parts as
used for Monte Carlo analysis are used where the temperature coefficients are
added to the PSpice model definition.

For example, to add a linear temperature coefficient, TC1 = 0.02 (ppm/°C),
place an Rbreak resistor from the Breakout library, rmb > Edit PSpice Model and
edit the PSpice model from:

.model Rbreak RES R=1
to

.model Rtemp RES R=1 TC1=0.02

15.2 RUNNING A TEMPERATURE ANALYSIS

An AC, DC or transient analysis is normally run using the default nominal
temperature (TNOM) of 27°C, which is set in the simulation profile
under the Options tab (Figure 15.1). TNOM is the default nominal
temperature and is also the temperature at which model parameters were
measured.

If you want to run a transient analysis at a different temperature then you need to
specify the simulation temperature by selecting Temperature (Sweep) in the
simulation profile and then enter either a single simulation temperature or a list
of temperatures values as shown in Figure 15.2.

In the example above, three transient analyses will be run at the specified
temperatures of 27, 55 and 125°C and plotted, one for each temperature, on one
graph in Probe, the PSpice waveform viewer.
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4 . . FIGURE 15.1
Simulation Settmgs - temp sweep @ Default simulation options.

| General | Anal_l,lsisr Configuration Filés‘ Options | Data Collection | Probe Window

) (.OPTION)
Category:

S Relative accuracy of V's and I's: 0.001 [RELTOL)
Gate-level Si Best accuracy of voltages: 1.0u  |volts [VNTOL)
Output file S

Best accuracy of currents: 1.0p amps [&BSTOL)
Best accuracy of charges: 0.01p | coulombs (CHGTOL)
Minimurn conductance for any branch: | 1.0E-12 [ 1/0hm  [GMIN)

DC and bias "blind" jteration limit: 150 (ITL1)

DC and bias "best guess" iteration limit. | 20 (ITL2)
Transient time point iteration limit: 10 (ITL4)
Default hominal temperature: 270 |C [TNOM)
[[]Use GMIN stepping to improve convergence. (STEPGMIN)
[ Use preordering to reduce matrix fill-in. [PREORDER)

EAuloQonverge...l [MDSFET Uptions...] lAdvanced thions...] [ Reset ]

l 0K ][ Cancel ]

4 . . FIGURE 15.2
Simulation Settmgs ' temp sweep @ Setting the simulation temperature.

| General | Analysis ‘Ennfigutalion Files Options | Data Collection Probe Window

Analysis type:

[DC Sweep i (O Run the simulation at temperature: |*c

) (®) Repeat the simulation for each of the temperatures:

Options:

I vc
: (2755125

|[¥] Primary Sweep 3

[C]Secondary Sweep Enter a list of temperatures, separated by spaces.

| For example, 0 27 125

|[JMonte Carlo/worst Case

[C]Parametric Sweep

1 ture [Sweep)

[]Save Bias Paint

[JLoad Bias Paint

l 0K ] [ Cancel ] [ Apply ] [ Help ]

If you want to use temperature as a swept variable, i.e. for temperature to appear
on the x-axis, you run a DC sweep and then select temperature as the sweep
variable, as shown in Figure 15.3. The temperature will be swept from 0 to 50°C
in 1°C increments. The change in temperature is represented by T — Tjop,.
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FIGURE 15.3

Performing a temperature sweep. Simulation Settings - temp sweep @

| Generali Analysis |Ennligulalinn Files Options | Data Collection Probe Window

Analysis type: Sweep vanable

| DC Sweep v | OVoltage souice
. O Current source

Options:

(O Global parameter

|

[ EFrimaw Sweep | (O Model parameter
|[15econdary Sweep | ® ;
|[[]Monte Cailo/wWorst Case Lemparature
|[] Parametiic Sweep
| Temperature (Sweep) Swieep lype
[]Save Bias Point ® Linear Start value: D
[]Load Bias Point =
End value:
© Loguitic [T 3
Increment: 1
O Value ligt \

OK ] [ Cancel ] [ Apply ] [ Help ]

15.3 EXERCISES

R1
YR AMy
VA1 10k

.
10V —

FIGURE 15.4
Adding resistor temperature coefficients.

Exercise 1

The specification for a 10kQ resistor is given as 200 ppm/°C. Therefore,
TC1 =0.0002.

1. Draw the circuit shown in Figure 15.4 and double click on the resistor to
open the Property Editor. Enter a linear coefficient value of 0.0002 in TC1
and Display both the property Name and Value of TC1 as shown in
Figure 15.5. Make sure you name the node as VR, (Place > Net Alias).
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R1
VR
A
. V1 10k
10V —
-T TC1 =0.0002

L

-0
FIGURE 15.5
Displaying TC1.

2. Set up a DC linear temperature sweep from 0°C to +50°C in steps of 1°C as
shown in Figure 15.6.

Simulation Settings - temp sweep @ E!;thér'ﬁfeéﬁﬁ sweep.

| General Analysis | Configuration Files | Options | Data Collection | Probe Window |

Analysis type: Sweep variable

DC Sweep v (O Voltage source
O Current source

prllqnsi e O Global parameter
F‘limary Sweep (O Model parameter
[]Secondaty Sweep =

[JMonte Carlo/worst Case © Temperatue
[ Parametric Sweep

| ] Temperature (Sweep) Sweep type -
5 f av; g!as E o n: ® Linear Start value: D
[[JLoad Bias Pain o End value: 50
O Logarithmic — —
Increment: (1
| OValeligt | ]

pr—

l 0K ] [ Cancel ] [ Apply ] [ Help ]

3. Run the simulation.

4. In order to plot resistance, you need to plot the ratio of the voltage across
R1 divided by the current flowing through R1. In Probe, select Trace > Add
s or i

5. Atthe bottom of the Add Traces window, there is an expression field in which
you will define the resistance ratio. Select the V(VR) trace from the list of
Simulation Output Variables; then, in the right-hand side Functions or
Macros, select the divider symbol ‘/ and then select I(R1) from the Simula-
tion Output Variables. You should see the expression as in Figure 15.7.



Trace Expression: {‘-.F[VH];" I(R1)

FIGURE 15.7
Trace expression for resistance of R1.

Note that you can also type in the expression rather than select variables or
functions. Probe will then display the expected increase in resistance with
temperature (Figure 15.8).

10.05k e
-
|
I
///
——— ///‘
l///
10.00k -
L
e
//V/
T
| —

9.95K 4——=—|
9.90k -+

0 5 10 15 20 25 30 35 40 45 50

OV(VRY I(R1) TEMP
FIGURE 15.8

Resistance change with a change in temperature.

FIGURE 15.9

Turn the cursor on and verify that the value of the resistor is 10 kQ at 27°C
and 10 040 Q at 47°C, which represents a rise in temperature of 20°C.

. Reset TC1 to 0 and add and display the quadratic temperature coefficient,

TC2 with a value of 0.001 (Figure 15.9) and resimulate; but this time, rather

than add in the trace expression, you can call up and restore the last display
automatically.

R1
B AN
Ve 10k
10V —— TC1=0
T TC2 = 0.001
)

Adding a quadratic temperature coefficient.
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7. In Probe, select Window > Display Control > Last Session > Restore. You
should see the quadratic response as shown in Figure 15.10.

20K
" i
16K
- r
L
- g
PN |
N sl
N P
12K
\\ | P
R BERECE
8K
0 5 10 15 20 25 30 35 40 45 50
aV(VR) I(R1) TEMP
FIGURE 15.10

Variation of resistance using quadratic temperature coefficient TC2.

Exercise 2

1. Draw the circuit shown in Figure 15.11. The D1N914 diode can be found in
either the diode or eval library.

R1 FIGURE 15.11
ANV Using a nested sweep to determine temperature
1k effects on the diode.
vi =L < D1
10V -‘(’ D1N914
RS
-0

2. Set up a nested DC sweep. For the primary sweep, sweep V1 from 0V to
+10V in steps of 0.01V (Figure 15.12). For the secondary sweep, sweep
the temperature from —55°C to +75°C in steps of 10°C (Figure 15.13).
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FIGURE 15.12
Primary sweep.

Simulation Settings - DC Sweep @

FIGURE 15.13
Secondary sweep.

| General | Analysis | Configuration Files | Dptions | Data Collection | Probe Windaw |
Analysis type: Sweep variable
DC Sweep v ® Voltage source Mame:
- O Current source il
ﬂptlos. . (O Global parameter R -
O Model parameter 1 2HE nane [—]
[¥]Secondary Sweep "
[JMonte Carlo/worst Case O Temperature SRS |:—|
[C]Parametiic Sweep
[C]Temperature (Sweep) Sweep type
FlLoot Bios Pon OLiea e ,ﬁu
End value: 10
O Logarithmic - =
Increment;
Ovalueligt | \
I 0K ] I Cancel Apply

Simulation Settings - DC Sweep

X

| General | Analysis | Configuration Files | Options | Data Collestion || Probe Window
Analysis type: Sweep vanable
| DC Sweep v ‘ (O Voltage source |:|
- (O Current source
iﬂptlorTs. O Global parameter
"ma"'" Sweep O Model parameter [—]
IG5ccordey Sweep | ——
|[JMonte Carlo/w/orst Case © Iemperature
|[[JParametric Sweep
|0 Temperature (Sweep) Sweep type
1|:| fav: BB!as :gmt ® Linear Start value: [ 55
M:I oedBasEont R End value: 75
\ O Logarithmic .
Increment: [ 17El
OValueligt | \
1 0K ] l Cancel ] l Apply ] l Help ]

3. We need to display the current through the diode versus the voltage across
the diode. Select Plot > Axis Settings > X Axis. Select Axis Variable... and
select V1(D1) (Figure 15.14). Click on OK.
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. . FIGURE 15.14
Axis Settings @ Changing axis variable.

K awis | wis | X Grid | Y Grid|

Data Range Use Data
() Auto Range @ Full
(O User Defined ) Restiicted (analog)
[ov | o [10V [ov | 1o [10v }
Scale Processing Options
@ Linear Fourier
OLog [[] Performance Analysis

Axis Title

Axis Variable... |: TR

[ Use this title

[ 0K ] [ Cancel ] [Save As Defaull] [ Reset Defaults ] [ Help ]

4. Add the trace for the current through the diode. Trace > Add > I(D1).
Figure 15.15 shows the family of temperature current—voltage curves for D1.

10mA

5mA

0A -
ov 0.2v 0.4v 0.6V 0.8V 1.0v 1.2v

I(D1) V1(D1)

FIGURE 15.15
Family of temperature current—voltage curves for the D1N914 diode.
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PSpice models can be created and edited in the PSpice Model Editor, which can be
started in standalone mode from the Start menu, PSpice > Simulation Acces-
sories > Model Editor, or by highlighting a PSpice part in the schematic in Capture,
rmb > Edit PSpice Model. When you edit a PSpice part from Capture, a copy of the
PSpice model is created in a library file, which will have the same name as the
project, i.e. <project name>.lib. This is so that the original PSpice model does not
get modified. The copied library is written to the project file and can be seen as one
of the Configured PSpice libraries in the Project Manager. Whenever you create
a new Capture part for a PSpice model, you need to reference the library in which
the model can be found by providing the path to the library file in the simulation
profile under the Configuration Files > Category > Library.

16.1 CAPTURE PROPERTIES FOR A PSPICE PART

For PSpice simulation, a Capture part needs to have four specific properties
attached. These are the:

e Implementation: name of the model
e Implementation Path: left blank as model is searched for in the configured
libraries in the simulation profile
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Copyright © 2012 Elsevier Ltd. All rights reserved.


http://dx.doi.org/10.1016/B978-0-08-097095-0.00016-7

@ Analog Design and Simulation using OrCAD Capture and PSpice

e Implementation Type: PSpice Model
e DPSpiceTemplate: provides the Capture part interface to the model or
subcircuit.

The above properties are automatically added when a Capture part is created
either in Capture or in the Model Editor. Figure 16.1 shows the attached prop-
erties for a Q2N3904 transistor.

The PSpiceTemplate is defined as:
Q"@REFDES %c %b %e @MODEL

where the first character Q defines a bipolar transistor. Other common device
types are shown in Table 16.1. A complete table of device types is shown in
Appendix 2.

The ~ is used by the netlister to define the hierarchical path to the device. The * is
effectively replaced by the hierarchical path to the device. For example, the netlist
in Figure 16.2 is that of a hierarchical design consisting of a Top level design
containing a Bottom hierarchical block. At the bottom level, there are two
resistors R1 and R2, their hierarchical paths being defined by R_Bottom_R1 and
R_Bottom_R2. There is also a resistor at the top level, R1.

FIGURE 16.1 i A
(Q2N3904 attached properties. o SCHEMATICA : PAGET : 01
Color Defautt
COMPOHNENT 2N3804
Designator
Graphic Q2N3904 Normal
1D
Implementation Q2N3304
Implementation Path JiE
Implementation Type PSpice Model
Location X-Coordinate 360
Location Y-Coordinate 110
| Name INS960
Part Reference @1
PCB Footprint TO92
Power Pins Visible r
Primitive DEFAULT
PSpiceTemplate QN@REFDES %c %b %e @MODEL
Reference @
Source Library CACADENCASPB_16. A TOOLS\C _I
Source Package Q2N3904
Source Part Q2N3904 Normal
Value Q2N3304




Table 16.1  PSpice Implementation Definitions
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Character Device Type Pin Order

R Resistor 1,2

C Capacitor 1,2

L Inductor 1,2

D Diode Anode, cathode

Q Transistor Collector, base, emitter
M MOSFET Drain, gate, source, bulk
Z IGBT Collector, gate, emitter

| Current source +ve node, —ve node

\ Voltage source +ve node, —ve node

X Subcircuit Node 1, node 2, ...node n

FIGURE 16.2
Hierarchical netlist.

*%%% JHCLUDING Top.net *x%xx
* source HIERARCHY

R_Bottom_R1 NO0522 NODO469 1k TC=0,0
R_Bottom_R2 0 NO0S22 1k TC=0.0

V_V1 NODO469 0 10V

R_R1 0 NO0S522 1k TC=0,0

@REFDES is the reference designator such as Q1, R2, etc. The % defines the pin
names, the order of which is defined in Table 16.1 and the @MODEL references
the PSpice model name.

16.2 PSPICE MODEL DEFINITION

The basic definition for a PSpice model is given by:

.MODEL <model name> <model type>
+ ([<parameter name> = <value>

The model name must start with one of the PSpice device characters as shown
in Table 16.1 and can be up to eight characters long. The model type is specific
to the model; for example an NPN type is specific only to a bipolar transistor.
Table 16.2 shows the associated model types for the PSpice models.

For example, the model definition for a Q2N3904 transistor is given by:

.model QZN3504 NPN (I==6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259
Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rec=1
Cjc=3.638p Mjic=.3085 Vie=.75 Fe=.5 Cje=4.493p Nje=.2593 Vje=.715
Tr=239.5n TE=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)

National pid=23 case=T092

85-09-03 bham

S o% 4 4 4+

creation



Table 16.2 = PSpice Model Types

Model Device Type Device
Qname NPN NPN bipolar
PNP PNP bipolar
LPNP Lateral PNP
Dname D Diode
Cname CAP Capacitor
Kname CORE Non-linear magnetic core
Lname IND Inductor
Mname NMOS N-channel MOSFET
PMOS
Jname NJF N-channel JFET
PJF P-channel JFET
Rname RES Resistor
Tname TRN Transmission line
Bname GASFET N-channel GAsSFET
Zname IGBT N-channel IGBT
Nname DINPUT Digital input device
Oname DOUTPUT Digital output device
Wname ISWITCH Current-controlled switch
Uname UADC Multibit ADC
UDAC Multibit DAC
UDLY Digital delay line
UEFF Edge-triggered flip-flop
UGATE Standard gate
ulo Digital I/0 model
UTGATE Tristate gate
Sname VSWITCH Voltage-controlled switch

The model name, Q2N3904, starts with a letter Q to signify that this is a bipolar
transistor model. The model type is that of NPN and the parameter list is
enclosed in { } brackets. The comment lines start with an asterisk, *, and gives
information such as the semiconductor vendor, date of creation and the printed
circuit board (PCB) footprint.

Most devices are defined using the basic model definition. However, the
complete PSpice model definition is given by:

.MODEL <model name> [AKO: <reference model name>]

+ <model type>

+ ([<parameter name> = <value> [tolerance specification]]*
+ [T_MEASURED=<value>] [[T_ABS=<value>] or

+ [T_REL_GLOBAL=<value>] or [T_REL_LOCAL=<value>11)

A Kind Of (AKO) is used when you want to create a model based upon another
model (referenced) but change some of the model parameters. For example, if you



want to create a 2N3904 transistor model which has a minimum BF of 75 but want
to keep the other model parameters the same, then the model definition would be:

.model Q2N3904_minBF AKO0:Q2N3904 NPN (BF=75)
In this way you can build up a family of transistors based on the original

transistor but with different parameters.

In the model definition there are three parameters that relate to the temperature
at which the model parameter values were calculated or measured:

T_MEASURED
T_ABS
T_REL_GLOBAL or T_REL_LOCAL

T_MEASURED is the temperature at which model parameters were measured or
derived. Default is 27°C and, if set, this overrides TNOM.

T_ABS sets the absolute device temperature. No matter what the circuit
temperature, the device temperature will be equal to T_ABS.

T_REL_GLOBAL is used to provide a temperature offset from the circuit
temperature. The device temperature will be equal to the difference between the
circuit temperature and T_REL_GLOBAL.

T_REL_GLOBAL is useful if you have a transistor that is going to be operating at
a higher temperature than other transistors. For example, if you have a 2N3904
transistor that is going to be located near a heat source which is running at 5°C
higher than ambient temperature, then you would add T_REL_GLOBAL=5°C to
the end of the parameter list as shown below:

.model Q2N3904 NPN(Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4
Ne=1.259

+ Ise=6.734f [kf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1

+ Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=.75
+ Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10 T_REL_GLOBAL=5)
* National pid=23 case=T092

* 88-09-08 bam creation

*$

So when you run a temperature analysis at —55°C, 27°C and 125°C, the
Q2N3904 will be simulated at —50°C, 32°C and 130°C.

16.3 SUBCIRCUITS

PSpice devices can also be represented as a network of components, which is the
usual case for operational amplifiers (opamps) and voltage regulators. These
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devices are classed as subcircuits and the first letter in the PSpiceTemplate is an X.
The PSpiceTemplate for the LF411 opamp is shown below:

X*@REFDES %+ %- %V+ %V- %0UT @MODEL

The order of the pins must match the PSpice subcircuit definition for the LF411
as shown below:

¥ connections: non-inverting input

* | inwerting input

* | | positive power supply

* | | | negative power supply
* I | | | output

L I

[
.subckt LF4ll 12345
cl 11 12 4.196E-12

€2 6 7 10.00E-12

css 10 99 1.333E-12

dc 5 53 dy

de 54 5 dy

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2),(3,0),(4,0) 0 .5 .5
fh 7 99 poly(5) wb wc we wlp wln 0 31.83E6 -1E3 1E3 30E6 -30E6
ga 6 0 11 12 251.4E-6
gcm 0 &6 10 99 2,.514E-9
iss 10 4 dc 170.0E-6
hlim 90 0 wlim 1K
jl 11 2 10 j=
j2 12 1 10 jx
ri 6 9 100.0E3
rdl 3 11 3.978E3
rda 3 12 3.978E3
rol g 5 50
roz 7 99 25
rp 3 4 15.00E3
rss 10 99 1.176E6
wh 9 0dc O
wC 3 583 dc 1.500
ve 54 4 dc 1.500
vilim 7 & dc 0
vilp 91 0 dec 25
vin 0 92 dc 25
.model dx D(Is=800.0E-15 Rs=1m)

.model dy D(Is=800.00E-15 Rs=1lm Cjo=10p)

model jx NJF(Is=12.50E-12 Beta=743.3E-6 Vto=-1)
. ends

g
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NOTE

When you create a Capture part for a subcircuit, arectangular box is drawn such that
you can edit the box and draw your own graphics for that part using the Part Editor in

Capture.

16.4 MODEL EDITOR

The Model Editor is used to view text model definitions and to display graphical
model characteristics and model parameters. Figure 16.3 shows the forward
current versus voltage curve for a diode. When the Model Editor first loads the
PSpice library, the model text description is shown. To see the graphical model
characteristics, select View > Extract Model. Figure 16.3 also shows a table in
which data from a manufacturer’s datasheet can be entered such that a new
model can be created based upon the manufacturer’s empirical data.

Bzener_diode.lib:D1N750 - PSpice Model Edito

[ File Edit View Model Plot Tools Window Help

| Model ... Type Modified Dat|
DIN7SO  Dio... 04/24/11atC

it dae O B

[x]|

v

Parameters

QQUAQ @

Forward Current

To include this spec in the madel
extraction please enter two or more
data points in the followina table:

viwd |

Hwd

ﬂlmlmlalmlm = | 4

[IES

Forward Uoltage

[ Forward Cul”.J Junction Ca..‘l Reverse Le.ul Reverse Br... |Reverse Re...

Parameter llame|  Value | Minimum | Maximum | Defautt | Active | Fixed | A
5 88052016 1020 04 1e-014 ]
N 1 02 5 1 ]
RS 025  1e-006 100 0.001 ]
IKF [ 0 1000 0 O
XTl 3 -100 100 3 | ]
EG 141 01 551 141
0O 0 3
CI0 1752010 1e.020 0.001 o012 ]
Ready
FIGURE 16.3

Model Editor.



FIGURE 16.4
. New...
Creating a new model.
Model Mame: | D2NEEEE
Cancel
(%) Use Device Characteristic Curves

() Use Templates

From Model:

Operational Amplifier
MOSFET

Voltage Reference
Darlington Transistor

New models can be created by first selecting File > New, to create a library file,
then Model > New, to create a model (Figure 16.4).

There are 11 device models to choose from, and the option for Use Device
Characteristic Curves, which represents the normal PSpice models, and Use
Template, which relates to parameterized models. The Use Templates is for
parameterized models, which are used in the PSpice Advanced Analysis software
and are not covered in this text.

Once a model has been created, a Capture part can automatically be generated.
The first character of the model name and the model type defined in Table 16.2
determine which type of Capture part to generate. Before you generate a Capture
part, you need to make sure that the correct schematic editor is selected. In
Tools > Options > Schematic Editor, select Capture (Figure 16.5).

As mentioned previously, the part generated will be determined by the first
character in the model name and the model type. If the part to be generated
is one of the standard PSpice devices, then you can use File > Export to
Capture Part Library. As shown in Figure 16.6, you select the libraries in
which to save the PSpice model (.lib) and associated Capture part (.olb). A
message window will appear, reporting whether the translation has been
successful.

16.4.1 Copying an Existing PSpice Model

The Model Editor has the facility to make a copy of an existing PSpice model
from an existing library. Selecting Model > Copy From, the Copy Model
window shown in Figure 16.7 is displayed. You browse to the Source Library
and select the model from the displayed model list and enter the New Model
name.
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Options r)_([

Pait Creation Setup

manually Cancel
Schematic Editor
) Capture
Save Part To
(&) Path Same As Model Library

O User-Defined Part Library
T
|

Base Parts On

Parts In An Existing Part Library

[C:ACadence\SPB_16.3uook\CaptureiLi

Misc Settings
Curnent Libraty Palh:gE:\Eadmcs\SPBJ 6.3\tools\PSpice\Library |

Backup Directory: .E:\Eadanca\SPBJ 6.3Mools\pspice\Backup

Synchionize Graph Splitter Windows
[] Automatically Update Giaph

Create Parts for Library @

Enter Input Model Library:

I_C:\F'Spice Exetcises\myTransistms\myTransislors.li'b"

Enter Output Part Library:
l EKPSPice Exercises\lfqu lansisluls\rq_\,}l’ransistors.olb \ Browse...

[ 0K ] [ Cancel ] I Help I

Copy Model @

New Model

|myIRF840 |

Source Library: jE:\Eadence\SPB_]8.3\lools'\pspic!E Browse... |

From Model:

(EEE N
| if840al -
| irf340lc
|ir1010e
Lif1010et
if1010n

[ Cancel ] [ Help J

FIGURE 16.5
Selecting the Capture schematic Editor in
Options.

FIGURE 16.6
Creating and saving the PSpice model
and Capture part.

FIGURE 16.7
Copying a PSpice model from an existing
library.
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16.4.2 Model Import Wizard

The Model Import Wizard, File > Import Wizard [Capture], allows you to view
and select or replace Capture parts (symbols) for the models in a library one at
a time. You browse to the input model library and specify the destination symbol
library as shown in Figure 16.8. The good news is that the Model Import Wizard
will display opamp symbols for opamps created in the Model Editor rather than
rectangular boxes. The other good news is that you can browse for an existing
Capture symbol to associate with the model.

In Figure 16.9 an international rectifier MOSFET has been copied from the
IREIlib library, modified and saved as myIRF540. You also have the option to
view the model text, which is useful if you need to check the pin names.

FIGURE 16.8 Model Import Wizard : Specify Library
Model Import Wizard.
Model Impoit Wizard automatically associates symbols for all the PSpice models it recognizes.
It faciltates the user to :

- associate symbols for the PSpice models that could not be recognized automatically.
- update existing symbols for the PSpice models.

Enter Input Model Library :

:E:\FSpica Exercises\myTransistors.ib !

Enter Destination Symbol Library :

C:\PSpice Exercises\myTransistors.olb '

(e ) (ooren ] e ]
FIGURE 16.9 Model Import Wizard : Associate/Replace Symbol rg
Associate or replace a symbol
Destination Symbol Libraiy : C:\PSpice Exercises\myT ransistors\my T ransistors.olb

to the model. You can do either of the following -

= ing
(1) associate symbol for models without spmbol, or (2] replace existing symbol for madels.

Models with symbol Models without symbol Symbol :

Modellame |  Symbolllame A
Q2NTTTT

Associate Symbol I

T | e .
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As no symbol exists for the MOS device yet, clicking on Associate Symbol will
allow you to browse to a suitable library which contains a symbol for an NMOS
transistor (Figure 16.10).

Model Import Wizard : Select Matching X ;'nﬁl'}’]gg ;g{;]%g ymbol

Select library to pick matching symbols : fOI’ the model
C:\Cadence\SPB_16.3\ools\caplureMibrary\pspice\pwrmos. obb (-]

Model : MYIRFS40 Symbol : M2NE768

Matching Symbols | &

M2NGB45
| rtac 1
M2NG757 ol
IRFUS212 ;e
IRFU020 :
RFS1Z3 H =
IRFJ433 t
IRFJ422 sl
| |RFu323

IRFGI110 v

< >

} l Next > ][ Cancel ][ Help ]

NOTE

The MOS device is modeled as a subcircuit; if generated in the Model Editor without
using the Model Import Wizard, it would be displayed as a rectangular box in Capture,
which would then have to be edited.

In this example, the Capture symbol for an NMOS symbol was found in the
pwrmos.olb library (Figure 16.10). However, you now have to associate the
model terminals (1, 2, 3) with the Capture symbol pins (d, g, s) (Figure 16.11).
All the symbol pin names will be listed.

Model Import Wizard : Define Pin Mapping @ g:eﬁrl]‘i'r%Emtgélittrminals

. For each model terminal, associate a symbol pin. The optional model terminals may be left and pinS
unassociated. Use "View Model Text" button to view the model definition. :

Model : MYIRF540 Symbol : M2NE768
Model Terminal | symbolPin &
1 d
2 g
3 E sl 0000 .l

< Back ]!SaveSymbul][ Cancel I[ Help ]
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FIGURE 16.12

Summary of models in myTransistors

PSpice library.

When you select Save Symbol in Figure 16.11, the models listed in the PSpice
myTransistors.lib library file are shown (Figure 16.12). Note that as all models
have an associated capture symbol, the option to Replace Symbol is now
shown. If there is no associated symbol, the option Associate Symbol is
shown.

Model Import Wizard : Associate/Replace Symbol

— Destination Symbol Libraty : C:\PSpice Exercises\my Transistors\myTransistors.olb
wieer s oo ™ You can do either of the following :
(1) associate symbol for models without symbol, or (2) replace existing symbol for models.

Models with symbol Models without symbol Symbol : MYIRF540

|7 <! Model Hame I Symbol Hame A
m QZNTTIT QZNTTTT
VIRFS40 MYIRFS40

N\ | | Replace Symbol |

(oo (o ] (Coron ) [ ]

An example of using the Model Import Wizard can be found in Chapter 21,
Exercise 2.

16.4.3 Downloading Models from a Vendor Website

The Model Editor is useful for displaying the characteristic curves for models,
especially if the PSpice model has been downloaded from a vendor’s website. By
default, the Model Editor ignores the first line in a PSpice model file, so make
sure the .model statement starts on the second line. Comment lines can be
added to the model by starting the line with an asterisk, *, so it is always a good
idea to add information regarding the model to the file, for example:

* Q2N7777 transistor downloaded from semiconductor website 23.4.2011

A Capture part can also be generated in Capture from a PSpice model. In the
Project Manager highlight the design file (.dsn) and select Tools > Generate Part
to open the Generate Part window (Figure 16.13). Select Netlist/source file
type to PSpice Model Library and browse to the PSpice model in Netlist/source
file. Then in Implementation name select the model name from the file. If you
have downloaded a library of models, then all the individual model names will
be available.
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FIGURE 16.13
Generate Part @ Generating a Capture part from

Metlist/source file: m a PSpice library model.

iC:\F‘Spice Exercises\myTransistc-ls\myTransislors,libi [ Browse... ]
Netlist/source file type:

! PSpice Model Library ; |

Part name: FPGA Setup

Destination part Jibrary:
iE:\PSpice Exercises\myT ransistors\myT ransistors.OLB I
(®) Create new part Lipdate pins on existing part in library
[[] Pick symbols manually
Sort pins Additional pins

Implementation
Y r Implementation name:

Q2N77T7 v|

16.4.4 Encryption

There is an encryption facility in the Model Editor that allows you to encrypt
PSpice models or libraries such that the models can be used for simulation
but the model definitions cannot be viewed. To encrypt a model library, select
File > Encrypt Library and in the Library Encryption window (Figure 16.14)
browse to the library to be encrypted and the folder where the library will be

saved to.
Library Encryption @ FIGURE 16.14
Library encryption.
Library to be encrypted C:\PSpice Exercises\my Transistorsimy Transistars. ib
Encrypted Library Folder ‘ C:\PSpice ExercisesimyTransistors [3

["Jpartial Encryption (contained within $CONENCBEGIN and $CDNENCEND)
§huw Interfaces

[ OK ] [ Cancel ] [ Help ]




If you only want to encrypt part of the library, i.e. two of the PSpice library
models, then add the following text to the beginning and end of the model
definitions:

$CDNENCSTART beginning of model text
$CONENCFINISH end of model text

If Partial Encryption is not checked, then the Show Interfaces option allows
you to encrypt the model text definition but still display the model interfaces, i.e.
the model connecting pins such as emitter, base and collector for a bipolar
transistor.

NOTE

Comment lines are not encrypted.

16.5 EXERCISES

R1

100R
Vi
.
0Vde—— D1
T Z\ DIN750

FIGURE 16.15
Verifying the zener breakdown voltage.

Exercise 1

The breakdown voltage for a zener diode will be modified using the Model
Editor.

1. Create a project called zener_diode and draw the circuit in Figure 16.15.
The 4V7 zener diode can be found in either the eval library or the diode
library.

2. Create a PSpice > New Simulation Profile and select the Analysis type to
DC sweep. Create a simulation profile for a DC sweep for V1 from 1V to
10V in steps of 0.1 V (Figure 16.16) to confirm the 4.7 V zener diode break-
down voltage. It does not matter if V1 has a voltage of 0V as shown in the
schematic, as a DC sweep is being performed.
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Simulation Settings - DC sweep

General  Analysis | Configuration Files | Options | Data Collection | Probe Window

Analysis type: Sweep variable
DC Sweep v ® Voltage source Name: vl
- (O Curent source
Dptions: O Global parameter
Ry

[JMonte Carlo/worst Case O Temperature

[]Parametric Sweep

[ Temperature (Sweep) Sweep type

Dfav:BB—‘as go,ntt ® Linear Start value: 1

[JLoad Bias Poin e End value: 10
O Logaiithmic

Increment: 0.1v

O Value ligt

E DK][ Cancel I[ Apply ][ fido ]

FIGURE 16.16
DC sweep simulation profile.

3. Select the diode and rmb > Edit PSpice Model to open the Model Editor. Note

the library name at the top of the Model Editor, zener_diode.lib
(Figure 16.17).

[& File Edit View Model Plot Tools Window Help
sPdae0 BB %0 QQaa @ Xvic?okeE
oo e B N em— "
Model ... | Type | Modified Dat. Forward Current
DIN7SO  Dio... 05/21/itat1
To inchude this spec inthe model
extrachion please enter two of more
data paints in the followina
5] viwd Wwd |~
1]
12
B
o
15
I 3
7
a.8u
Forvard Uoltage
< 5 | 8 Fowad cur.. [l Junction Ca. [ Reverse Le. | (@ Reverse Br. | (@ Reverse e
— =
Parameter Hame|  Value | Minimum | Maximum | Oefaun | Active |  Fixed | ~
58056016 1e-020 X 014 0
1 02 5 1 [m]
025 16006 100 0001 [m]
[ 0 1000 0 0
3 100 100 3 0
(KD 01 551 (KD 0
1756010 16-020 0001 16012 [m] bt

FIGURE 16.17
Creating a zener.lib file.



FIGURE 16.18
Model Editor showing

extracted model
parameter curves.

FIGURE 16.19
Editing the
breakdown voltage.
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4. From the top toolbar, select View > Extract Model. In the first PSpice
Model Editor window, click on Yes, then click on OK in the
next window regarding parameters. The Model Editor will display
the forward current characteristic for the diode as shown in

Figure 16.17.

5. Under the displayed curve, click on each of the five tabs to view the
diode model characteristics. When you select a curve, the Parameter
window (Figure 16.18) displays an Active check against each param-
eter that is associated with the displayed characteristic curve. Note
the diode characteristic for the Reverse Breakdown curve and the
active parameters.

Parameters

' Active
0s 0.001 | 10] 0s |:|
1.859e-009 1e-020 0.1 1e-010 D D
2| 05| 5| 2 O
4.7L 01 1000000 | 100 D
0.020245 1e-009 10 0.0001 |:|
53-009_‘ 1e-016: 0.001 Se-009 D D

6. In the Parameters section at the bottom of the Model Editor, scroll down
and locate the diode breakdown parameter, BV. Change the value from
4.7V to 8.2V and click on the Fixed box (Figure 16.19). Select the
Reverse Breakdown tab under the curve, which should have changed
to 8.2V.

Parameters

Parameter Hame Value Minimum | Maximum

FC 05 0001 10] 0s| [] O

ISR 1.859e-009 1e-020 | 01 1e-010| ['_'] |:]

NR 2 05 5 2| | ]

BY 82 01 1000000 100 | I
1BY 0.020245 | 1e-009 10/ 0.0001 O

il Se-003 1e-016 | 0.001 | Se-009 | [:] |:]

7. Save the library file, File > Save and close the Model Editor.

8. Edit the Simulation Profile. Select Configuration Files > Library and note
that the zener_diode.lib has been added to the profile. The attached design
icon indicates that the file is local only to the design (Figure 16.20).
The world icon, @, indicates that the file is global and can be seen by
all designs. The nom.lib contains all the PSpice library files and hence
is global to all designs.



FIGURE 16.20
Zener_diode.lib library

Simulation Settings - DC sweep @

| General | Analysis | Configuration Files | Options | Data Collection | Probe Window | added as local to

Details .
Category: Elonaame: deS|gn.
- R
Include Configured Files ¥+

Mzener_diode-pspicefilesh\zener_diode.lib Add as Global

@ C:\PSpice Exercises\myT ransistors\my Transistors| ‘

°I2: \Cadence\SPB_16.3\tools\pspiceMibrary\nom.li Addto Design

Add to Profile

< >

Libraty Path

"C:\Cadence\SPB_16 3\ools\PSpice\Library”

) Cowen

9. Select the zener_diode.lib file and click on Edit. The Model Editor will
open up. Select the DIN750 in the Models List and the diode model
parameter will appear as before. This enables model library files to be
quickly viewed. Close the Model Editor and the simulation profile.

10. Rerun the simulation and confirm that the diode breakdown voltage is now
8.2V.

Exercise 2

Whenever you create a new PSpice model and Capture part it is recommended that
you create a new directory for your model. Do not install the new libraries in the
Capture or PSpice folders. If a new OrCAD release is installed, then the PSpice
and Capture libraries will be reinstalled and so any new models created will be lost.
For this exercise we will assume that a PSpice model for a transistor has been
downloaded from a semiconductor’s website. In order to recreate this scenario
we will copy an existing transistor model from the bipolar.lib library to a new
file, myTransistors.lib.

1. Using a text editor such as WordPad or Notepad, browse to the installed PSpice
libraries, <install path>Orcad 16.3\Tools\PSpice\Library, and select the bipo-
lar.lib or eval .lib PSpice library. Make sure you select Files of type to All Files.

2. In the library file, scroll down and select the Q2N3904 model definition as

shown below (use Control F to find the Q2N3904):
.model G2N3904 NPN(ls=6.734f %ti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259
Ise=6.734f kF=66.78m Xth=1.5 Br=.7371 Nc=2 |sc=0 Ikr=0 Rc=1
Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=75

Tr=239.5n T=301.2p Itf=.4 Vif=4 XtF=2 Rb=10)

National pid=23 case=T092

88-09-08 bam  creation

o+ o+ o+

CHAPTER 16 €D
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3. Select the model text and copy and paste it into a new text file. Do not use
rich text format (RTF) if using WordPad.

4. Edit the transistor model name to Q2N7777 and add a comment line to the
first line 1 as shown below:

* example of a downloaded transistor model
.model Q2N3904 NPN(ls=B.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259
|se=6.734f kf=B6.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 k=0 Rc=1

+
+ Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=.75
+ Tr=239.5n T=301.2p Itf=.4 Vitf=4 Xtf=2 Rb=10)

* Nationalpid=23 case=T092

* | 88-09-08 bam  creation

*§

5. Save the file as myTransistors.lib in a folder called myTransistors. Make sure
the file is saved as text and not RTE otherwise control characters will be
added to the model text.

6. Create a new PSpice project called myTransistors.

7. In the Project Manager make sure the myTransistors.dsn file is highlighted and
select Tools > Generate Part. In the Generate Part window (Figure 16.21) select:

In Netlist/source file: type: select PSpice Model Library
In Netlist/source file: browse to the myTransistors.lib file.

FIGURE 16.21
Generating a Capture part. Generate Part @

Netlist/source file: K
C:\PSpice Exercises\myT ransistors\myTransistors.lib| - | Browse... |

Cancel
Netlist/source file type:

PSpice Model Library v

Part name: FPGA Setup

Destination part library:

0 R

C:\PSpice Exercises\myT ransistors\myTransistors.OLE | Browse...
() Create new part
[[]Pick symbols manually
Sort pins Additional pins

Implementation
Implementation name:

|Q2N7777 |
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In Destination part library: browse to the same folder where myTran-
sistors.lib is.
In Implementation name: there will only be one entry Q2N7777.
Click on OK.
. The myTransistors.olb Capture library will be created and added to the
library folder in the Project Manager (Figure 16.22). Expand the library to
see the Q2N7777 part.

4

=63 Design Resources FIGURE 16.22
& mytransistors.dsn myTransistors library with Q2N7777.
= 8 Library

- [BR C:\Cadence\SPB_16.3\tools\capture\|ibrary\pspice\analog.olb
=[P C:\Cadence\SPB_16.3\tools\capture\library\pspice\breakout.olb
@ [8B C:\Cadence\SPB_16.3\tools\capturellibrary\pspice\source.olb
= [BB) C:\Cadence\SPB_16.3\tools\capturelibrary\pspice\sourcstm .olb
= BB

&

H-8-8

C:\Cadence\SPB_16.3\tools\capture\library\pspice\special .olb
CAmytransistorsymytransistors.olb
o Q2N7777

F

f

9. Open the schematic page and select Place > Part or press P on the keyboard.
The library myTransistors has automatically been added to the libraries and
the Part List contains the transistor graphical symbol for an NPN transistor
(Figure 16.23).

+ Place Part Qi FIGURE 16.23

Part 7 @ myTransistors.olb library available in library list.
Q2N7777 \

Part List: 7

Libraries:

X
IRF Al
MYTRANSISTORS =1
OPAMP
SOURCE
SOURCSTM |
| SPECIAL B |
Packaging
Parts per Pkg: 1
Q7
Q2N7777
Type: Homogeneous
=
() Nomal

Search for Part
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FIGURE 16.24

Also, the PSpice icon appears, indicating that the transistor has a PSpice
model attached {# . You now need to make the myTransistors.lib file avail-
able for simulation in the Simulation Profile.

10. Create a new simulation profile, PSpice > New Simulation Profile. Under
the Configurations Files tab, select Category > Library and browse to the
folder where myTransistors.lib is. As mentioned in Exercise 1 Step 8, you
can add the library files Global to the design, local to the design or to the
Profile. In this exercise, add the file as Global (Figure 16.24) and click on
OK. The transistor is ready to be simulated and the myTransistors.lib library
will be available for every new design.

Adding myTransistors.lib PSpice Simulation Se“ings - transient

library file as Global.

| General | Analysis | Configuration Files | Options | Data Collection | Probe Window|

Details
Category: ~ Eilename:
3 :C:'\PSpice Exercises\myTransistors\myT ransistors. lib
ibrary |
Include 1 Configured Files e I $ |
:o C:APSpice Exercises\myTransistors\myT ransistors. it [ Add as Global |

. C:\Cadence\SPB_16.3\tools\pspicehlibrarysnom.lib|

Add to Design
1K 3|
Library Path
|"C:\Cadence\SPB_16.3\ools\PSpiceiLibrary” |

[ 0K ][ Cancel ][ Bpply ][ Help ]

Exercise 3

In Exercise 2, the model definition for the Q2N7777 has a Q for the first char-
acter in the model name, so this is recognized as a transistor and has an NPN
as the model type. Hence, an NPN transistor symbol was generated. If the model
name starts with an X for a subcircuit, a rectangular box is drawn which can then
be edited in Capture using the Part Editor. You highlight the part in the library,
rmb > Edit Part. Many of the power MOSFET models, for example, are defined as
subcircuits.

However, in the Model Editor, the Model Import Wizard can be used to select an
existing Capture graphic symbol for the model rather than having to edit the
graphics in the Part Editor.

1. Open the Model Editor from the Start menu: All Programs > Cadence

(or OrCAD) > PSpice > Simulation Accessories > Model Editor
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2. Select File > Open and browse to the myTransistors.lib library file. Click on
Q2N7777 in the Models List and the model text will be displayed. Note that
the first line which you added is not displayed.

3. Select View > Extract model and click on Yes in the Model Editor window.
There will be eight characteristic curves for the transistor model.

4. Select File > Export to Capture Part Library. If the Capture option is not
available, select Tools > Options and select Capture as the Schematic Editor

(see Figure 16.5).

In the Create parts for Library window, the output library folder will show the
same location as the PSpice library file, as shown in Figure 16.25. Click on OK
and if a window appears asking to save the library, click on Yes. The translator
window will appear and hopefully report no errors.

Create Parts for Library @

Enter Input Madel Library:

| Browse... |

| C:APSpice Exercisesi\myT ransistorshmy T ransistors. !ib‘

Enter Output Part Library:

iL\PSpice Exercises\myT ransistorshmy T ransistors.olb J

[ ok ] [ cancal | [ Hep |

Exercise 4

FIGURE 16.25
Folder locations for Capture part

and PSpice model library.

You can also copy PSpice models from existing models in the Model Editor.
1. In the Model Editor, open the bipolar.lib library from the PSpice library

folder.

2. Select Model > Copy From and in the Copy Model window enter Q2N3906X
in New Model, select Q2N3906 from the library list and click on OK

(Figure 16.26).

Copy Model @

NewModel  [g2n3g06x¢

Source Libtaty: |\ Cadence\SPB_16 3\tools\pspic|
From Model: ('U2N3SDDA z 1
1 Q2N 3901 |
| Q2N3903
[ Q23904
| @2M3905

Q243906 M)

[ 0K ] [ Cancel ] [ Help ]

FIGURE 16.26
Copying a PSpice model.
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Exercise 5

New models can be created in the Model Editor. In the demo CD you can only

create new diode models in the Model Editor.

The Use Templates is for parameterized models, which are used in the PSpice

Advanced Analysis software and are not covered in this text. For this exercise,

select Use Device Characteristic Curves.

1. In the Model Editor, select File > New.

2. Select Model > New, enter the model name and select one of the Model types
from the pull-down menu as shown in Figure 16.27.

3. Investigate the other different model types.

FIGURE 16.27 N
Creating new PSpice models. ew...

Model Name: M
Cancel
(¥ Use Device Characteristic Curves
O Use Templates
From Model: [ Diode G ]

Bipolar Transistor
Magnetic Core

Ins Gate Bipolar Tran
Junction FET

Operational Amplifier
MOSFET
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Transmission Lines

Chapter Outline

17.1 Ildeal Transmission Lines 217 RL Replaced With an Open
17.2 Lossy Transmission Lines 218 Circuit 226
17.3 Exercises 221 Exercise 2 228
Exercise 1 221 Standing Wave Ratio (SWR) 228
Matched Load for RL 221 SWR for Short Circuit 228
RL replaced With a Short SWR for Open Circuit 231
Circuit 224

The signal integrity of high-speed signals via transmission lines is dependent on
the frequency-related signal and dispersion losses of the transmission lines.
Signal power loss is attributed to the increase in conductor resistance (skin
effect) and the increase in dielectric conductance (dielectric loss) with an
increase in frequency. Dispersion is the distortion of the signal wave shape
resulting from delays introduced by the distributed frequency-dependent
inductance and capacitance of the transmission line. Any reflected signals, due to
impedance mismatch, will also exhibit loss and dispersion and subsequently
degrade the performance of the transmission line.

Ideal and lossy transmission lines are modeled in PSpice using Tline distributed
models and TLUMP lumped line segment models.

17.1 IDEAL TRANSMISSION LINES

The parameters required for an ideal transmission line are the characteristic
impedance (Z0) and either the transmission line delay (TD) or the normalized
line length (NL) which is the number of wavelengths along the line at a given
frequency. You cannot enter TD and NL together. If you do not specify the
frequency for NL, then the frequency defaults to 0.25 which represents the
quarter wave frequency.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00017-9
Copyright © 2012 Elsevier Ltd. All rights reserved.
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The time delay, TD, along a transmission line is given by:

_ LEN
-

TD (17.1)

where TD is the transmission delay (s), LEN is the length of the transmission line
(m), and v}, is the velocity of the propagating wave (propagating velocity) (m sfl).

For transmission lines, the propagation velocity is expressed as a percentage of
the speed of light, such that:

vy = cxX VF (17.2)

where VF is the velocity factor which has a value between 0 and 1, and c is the
speed of light at 3 x 103 ms™'.

The normalized transmission line length is given by:

LEN
NL = — (17.3)
A
From v =f A, the wavelength is given as:
v
r=-L (17.4)
f
Equation 17.3 can be therefore rewritten as:
NL = LENL (17.5)
Up

where f is frequency (Hz) and A is wavelength (m).

PSpice uses a T device from the analog library to model an ideal transmission
line. Figure 17.1a shows the Capture part for the T device and Figure 17.1b the
associated properties in the Property Editor.

So, for an ideal transmission line, if you do not know the delay time (TD) then
you can enter values for NL and f and, as mentioned above, if you do not enter
the frequency, then the default value of 0.25 is used, which represents the
quarter wave frequency.

Initial conditions for voltage and current can be applied to the transmission line.

17.2 LOSSY TRANSMISSION LINES

Transmission lines can be considered to consist of a number of identical sections
known as RLCG lumped line segments, as shown in Figure 17.2. The R repre-
sents the line resistance, L the line inductance, C the dielectric capacitance and G
the dielectric conductance. For long transmission lines, one solution would be to
use a number of lumped RLCG segments connected together. PSpice provides
lumped line segments of up to 128 segments in the TLine library. However,
lumping together large line segments can lead to long simulation times.
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(a) T (/ (/
O— —]
(b) Designator
F
Graphic T.Mormal
D
Implementation
Implementation Path _‘
Implementation Type <none=
Location X-Coordinate 130
Location Y-Coordinate f20
Hame INSE246
HL
Part Reference T
PCB Footprint
Power Pins Visible o
Primitive DEFAULT
PSpiceOnly TRUE ;
PSpiceTemplate |TY@REFDES %4+ %A- %B
Reference T
Source Library CACADENCASPE ?6.3_;_[
Source Package i -
Source Part T.Norma!
TD
Value T
Z0

FIGURE 17.1

Ideal transmission line Tline: (a) Capture part: T device; (b) associated Tline properties.

FIGURE 17.2

RLCG lumped line segment
of a transmission line.
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Simpler RC transmission line models are also available in the TLine library, as
are over 40 coaxial cable models and twisted wire pair models.

An alternative approach for lossy transmission lines is to use a distributed model
which relies on an impulse response convolution method to determine the
transmission line response. Figure 17.3 shows the TLOSSY PSpice device and the
associated properties in the Property Editor.

The length of the transmission line is represented by the LEN property and the R,
L, C and G properties are specified as per unit length.

(b)

FIGURE 17.3

—~
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—
N
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Color
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Hame

Part Reference
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PSpiceOnly

PSpiceTemplate
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Source Part
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Lossy transmission line TLOSSY: (a) Capture part: TLOSSY device; (b) associated TLOSSY properties.
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NOTE

The maximum internal time step generated for distributed transmission line models is
limited to one half of the transmission line delay, TD. Therefore, for short transmission
lines, the simulation time may be considerably longer for distributed line models
compared to using a lumped line model for a short transmission line.

17.3 EXERCISES

The following exercises demonstrate the basic transmission line characteristics
for different load terminations.

Exercise 1

RS T1 FIGURE 17.4
incident reflected Matched source and load
75R impedance transmission
V1 =0V V1 line.
V2 = 10V TD = 10ns RL
TD=0 20=75 75R
TR = 250ps
TF =250ps | _
PW = 5ns R
PER = 50ns —_ 0 — 0

MATCHED LOAD FOR RL

1. Draw the circuit in Figure 17.4. The transmission device T is from the
analog library and the voltage pulse is from the source library. When
you place the load resistor, RL, on the schematic, by default, pin 1 is on
the left-hand side. Rotate resistor RL three times such that pin 1 is at the
top, which connects to T1. By convention, current flowing into pin 1 is
defined as positive, such that a measured negative current at pin 1 repre-
sents a current flowing out of pin 1.

2. Double click on T1 to open the Property Editor and add and display the
property values as shown in Figure 17.5.

TD 10ns FIGURE 17.5
Value T Adding property values for TD and Z0.
Z0 75
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Highlight both TD and Z0 by holding down the control key, select Display

and in the Display Properties window, select Display > Name and Value as
shown in Figure 17.6.

FIGURE 17.6 - 3
esse . ywwll Display Properties @

Z0 property values. - Font
ULz Arial 7
Value: | ‘ [ Change... | [Use Defaul]
Display Format
) Color
(O Do Not Display -—
© Value Dry LU
(%) Name and Value Rotation
() Name Only ®0 O180°
O Both if Value Exists O a0 O 270°
I OK ] [ Cancel ] [ Help ]

3. Create a transient analysis simulation profile with a Run to time of 50 ns and
a Maximum step size of 100 ps (Figure 17.7).

FIGURE 17.7 : . : .
[owospswwtaIll Simulation Settings - transient @

simulation settings. | General Analysis il:unliguratiun Files | Options | Data Collection | Probe Window

Analysis type:

| Tie Do Tisnsan i J Run to time: 50ns \ seconds [TSTOP)
Erine Start saving data after: |0 seconds

General Settings Transient options

[]Monte Carlofw/orst Case Maximum step size: | 100ps I seconds

[]Parametric Sweep 4 s o : :

[ Temperature [Sweep) [] Skip the initial transient bias point calculation (SKIPEP)
[]Save Bias Point

% ;23: BCI::ciogl;inls [ Run in resume mode Output File Options...
[]Restart Simulation
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4. Add voltage markers on the incident and reflected nodes (Figure 17.8) and
run the simulation.

o T1 FIGURE 17.8
_incident _reflected  pjacing voltage markers.

—

5. Figure 17.9 shows the source pulse and the delayed load pulse after 10 ns.
Initially, the source resistor and transmission line act as a potential divider,
so the voltage amplitude divides down to 5V.

6.0V
4.0V
2.0V
ov T T T T T T T T
Os 5ns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns
V(INCIDENT) ¢ V(REFLECTED) Time
FIGURE 17.9

Matched transmission line voltage waveforms.

6. Delete the voltage markers in Capture and place current markers on the
input pin (incident) to T1 and the top pin of the load resistor, RL
(Figure 17.10).

incident < ¢ reflected
) ) )

TD = 10ns

FIGURE 17.10
Placing current markers.

Z20=75 7R



There is no need to rerun the simulation as the waveform display in Probe
will automatically be updated. You should see that both currents have the
same magnitude and are separated by the specified 10ns delay
(Figure 17.11).

80mA

60mA -

40mA

20mA 1

0A

0s 5ns 1ons  15ns 20ns  25ns 30ns  35ns  40ns  45ns  50ms
IA(T1) o I(RL) Time

FIGURE 17.11
Matched transmission line current waveforms.

As the load impedance is equal to the impedance of the transmission line,
the line is said to be matched. There are no voltage or reflections.

RL REPLACED WITH A SHORT CIRCUIT

7. Delete the current markers and replace the load resistance with a small value
resistance of 1 pQ to represent a short circuit. Place voltage markers on the
incident node and the top of the short circuit resistor as shown in
Figure 17.12 and rerun the simulation.

PER = 50ns

FIGURE 17.12 RS ™
Short circuit load. incident reflected
75R
V1 =0V \V&| \
V2 =10V ;gf;gns RL
TD=0 = 1R
TR = 250ps
TF =250ps | _
PW = 5ns
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You should see the transmission line response in Figure 17.13. With a short
circuit the load voltage will be 0V and the incident voltage wave will be
reflected but 180° out of phase with the incident wave.

5.0V
(Y
-5.0V : T T T r T : : :
Os 5ns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns
V(INCIDENT) ¢ V(REFLECTED) Time
FIGURE 17.13

Short circuit transmission line voltage waveforms.

8. In Capture, delete the voltage markers and place current markers on
the input pin (incident) to T1 and the top pin of the RL resistor
(Figure 17.14).

RS T1 _
incident reflected
— AW

75R
V1 =0V V1
V2 =10V ¥ TD = 10ns RL
TD=0 J\ Z20=175 1R
TR = 250ps
TF = 250ps _
PW = 5ns
PER = 50ns — —

Y -0
FIGURE 17.14

Placing current markers.

There is no need to rerun the simulation as the waveform display in
Probe will automatically be updated. You should see that the incident



current wave is reflected with the same amplitude such that the reflected
wave is double the magnitude of the incident current wave
(Figure 17.15).

150mA
100mA 4

50mA |

OA T T T T T T T T
Os 5ns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns
1A (T1) ol (RL) )
Time
FIGURE 17.15

Short circuit transmission line current waveforms.

RL REPLACED WITH AN OPEN CIRCUIT

9. Delete the current markers and change the load resistance to a 1 TQ resistor
to represent an open circuit. Place voltage markers on the incident node
and the top of the short circuit resistor (Figure 17.16) and rerun the

simulation.

RS T1

A A incident reflected

75R v Y
V1 =0V V1

- TD =1
V2 =10V @ Ons RL
TD=0 8 20=75 1T
TR = 250ps
TF = 250ps . Tl
PW = 5ns R i
PER = 50ns ~0 =
FIGURE 17.16

Placing voltage markers.

You should see the response shown in Figure 17.17. The reflected voltage is
equal to the source voltage, so the reflected voltage is double in magnitude
to that transmitted.
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10.0V
5.0V -
OV T T T T T T T T
Os 5ns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns
V(INCIDENT) o V(REFLECTED) )
Time
FIGURE 17.17

Open circuit transmission line voltage waveforms.

10. Delete the voltage markers in Capture and place current markers on the
input pin (incident) to T1 and the top pin of resistor RL. There is no need
to rerun the simulation as the waveform display in Probe will automatically
be updated. As the output is an open circuit, no current will flow. The
current at the open circuit is reflected back with the same magnitude but
is 180° out of phase, as seen in Figure 17.18.

80mA

40mA -

0A

—40mA -

_80mA T T T T T T T T T
Os 5ns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns

IA (T1) o1 (RL) .
ime

FIGURE 17.18
Open circuit transmission line current waveforms.



Exercise 2
STANDING WAVE RATIO (SWR)

Figure 17.19 shows a lossless transmission line with a short circuit. As shown in
Figure 17.13, the incident voltage is reflected with the same amplitude but 180°
out of phase. The incident and reflected waves will sum together to produce
a standing wave, otherwise known as a stationary wave, as will be demonstrated

below.
FIGURE 17.19 PARAMETERS:
Demonstrating a standing wavelength = 1
wave pattern for a short
circuit load.
RS T
A A incident reflected
75R
V1
1Vac / =+ NL = {wavelength} RL
Y _
0Vdc = Z20=75 1uR
F = 100meg
-0 -0

SWR FOR SHORT CIRCUIT
1. Delete the current markers and change the value of RL to 1uR for a short

w

FIGURE 17.20
Adding a parameterized value to the

circuit. Delete the voltage pulse, V1, and replace with a VAC source from
the source library.

As mentioned previously, you cannot use TD and NL together, so you can
either delete the TD property in the Property Editor or replace the transmis-
sion line with a new part.

Delete the transmission line T1.

Place a T part from the analog library.

We are going to vary the value of the transmission line property NL, so we
need to parameterize the property value of NL in the Property Editor.
Double click on the T part to open the Property Editor. Highlight the NL
property value box which has shaded lines and enter {wavelength}
(Figure 17.20). As soon as you start typing, the shaded lines in the NL value
box will disappear. The {} brackets represent a placeholder for a variable
parameter. Do not close the Property Editor.

NL } {wavelength}

wavelength property.
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5. Itis a good idea to display new properties. In the Property Editor, highlight
the wavelength property and select Display (or rmb > Display) and select
Name and Value as shown in Figure 17.21. Do not close the Property Editor.

— Desinatel i ‘ FIGURE 17.21
meg . . . . .
— el e D1splay Properhes Displaying name and value
D _ = of NL property.
Implementation MName: ML Acfnlt 7
Implementation Path | _| . iy i
Implementation Type “none= Value: |[IEREETI Ch Use Default
Location X-Coordinate | 440 L =
Location Y-Coordinate 280 Display Format =
=y 5 olor
ll:lrll_me : -‘“"5; Si’h} ! (O Do Not Display )
ey v
__ PartReference T Sl "
PCB Footprint (® Name and Value Ao
Power Pins Visible | I () Name Only oL O1ar
Primitive DEFAULT O Both if Value Exists q0° 270°
PSpiceOnly TRUE O O
PSpiceTemplate | TA@REFDES %A+ %A- %8
Reference T 0K ] [ Cancel J [ Help ]
Sg_!.lg_e_l.jy_rf_r!_ CACADENCE\SPE_ JE&;I
Jouwe Package T
Source Part | T.Normal
T
Value T
; Z0 75

6. Setand display, as in Step 5, the name and property values for a frequency, E,
of 100 megHz and a characteristic impedance, Z0, of 75R, as shown in the
circuit diagram Figure 17.19. Close the Property Editor.

7. A default value for the wavelength parameter needs to be defined. Add
a Param part from the special library and double click on the part to open
up the Property Editor. Select New Row (or New Column) and enter the
property Name as wavelength and property Value as 1 shown in Figure 17.22.

a FIGURE 17.22
Add New Row Adding a new wavelength property with
Name: a default value of 1.
wavelength .
WValue:

1

Enter a name and click &pply or OK to add a column/row to the
propeity editor and optionally the current filter (but not the <Current
properties> filter].

No propetties will be added to selected objects until you enter a value
here or in the newly created cells in the property editor spreadsheet.

[ Apply ][ OK ] % Cancel ,I[ Help ]
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FIGURE 17.23
AC sweep settings.

8. Display the name and value of the wavelength property and close the Prop-

erty Editor.

9. Your schematic should now appear as shown in Figure 17.19.

NOTE

It is easier to edit property values that are displayed on the schematic rather than
having to keep opening the Property Editor.

10. You will need to set up a Parametric simulation sweep together with

an AC analysis. Create a new PSpice simulation profile, PSpice > New
Simulation Profile, and select the analysis for AC Sweep/Noise from
100 megHz to 200 megHz using a Linear sweep with the Total Points

equal to 1 (Figure 17.23). Click on Apply but do not exit the simulation
profile.

!

Simulation Settings - ac sweep1

l_Generaii Analysis {_Cnnfiguration Files | Options = Data Collection | Probe Window

Analysis ype: - AC Sweep Type

|AC Sweep/Noise ™ O Lineat Start Frequency: |100meg |
Options: (® Logarithmic End Frequency: gZUDmeg '
General Settings ‘ Decade v Points/Decade: | 1

[JMonte CarloAWorst Case :

Parametiic Sweep Neise Analpsis

[[] Temperature (Sweep) 3 =

[[]5ave Bias Paint ; [JEnabled | |

[[]Load Bias Point r ]

Output File Options

[]Include detailed bias point information for nonlinear
controlled sources and semiconductors (.OF)

[ 0K ][ Cancel ]

In the Options box, select Parametric Sweep and set up a global para-
metric sweep of the wavelength property from 0 to 1 in steps of 0.01,
as shown in Figure 17.24. Click on OK.
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. ’ ’ FIGURE 17.24
Simulation Settlngs - dC sweep1 @ Parametric sweep

—— settings.
;.@E‘E’EI_‘ Analysis | Configuration Files | Options | Data Collection | Probe Window| )
Analysis type: Sweep variable
‘ AC Sweep/MNoise v | O Voltage source N ame !
Bl O Current source s
__ptl:ms —_— (® Global parameter ' o I
[V] General Settings Model hame
Model
[[Monte CarloAworst Case O Model paremeter TR —
O Temperature Parameter name: |wavelength l
[(]Temperature [Sweep)
[[]Save Bias Point Sweep lype
[[JLoad Bias Point ® Linear Start value: 0 I
i End value: 1 y
O Logarithmic Do = :J
Increment: 0m
O Value list |
[ 0K ] [ Cancel ] [ Apply ] [ Help ]
11. Place a voltage marker on the incident node and run the simulation. In the
Available Sections window, make sure all sections are highlighted and click
on OK. You should see the standing wave pattern in Figure 17.25.
1.0v FIGURE 17.25

Standing wave pattern
for a short circuit load.

0.5V -

ov

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 10

0 V(INCIDENT) wavelength

SWR FOR OPEN CIRCUIT

For an open circuit, the voltage is reflected back with the same amplitude but is
180° out of phase.
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12. Modify the value of the load resistor in Figure 17.26 to 1T to represent an
open circuit and simulate the circuit using the same simulation profile.
You should see the standing wave as shown in Figure 17.27.

FIGURE 17.26 PARAMETERS:
Demonstrating a standing wavelength = 1
wave pattern for an open
circuit load. T
RS
AN incident ( \ reflected
mm Ngy —
V1
1Vac @ NL = {wavelength} RL
oVde N\ 20=75 1T
F =100meg
-0 -0
1.0V
0.5V
ov . . . . . . . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0 V(INCIDENT)
wavelength
FIGURE 17.27

Standing wave pattern for an open circuit load.
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PSpice uses the same simulation engine for both analog and digital parts. Digital
transistor—transistor logic (TTL) and complementary metal oxide semi-
conductor (CMOS) parts are modeled as subcircuits and include the common
digital functions such as gates, registers, flip-flops and inverters. Within each
subcircuit, a digital primitive makes up the gate function (AND, OR, etc.) and
defines the timing and interface specification for the gate function. Other digital
devices include delay lines, AtoD, digital to analog (DtoA), RAM, ROM and
programmable logic arrays.

18.1 DIGITAL DEVICE MODELS

A model definition for a two-input CMOS NAND gate is shown below:

CD4011B CMOS NAND GATE QUAD 2 INPUTS

*
*
* The CMOS Integrated Circuits Data Book, 1983, RCA Solid State
* tvh 09/29/89 Update interface and model names

*

.subckt CD4011B A B J

+ optional: VDD=$G_CD4000_VDD VSS=$G_CD4000_VSS

+ params: MNTYMXDLY=0 IO_LEVEL=0

Ul nand(2) VDD VSS

+ A B J

+ D _CD4011B IO _4000B MNTYMXDLY={MNTYMXDLY} IO LEVEL={IO LEVEL}
.ends

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00018-0
Copyright © 2012 Elsevier Ltd. All rights reserved.
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The first five lines are comments giving a description of the part and a reference to
the data source. On line 6 is the subcircuit definition of the CD4011B with three
pins A, B and J. The global power supply is defined by VDD=$G_CD4000_VDD
and VSS=$G_CD4000_VSS. The optional parameters are MNTYMXDLY=0,
which defines the minimum, typical and maximum delay, and the IO_LEVEL,
which defines one of four analog to digital (AtoD) or DtoA interface subcircuits if
the digital device is connected to an analog device.

U1 defines a two-input nand(2) primitive which has input terminals VDD, VSS,
A, Band]. The '+ signifies a continuation to the next line. The next line (line 11)
declares two models, the timing model, D_CD4011B, which defines the timing
characteristics such as propagation delay, setup and hold times, and the input/
output (I/O) model, I0_4000B, which defines the loading and driving charac-
teristics for the gate. Subcircuits always end with a "ends’ statement, as in line 12.
The model D_CD4011B can be found in the CD4000.lib and the model
IO0_4000B in the dig io.lib. More detailed information can be found in the
PSpice reference manual.

18.2 DIGITAL CIRCUITS

Digital gates by default do not show their power supply pins because this would
require a relatively large number of wires to connect all the gates to the power
supply, which would overcomplicate the circuit. Instead, TTL and CMOS devices
are connected to global power supply nodes which are not displayed and by
default are set to 5 V. Different power supplies can be set to accommodate the
3—18V voltage supply range for CMOS devices. This will not affect the input
thresholds and output drives for CMOS devices but the propagation delays will
still be defined for a 5V power supply. For accurate propagation delays, the
timing models will have to be modified.

To set digital logic levels on integrated circuit (IC) pins, it is recommended to use
digital HI and LO symbols from the Place > Power menu and to use digital pull-
up resistors from the dig_misc library to tie a pin high or low via a resistor. No
Connect symbols, from the Place menu, can be used to identify unconnected
pins. Figure 18.1 shows the respective Capture symbols and parts.

In Figure 18.2, a digital clock signal is applied to the input of an 8-bit binary
counter (U1A and U1B). In order to enable the counter, the CLR input is tied low

FIGURE 18.1 R1
(a) Digital HI; (b) digital LO; (c) digital
pull-up; (d) no connect.

[H >

v

1K
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OFFTIME =05us  pgrmy U1A
ONTIME =05us [ ok 1 [ oal3 D1
DELAY = 40ns B> N\ r QB—g o2 1 v QA[8-1]
STARTVAL =0 @ QC |2 [o>————+—>¢1G -
OPPVAL = 1 o a6 D4 el i 1A1 11
= 1A2 Y2
T 74HC393 % 1A3 1Y3
D4 8 a4 1va
.J 19| _
D4 C>—4—ms 2
ST 2A1 2V
DTN 2A2 2Y2
u1B D 17| 243 2v3
. 1 bs D8 17050 2va
L BebA oA |p—
e e 7aH
x Qc -2
% Q0 D8 N\ Dis-1]
o U3
T 74HC393 \ o>——k 115 <Ay
= D1 i 1A1 Y1
o> A3 1A2 1v2
8 41A3 1Y3
1A4 Y4
% 25
2A1 2Y1
282 2Y2
2A3 2Y3
2A4 2Y4
74HC240

FIGURE 18.2
Connecting the 4-bit counter outputs to an 8-bit bus.

by using a digital LO symbol. Each counter output is connected to an 8-bit bus
using bus entry points, via Place > Bus Entry, selecting the icon 4 4 or
pressing E on the keyboard.

NOTE

From version 16.3, connecting pins can automatically be drawn to a bus. Draw a bus
and then select Place > Auto Wire > Connect to Bus. Click on a connecting pin and
then click on the bus (you will be prompted to enter the name of the net). The bus entry
point and wire will automatically be drawn.

Each wire connected to a bus entry point has been labeled D1, D2, etc., and the
bus itself has a net name of D[8-1], the order of which is msb-Isb. The bus on the
data inputs to U3 is also named as D[8-1] and will therefore be connected to the
8-bit bus. The bus can also be labeled as D[7-0] or D[7..0], according to your
preference. Only signals of the same type can be grouped together on a bus;
mixed busses cannot be defined in Capture. However, in Probe, signals of
different types can be collected together and displayed as a bus waveform.
Markers can be placed on a bus as well as wires.

18.3 DIGITAL SIMULATION PROFILE

Options for digital simulation can be found in the simulation profile under the
Options tab and by selecting Category: > Gate-level Simulation as shown in
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Simulation Settings - tran1

| General | Analysis | Configuration Fi!esf Options \ Data Collection | Probe Window

Category:

iAnan Simulation ‘ it
| Gate-level Simulation | © Minirnurn

| Qutput file 1

Timing Mode

(&) Typical
O Magimum

O Worst-case [min/max)

[C] Suppress simulation error messages in waveform data file.

Initialize all flipflops te: [0« |

Default 1/0 level for A/D interfaces: | 1 %

v

|
[gdvancedﬂptions...] [ Reset ]

FIGURE 18.3
Digital simulation options.

Figure 18.3. The Timing Mode option lets you select the minimum, typical,
maximum or worst case timing characteristics for the digital devices. There are
four I/O AtoD and DtoA interfaces that you can select and, most importantly of
all, you can initialize all flip-flops to either X for do not care, logic 0 or logic 1.
There is also the option to suppress simulation error messages, as PSpice will
report any digital timing hazards or timing violations.

18.4 DISPLAYING DIGITAL SIGNALS

Digital signals are shown as either high or low logic levels. However, for regions
of ambiguity where the transition time is not precisely known, the rising and
falling transitions are shown in yellow (Figure 18.4). Unknown states are shown
as two red lines and high-impedance states are shown as three blue lines.

NOTE

One common mistake is not to initialize registers (flip-flops) in a circuit, which will
result in the two red lines appearing, representing an unknown state. Make sure that
you initialize the flip-flops as shown in Figure 18.3.
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Digital high FIGURE 18.4
Digital signals displayed in
Probe.

Digital low

Unknown state

Rising transition

. Falling transition

Tristate (high impedance)

You can group digital signals together and display them as a bus in the Probe
window. The bus name can be created in the Trace Expression field in the
Trace > Add Trace window. Up to 32 digital signals can be listed with the order
msb to Isb, with a radix of hexadecimal (default), decimal, octal or binary. For
example,

{D4 D3 D2 D1};myBus;d will display D4 to D1 (msb-Isb) labeled as myBus
with decimal numbers
{WR RD CE};control;b will display bus control in binary.

Figure 18.5 shows a QB[8:1] bus shown by default in hexadecimal. The Dbus has
been created from a collection of digital signals and is shown in hexadecimal,
decimal and binary.

QBrE:1]}F F¥ X FE 4 FIY W L ¥ FE ]
Dbus 4 ¥ X = ) 4 LA = b B .n::
Dbus 1 IS Y X 4 I3 W 1Z ¥ II ]
Dboa ITIIX o ITIT ) 4 IIUL 4 110U 4 ITII ‘-;:

- T . T
0a 1.000s 2.000s 3.000s 4.000s 4.6308
Tire
FIGURE 18.5

Bus signals displayed in hexadecimal, decimal and binary.
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18.5 EXERCISES

U1A

1
3 Al
2
CD4001A
U2A U2B
% =
w LLI
4 ['4 15 QA 9 (4 1 QB
OFFTIME = 10us J |1Q e |'lQ
ONTIME = 10us oo™l clk 1 Y 6 ,
DELAY = 0.1us PCLK ——PCLK
STARTVAL =0 §16 IRY 12 10
OPPVAL = 1 ™ K|%Q X K|EQ X
O (@]
5 7AHCT6 =7 7AHCT6
[HD>
FIGURE 18.6

Modulus 3 synchronous counter.

Exercise 1
You will verify the output sequence of a modulus 3 synchronous counter.

1. Create a project called Mod 3 Counter. Rename SCHEMATIC1 to counter
and draw the modulus 3 synchronous counter in Figure 18.6. The digital
flip-flops and the OR gate are from the CD4000 library. The digital HI
and LO symbols are from the Place menu, or press 'F' on the keyboard.
The digital stimulus is digClock from the source library.

2. Name the nodes as shown: Place > Net Alias or press ‘N’ on the keyboard.

3. Setup a PSpice simulation profile for 100 ps and select Options > Category:
Gate-level simulation and set Initialize all flip-flops to 0 (Figure 18.7).

Initializing flip-flops to Simulation Settings - tran1 @

logic 0. General | Analysis | Configuration Files | Options | Data Collection | Probe Window
:Eategory - = Timing Mode
| Analog Simulation b
© Minimum
| Output file @ Typical
© Magimum

O Worst-case [min/max)

[[] Suppress simulation eror messages in waveform data file.
Initialize all flip-flops to: [« |

Default 1/0 level for A/D interfaces: ‘ 158

Igdvancedﬂptims,,,] I Reset ]

CoE ) o]
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4. Place voltage markers on the CLK, QA and QB nodes.

5. Run the simulation. The trace names will appear in the order that you
placed the voltage probes. In Probe, rearrange the trace names such that
the CLK is at the top, then QA and QB. This can be done by selectively
cutting and pasting. Select CLK and press control-X, which will delete the
trace; then press control-V to paste the trace name. Note that both traces
QA and QB are initialized to logic 0.

6. Turn on the cursor and move the cursor along the waveforms. The corre-
sponding logic levels should appear on the Y-axis as in Figure 18.8. Note
that the output of the flip-flop only changes on the falling edge of the clock
signal. The CD4027 flip-flops are negative edge triggered.

CLK
QA
QB
Os 1dus 2dus 3dus 40Ius 50Ius Gdus 70Ius Sdus Qdus 100us
Time
FIGURE 18.8

Digital counter waveforms.

7. You will add a bus to show the binary count. Select Trace > Add and in the
Trace Expression field enter

{QB,QA};count_b;b

and click on OK to display the binary count.
8. Select Trace > Add and in the Trace Expression field enter

{QB,QA};count_d;d

and click on OK to display the decimal count.
9. Select Trace > Add and in the Trace Expression field enter

{QB,QA};count_h;h

and click on OK to display the hexadecimal count.

10. Your Probe waveforms should resemble those shown in Figure 18.9,
which is that of a modulus 3 counter with a count sequence of
0,1,2,0,1,2,0, etc.
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CLK | T T EE===———h | I |
un I === 1 | G 1
L] I 1 —
count_b 1] ¢ 01 K 10 X <] a1 ) 16
count_d ] % | 2 X ] % i 4 3
count_h | 1] X 1 X - X 1 . 1 i 2
T T T T T T T T T
s 18us 28us 30us 48us 58us 68us 78us 80us 90us 188us
Time
FIGURE 18.9
Counter output digital waveforms.
Exercise 2
OFFTIME = 0.5us U1A
DSTMH1
ONTIME = 0.5us ok 1 A oa 2D
DELAY = 40ns QB A D2 u2
STARTVAL =0 v @ qc g D3 —120 S QA[8-1]
OPPVAL =1 o ap = D1 1A1 1v1
1A2 1Y2
3
] 74HC393 3431 o 13 1vs
1A4 1Y4
B 9 —
D4 [io> o5 119 26
Do 137 2A1 2Y1
D7 157 2A2 2Y2
U1B Dg_ 17 2A3 2Y3
13 1 D5 2A4 2Y4
——opA 8/3 10 D6 74HC244
o ac g A D[8-1]
d QDb 8 D8 U3
o 7HC393 \V ; o QB(8-1]
1A1 1Y1
[Lo> 1A2 1Y2
1A3 1Y3
1A4 1Y4
2G
2A1 2Y1
2A2 2Y2
2A3 2Y3
2A4 2Y4
74HC240

FIGURE 18.10
Connecting signals to a bus.

The circuit in Figure 18.10 is an example of how to connect signals to a bus and
how to select the different A and B sections of an IC. A clock signal is divided
down by two 4-bit binary counters, U1A and U1B, and then passed to two octal
buffers, U2 and U3, via an 8-bit bus. U3 is an inverting octal buffer.



1. The 74HC393 has two identical sections designated A and B, shown in the
Packaging window in the Place Part menu in Figure 18.11. When you select
Part B, the pin numbers will change accordingly.

u?

|-C A QA
2B

o bn lo b

PeLL
-
20

[ 74HC393

3]

N

Packaaing FIGURE 18.11

Parts per Pkg: 2 Selecting different parts (sections) from
a package.

Part: | A v |

&

. Place the parts for the circuit in Figure 18.10 but do not connect the wires or

bus yet. DSTM1 is a DigClock source from the source library and the HC
devices can be found in the 74 HC library. The HI and LO symbols are
from the Place > Power menu.

3. Draw the busses in the circuit. To draw an angled bus, hold down the shift
key and left mouse click to define the angle, then draw the bus.

4. Starting with U1A pin 3, place a bus entry on the bus as shown in
Figure 18.10. Draw a wire from the bus entry to pin 3 of U1A.

5. Select the wire and place a net alias (press N) labeled D1 on the wire. Press
escape or rmb > End Mode.

6. Draw a selection box around the wire, net name and bus entry point as
shown in Figure 18.12.

U3A FIGURE 18.12
1 3 D1 Selecting the wire, bus entry and net
O A QA 2 \ name.
QB :%
Qc
14
3 o ]
E 74HC393
N

7. Hold the control key down, place the cursor on the wire and drag it down so
that it connects to pin 4. The net name automatically increments to D2.
With the wire still highlighted, press F4 twice and two more nets, D3 and

D4, will appear.

CHAPTER 18 €D
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FIGURE 18.13
Initializing flip-flops to
logic 0.

NOTE

In release 16.3 there is now the option to autowire two points: Select Place > Auto
Wire I , select two points and the wire is drawn automatically. Another new feature
is the Place > Auto Wire > Connect to bus. ] You click on a connecting pin and then
the bus such that the wire and bus entry will be connected automatically. You will also
be prompted for the net name.

If you have version 16.3 go to Step 8; otherwise, go to Step 9.

8. Select Place > Auto Wire > Connect to bus ' and wire up the rest of the IC
pins as in Figure 18.10.

9. The busses are labeled the same as for wires, using Place Net > Alias. Make
sure that all three busses are labeled correctly, [msb-Isb].

10. Set up a simulation profile for a transient analysis with a run to time of

10 ps.
Select Options > Category: Gate-level simulation and set Initialize all flip-
flops to 0 (Figure 18.13).

Simulation Settings - tran1 @

| General | Analysis | Configuration Files | Options Data Collection | Probe Window |

;ategory: . - .~ Timing Mode
| &nalog Simulation | 70
| Gate-level Simulation | © Minimurn
!_.[;I"‘El:_'!'_‘t._f.'lg A @ Typical
O Magimum
O Worst-case (min/max)

[ Suppress simulation error messages in waveform data file.

Initialize all fip-flops to: (g |

Default 170 level for A/D interfaces: |_1 e

[deanced Dplions...] [ Reset ]

L aK ,i[ Cancel ]

11. Place voltage markers on each bus as shown and run the simulation.

12. You should see the count increase for bus D[8-1] and QA[8-1]. As U3 is an
inverting buffer, the count for QB[8-1] will start at FF and decrease
accordingly. Compare your waveforms with those shown in Figure 18.14.
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{D[8:1]}
QA[8:1]}
QB[8:1]}
CLK
Os 1LIJS 2:15 3lIJS 4lIJS 5LIJS 6LIJS 7:15 SlIJS QlIJS 10us
Time
FIGURE 18.14

Digital bus waveforms.

13. Delete all the traces, Trace > Delete All Traces.

14. Select Trace > Add Trace. On the right-hand side in the Functions or Macros,
select the curly brackets {}; the Trace Expression box will contain {} with
the cursor sitting in the middle waiting for you to select a trace variable
name.

15. Select D4, followed by D3, D2 and D1. Add the following text to the expres-
sion and click on OK:

{D4,D3,D2,D1};myBus;d

16. Create a bus called nibble, consisting of QA4, QA3, QA2 and QA1, and
display the bus in binary:

{QA4 QA3 QA2 QAl};nibble;b

You should see the waveforms as in Figure 18.15.

myBus
nibble
T T T T T T T T T
Os 1us 2us 3us 4us 5us 6us Tus 8us 9us 10us
Time
FIGURE 18.15

Custom-made busses, my Bus and nibble.



17. In Capture, disable U2 by setting the enable pins (G), 1 and 19 high by
using a $D_HI symbol from Place > Power. Run the simulation.

TIP
Select the $D_HI symbol from the most recently placed part list (Figure 18.16). If the
symbol is not in the pull-down menu, type $D_HI in the box and press return.

odt reconte aced M1ECTO PSpice  Acces:

Most recently placed
part.

$D_HI v

8% 88O

18. Run the simulation.
19. The trace for QA[8-1] is displayed with a Z inside, indicating a high-imped-
ance tristate output (Figure 18.17).

{D[8:1]}
QA[8:11} X
QB[8:11}
CLK
Os 1LIJS 2LIJS 3:13 4Llls 5Llls 6Llls 7:15 8:15 9:15 10us
Time
FIGURE 18.17

High impedance shown on U2’s outputs.

Exercise 3

PSpice reports and plots timing violations relating to setup times, hold times
and minimum pulse width. By decreasing the clock pulse width, we can inves-
tigate the reporting of these errors.

1. Change the clock OFFTIME to 0.01 us and ONTIME to 0.01 ps.

2. Reduce the simulation time from 10 ps to 1 ps.
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3. Run the simulation.
4. The Simulation Message window will appear as shown in Figure 18.18.

& 5 FIGURE 18.18
Simulation Messages Number of simulation messages.

\'.? 29 messages occurred during simulation.

View a summary of messages?

[ Yes J [ No

5. Click on Yes and you will see a list of Warnings (Figure 18.19).

- 3 7 FIGURE 18.19
= Simulation Message ... m List of warning messages.
Time Message-Type Device
~
60.000ns MAX-FREQUENCY U1A [
60.000ns WIDTHAMIN-LOW U14 [
70.000ns GLITCH W1A

70.000ns WIDTH/MIN-HIGH U1a
50.000ns WIDTH/MIN-LOW U14

| 90.000ns GLITCH U14 ol
Soit h-": Minimum Severity Level
EClion WARNING v
® Time e
O Type [ Plot I [ Close ]
(O Device

6. The Minimum Severity Level pull-down menu lists severity levels for Fatal,
Serious, Warning and Info. For Fatal severity, the simulation stops.

Leave the level on Warning and click on Plot.

7. The violation information displayed (Figure 18.20) gives the time at which
the violation occurred and with which device. The message gives you not
only the measured violation timing value but also the specified timing value.
PSpice also plots the occurrence of the violated timing waveforms.
Selecting each time message will open up a new Probe plot window.

WIDTH/MIN-HIGH VUiolation at time 50ns FIGURE 18.20
Device: X_U1A.UHC393DLY Violation information.
Minimum high WIDTH = 20ns
NODE: X U1A.A, measured WIDTH = 18ns
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Mixed Simulation

Chapter Outline

19.1 Exercises 247 Exercise 2 250
Exercise 1 247

PSpice uses the same simulation engine for analog and digital circuits. The
simulation results in Probe share the same time axis but are split into separate
analog and digital plot windows. Analog and digital components in a circuit are
connected together at nodes. In PSpice there are three types of connecting nodes:
analog, where all connected parts are analog; digital, where all connected parts
are digital; and interface, where there is a mixture of analog and digital parts.
Interface nodes are automatically separated into one analog node and one or
more digital nodes by inserting analog and digital interface subcircuits, which
are either analog to digital (AtoD) or digital to analog (DtoA) interface sub-
circuits. These subcircuits will also have their own power supply. As this process
is automatic and runs behinds the scenes, we do not normally have to worry
about the interface subcircuits, although they are available as traces in Probe.

Figure 19.1 shows an analog comparator with an open collector transistor
connected to a digital gate. The pull-up resistor is connected to the digital power
supply and the output ground for the comparator is connected to digital ground.
Figure 19.2 shows the digital waveforms being plotted in the upper area of Probe
and the analog waveforms plotted in the lower area.

Mixed analog and digital circuits follow the same procedure for placing parts,
creating a simulation profile and simulation.

19.1 EXERCISES

Exercise 1

Figure 19.3 shows an AD7224 digital to analog converter (DAC) with an input
digital data word of 0111 1111. From the manufacturer’s data sheet, the output
voltage is given by:

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00019-2
Copyright © 2012 Elsevier Ltd. All rights reserved.
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V1 "J_— $G_DPWR
10V . Q@
R1 TO R3
47k % Ut @0 1K
2 6
| [Bs U2A
7 comp 1
R2 OUT > ) 3 OUT
47k Vin 3 ) 4 . 1 2 ,
74HCO08
vi=tov  |ve MW
=  V2=ov
TD = 1us pe—
TR=1us — "0 $G DGND
TF=1us O -
PW = 20us OFFTIME = 2us
PER = 50us ONTIME =2us DSTM1 clk
DELAY = 1us
STARTVAL =0
OPPVAL =1
FIGURE 19.1

Analog comparator switching a digital gate.

CIK r. 1 i ririrririri i riri i ri L i L L e e e ey
OUT |/ Lo | T s Ny Iy B
10V
5V A
oV + T T T T T T T T T
Os 10us 20us 30us 40us 50us 60us 70us 80us 90us 100us
o V(VIN) ¢ V(COMP) Time
FIGURE 19.2
Analog and digital traces.
Vo = Vi ><127—496V (191)
o = VREF 56 .

The timing cycles for the DAC have been set up according to the manufacturer’s
datasheet.
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1. Draw the circuit in Figure 19.3. The AD7224 can be found in the DATACONV
library and the DigClock stimuli can be found in the source library.

OFFTIME =300ns pqmy1
ONTIME = 150ns G - >, LDAC
DELAY = 350ns Lot

STARTVAL = 1
OPPVAL =0

Y%
U1 ® 15V —=
OFFTIME = 200ns [H>— 2 ——
ONTIME = 120ns ELiTMz WR o -
DELAY = 50ns o> (1| p—
SATRTVAL = 1 16 )| RESE
OPPVAL =0 15| LDA =
14 ] WR 0
57 CS
6
OFFTIME = 10us > DB7
ONTIME = 160ns Do M3 cs g | DB6 2 out
DELAY = 30ns — 9# DB5 VOUT .
STARTVAL = 1 10" ng
OPPVAL =0 1| 083 R1
12 ] 2K
15| DB
HI> 37 DBO o —
¥ VREFZ 0 0
<>
£ V2 <] AD7224
10V —
=, =
FIGURE 19.3

Digital to analog conversion using the AD7224.

2. Set up a transient analysis with a run to time of 5 pus. Select the Options tab
and select Category > Gate-level Simulation and set Initialize all flip-flops

to 0 (Figure 19.4). Close the simulation profile.

: : e FIGURE 19.4
SImLIRHEn IS SN ES AN X Initializing flip-flops to logic 0.

| General | Analysis | Configuration Files | OPptions | Data Collection | Probe Window|

;ategary:. . Timing Mode
Analog Simulation o
Gate-level Simulation O© Minimum
Output file | | ® Topica
© Mayimum

O Waorst-case [min/max)

Initialize all fip-flops to: |0~

Default 1/0 level for 4/D interfaces: El s

[ Suppress simulation error in form data file.

[gdvancedﬂplmns,,.] I Reset I

:




3. Place voltage markers on the nets, LDAC, WR, CS and OUT.

4. Run the simulation.

5. In Probe, you will see that the upper plot is for the digital signals and the
lower plot is for the analog OUT signal (Figure 19.5).

LDAC
Cs

5.0V

2.5V A

ov

Os O.éus 1.6us 1.éus 2.6us 2.6I3us 3.(I)us 3.tl'>us 4.0us 4.5us 5.0us
V(OUT) Time

FIGURE 19.5

Analog and digital waveforms.

6. Turn the cursor on and check that the output voltage is 4.96 V as calculated.

Exercise 2

Figure 19.6 shows the ubiquitous NE555 timer, used in countless applications.
The timing equations for the NE555 are given as:

1.44

= — 19.2

/= ®RatarBIC (19:2)
RA + RB

Dl_lty Cycle = m (193)

Using the components as shown in Figure 19.6 will give a calculated clock

frequency of 218 Hz and a duty cycle of 0.67.

1. Create a new project called Clock Oscillator. Rename SCHEMATICI1 to clock
and draw the circuit in Figure 19.6; the 555 can be found in the anl_misc
library. There are three versions, 555alt, 555B and 555C, which have the
pins arranged differently. Do not forget to place an initial condition, IC1,
from the special library on C1.

2. Create a transient simulation profile for 20 ms. Place markers on VC and on
OUT.

3. Run the simulation.

4. Display the cursors and determine the period of oscillation and hence the
clock frequency.
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[ FIGURE 19.6
LV NE555 clock oscillator.
R1 Qv —
10k -
8
u2 —
2 VCC 0
R4 7| TRIGGER 3 ouT
10K % 5 | RESET OUTPUT —
0 Ve & | CONTROL RS
Bl DISCHARGE 10k
GND —
c1 = = c2 \ 0
220n T 1on _ |1 5558
pp— — ?O
-0 0
5. Determine the duty cycle, which is the on time divided by the off time.
6. Confirm your measurements by selecting Trace > Evaluate Measurement
and Period(1) then selecting V(OUT).
Period(V(OUT))
7. Select Trace > Evaluate Measurement and Period_XRange, (1,begin_x,
end_x) then select V(OUT), and then enter 5 m and 20 m.
Period_XRange(V(out),5m,20m)
8. Confirm your measurements by selecting Trace > Evaluate Measurement
and DutyCycle(1), then selecting V(OUT).
DutyCycle(V(OUT))
9. If the results of the measurements are not shown, select View > Measurement
Results. Your results should be similar to those shown in Figure 19.7.
8.0V
4.0V+
0V
_4.0V T T T T T T T T T
Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms  20ms
V(OUT) < V(VC) Time
Measurement Results
Evaluate Measurement Value ~
1 |Period(v(OUT)) 4.62892m
] Period_XRange(V(OUT),5m,20m) 4.62892m
> DutyCycle(V(OUT)) 665.27676m ~
FIGURE 19.7

Resultant waveforms and measurement values.
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The Cadence\OrCAD software installation includes a good selection of
analog, digital and mixed example circuits in the anasim, digsim and mix-
sim directories. These can be found in the installed directory, for example:

<install path>\Cadence\SPB_16.3\tools\pspice\
capture_samples\

<install path>\Cadence\0OrCAD_16.3\tools\pspice\
capture_samples\
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Creating Hierarchical
Designs
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Exercise 1 261

Capture designs can either be flat, in which signals are connected across pages in
the design, or hierarchical, in which the design is partitioned into blocks and
signals transverse up and down the hierarchy. Flat designs are represented in the
Project Manager as having a single schematic folder with a number of associated
pages, whereas hierarchical designs will have more than one schematic folder
(Figure 20.1). Each schematic folder in the hierarchy will be represented by
a hierarchical block in a schematic. By selecting a hierarchical block, you select
the underlying schematic and effectively descend the hierarchy.

For the flat design in Figure 20.1, there is one schematic folder and three pages.
For the hierarchical design, there are three schematic folders in the hierarchy
each with their own schematic page or pages.

The Project Manager in Figure 20.2a shows two schematic folders, Top and Bottom.
The associated schematics are shown in Figure 20.2b and ¢, respectively. The Top
schematic (Figure 20.2b) contains a hierarchical block called Bottom which has
two hierarchical pins, IN and OUT. To descend the hierarchy, you highlight the

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00020-9
Copyright © 2012 Elsevier Ltd. All rights reserved.


http://dx.doi.org/10.1016/B978-0-08-097095-0.00020-9

(a) 3 File ?3.’., Hierarchy
=60 Design Resources
- Mpeak detector.dsn
= peak detector
PAGE1
PAGE2
PAGE3
= Design Cache

(b) 3 File 2. Hierarchy
=8 Design Resources |
5 B3 hierachical design.dsn
* Hierarchical Design
=0 Clock
B PAGEL
=6 mod 3 sync counter
B PAGEL

FIGURE 20.1
Project structure: (a) flat design; (b) hierarchical design.

block and rmb > Descend Hierarchy, or you can double click on the block and the
Bottom schematic will be displayed. The connection between the block and the
schematic is provided by the hierarchical pins on the Bottom block having the same
name as the hierarchical ports in the Bottom schematic, IN and OUT.

In the Project Manager, there is also a Hierarchy tab next to the default File tab.
By selecting the Hierarchy tab, the location of individual parts in the design can
be displayed. Figure 20.3 shows that there is a resistor R1, a voltage source V1
and a Hierarchical block HB1 in the Top level schematic and two resistors in the
Bottom schematic.

20.1 HIERARCHICAL PORTS AND OFF-PAGE
CONNECTORS

As in the case for flat designs, there is normally one folder and one or more
pages. In order to connect signals across the pages, off-page connectors are used:
Place > Off-Page Connectors (Figure 20.4).

Two types are used to indicate the direction of the data flow, i.e. input to output.
When a wire connects to an off-page connector, the net name of the wire inherits
the name of the connector.

Hierarchical ports connect signals between levels of hierarchy: Place >
Hierarchical Ports (Figure 20.5). As with off-page connectors, a wire connected
to a hierarchical port inherits the name of the port.
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I B
(a) O File |'E'é, Hierarchy (b)
=8 Design Resources
= B3 \hierarchy.dsn ——Pin out Vout
# TOP VA
—' il
R mBEOtom 10V = Viddle TQ
:0 ?O
(c)
VIN
R1
1K
0—| > VOUT

R2
1k
)
FIGURE 20.2

Hierarchical project: (a) Project Manager; (b) top schematic; (c) bottom schematic.

BR F||e [ &, Hlerarchy\
= B -
= B HB1 (BOTTOM)
| R1 (1K)
R2 (1K)
0] R1 (1K)
o V1 (VDC)

FIGURE 20.3
Design hierarchy showing location of individual components.
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FIGURE 20.4
Off-page connectors. Place Off'Page Connector

Symbol:
|OFFPAGELEFT-L [

Cancel

FPAEELE FT-L/CAPSYM
| OFFPAGELEFT-R/CAPSYM

| OFFPAGELEFT-R/Design C

|

Libraries:

| CAPSYM
| Design Cache .
| SOURCE Name:

i EFFPAGELEFT-L

Add Library....

H{ OFFPAGELEFT-L -
Remove Library

| PORTBOTH-R/Design | Remove Library
|PORTLEFTL/CAPSY v

FIGURE 20.5 : -
Place hierarchical Place Hierarchical Port X
ports.
e
|PORTBOTH-L [
| PORTBOTH-L/CAPSYh A
F'EIP.TE:EITH-L:‘D::-,stqn =1 Add Library....
|PORTBOTHR/CAPSYI | | ac—>porTBOTHL

Libraries:

Name:

FDHTBGT:J-L

FIGURE 20.6 PORTBOTH-R CE BC> PORTBOTH-L
Available ports.
PORTRIGHT-R |:>E| B<:| PORTLEFT-L
PORTLEFT-R @] D PORTRIGHT-L



Different hierarchical ports are available which represent the type of port
and direction of data flow. Figure 20.6 shows the types of port available. For
example, PORTRIGHT-R is a port that points to the right and has a connection
on the right-hand side. Which port you use is entirely your choice.

20.2 HIERARCHICAL BLOCKS AND SYMBOLS

Hierarchical blocks are normally used for top—down designs where the block is
drawn on the top-level schematic and associated signal pins are added. Pushing
down into the block (descending the hierarchy), the referenced schematic
contains the same number of ports as pins with the same associated signal
names. The hierarchical blocks cannot be saved to a library as they are drawn ‘on
the fly’ and saved within the schematic file.

Hierarchical symbols are normally used for bottom—up designs where the
schematic is drawn first and ports are added to the input and output signals. A
symbol is then created with the same number of signal pins and associated
names. These hierarchical symbols can be saved to a library for use in other
designs.

20.2.1 Hierarchical Blocks

Hierarchical blocks are created ‘on the fly’ in the schematic: Place >Hierarchical
Block (Figure 20.7).

Place Hierarchical Block @

Hefereruce: Primitive [ oK ]
HB O No

O Yes [ Cancel ]

(®) Default I User Properties... ]

[ Help ]

Implementation
Implementation Type

Schematic View v

Implementation name:

Eottam

Path and filename

| Browse... |

FIGURE 20.7
Creating a hierarchical block.
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You define the Reference designator, which is your choice, and you then have
the option to select the Implementation Type and Implementation Name.
The implementation type defines what the block is referencing and can be any
of the types shown in Figure 20.8. Normally for PSpice projects, the Sche-
matic View is selected and the Implementation Name is the name of the
schematic.

Implementation

Implementation Type

Schematic View v
<none>

YHDL

EDIF

Project

PSpice Model
PSpice Stimulus
Verilog

FIGURE 20.8
Implementation types.

You then draw a rectangle for the block and with the block still highlighted
select Place > Hierarchical Pin. In the Place Hierarchical Pin box, you define
a name for the pin and its type from the pull-down menu as shown in
Figure 20.9. The Width option allows you to place a pin representing a bus or
a scalar for a single pin. You then place the pin anywhere on the perimeter of

the block.
Place Hierarchical Pin @
Name: Width
(IN |
Type: O Bus
T
Bidirectional
Input
Open Collector
--|Open Emitter
Output
Passive
Power
FIGURE 20.9

Defining a hierarchical pin.
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20.2.2 Hierarchical Symbols

This is where a circuit is effectively symbolized and a Capture part is
generated to represent that circuit. Hierarchical ports are added to the circuit
which will appear as pins on the hierarchical symbol. In Capture, a part is
generated by selecting Tools > Generate Part (Figure 20.10). You select the
Netlist/source file type as a Capture Schematic/Design file (.dsn), select the
name and location of the Part library and select the name of the schematic
folder (Source Schematic name), and a hierarchical symbol will be
generated.

Generate Part @

Metlist/source file:
|C:\PSpice Exercises\Hierarchical DesigntHIERACH | | Browse.. |

Cancel

Metlist/source file type: Primitive
o O
Capture Schematic/Design v | O Yes

Pait name: (O Default FPGA Setup

fimodr 73wsync cour{tér

[[] Copy schematic to library
Destination part library:
_E:\PSDiC¢ Exe_;c_ises'\H_igra_rqhica_l D_esign"?HIEHACi-I_I_CAL DE_SIQN._‘ I Browse... I

(®) Create new part (O Update pins on existing part in library.
Sort pins Additional pins
(® Ascending order Sl AL L)
(O Descending order

Retain alpha-numeric pin-numbers. Device is pin gnid array type package.

Implementation
Source Schematic name:

mod 3 sync counter v |

FIGURE 20.10
Generating a capture hierarchical symbol.



20.3 PASSING PARAMETERS

Parameters can be passed between levels of hierarchy using the Subparam part
from the Special library. This allows different parameters to be passed to hier-
archical blocks or symbols. For example, you may have a filter block where the
gain of the filter is programmed by a single resistor. Using the Subparam part,
different resistor values can be passed down to each filter to set up different filter
gains. Figure 20.11 shows one such implementation where a different value for
RVAL sets different filter gains for HB1 and HB2.

HB1

t1
— i out I—"—

low pass filter

RVAL=100k
Vin |
HB2
out2
—Pin ot p———

low pass filter
RVAL=200k

FIGURE 20.11
Passing subparam RVAL values to hierarchical symbols.

20.4 HIERARCHICAL NETLIST

PSpice can generate a hierarchical netlist such that instantiated subcircuit defi-
nitions will only appear once in the netlist. In Figure 20.12, there are two sub-
circuits declared at the top level, X_U1 and X_U2, which reference the subcircuit,
osc125Hz. Rather than include the text for both subcircuit definitions in the
netlist, only reference calls are made to the subcircuit.



* source HIERARCHY

V_V1 N0O0673 0 12V

V_Ve N0z404 0 -12V

X_Ul 0UT1l NOO673 NO2404 osclz5Hz PARAMS: RVAL=160k
X U2 0UTZ NOO673 N0O2404 osclzZ5Hz PARAMS: RVAL=160k

. SUBCKT osclzSHz OUT VCC V35 PARAMS: RVAL=160K

E N24151 0 0.0lu IC=0 TC=0,0
R_R1 N24187 OUT 160k TC=0,0

R_R2 N24151 OUT 160k TC=0,0

X_ULA Nz4187 N24151 VCC VS$ OUT AD648A
R_R3 0 N24187 910k TC=0,0

.IC V(N24151 )=0

.ENDS

20.5 EXERCISES
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FIGURE 20.12
Hierarchical netlist.

Whenever you create a hierarchical design, it is recommended that no power
supplies be included in underlying schematics. Power supply ports should be
included on the hierarchical symbol and blocks such that the overall power
supply connections are made at the top level where they are visible. The ground
symbol, though, is global to all designs and so this does not need a port unless

you are using separate digital and analog grounds.

Exercise 1

You will create a hierarchical top—down design shown in Figure 20.13, where
the top block references an underlying bottom schematic. Hierarchical blocks

cannot be saved to a library.

HB1 FIGURE 20.13
Block diagram project.

. Vout
H in out

10V z " § "
T Bottom 1k
4L —
-0 -0

1. Create a new project called Top Down Design.
2. In the Project Manager, rename SCHEMATICI1 to Top.



3. Create a new schematic called bottom, highlight the Top Down Design.dsn
file and rmb > New Schematic and name it Bottom.

4. In the Project Manager, select the schematic Bottom, rmb > New Page and
accept the default Pagel name.

5. Your Project Manager should look like that shown in Figure 20.14.

= O Design Resources
= B \hierarchy.dsn
= TOP
PAGE1
=03 Bottom
PAGE1
& Middle
# O Design Cache

FIGURE 20.14
Hierarchical design folders.

6. Open the schematic for Bottom and draw the circuit in Figure 20.15. For the
hierarchical ports, Place > Hierarchical Port and place a Hierarchical port
(PORTRIGHT-L) on the output node out and a PORTRIGHT-R on nodes
in and out. Save and close the schematic page.

FIGURE 20.15 in

Resistor potential divider.
R1

1k

R2
1k
=
7. Open the schematic for the Top folder.

8. In the Project Manager, select Place > Hierarchical Block and enter a value
for the reference designator. In Implementation Type, select Schematic
View and enter Bottom as the Implementation name as shown in
Figure 20.16. Leave the Path and filename blank as the schematic is part
of the project. Click on OK.

out
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. . P FIGURE 20.16
Place Hierarchical Block Defining the hierarchical block and the referenced
Reference: Primitive l oK ] schematic.

[HET 1 ONo
O Yes [ Cancel ]
(&) Default [ User Properties... ]
[ Help J
Implementation
Implementation Type
| Schematic View b
Implementation name:
Botom ]
Path and filename
| L Browse... _|

9. When the cursor changes to a cross-hair, mouse click once and then draw
a rectangular block. The hierarchical port names on the bottom schematic
will appear as hierarchical pins on the block. Move the pins as shown in

Figure 20.17.
HB1
[. in out ’]
Bottom
FIGURE 20.17

Hierarchical block with pins added.

10. Select the block and rmb > Descend Hierarchy (or double click on the
block) and the underlying Bottom schematic will appear.

11. In the schematic, rmb > Ascend Hierarchy will take you back up to the top
level.

12. Place a Vpc voltage source on the input and a resistor on the output as
shown in Figure 20.18. Place a voltage marker on the output and run
a bias simulation and confirm the output voltage of 5 V.



FIGURE 20.18 HB1
Testing hierarchical block.

+

. Vout
H in out
V1

§ R1
10V — 1K

Bottom

S
|

Exercise 2

CREATING A HIERARCHICAL SYMBOL WHICH CAN BE SAVED TO
A LIBRARY

1. Create a new project called Hierarchy. In the Project Manager, rename
SCHEMATIC1 to osc125Hz (Figure 20.19).

O3 Fie | %8, Hierarchy
= B Design Resources
= B3 hierarchy.dsn
:
+- 0 Design Cache
=3 Library
8 Cutputs
#- PSpice Resources

FIGURE 20.19
Rename SCHEMATIC1 folder to osc125Hz.

2. Draw the circuit in Figure 20.20. The AD648 opamp is from the opamp
library. If you are using the eval version, use the uA741 opamp from the
eval library. For the hierarchical ports, Place > Hierarchical Port
(Figure 20.21) and place a hierarchical port (PORTRIGHT-L) on the output
node out and a PORTRIGHT-R for the VCC and VSS power supply connec-
tions. Name the power ports VCC and VSS, respectively, and draw a short
wire to each port as shown in Figure 20.20.

The wires connected to the hierarchical ports for VCC and VSS will automat-
ically be named VCC and VSS, respectively, and hence will be connected to
the opamp power pins.

In order for the circuit to oscillate, an initial condition of 0V needs to be
placed on the capacitor. Place an IC1 from the special library on the capac-
itor C1, as shown in Figure 20.20.
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R2 FIGURE 20.20

ANN———— 125Hz oscillator.
vee [ >—— 160k

vss[ >—— iy
7
T ic=0

ADG48A

2
> out
3
— c1
T 0.01u U1A l
[o0]
VCC
— R1
0
ANN—
160k
§ R3
910k
)
: : FIGURE 20.21
Place Hierarchical Port @ Hierarchical pors.
Symbok ; m
[PORTRIGHTL }

SR = Cancel
[PORTNOR/COPSYM A
PORTRIGHT-L/CAPSY — £dd Library...

:
PORTRIGHT-R/CAPSY. || | €—>PORTRIGHTL
PORTRIGHT-R/Design v

(Femove Ly )

Help

Libraries:

CAPSYM
Design Cache

SOURCE
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TIP

When you first place the hierarchical ports and the net name is some distance
away from the port, rotate the port four times and the net name will be placed
closer to the port.

w

. Save the Project.

. Create a hierarchical symbol by highlighting the dsn file (Hierarchy.dsn) in

the Project Manager and select Tools > Generate Part.

5. In the Generate Part window, select Netlist/source file type: to Capture
Schematic/Design. Then in the Netlist/source file, browse to the Hierarchy
project folder and select the Hierarchy.dsn file. Do not exit yet.

6. You need to create a library for the new hierarchical part, so in the Destina-
tion Part Library, call the library Hierarchy and save it in the PSpiceExercises
folder or a folder of your choice.

7. Note that the Source Schematic name now shows the schematic name

0sc125Hz rather than SCHEMATIC1. Your Generate Part window should

look similar to that shown in Figure 20.22.

FIGURE 20.22 G P @
Generating a hierarchical symbol for the osc125Hz enerate Part

schematic. Netlist/source fie: ([ ok
C:\PSpice Exercises\workdirshierarchy\HIERARCH | | Browse... | -
-Eance!

S

Netlist/source file type: Primitive
Capture Schematic/Design R Oy
L 2 =) es
Part name: (O Default FPGA Setup
pscT 25Hz

[] Copy schematic to library

Destination part fibrary:

C:\PSpice Exercises\workdin hierarchyAHIERARCHY olb

(®) Create new part () Update pins on existing part in ibrary.
Soit pins Additional pins
() Ascending order o
(O Descending order

Retain alpha-numeric pin-numbers. Device is pin grid array type package.

Implementation
Source Schematic name:

j osc125Hz v
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8. Ifyou are using version 16.3, the Split Part Section Input spreadsheet will
open. Click on Save and OK.

9. In the Project Manager, you should see the hierarchy.olb library file
added to the Outputs folder. Move the hierarchy.olb from the Outputs
folder (or you can cut and paste) to the Library folder as shown in
Figure 20.23 and expand the library to see the osc125Hz library part.

cRml| brary FIGURE 20.23
® g‘_Qgence‘\:ggg_lg.g}\too:s}capb.srek:igary\\gspicekgrnalzg.olbIb The Hierarchy.olb Capture library
= 2B C: ence _16.3\tools\capturellibrary\pspice\breakout.o .
o C:\Cadence\SPB_16.3\tools\capture\library\pspice\source.olb has been added to the Library folder.
+ C:\Cadence\SPB_16.3\tools\capture\library\pspice\sourcstm.olb
® C:\Cadence\SPB_16. 3\tools\capture\library\pspice\special .olb
= BB \hierarchy.olb
© 0scl125Hz

10. Double click on the 0sc125Hz part in the Hierarchy library, which will open
the Part Editor and display the part as shown in Figure 20.24.

u? FIGURE 20.24
The generated osc125Hz symbol.
ouT -
vee -
V&S -
. <Va|ué>

11. Double click on <Value> and enter a Value of osc125Hz as shown in

Figure 20.25.
? ; . FIGURE 20.25
Display Properties m Entering the displayed value
Eont property of 0sc125Hz.
MName: Value 2
Arial 5

[Qhange... ] [_U_se Default]

Display Format
) Color
(O Do Not Display —_
e, EE—
(O Namg and Value Rotation
(O Name Only ®0 O 180
(O Both if Value Exists O a0 (@)X

0K l[ Cancel ] [ Help ]
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12. Double click on the pin connected to OUT, and in Pin Properties, select the
Shape as Short, Type as Output and pin Number as 1 (Figure 20.26) and

click on OK.
FIGURE 20.26 5 - s
Pin properties for the 0sc125Hz. Pin Propert1es
out e v .
Number: Tupe:
| ot ]
e

13. Change the VCC pin shape to Short of type Input and pin number 2.

14. Change the VSS pin shape to Short of type Input and pin number 3.

15. Double click anywhere in the Part Editor to display the User Properties box
(Figure 20.27). Highlight Pin Numbers Visible and select True from the
pull-down menu. Click on OK.

FIGURE 20.27 .
RO User Properties @

Properties
Name Value Attributes

Implementation Path C:A\PSPICE EXERCIS... A
Implementation Type Schematic View N

| eW...
Implementation osc125Hz -
Name 0sc125Hz Normal R Remove
Part Reference Uz Ry &=

Pin Names Rotate True Display...
Pin Mames Visible True

} Pin Mumbers Visible
Pin Mumbers Visible %rTrue v ‘

16. Move the output pin from the left- to the right-hand side and resize the part.
Your osc125Hz symbol should look similar to the symbol in Figure 20.28.
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Uz
2| vee
3| vss
out I
osc125Hz

FIGURE 20.28
Modified osc125Hz symbol.

17. Double click anywhere in the Part Editor to display the User Properties
window, which displays the generated properties. Click on OK. Close the
Part Editor by closing the Hierarcy.olb window (click on the upper right-
hand cross in Windows).

Exercise 3

TESTING THE OSCILLATOR IN A HIERARCHY

1. We need to test the osc125Hz hierarchical symbols. Create a new schematic
by selecting Hierarchy.dsn and rmb > New Schematic and name it Test
Osc125Hz. By default, the new schematic is named SCHEMATIC1. Highlight
SCHEMATIC1 and rmb > Rename to Test Osc125Hz.

2. Highlight Test Osc125Hz and rmb > New Page, accept the name PAGE1
and click on OK. Your Project Manager window should look like that in
Figure 20.29.

=3 Design Resources
- B3 hierarchy.dsn

= 0sc125Hz

B PAGE1L

B PAGE1

FIGURE 20.29
Project Manager schematic folders.

3. Double click on PAGEL1 in Test Osc125Hz and draw the circuit diagram in
Figure 20.30. The osc125Hz can be found in the Hierarchy library. Make
sure V1 is 12Vand V2 is —12 V.
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FIGURE 20.30
Test circuit for osc125Hz.

U1
2
3 VCC
VSS
1 out1
ouT Mm@

V1 V2
+ +
12v — 12V — osc125Hz

4. Create a simulation profile called transient and run the simulation for

200 ms.
5. Try to place a voltage marker on the net outl. You will get a message as

shown in Figure 20.31.

FIGURE 20.31 OrCAD Capture CIS

Hierarchy message.
B Markers cannot be placed on a page that is not within the current hierarchy.

o ]

NOTE

The Test Osc125Hz should be at the top level known as the root schematic. You
can run a simulation on the Osc125Hz oscillator but not on the Test Osc125Hz
as it is not in the hierarchy. This is an ideal way to progressively simulate
a circuit from the bottom upwards to test each level of the hierarchy.

6. In the Project Manager, highlight the Test Osc125Hz folder and rmb >
Make Root. You will get another message saying that the design must be
saved first.

7. Save the design and highlight the Test Osc125Hz and rmb > Make Root.
This time the Test Osc125Hz will be placed at the top of the hierarchy and
a slash symbol will appear in the yellow folder (Figure 20.32). If you do
not see the response as shown, check the power supplies and make sure
that you placed an initial condition on C1.



CHAPTER 20 €D

=B Design Resources
=B} hierarchy.dsn
= Test Osc125Hz
B PAGE1
=6 0scl125Hz
B PAGE1

FIGURE 20.32
Making Test Osc125Hz the root schematic.

8. You will have to create another simulation profile before you place the
voltage marker.
9. Run the simulation. You should see the oscillator response as in Figure 20.33.

20V
10V 1
0V
-10V 1
-20V T T T T T T : : :
Os 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms
V (OUT1) Time

FIGURE 20.33

Output of osc125Hz.

Exercise 4

You will create a subparameter in the osc125Hz circuit which will appear on the
hierarchical symbol such that a value can be entered on the symbol and passed
down to the schematic.
1. Modify the osc125Hz circuit as shown in Figure 20.34. The subparam part
can be found in the special library.
2. Double click on the subparam parameter and in the Property Editor, add
a new row (or column) adding RVAL with a default value of 160 k. Select
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R2
—— VWA
vee[  >——
@RVAL SUBPARAMETERS:
Ves RVAL = 160k
vss[ >—r o
T Jic=0
> out
= 1
T ootu
= R1
160k
§ R3
910k
-0
FIGURE 20.34

Making R2 a hierarchical parameter.

RVAL and rmb > Display (Figure 20.35). In the Display Properties window,

select Name and Value (Figure 20.36).

3. In the schematic, replace the value of R2 with @RVAL as shown in

Figure 20.34.
Save the schematic.

Eal

5. Generate a Part for the new osc125Hz as in Exercise 2 and modify the pins in

the Part Editor as described in Exercise 2.

RVAL 160k
Source Library CACADENCASPSE_16. Pivot
Source Package SUBPARAM N
Source Part SUBPARAM Norma BdlE:..
Value SUBPARAM Delete Property
4« v hParte { Srhematic Neate IF| DISDlEIV... |

FIGURE 20.35
Creating an RVAL property with a value of 160 k.
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. : 7 FIGURE 20.36
D1splay Propert1es Displaying name and property of RVAL.
; Font
Name: RWValL Arial 7
Value: | 160k ‘ [ Change... ] [_L_lse Default]
Display Format
i Color
(O Do Not Display —
O Value O T
©ON Fotation
() Name Only o O 180°
O Both if Value Exists O 9o0* O 270°
[ OK ] [ Cancel ] [ Help ]

NOTE

The schematic will still contain the previous osc125Hz part, so you will need to
delete the old part and replace it with the new part. Alternatively, you can update
the part in the Design Cache. The Design Cache is effectively a library which
contains all the parts in the schematic. When you delete a part from the sche-
matic, the Design Cache still holds that part until you select Cleanup Cache. The
Design Cache can be used to update parts and replace parts.

6. In the Project Manager, expand the Design Cache and select the osc125Hz
(Figure 20.37).

= B Design Resources
= B3 hierarchy.dsn

# Test Osc125Hz

+ 63 osc125Hz

= 62 Design Cache

s
w0

% 0

o ADB48A . C:\CADENCE\SPB_16.3\TOOLS\CAPTURE\LIBRARY\PSPICEV\OPAMP.COLB

o C: CACADENCE\SPB_16.3\TOOLS\CAPTUREVLIBRARY\PSPICEWANALOG.OLB

© [C1 : C:\CADENCE\SPB_16.3\TOOLS\CAPTURE'LIBRARY\PSPICE\SPECIAL.OLB
0sc125Hz | C:\PSPICE EXERCISES\HIERARCHY\HIERARCHY .OLB

ar PORTRIGHT-L

«¢ PORTRIGHT-R

o R C:\CADENCE\SPB_16.3\TOOLS\CAPTURE\LIBRARY\PSPICE\ANALOG.OLB

= SUBPARAM : CACADENCE\SPB_16.3\TOOLS\CAPTURE\LIBRARY\PSPICE\SPECIAL OLB
& TitleBlockD

FIGURE 20.37
Design cache showing parts in the schematic.



7. Select rmb > Update Cache. Click on YES to Update Cache and click on OK

when asked if you want to save the design.
8. Your Test Osc125Hz schematic should contain the new osc125Hz part as

shown in Figure 20.38.

FIGURE 20.38 ) U1
Test circuit with modified - vee
0sc125Hz part. VSS
1 out1
ouT ——~—"—"
N V1 N V2
12v — 12V —— 0sc125Hz
- — RVAL = 160k
-0 o0
9. Modify the RVAL to 100k and run the simulation. You should see a different
oscillator period displayed in Probe, as shown in Figure 20.39.
20V
10V
0V
-10V 1
-20V T T T T T T T T T
Os 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms
V (OUT1) Time
FIGURE 20.39

Using a value of 100k for the oscillator.

Exercise 5
The Digital Counter hierarchical design presented here will be used in the Test

Bench in Chapter 22.
Figure 20.40 shows a hierarchical design put together based on the 555 clock
oscillator in Chapter 19 connected to the mod 3 sync counter in Chapter 18.
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Clk Counter

vVCC

QA .—QA

+
I~
<

clk
clk . clk

Vv

B
QB Q
— clock counter
0
FIGURE 20.40
Hierarchical design of digital counter.
The modified clock and counter circuits that will be used are shown in Figures
20.41 and 20.42, respectively.
vee > 1 FIGURE 20.41
Clock oscillator.
R1
10k 6
u2
9 vce
TRIGGER 3
Ra 2 RESET OUTPUT-———— >ck
10k 7 e & | CONTROL
= THRESHOLD
[ ]ie=0 1 DISCHARGE
GND
c1 = - c2 \
220n | T ton _ 1" 5558
. 1 =0
-0 -0
U1A
1
3 ( ‘2
< >QA
CD4001A
U2A L
B 4
4] & |15 QA 9| & |11 oB
Jlaa JlmapF———+1  >aB
1
ok > b CLK — %3k
16 _ |14 12 _ 110
— K ‘%Q X K ‘EQ X
(@] (@]
7 TAHCT6 QT 74HCT76
HT>
FIGURE 20.42

Modulus 3 counter.
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FIGURE 20.43
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Create a new project Digital Counter and rename SCHEMATIC1 to Digital
Counter.

Open the project Clock Oscillator from Chapter 19, Exercise 2.

Place the two Project Managers side by side. You will copy and paste the
clock schematic folder from the Clock Oscillator Project Manager to the
Digital Counter Project Manager.

Highlight the clock schematic folder and press control-C. Highlight
Digital Counter.dsn and press control-V. Close the Clock Oscillator
project.

If you did not rename SCHEMATIC1 in the Clock Oscillator to clock,
select rmb > Rename. Close the Clock Oscillator project.

Open the Mod 3 Counter project in Chapter 18, Exercise 1, and as in Step 3,
copy the counter schematic to the Digital Counter Project Manager. Close
the Mod 3 Counter project. Your Project Manager should appear as in
Figure 20.43.

Clock and counter schematics added to the digital  BCzEN @6 Y 244 =d [of 28 = 4 3 - {ad [ 24 T D@

counter project.

Analog or Mized 4/D

178 '3'%*"1. Hierarch};
=0 Design Resources
= B3 digital counter.dsn
= Digital Counter
B PAGE1
w8 clock
#-E counter
# 3 Design Cache
@ O Library
6 Outputs
= - PSpice Resources

You will create a hierarchical design with two hierarchical blocks at the top
level referencing the clock and counter circuits as seen in Figures 20.40 and
20.41. Hierarchical ports will be added to the clock and counter circuits
such that hierarchical pins will automatically be added when the hierar-
chical blocks are created.

Open the clock schematic and delete the 9 V voltage source, V1, and its asso-
ciated 0 V ground symbol. Delete the load resistor connected to pin 3 of the
555 and delete the net name out (if added).
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6. Select Place > Hierarchical Port. Select the PORTRIGHT-L and name it clk
(Figure 20.44). Click on OK and add the port to the clock output node.
Place a hierarchical port for VCC on the VCC node. It really is your choice
as to which type of hierarchical port symbol you use for input and output
ports. Your circuit should be similar to that in Figure 20.41.

. . FIGURE 20.44
Place Hierarchical Port B] Adding a hierarchical port and naming it clk.

Symbok
|PORTRIGHT-L .
[PORTNO-R/CAPSYM |
-/b.PSY s | Add Library... |
I -L/Design | ¢
| PORTRIGHT-R/CAPSY. | | €—>FORTRIGHTL
| PORTRIGHT-R/Design v |
Libraries:
[ CAPSYM |
| Design Cache Name:
| SOURCE [

[ ek
[] Show UnNamed NetGroup

7. Double click on the clk port to open the Property Editor. Click on the pull-
down menu for the Type property value and select Output (Figure 20.45).
Close the Property Editor. The VCC port will be of type input by default.
Close and save the schematic.

NOTE

By default, hierarchical input ports are placed on the left-hand side and output
ports on the right-hand side of hierarchical blocks. You can always change the
port types by double clicking on the hierarchical block pins.

= ; v FIGURE 20.45

vp | Output l Hierarchical port types.
Input
Bidirectional

Open Collector
Passive

3 State
Open Emitter
Powver




8. Open the counter schematic and remove the digital clock source. Place hier-
archical ports on the clk, QA and QB wires as shown in Figure 20.42. As in
Step 7, change the QA and QB hierarchical ports to type output. Close and
save the schematic.

9. Open the top-level Digital Counter schematic, select Place > Hierarchical
Block and enter the details as shown in Figure 20.46. Leave the Path and
filename empty. Click on OK and draw a rectangular block. The VCC and
clk pins will appear as seen in Figure 20.40.

If no pins appear on the block, double click on the hierarchical block to open
the Property Editor and check to see that the Implementation value is
named correctly as clock.

NOTE

If you have forgotten, for example, to add a VCC port, add the port in the clock
schematic and rmb > Ascend Hierarchy. Highlight the clock block and rmb >
Synchronize Up. The VCC port will be added as a hierarchical pin to the block.

FIGURE 20.46 - 4
Creating a hierarchical block. Place Hierarchical Block @

Reference: Primitive I oK I
O Yes [ Cancel I

(%) Default [ User Properties... J

l Help J

Implementation

Implementation Type

Schematic View v

Implementation name:

[Clock

Path and filename

| ]

10. Draw another hierarchical block as in Step 9 and name this counter
(Figure 20.47). Click on OK and position the hierarchical pins as shown
in Figure 20.40.

11. Complete the circuit as in Figure 20.40.
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FIGURE 20.47

Place Hierarchical Block Creating a hierarchical block for the counter circuit.
Reference: Primitive I 0K ]
‘ Counter } O MNo

O Yes l Cancel ]

(%) Default [ User Properties... ]

l Help J
Implementation

Implementation Type
[Schemalic View N I

Implementation name:

‘ Counter I

| Browse...

Path and filename
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The Magnetic Parts Editor (MPE) is used for the design of transformers and
inductors in switched mode power supply topologies. In particular, the MPE
provides a complete transformer design cycle for forward converters, both single
and double switch, and a flyback converter operating in discontinuous
conduction mode. At the end of the design cycle, the MPE generates a compre-
hensive data sheet which manufacturers can use for the fabrication of trans-
formers and inductors. The MPE also generates the inductor and transformer
PSpice simulation models.

Included with the MPE is a database of commercially available magnetic parts
such as wire types, insulation material, bobbins and magnetic cores. You can add
to this database by creating your own magnetic parts.

21.1 DESIGN CYCLE

The design cycle consists of a series of design steps which are numbered as you
progress through the design. The design steps for a DC—DC converter using the
flyback topology will be presented here as an example.

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00021-0
Copyright © 2012 Elsevier Ltd. All rights reserved.
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The specifications are:

DC input minimum: 50V

DC output 12V with less than 100 mV pk-pk ripple
DC output 0.5 A with less than 5 mA pk-pk ripple
switching frequency: 40 kHz

efficiency: 75%

maximum duty cycle: 45%

The MPE is started from the PSpice Accessories menu.

21.2 EXERCISES

Exercise 1

Start the MPE from the Start menu. Start > All Programs > Cadence (OrCAD)
<release number> PSpice Accessories > Magnetic Parts Editor

STEP 1: COMPONENT SELECTION

The first design step in MPE is the selection of one of the components
(topologies) to be designed (Figure 21.1), in this case a flyback converter

x|

Design Steps

A

Step 1: Component Selection

FIGURE 21.1
Topology selection.

Select the magnetic component to be designed. Also, enter the name and the destination location of the
simulation library to be generated.

Select component to be designed

- O Power Transformer (Sine and Pulse wave)

-j[]'-: O Forwerd Conveter (Single Switch Toplogy)

:j[:ilt: (O Forward Converter [Double Switch Toplogy)

MY IES

T © Pk vt Discaiies Conducion Mo

j © DC Inductor (Single Winding )

<< Back [ Next>> ]uancel ][ Help ]
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(discontinuous conduction mode). Select File > New and the Component Selec-
tion window will open as shown in Figure 21.1.

On the left-hand side of the window are the completed design steps, which allow
you to keep track of which step in the design cycle you are at. You can click on any
design step at any time to go back to review the parameters entered. On the right-
hand side are the available design components (topologies).

Select Flyback Converter and click on Next >>.

STEP 2: GENERAL INFORMATION

The second step is to enter the design specifications (Figure 21.2) for the trans-
former. In this case there will be one secondary; the insulation material will be
nylon with a current density of 3 A/mm?. The efficiency, from the given specifi-
cations, is 75%.

ha b Specify the values for the transformer design parameters.

Design Steps

E Input Specifications
243 No. of Secondary: |4
Step 1: Choose component : : I l
Er E Insulation Material I NYLON 700 |U‘\ﬂl
Pt : 2
Step 2 General Information E e |3 lAs‘mm
Output Specifications
Efficiency 75 %

[ << Back ]E MNext >> ][ Cancel 1[ Help ]

FIGURE 21.2
Transformer design parameters.
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The maximum number of secondary windings is nine, but for forward
converters only one secondary winding is allowed. You have the option to select
the transformer insulation, which by default is nylon. The other provided mate-
rials are shown in Figure 21.3.

Insulation Material NYLON 700 0 v 1
A Name Breakdown [/mm Thickness (mm)
CurentDensity 17 e 500 12510
KAPTON 2000 2.4
NYLON 700 0.2,051
Dutput Specificatior{ TEFLON 5000 0.1,0.5083
NONE 0 0

FIGURE 21.3
Insulation materials available in the installed database.

You can enter your own insulation materials: Tools > Data Entry > Insulation in
the Enter insulation material window (Figure 21.4).

Enter insulation material @

Material Name [ nvion
Breakdown Strength | 700
Thickness {mm) — .

Thickness: R O S 2
[
|

sl JJIE > Ml

I Delete ] [ Close ]
FIGURE 21.4

Entering new insulation material data.

Enter the design parameters as shown in Figure 21.2 and click on Next >>.

STEP 3: ELECTRICAL PARAMETERS

This is where the electrical design parameters from the specifications are entered
(Figure 21.5).

The secondary voltage and current are root mean square (RMS) values. The voltage
isolation is the gap or distance between the primary and secondary windings.
Enter the electrical parameters as shown in Figure 21.5 and click on Next >>.

STEP 4: CORE SELECTION

Selection of the magnetic core for the transformer depends on the shape and
material. The physical diagram shown for the core in Figure 21.6 is updated
when you select another shape such as a toroid, EE or UU.
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Design Steps Specify the values of the electrical parameters used in transformer desian process.

Primary ‘inding
e Primary Voltage |5 | W
b Avag.
e : Secondary Winding
Step 1: Component Selection
A0 e GBI P B
; il S0 12 0.5
ST
Step 2: General Information
g
ot T
Step 3: Electical Parameters Output Specifications
SR Operating
g Frequency |4le I Hz
et Yoltage Isolation|1 | mm

Step 4: Core Selection

Input Source Specifications
Waveform: Pulse

Max Duty Cycle |45 &

&ack “ Next >> ][ Cancel ][ Help ]

FIGURE 21.5
Specifying the electrical parameters.

Change the Vendor name to Ferroxcube and from the Family Name pull-down
menu, select Toroid and UU to view the respective geometrical data for the cores.
Change the Family Name back to EE.

You can enter other manufacturer’s core data by selecting Tools > Data Entry >
Core Details > Core (Figure 21.7).

You can also enter core material data by selecting Tools > Data Entry > Core
Details > Material (Figure 21.8).

Initially, you will specify a manufacturer’s magnetic core material and then let
MPE propose a magnetic core using the specified core material. The MPE will
determine whether the coil windings will fit on the core.

The MPE core database includes the Ferroxcube range of magnetic cores. For this
design, the Ferroxcube EE low-power (10 W) grade 3C81 material will be used as
a starting point. These cores are specified for a 67 kHz switching frequency and
an output voltage up to 12'V:

Set the Vendor Name to Ferroxcube.
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—zlxl Enter core specifications. To generate a list of cores that satisfy your requirements, select the Propose
Design Steps Part button.
Input Core Specifications
| : 7 Vendor Name:
(223 Family Name
Step 1: Component Selection
P Material R [500m  110m 14 230 2.30000k v
3
L Design Parameters
Step 2 General Information Operating B 375m Tesla Utiization Factor
| B—+ <
I
%a S
Step 3: Electical Paiameters Core Fropeities
Vendor Part o
o A FE
K Cosvihme [ Jon?  MogcPoblag[ jm :
1 ™M
s CatSbcion S S T —
.

b e L — o

Vowatep [ Jmn  welwwen [ e b T

= I Core_Ly c

ol O e S — [
Window Width  (B-F) /2

AL Value I:] Surface area  (AC + 2(DP
TEABAILLI 2 + A(B-D) +2DL} +2BC)

FIGURE 21.6
Core specifications.

Enter core gl

Vendor Name

Family Mame IEE hd |

Material |F_ 490m 120m 16 250 ] ¥ r_B_’| ; =
Vendor Part Number - ! I

Core Properties

A
Core Volume 1ek mm3  Magnetic Path Length | 98.40000 mm
(
Cross Section Area mmZ  Core Weight ann | |
X
Area Product 35.50000k mm?  Surface Area 508552k mme L_ Sl
kil A oy
o mm 9.54000 |Gty 4
Core Lx 11.90000 mm  Corely mm | Window Height 2D
Window Width  (E-F) /2

AL Yalue 60 k{1000 Turns Surfacearea  (AC + 2(DF

+ A(B-D) +2DL} +2BC})
S | S | T

Delete ][ Close ]

-
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FIGURE 21.7
Creating a magnetic core.
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Material Name | 367

Material Properties

Hc [15
Frequency | 1

Core Loss Figures

BMax | 450m

Br [ 150m | Tesla

Temperature | 170 =

Permeablity %

Frequency (Hz) | Coreloss Density (Watts.-KG)l B Val (Tesla) &
1
2
3
4
5
[
7
8
9
10 v
( - >
J[L>>1 [ mew |
[ Delete J I Close I
FIGURE 21.8

Creating the magnetic core material.

Set the Family Name to EE.

Set the Material to 3C81.
Click on Propose Part.

The MPE will return a suitable Vendor Part and will show the respective physical
dimensions for the core. The pull-down menu for Vendor Part contains a list of
other suitable cores from the database that will also meet your specification.

In this example, the core E13_6_6 will have been selected, as shown in

Figure 21.9.
Click on Next >>.

STEP 5: BOBBIN-WINDING SELECTION

This step selects the bobbin which fits on the core and on which the wire is
wound. In Figure 21.10, the Bobbin Part No. is shown as NO_NAME, which
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==l Enter core specifications. To generate a list of cores that satisfy your requirements, select the Propose
Design Steps Part button.
Input Core Specifications
q Wendor Name | Faioxcube L\i—JJ
[T : FamipName g &l
Step 1: Component Selection <
Material 3081 450m [110m 15 210 2.70000k v
L
E] Design Parameters
Step 2 General Information Operating B 337 50000m Tesla Utiization Factor
z i TR
!ﬂ] Propose F’al} r , :
Step 3: Electrical Parameters Core Properties TT
- Yendor Part | E136.6 L!J-l 4 _I .
gﬂ Core Volume bss |’ Magnelic Path Length (2770000 |mm _'4?_1
Step 4: Core Selection Cross Section Area l'll'fl2 Core weight 2.80000 am Lo
Area Product mm Suface Area 4947200 | izl
Wi (oo | Wi e
Cools  [sam  |m  Coely ooy Jmm | Bttt 2>
Surfac: (AC + 2{DF
ALYale AL D R T
[ «Back ][ Newts» ][ cancel |[ Hep |
FIGURE 21.9
Bobbin and wire properties.
x| Select bobbin part number and winding parameters.
Design Steps
Baobbin Properties
L Core P
ait No. E13.6.6
% G )
Step 1: Component Selection Bobbin PartNo. | NO_NAME v

E Window Height £.20000 mm  Window Width mm
% bl [52m mo Bl ®

Step 2: General Information

; ‘Winding Details
ot T ‘Wire Type Wire Standard
® Single O Litz O Foill @ AWG O SwWG
e
!ﬁ Winding Name | Gauge
: Calant PO 27
Step 4: Core Selection S0 =

%1

Step 5: Bobbin\Winding Selection

| <«Back || MNewt>> || Concel |[ Hep |

FIGURE 21.10
Bobbin and wire properties.
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indicates that there are no bobbins in the MPE database. If no bobbin is speci-
fied, then a default bobbin wall thickness of 1 mm is used to calculate the
bobbin dimensions based on the core dimensions. To add a bobbin, select Tools
> Data Entry > Core Details > Bobbin (Figure 21.11).

Enter bobbin @

Yendor Name IFerroxcube v !
Farnily Mame IEE T I
CorePartNo. | ) v
Bobbin Part No. U |
Bobbin Properties
Windowwih | |om WindowHeight [ [mm

Bobbin Lx ™ BobbinLy I

Reset Delete Close

FIGURE 21.11
Creating a new bobbin.

Figure 21.12 shows the bobbin orientation and dimensions given in core vendor

datasheets.
>~
> >
> N
X — bobbin window height
Y — bobbin_Lx
Z —bobbin_Ly
FIGURE 21.12

Bobbin Dimensions.



For the bobbin shown in Figure 21.12, to fit into the core, the calculations are:
bobbin window height = core window height — (2 x bobbin thickness)
bobbin window width = core window width — (1 x bobbin thickness)
bobbin_Lx = core_Lx 4 (2 x bobbin thickness)
bobbin_Ly = core_Ly + (2 x bobbin thickness)

For this example, the default NO_NAME bobbin will be used, as the core dimen-

sions are not yet finalized.

The Bobbin-Winding Selection window in Figure 21.10 also shows the proposed

wire types (diameters) for the primary and secondary coils. You can also select

between the different AWG and SWG wire standards.

NOTE

You may see a warning message stating that a LITZ winding should be used instead of
a single winding. In this case, select the single winding in step 5 (Figure 21.10).

Click on Next >>.

STEP 6: RESULTS VIEW

Figure 21.13 shows the spreadsheet of results. In order to see the full spreadsheet,
turn off the Steps view: View > Steps View.

Input Parameters | Output Parameters

Electrical Specifications Winding Parameters Calculated Values

Primary Voltage (V) 50 Winding Hame PO S0 Core Loss (Watts) £5.13935m

Secondary Voltage 1 (V) 12 Peak Current (A) 0711111111111 1818181818162 | Achieved Efficiency (%) 97.28357

Power (Watts) 6 RMS Current (A) 0.2754121490636 0.77 1615  Achi: d R lation (%)

Frequency (Hz.) 40k No. of Turns a 24 Window Occupied (%) 102.5065234659

Efficiency (%) 75 Min. Inductance (H) 0.000791015625 Temperature Rise (C) 27 46545

Duty Cycle (%) 45 Wire Gauge" 27 22 Total Buildup (mm) 8.44600

Component Type Flyback Transformer Turns/Layer 12 7 Total Copper Loss (Watts) 102.39750m
Ho of layer 7 4 Fringing Coefficient 1.22069

Design Status Error Inter layer Insulation (mm)* 0.2 02 Operating Flux Density (Tesla)' 0.3324890102445
End Insulation (mm)* 02 0.2 AC Flux Density (Tesla)

Core Details Winding Buildup (mm) 4042 3.404

Vendor Hame Ferroxcube Winding resistance (Ohm) 0.5668054726953 0.09301702558053

Part Humber E13.66 Copper Loss (Watts) 0.0429932447437  0.0534042579276

Core Type EE Leakage Inductance (H) 0.0002138027247611

Core Material 3C31 Voltage Drop (V) 0.1561051133361 0.0763061509243

Bobbin Part Humber NO_NAME

GAP* (mm) 255.48260m

Voltage Isolation (mm)* 1 Ho. Of Strands 1 1

Maximum Flux Density (Tesla) 337.50000m Foil Thickness (mm)

Current Density (A/mm2)* 3 Foil Width (mm)

I ! Material' NYLON

Wire Type AWG

% Manufacturer Report ﬁMadel View

I ®INFO: Designing winding layout complete.
®CRROR: The PO winding could not be fitted in the core. Try design changes to achieve success.

FIGURE 21.13
Spreadsheet of results.
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In the spreadsheet, the Design Status reports that there is an error (Figure 21.14)
and the warning message at the bottom of the results spreadsheet indicates that
the PO winding could not fit into the core.

®NFO: Designing winding layout complete.
®ERROR(ORMAGDE-1104): The PO winding could not: be fitted in the core. Try design changes to achieve success.

3

FIGURE 21.14
Design has not been successful.

So either the wire diameter for the secondary needs to be reduced or you need
to use a different core material or a larger core. You could also reduce the
distance between the primary and secondary windings (Voltage isolation in
Step 3).

Go back to Step 4: Core selection and select the material as 3C90.

Click on Propose Part.

Select the E19_8_9 core, which has a larger core size, as seen in Figure 21.15.
Click on Next >> and progress to the Results View.

Enter core specifications. To generate a list of cores that satisfy your requirements, select the Propose
Design Steps Pait button.
S Input Core Specifications
H Aendor Name Feroxcube v ‘
Pt : Eanily Name EE &)
Step 1: Component Selection
Material 3ca0 v
§
akd Design Parameters
Step 2: General Information Operating B 337.50000m  |Tesla Utilization Factor
T || — g
b“ Propose Part x o
Step 3: Electical Parameters Loaebiopsiies ¥ T
= Vendor Part [E19.8.9 v/ A e
T
R Caovime [k Jm’  HogelcPanlaon (gm0 m i
Step 4: Core Selection Cross Section Area [ 4110000 mm? Core Weight gm |
2 -
Area Product 224037k mmé Surface Area 1.00768k mm L_D_‘
Window Height 11.38000 mm Window Width (473000 om Core_Lx F
. - Core_Ly c
Core Lx mm Core Ly _ mm  Window Height 2D
500 AL gu'rrfdon Width  (B-F}/2
AL Value urface area  (AC + 2(DF
- S1E000 LI + A(B-D) +2DL} +2BC)
[ «Back ][ New»> ][ cCancel | [ _Heb |

FIGURE 21.15
Changing the core material and core size.

You should see the Design Status reporting Success (Figure 21.16).
Now you need to create the bobbin which will fit in the core and run the calcu-
lations again.
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Design Steps

A
cid|
Step 1: Companent Selection

l
2Ld|
Step 2: General Information

E' i
(T
Step 3: Electiical Parameters

B
2L
Step 4: Core Selection

B
%3
Step 5: Bobbin'Winding Selection

E' i
13
Step 6: Results View

FIGURE 21.16

I Input Parameters | Output Parameters
Electrical Specifications s C Values
Primary Voltage (V) 50 lName PO S0 Core Loss (Watts)
Secondary Voltage 1 (V) 12 Peak Current (A) 0711111111111 1818181818182 Achieved Efficiency (%)
Power (Watts) 6 RMS Current (A) 0.2754121490636  0.7784989441615 | Achieved Regulation (%)
| (Hz.) 50k No. of Turns. 4 2 Window (%)
Iﬂlltlonw (%) 75 Min. Inductance (H) 0.0006328125 Temperature Rise (C)
[puty cycle (%) a5 Wire Gauge' 27 23 Total Buildup (mm)
|e Type Flyback Transformer Turns/Layer 19 5 Total Copper Loss (Watt:
Ho of layer 1 1 Fringing Coefficient
Design Status Success Inter layer Insulation (mm)* 0 0 Operating Flux Density (T
[End I (mm)* 02 0.2 AC Flux Density (Tesla)
Core Details Buildup (mm) 0.406 063 |
Vendor Name |Ferrmune {(Ohm) 0.02388271934797 0.003140432372736
Part Humber E19_8_3 Copper Loss (Watts) 0.001811548489802 | 0.001903292347112 |
Core Type EE Leakage (H)  6.193508026078e-008
Core Material 3C90 Voltage Drop (V) 0.006577591061108 | 0.002444823286385 |
|Bobbin Part BBO01 [
|caP* (mm) 1.01587m
|vottage Isolation (mm)* 1 No. Of 1 2 [
™ Flux Density (Tesla) 337.50000m Foil Thickness (mm) |
|Current Density (Amm2)* 3 |Foil Width (mm) |
| Material' NYLON | [
Wire Type BWG |
< E

_@WNr Report |&w View

Original

Results view showing success.

Go back to the Core selection (Step 4) and select Tools > Data Entry > Core
Details > Bobbin as shown in Figure 21.17. Select the proposed part, which
was the Ferroxcube, EE core 19_8_9. Enter a suitable Bobbin Part No., for
example BBO1.

The core winding area dimensions given in Figure as 21.15 are shown again in
Figure 21.17.

Window Height 11.32000 mm Window Width 4.79000 mm
Core Lx 4.75000 mm Core Ly 2.71000 mm

FIGURE 21.17
Core winding area dimensions.

Referencing Figure 21.12 and the associated calculations and using a bobbin wall
thickness of 1 mm, the required bobbin dimensions are given as:

bobbin window height=11.38 — 2 =9.39 mm

bobbin window width =4.79 —1=3.79 mm

bobbin_Ix=4.75+2 = 6.75 mm

bobbin_Ly=8.71 + 2 =10.71 mm
Go back to Step 5 (Bobbin-winding selection) and select Tools > Data Entry >
Core Details Bobbin. Name the Bobbin BB01, enter the Bobbin data as shown
in Figure 21.18 and click on Save.
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Enter bobbin E

Vendor Name Iferroxcube W
Family Name | gg v ]
CorePartNo.  |E19.8.9 v \

Bobbin Part No. | BEO1 ‘

Bobbin Properties
T 3.7 mm  Window Height [ 9,38 [rm
Bobbin Lx 675 ™M gopbinLy | 10,71 mm

| save | [ Reset ] Delete

FIGURE 21.18
Creating the bobbin.

When you save the new bobbin, a message will appear informing you that the
record was entered successfully into the database. Click on OK.

Magnetic Parts Editor

J ') INFO(ORMAGDB-1004): The record was entered successfully.

Lo |

Proceed to Step 6 and check that the Design Status is still showing Success.
Save the design, which will generate a flyback .mgd file.

When you save the design, a PSpice model will be created. In this example the
flyback.lib file will be created. By selecting the Model View tab at the bottom
of the Results Spreadsheet, you can view the PSpice transformer model as
shown in Figure 21.19.

For the flyback topology, the transformer is modeled as a subcircuit with four
terminals, V_IN1, V_IN2, V_OUT11 and V_OUT12. The transformer circuit
representation is shown in Figure 21.20.

With the Model View open, click on Save again to save the PSpice model.
Using the Model Editor Wizard in the Model Editor, a Capture part
can be generated and associated to a transformer symbol as described in
Chapter 16.
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PSpice Model Name | flyback
el T

PSpice Model .lib EC:'\PSpice Exerciseshtest_flyback Default Model

! x$

|

| *IGenerated by Magnetic Parts Editor on Mon May 30 01:34:56 2011
| .subckt flyback ¥_IN1V_IN2

[+V_0UT11V_0UT12

| + PARAMS: Np=4 RSp=0.02338827 LIp=6.19951e-008

| + Ns1=2 RSs1=0.00314043 Gap = 0.000101587

|L_LP NLPV_IN2 {Np}

| R_RP NRP NLP {RSp}

|L_Leak ¥_IN1 NRP {Lip}

[L_LS1 NLS1V_0UT12 {Ns1}

[R_RS1NLS1Y_0UT11 {RSs1}

|K_K2L_LPL_LS1 1.0 core_model K1

| .model core_model_K1 AKD:core_model CORE [GAP={Gap})

| .madel core_model CORE [ LEVEL=3 0D=3.99 D=0 AREA=0.411 GAP=0.000101587 Br=1700 Brm=4500 Hc=0.1875
| .ends flyback

| *$

FIGURE 21.19
PSpice magnetic core model.

Leak RP RS1
V_IN1 NV NRP /\/\/\/ NLP NLS1 W V_OUT1
Lip RSp RSs1
LP ® LS1
Np Ns
®
V_IN2 V_OUT2

Lip Leakage inductance referred to primary
RSp  Primary winding resistance

RSs1 Secondary winding resistance

Np Number of turns in primary winding

Ns Number of turns in secondary winding

FIGURE 21.20

Flyback transformer model: Lip: leakage inductance referred to primary; RSp: primary winding resistance; RSs1: secondary winding
resistance; Np: number of turns in primary winding; Ns: number of turns in secondary winding.
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Exercise 2
CREATING A TRANSFORMER MODEL

1. Open the PSpice Model Editor from the Start menu
Start > All Programs > Cadence (or OrCAD) > PSpice > Simulation
Accessories > Model Editor

2. In the Model Editor, select, File > New.

Select File > Model Import Wizard.

4. In the Specify Library window (Figure 21.21), browse to the flyback.lib,
accept the Destination Symbol Library as shown and click on Next >.

w

Model Import Wizard automatically associates symbols for all the PSpice models it recoanizes.
It facilitates the user to :

- associate symbols for the PSpice models that could not be recognized automatically.
- update existing symbols for the PSpice models.

Enter Input Model Library :

C:\PSpice Exercises\test_fiyback\fiyback ib T

Enter Destination Symbol Library :
[E:\PS pice Exercisesitest_flyback\flyback.olb | Browse... |

[ Mext > ][ Cancel ] [ Help

FIGURE 21.21
Enter the flyback.lib PSpice model file.

5. In the Associate/Replace Symbol window (Figure 21.22), click on
Associate Symbol. Select the Flyback model and click on Associate Symbol.

6. In the Select Matching window, click on the icon [..] and select the
breakout.olb library from the installed folder as <install path> OrCAD
(or Cadence) > version xx.x > Tools > Capture > library > pspice >
breakout.olb
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Model Import Wizard : Associate/Replace Symbol @

Destination Symbol Library : C:\PSpice Exercises\iybackMlyback.olb

You can do either of the following :
(1] associate symbol for models without symbol, or (2] replace existing symbol for models.

Models with symbol Models without symbal Symbol :

Model Hame Symbol Hame A
LYBACK
FLYBACK_DEFAULT

[ €

Associate Symbol |

[ <Back i Finish ,I[ Cancel ] [ Help ]

FIGURE 21.22
Associating a symbol to the model.

7. A list of matching symbols with the same number of pins as the flyback
model has will be listed. Select the XFRM_NONLINEAR transformer as
shown in Figure 21.23 and click on Next >.

Model Import Wizard : Select Matching @

Select library to pick matching spmbols :
[ C:\Cadence\SPE_16.5\tools\capturehlibraryhpspice\breakout. olb v ‘1 g

Model : FLYBACK Symbol : XFRM_NONLINEAR

Matching Symbols ~

MhreakMN4D

Mbreaki

GhreakP4

MbreakP4D

QbreakL

MhreakP

Ghreakid

M_NONLINEAR 1

Whreak

MhreakP4

< >

| £

Bac I Next > ]I Cancel ][ Help ]

FIGURE 21.23
Select a matching transformer symbol.
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8. You have to associate the symbol pins with the model terminals. Select the
pins as shown in Figure 21.24 and then click on Save Symbol. The pins are
in the same order as for the subcircuit model (Figure 21.19).

Far each model terminal, associate a symbol pin. The optional model terminals may be left
unassociated. Use "iew Model Test" button to view the model definition.
Model : FLYBACK Symbol : XFRM_NONLINEAR
Model Terminal | Symbol Pin ~

V_IN1 1

V_IN2 2

V_OUT11 3

V_OUT12 E v

v
S x|
View Model Text [ < Back “ Save Symbol ] I Cancel I [ Help
FIGURE 21.24

Associating pins to the symbol.

9. You should see the model name shown with an associated symbol
(Figure 21.25).

Model Import Wizard : Associate/Replace Symbol @

Destination Symbol Library : C:\PSpice Exercises\iybackMiyback.olb
‘You can do either of the following :

(1) associate symbol for models without symbol, or (2] replace existing symbol for models.
Models with symbol

Models without symbol Symbol : FLYBACK

Model Hame I Symbol lame A
FLYBACK

|
| Replace Symboi i

~

View Model Text

[ < Back I[ Finish ] I Cancel I [ Help ]

FIGURE 21.25
The Flyback model now has an associated symbol.



10. Click on Finish and click on No in the sch2cap window. Check there are no
error messages in the Summary Status window and click on OK. The
Capture part and model are ready to be used.

Exercise 3
The flyback converter will be tested using the circuit in Figure 21.26.

D1

P1 U1 S1 ] _ out2

+
— MUR470 § R1
C1 24R

;L T 100u
0 P2

s2 _ | out1
FLYBACK R2
R3 S2 1G
ANN— N ——
N\ =,
100R R4
V1=0 V2 S 4R7
V2 = 10V
D=0 c2
TR =100n T 100n
TF = 100n
PW=38us —— VOFF = 0.5V
PER = 20us 0 VON=50v =
FIGURE 21.26

Flyback converter.

1. Draw the circuit in Figure 21.26. The voltage-controlled switch is from the
analog library, the pulse source is from the source library and the diode is
from the diode library. In the Project Manager add the newly created library
for the transformer by selecting the library folder, rmb > Add File and browse
to the Flyback.olb library. The flyback.olb library will appear in the Place
Part menu. Place the transformer as shown in Figure 21.26.

2. You have to make the flyback.lib PSpice library available for the design.
Create a PSpice simulation profile, PSpice > New Simulation Profile, and
set up a transient analysis for 10 ms. Select Configuration Files > Library,
browse to the flyback.lib file and click on Add to Design (Figure 21.27).

3. Select PSpice > Markers > Voltage > Differential and place the first marker
on the outl net. The second differential marker will appear automatically,
which you need to place on the out2 net. The output voltage of the flyback
converter is negative; hence the most positive differential marker is placed on
out2. Run the simulation.
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Simulation Settings - transient @

| General | Analysis | Configuration Files | Dptions | Data Collection | Probe Window |
Details
Category: Filename:
mu[us 1 [C:\PSpice Exercises\flyback_converter\Flyback.lib | [ Browse... ]
ibrary
Include ‘ Configured Files * ’.l +
Miyback.lib Add as Global
.nom.lib =
Add to Profile
< >
Library Path
"C:\Cadence\SPB_16 S\tools\PSpice\Library" |
0K ] I Cancel l [ Apply ] I Help l

FIGURE 21.27
Adding the flyback.lib model file.

4. You should see that the output voltage is larger than 12 V (Figure 21.28). As
the maximum duty cycle was specified as 45%, this can be decreased to

12.573V

_._q
'
'
'

I

e

12.400V

[P (Y R

12.200V |

12.126V +
9.3296ms 9.3600ms 9.4000ms 9.4400ms 9.4800ms 9.5200ms 9.5594ms

o V(S2,0UT2) Time

FIGURE 21.28
Output voltage meets specification.

I R R P G
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reduce the output voltage. With a duty cycle of 15% (Toy is 3 ps) the output
voltage reduces to just over 12 V with less than 100 mV of ripple. The current
measured through R1 is just over 510 mA with less than 5mA of ripple
(Figure 21.29).

520mA

515mA

510mA

' ' ' ' ' ' ' ' ' ' ' ' ' '
R PR DR FR R P R A R SR SR LR R PR A JE T QU A— L R PR

9.366ms  9.380ms 9.400ms 9.420ms 9.440ms 9.460ms 9.480ms 9.500ms

= I(R1) Time

FIGURE 21.29
Output current meets specification.
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Test Benches

Chapter Outline

22.1 Selection of Test Bench 22.4 Exercises 305
Parts 302 Exercise 1 305
22.2 Unconnected Floating Nets 304 Exercise 2 312

22.3 Comparing and Updating
Differences between the
Master Design and Test
Bench Designs 304

Normally, when you run simulations on a circuit, you add, for example, voltage
sources and load resistors to test the circuit. You may even remove components
from a circuit in order to run simulations. However, once the simulations are
complete, these add-on components will have to be removed and any deleted
components restored.

Before version 16.5, you could add a PSpiceOnly property to the parts that are
only used for simulation and therefore these parts would not be included, for
example, in the printed circuit board (PCB) netlist. From version 16.5, you can
use the Partial Design Feature, which uses test benches to allow you to define
those components that are used only for simulations. You can also selectively
partition designs for different simulation profiles and build up designs using
circuits from other projects. Using test benches is very useful when you have
a design that has been put together from a collection of circuits from other
projects, as it will allow you to test the functionality of each individual circuit as
you build up to the complete design.

When you create a test bench, a Test Bench folder, which contains all the design
schematics, is added to the bottom of the Project Manager. All the components
in all the schematics in the Test Bench folder will be grayed out. You then
selectively ‘activate’ those parts that are required for simulation and add parts

Analog Design and Simulation using OrCAD Capture and PSpice. DOI: 10.1016/B978-0-08-097095-0.00022-2
Copyright © 2012 Elsevier Ltd. All rights reserved.
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such as voltage sources and load resistors. Parts can be deselected and selected
either from the master design or from the created test benches.

When you create a test bench, another design folder is created in the project
folder. The project folder will then contain two folders:

<project name>-PSpiceFiles
<project name>-TBFiles

The Schematic to Schematic (SVS) utility will compare test bench designs to the
master design such that the master design can be updated with modified
component values.

22.1 SELECTION OF TEST BENCH PARTS

As mentioned previously, there will be two design folders, the master design and
the test bench design. You can select those parts required for simulation from
either the master design or the test bench design depending on which design you
have open, but ultimately you will be simulating the test bench design. For
example, Figure 22.1 shows a hierarchical design of a digital counter which
contains a clock oscillator and a modulus-3 counter.

Both blocks will be tested separately using two test benches, Test_Clock and
Test_Counter. Initially, all schematic parts are grayed out. From the master
design you create a test bench by selecting Tools > Test Bench > Create Test
Bench and name the test bench, which is added to the master design Project
Manager. You can create multiple test benches, but only one test bench will be
active, denoted by an A in front of the test bench name. You can then select
parts from the master design and add to the active test bench by rmb > Add
Part(s) To Active Testbench. In Figure 22.2, the Test_Counter is the active test
bench.

From the master design you can also select and deselect parts using the hier-
archy tab in the Project Manager. Figure 22.3 shows the hierarchy tab of the

Clk Counter

|‘+
<

9V

o

FIGURE 22.1

VvCC

QA .‘ QA

clk
Ik Ik
C . . ¢ QB. QB

clock counter

Hierarchical design of a digital counter.



FIGURE 22.2

3 File ?3. Hierarchy

=0 Design Resources
= B3 digital counter.dsn
= & Digital Counter
= 6 clock
B
= 0 counter
= 00 Design Cache
# 3 Library
8 Outputs
= O PSpice Resources
= O TestBenches

O Digital Counter/Test_Clock
A Digital Counter/Test_Counter

Master design with two test benches.

FIGURE 22.3

£ Fie s, Hierarchy

= OB Digital Counter
=
C1 (220N)
C2 (10N)
IC1 (0)
R1 (10K)
R4 (10K)
U2 (555B)

B COUNTER (COUNTER)
OB U1A (CD4001A)
OB U2A (74HC76)
OB U2B (74HC76)

OB vi (VDo)

Hierarchy selection of parts from the master design.

master design Project Manager. In this example, only the parts in the Clock
hierarchical block will be selected. All the other parts in the design will be

grayed out.

Alternatively, you can add and remove parts from a test bench design. In the
above example, if you open the Test_Clock/Test Bench > clock schematic, you
can select parts and then rmb > Test Bench >Add Part(s) To Self or Remove
Part(s) From Self (Figure 22.4), where Self refers to the active Test_Clock/Test

Bench.

CHAPTER 22 €D
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\

TestBench | AddPart(s) To Self |

FIGURE 22.4

Add Part(s) To Group.. Ctrl+Shift+4 Remove Part(s) From Self

Adding or removing test bench design parts.

22.2 UNCONNECTED FLOATING NETS

Adding and removing parts in a design can lead to unconnected wires, resulting
in floating node errors. As discussed in Chapter 2, all nodes must have a DC
path to ground. You can search for floating nets using the Text to Search Box,
which presents a list of searchable objects (Figure 22.5), one of which is
floating nets.

Floating nets must be resolved, otherwise the simulation will not proceed.
Sometimes, all that is required is to connect a resistor between the floating net
and ground to provide the DC path to ground.

FIGURE 22.5 i v

Searching for floating nets.  # Match Case
SelectAll
DeselectAll
Highlight
Parts
Off-Page-Connectors
Bookmarks
Text
Nets
Flat Nets

Floating MNets
Hierarchical Ports
DRC Markers
TitleBlocks
Power /GND
Hierarchical Pins
Part Pins

22.3 COMPARING AND UPDATING DIFFERENCES
BETWEEN THE MASTER DESIGN AND TEST
BENCH DESIGNS

Design differences between the master design and test bench designs can be
viewed in the SVS utility, which displays the differences using a color-coded
system to highlight missing parts (red), unmatched parts (yellow) and
matched parts (white). In Figure 22.6, the test bench design is shown on the
left-hand side and the master design on the right-hand side. The test bench
clock schematic contains an extra capacitor C3, shown in red, and a different
value for R4.
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EN R
Object Object
=- [ Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\DI [ = [0 Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\D!
= 0 /Digital Counter = [0 /Digital Counter
= 0O /Ck | =2 O /Clk
® 0 fClkR1 [ &0 /ChkR1
SR @ /Clk/R4 =0 /Ck/R4
BiasValue Power [ [ BiasValue Power
Value O Value
= 0 /Clku2 @ [ClkAJ2
= [0 M . ® 0 M
FIGURE 22.6

Comparing test bench design with master design.

You can update the test bench design with modified component values to the
master design by selecting the Accept Left icon [4 . However, only modified
values will be updated to the master design. In the example above, if you check
the Value box for R4 in the left-hand panel, the modified value for R4 will be
updated from the test bench to the master design. The extra capacitor C3 will not
be updated to the master design. In addition, the master design cannot be
updated if there are missing parts, so removed parts in test benches will not be
removed from the master design.

22.4 EXERCISES

Exercise 1

Figure 22.7 shows the hierarchical Digital Counter design from Chapter 20,
Exercise 5.

You will now create a Test_Clock Test Bench to simulate and verify the perfor-
mance of the clock oscillator only. In the master design, you will only add clock
parts to the active test bench by selecting those parts in the Hierarchy tab in the
master design Project Manager.

Clk Counter

VCC

QA .‘ QA

clk
Ik Ik
Cl . . c QB. QB

l+_
<

oV

clock counter

o

FIGURE 22.7
Hierarchical digital counter design.
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1. Select Digital Counter.dsn and from the top toolbar select Tools > Test
Bench > Create Test Bench. Name the test bench Test_Clock, as shown
in Figure 22.8. Click on OK and click on OK again if prompted to save
the design.

FIGURE 22.8
Creating a Test_Clock test Test Bench Name

bench.

Enter Test Bench Name: i Test_Clock

L OK J [ Cancel J

The Test_Clock test bench will be placed at the bottom of the Project
Manager in the TestBenches folder (Figure 22.9).

=0 Design Resources
&
=@ Digital Counter
PAGE1L
=6 clock
B PAGEL
=-8 counter
PAGE1L
# (3 Design Cache
@ O Library
0O Outputs
@ 3 PSpice Resources
=B TestBenches
A Digital Counter/Test_Clock

FIGURE 22.9
Test_Clock test bench.

2. In the TestBenches folder, double click on Digital Counter/Test_Clock,
which will open the Test_Clock.dsn design.

3. In the Test_Clock Project Manager, double click on Test_Clock.dsn and
open the counter Pagel schematic. You will see that all the components
are grayed out. Close the schematic page.

4. Still in the Test_Clock Project Manager, open the clock schematic and you
will also see all the components grayed out.

You will now activate the clock components in the Test_Clock test bench
from the master design.

5. Select the master design Project Manager by either selecting the Digital
Counter tab above the schematics (Figure 22.10) or selecting Window >
Digital Counter. It may be easier to place the master and test bench designs
side by side.
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FIGURE 22.10
[ Digital Cou, *T [TB]test_..*] Selecting the Project Manager.

6. In the master design (Digital Counter) Project Manager, click on the Hier-
archy tab to display the hierarchical design. Expand Digital Counter and
Clock if not already expanded and check all the parts for Clock as shown
in Figure 22.11. Click on the File tab.

B3 File f‘i. Hierarchy
= [1B Digital Counter
-
C1 (220N)
B C2 (10N)
IC1(0)
R1 (10K)
R4 (10K)
U2 (5558)
= OB COUNTER (COUNTER)
OB ULA (CD40014)
OB U2A (74HC76)
OB U2B (74HC76)
OB V1 (vDC)

FIGURE 22.11
Selecting the clock oscillator circuit.

7. In the TestBenches folder, double click on the Digital Counter/Test_Clock
test bench to activate the Test_Clock test bench Project Manager and open
the clock schematic to check that all parts are active (non-gray). Close
and save the schematic.

8. Still in the Test_Clock Project Manager, open the Digital Counter schematic
page as shown in Figure 22.12.

Clk Counter

VCC

QA.I QA
V1

clk
Ik Ik
)Y, c .' . ¢ QB. QB

0 clock counter

FIGURE 22.12
Test_Clock > Digital Counter schematic.
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The voltage source V1 is still grayed out. Draw a box around V1, the connect-
ing wires and the 0V symbol and rmb > TestBench > Add Part(s) To Self
(Figure 22.13).

TestBench [ AddPart(s) To Self |

Add Part(s) To Group.. Ctrl+Shift+A Remove Part(s) From Self

FIGURE 22.13
Adding the voltage source, V1, to the active test bench.

FIGURE 22.14 5
Search for floating nets. = |

Now that only the clock oscillator circuit is active; you need to search for
unconnected nets in the Test_Clock test bench. Make sure the Search
menu is displayed: select View > Toolbar > Search.

. Highlight the Test_Clock.dsn and select, from the top toolbar, the pull-

down menu to the right of the Binocular # , which is next to the Text to
Search Box (Figure 22.14).

v‘ o4 -

Match Case
SelectAll
DeselectAll
Highlight
Parts
Off-Page-Connectors
Bookmarks
Text
Nets
Flat MNets

Eloating MNets
Hierarchical Ports
DRC Markers
TitleBlocks
Power JGND
Hierarchical Pins
Part Pins

t Part

variant Parts

10. Click on DeselectAll. Next, select Floating Nets and then click on the

Binocular icon g4 .
The Find window at the bottom of the screen, below the schematic, reports
a floating net on the clk net (Figure 22.15).

*  Object ID
+ | clk(Wire Alias)

Net Name
CLK

Schematic Pin
Digital Counter’, Counter.clk,clk.clk

Page Page Number
PAGE1 1

& FAnd Window

| Floating Nets I

FIGURE 22.15
Reported floating nets.



CHAPTER 22 €D

NOTE

If you see a O(Global) net reported as floating this is because there is no
connecting wire between V1 and the OV symbol. Select the OV symbol and drag
it down so that a length of connecting wire appears, and run the search for
floating nets again so that only the clk net is floating.

11. Place a 1k resistor from the clk net to ground as shown in Figure 22.16. This
provides a DC path to ground for the clk net.

Clk Counter

VvCC

QA . QA

Vi _clk
9V d____ clk .‘ . clk . . QB
R1
1K

—_— clock counter

FIGURE 22.16
Adding a 1k resistor from the clk net to 0 V.

12. Create a PSpice simulation profile for a transient analysis with a run to time
of 20 ms. Do not exit the simulation profile.
You will need to initialize all flip-flops to 0. Select the Options tab > Gate-
level Simulation and initialize all flips-flops to 0.

13. Place a voltage marker on the clk net and run the simulation.

14. You should see the clock output waveform as in Figure 22.17, which has
a frequency of 216 Hz.

8.0v

6.0V

4.0V

2.0V 4

ov

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms  20ms
V(clk) Time

FIGURE 22.17
Clock output waveform.



15. Double click on the clock hierarchical block to open the clock schematic

and place another 220 nF in parallel with C1. Change the value of R4 in
Figure 20.42 to 6k8 and rerun the simulation. The clock frequency will
now be 138 Hz. Close and save the clock schematic.
Now you will verify the operation of the counter circuit, but this time you
will select the active parts from an active Test Bench. The counter parts
will be added to the active Test Bench and the clock parts will be removed
from the active Test Bench.

16. Open the Project Manager for the Digital Counter (master design).

17. Highlight the Digital Counter.dsn and select Tools > Test Bench > Create
Test Bench. Name the test bench Test_Counter (Figure 22.18).

FIGURE 22.18
Creating the Test_Counter Test Ben Ch Name

test bench.

Enter Test Bench Name: | Test_Counter

[ ok i [ Cancel ]

18. There will be two test benches in the master design counter, as shown in
Figure 22.19. The A in front of the Test Counter test bench represents the
active test bench. You can make a test bench active by rmb > Make Active.

FIGURE 22.19 =-0 TestBenches
The Test_Counter is the active i
test bench. U Digital Counter/Test_Clock

A Digital Counter/Test_Counter

19. Double click on the Test_Counter test bench to open the Test_Counter
design.

20. Double click on Test_Counter.dsn and open the Digital Counter schematic
Pagel.

21. Draw a box around the clock hierarchical block, V1 and the 0V symbol and
then rmb > Remove Part(s) From Self (Figure 22.20).

[ TestBench Add Part(s) To Self
Add Part(s) To Group.. Ctrl+shift+A | Remove Part(s) From Self |

FIGURE 22.20
Removing the clock and associated parts from the active Test_Counter test bench.

22. Draw a box around the counter hierarchical block and make sure the clk,
QA and QB nets are also selected; rmb > TestBench > Add Part(s) To Self
(Figure 22.21).
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| TestBench | Add Part(s) To Self |l
‘ Remove Part(s) From Self

FIGURE 22.21
Adding the counter parts to the Test_Counter test bench.

23. Repeat Step 17 and check for floating nets. The QA and QB should be
reported as floating. These are digital output nodes and therefore do not
require a DC path to ground. Ignore the warning.

24. Add a DigClock source from the source library and set its parameters as
shown in Figure 22.22.

Clk Counter FIGURE 22.22
vee Testing the operation of the counter
QA QA gircuit,
\a clk
ov ckP—r——W ek QB
QB
e clock counter
)
=1m

DELAY =0.1m

STARTVAL =0

OPPVAL = 1

25. Create a PSpice simulation profile for a transient analysis with a run to time
of 20 ms. Do not exit the simulation profile.
Do not forget to initialize all flip-flops to 0. Select the Options tab > Gate-
level Simulation and initialize all flips-flops to 0.

26. Place voltage markers on QA and QB and run the simulation. You should
see the circuit response as shown in Figure 22.23.

CLK
QA
QB
Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms  20ms
Time
FIGURE 22.23

Output of counter.



Exercise 2

After the test bench simulation testing, any differences between the master and
test bench designs, component additions, removals and change in component
values can be highlighted.
1. In the master design, highlight Digital Counter.dsn and select Tools > Test-
Bench > Diff and Merge (Figure 22.24).

| TestBench Create TestBench  Shift+B -
=z Design Rules Check... | Diff and Merge Shift+D |-

FIGURE 22.24
Comparing the differences between the master and test bench designs.

2. In the SVS window, the test bench is on the left-hand side panel and the

master design on the right-hand side panel. In the left panel, expand the
/CIk as shown in Figure 22.25.

B @ _
Object Object
= [ Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\D] | @ [ Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\D
= [ /Digital Counter =[O /Digital Counter
=0 fClk = /Clk
® 0 /Clk/R1 # [ fClk/R1
@ [ fClk/R4 = [ fClk/R4
= fClkU2 =0 /CkJ2
= [0 M = O M

FIGURE 22.25
Highlighted differences between the master design and the Test_Clock test bench.

Yellow indicates the design differences between the Test_Clock test bench
and the master design, which allows you to update any modified values to
the master design.

The extra capacitor in the clock circuit has been highlighted in red and shown
as NOT_PRESENT in the master design.

NOTE

You may have to save and close the Test_Benches before any differences are
detected.

3. Expand /Clk/R4 and you will see a Value box displayed for both the
Test_Clock test bench and the master design. This allows you to decide
which value of R4 to accept by checking the appropriate Value box.

The modified value for R4 will be updated to the master design.
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Check the /Clk/R4 box as shown in Figure 22.26. The BiasValue Power is
a measurement and is not important for this exercise.

B etk
Object | Object
=-[J Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\D] | = [0 Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\D!
= O /Digital Counter = [ /Digital Counter
= 0 Ck 2 0 /Clk
s Dnoteresr
@ O fClkR1 ® 0 fClk/R1
Bl @ /Clk /R4 =0 /Clk/R4
BiasValue Power [ BiasValue Power
Value O Value
® O /Clku2 ® O /Ckpz
@ 0 M -0 M
FIGURE 22.26

The modified value for R4 has been detected.

4. To update the master design with the new value for R4, click on the Accept
Lefticon [ ; asthere is no longer a difference between R4 in the test bench
and the master design, R4 will not be displayed in the SVS window
(Figure 22.27).

E I

Object

& [ Objects from C:\PSPICE EXERCISES\DIGITAL COUNTER\DI its from C:\PSPICE EXERCISES\DIGITAL COUNTER\DIGITAL COL

= [ /Digital Counter gital Counter
= O /Ck J/CIk
[+
@ 0 /CkR1 0O /Ck/R1
@ 0 /Ck/U2 0 /CkpU2
FIGURE 22.27

Differences for R4 no longer detected.

If you tried to update the extra capacitor, C3, the session log will display the
warning message:

WARNING(ORCAP-37003): Could not add object °*/CTk/C3’ at
the target design, as this operation is not supported

Close the SVS utility and open the Test_Clock test bench design.

Open the clock schematic.

Delete the capacitor C3 and modify the value of C1 to 470n.

Save and close the clock schematic.

Open the master design and highlight the Digital Counter.dsn. Check for
design differences: Tools > Test Bench > Diff and Merge.

©o NG
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10. The SVS window will show only value differences between the designs high-

lighted in yellow. Check the /Digital Counter box as in Figure 22.28 and
click on the Accept Left icon [3 .

B & &
Object | Object
= [ Objects from C:\PSPICE EXERCISES\DIGITAL COUNTERYD] | @ [ Obijects from C:\PSPICE EXERCISES\DIGITAL COUNTERAD!
22 M /Digital Counter || =[O /Digital Counter
=2-# [Clk =0 /Clk
® [ [Clk/C1 O /Ck/C1
@@ /Clk/R1 w0 JClkR1
[ fClk/R4 O /Clk/R4
®- [ [Clku2 -0 /CkA2
B M M = O M
FIGURE 22.28

Selecting the test bench values to be updated.

11. The message window will appear, reporting no differences (Figure 22.29).
The SVS window will appear as shown in Figure 22.30 with no entries.

FIGURE 22.29

No design = Information message from Difference Vie... @
differences. \i‘) Both fabrics are identical.. no difference found
FIGURE 22.30 B & T
Clear SVS window. Object Object TypeMvalue Object Object Type/Value
NOTE

You could have selected the Value box for C1 as you did for R4, but if you have
a large number of values to update, it is easier to select the whole test bench
design to update. When you select the whole design, warning messages will be
displayed in the session log, such as:

WARNING(ORCAP-37003): Could not add object °/Clk/R1’ at the
target design, as this operation is not supported

which can be ignored.




Appendix

PSpice Measurement
Definitions

Bandwidth
Bandwidth_Bandpass_3dB
Bandwidth_Bandpass_3dB_
XRange

CenterFrequency
CenterFrequency_XRange

ConversionGain

ConversionGain_XRange

Cutoff_Highpass_3dB
Cutoff_Highpass_3dB_XRange
Cutoff_Lowpass_3dB
Cutoff_Lowpass_3dB_XRange

DutyCycle
DutyCycle_XRange

Falltime_NoOvershoot
Falltime_StepResponse

Falltime_StepResponse_
XRange
GainMargin

Max

Bandwidth of a waveform (you choose
dB level)

Bandwidth (3 dB level) of a waveform
Bandwidth (3 dB level) of a waveform
over a specified X-range

Center frequency (dB level) of

a waveform

Center frequency (dB level) of

a waveform over a specified X-range
Ratio of the maximum value of the first
waveform to the maximum value of the
second waveform

Ratio of the maximum value of the first
waveform to the maximum value of the
second waveform over a specified
X-range

High-pass bandwidth (for the given dB
level)

High-pass bandwidth (for the given dB
level)

Low-pass bandwidth (for the given dB
level)

Low-pass bandwidth (for the given dB
level) over a specified range

Duty cycle of the first pulse/period
Duty cycle of the first pulse/period over
arange

Fall time with no overshoot

Fall time of a negative-going step
response curve

Fall time of a negative-going step
response curve over a specified range
Gain (dB level) at the first 180-degree
out-of-phase mark

Maximum value of the waveform



Max_XRange

Min

Min_XRange
NthPeak
Overshoot
Overshoot_XRange
Peak

Period
Period_XRange

PhaseMargin
PowerDissipation_mW

Pulsewidth
Pulsewidth_XRange

Q_Bandpass

Q_Bandpass_XRange

Risetime_NoOvershoot
Risetime_Step
Risetime_StepResponse_

XRange
SettlingTime

SettlingTime_XRange

SlewRate_Fall

SlewRate_Fall_XRange

SlewRate_Rise

Maximum value of the waveform within
the specified range of X

Minimum value of the waveform
Minimum value of the waveform within
the specified range of X

Value of a waveform at its nth peak
Overshoot of a step response curve
Overshoot of a step response curve over
a specified range

Value of a waveform at its nth peak
Period of a time domain signal

Period of a time domain signal over

a specified range

Phase margin

Total power dissipation in milliwatts
during the final period of time (can be
used to calculate total power dissipation,
if the first waveform is the integral of
V(load)

Width of the first pulse

Width of the first pulse at a specified
range

Calculates Q (center frequency/
bandwidth) of a bandpass response at
the specified dB point

Calculates Q (center frequency/
bandwidth) of a bandpass response at
the specified dB point and the specified
range

Rise time of a step response curve with
no overshoot

Response rise time of a step response
curve

Rise time of a step response curve at

a specified range

Time from <begin_x> to the time it takes
a step response to settle within a
specified band

Time from <begin_x> to the time it takes
a step response to settle within a
specified band and within a specified
range

Slew rate of a negative-going step
response curve

Slew rate of a negative-going step
response curve over an X-range

Slew rate of a positive-going step
response curve



SlewRate_Rise_XRange

Swing_XRange

XatNthY

XatNthY_NegativeSlope

XatNthY_PercentYRange

XatNthY_Positive

YatFirstX

YatLastX

YatX
YatX_PercentXRange
ZeroCross

ZeroCross_XRange

Slew rate of a positive-going step
response curve over an X-range
Difference between the maximum and
minimum values of the waveform within
the specified range

Value of X corresponding to the nth
occurrence of the given Y-value, for the
specified waveform

Value of X corresponding to the nth
negative slope crossing of the given
Y-value, for the specified waveform
Value of X corresponding to the nth
occurrence of the waveform crossing the
given percentage of its full Y-axis range;
specifically, nth occurrence of
Y=Ymin+(Ymax-Ymin)*Y_pct/100
Slope value of X corresponding to the
nth positive slope crossing of the given
Y-value, for the specified waveform
Value of the waveform at the beginning
of the X-value range

Value of the waveform at the end of the
X-value range

Value of the waveform at the given
X-value

Value of the waveform at the given
percentage of the X-axis range

X-value where the Y-value first crosses
zero

X-value where the Y-value first crosses
zero at the specified range

Appendix €
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0V node symbol, 8, 10, 15—6, 30—2, 45—6, 308—11
$D_HI digital symbol, 8, 10

$D_LO digital symbol, 8, 10

* (comment lines), 110, 198, 206, 212

A

A Kind Of (AKO) models, definition, 198—9

ABMs see analog behavioral models

ABSTOL100, 116—7, 147

AC (frequency) analysis, 21

AC Markers, 56, 139—42, 151—6, 163—4, 171,
223-32

AC sources, 53—061, 228—32

AC Sweep, 55—61, 74—81, 134—45, 150, 152—6, 171,
175—83, 230—1

Accept Left, 313—14

Add File, 18, 298

Add Library, 17—8, 48—9

Add New Row, 65—7, 67—73, 229

Add Part(s) To Active Testbench, 302—4, 310

Add Part(s) To Self, 303—4, 308—10, 311

Add to Design, 96, 110—4, 298—300

Add to Profile, 91

Add Trace, 59—61, 131—2, 187—93, 237, 243—4

air core transformers, 125—32

see also transformers

AKO see A Kind Of...

All markers on open schematic, 141

Allow components move with connectivity changes
on, 16—17

amplifiers, 21—-2, 54, 67—73, 76—81, 178—83

analog behavioral models (ABMs), 117—8, 165—71

Analog or Mixed A/D, 2—3, 11, 1213, 37

see also project types

Analog Operators and Functions, 59—60

analog parts, 8—9

analog power supplies, templates, 11

analog sources, Stimulus Editor, 83—99

analog symbols, 7—8

analog to digital (AtoD), 234, 236—45, 247—52

Analysis type, 33, 40, 46, 50—1, 54—5, 69—73, 929,
102, 106—8, 120, 207—10

anasim directory, 251—2
AND gates, 233

see also NAND...
area scaling factor, 178
Ascend Hierarchy, 263, 278
Associate/Replace Symbol, 205—6, 283—4, 296—7
AtoD see analog to digital
Auto Wire, 16, 235, 242—3
Auto Wire Two Points, 16
AutoConverge, 119
Available Sections, 231
AWG wire standard, 287—8, 290
Axis Settings, 52, 98, 192—3
Axis Variable..., 1913

B
bandpass filters, 134—5, 138—45, 171-2
Bandwidth
see also Measurement Definitions
Performance Analysis, 141, 144—5, 157—8, 315—6
batteries, 9, 21
Base parasitic resistance thermal noise, 178
Base shot and flicker noise currents, 178
Bias Point, 22—3, 27—8, 33—4, 39—40, 120, 151—6,
161—4
bias point analysis, 21—36, 39—52, 53, 101—2, 116—7,
120, 151—6, 161—4
see also steady state conditions
displays, 27—8
Load Bias Point, 22, 30
Netlist Generation, 23—7
Save Bias Point, 22, 29
significant digits displayed, 27—8
suppression option, 21-2, 27
Bias Point Node Voltages, 151—6
bias simulation profile, 91-2, 96, 120, 121—2, 263
BiasValue Power, 313
binary bus signal displays, 237
binocular button, 308
Bobbin, 289—-91, 292—4
bobbin-winding selection MPE step, 287—90, 292
bobbins, 281—300
Bode and Nydquist plots, 56
Boltzmann'’s constant, 173
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bottom-up designs, 255—79
see also Hierarchical Symbols
Bus Entry, 235—45
buses, 16—7, 234—45
see also digital simulations
custom-made buses, 243—4
signal connections, 235, 240—4
signal displays, 236—7, 240—5

C

C (capacitor) prefix, PSpice implementation definitions,
197-9
CAPSYM library, 7—8, 9—10, 15—6, 32—3, 67—73, 256,
266—7
CenterFrequency, 142—5, 157—8, 315—6
see also Measurement Definitions
Change Project Type, 12
see also project types
characteristic impedance, transmission lines, 217—32
Chebyshev filter characteristics, ABMs, 166
checkpoints
see also Save Check Points
transient analysis, 103—4, 110—2
CHGTOL, 116, 147
circuit errors, 115—23
see also errors
Cleanup Cache, 273—4
Clock Oscillator, 250—2, 274—9, 302—14
coaxial cable models, 220
coils of wire, 125—32, 283—300
see also inductors
Collating Functions
Monte Carlo simulations, 136—7
worst-case analysis, 147—8, 151—6
Collector parasitic resistance thermal noise, 178
Collector shot noise current, 178
Color Settings, 43—5
column format Property Editor, 64—5, 67—70
comment lines (*), 111, 198, 206, 208, 212—3
comparators, ABMs, 166—71, 247—52
component tolerances, worst-case analysis, 147—56
component-selection MPE step, 282—3
conditional statements, ABMs, 166—71
conductor resistance, 217—32
Configuration Files, 91-9, 110, 195, 210, 214—16,
298—300
Connect to Bus, 235, 242—4
control system parts ABM devices, 165—71
convergence problems, 101—-2, 103, 115—23
see also Simulation Settings
AutoConverge, 119
ConversionGain, 315
Core, 198, 285—8
Core Details, 285—7, 289—90, 293—4

coupling devices, 125—32
see also transformers
Create based upon an existing project, 5, 10—11
Create a blank project, 5
Create Dir..., 3, 4
Create Directory, 3
Create parts for Library, 215
Create PSpice Project, 4—5, 10—2, 12—3
Create Test Bench, 302—4, 306, 310—11
creating PSpice models, 195—216, 281—300
creating a PSpice project, 2—6, 11—2, 195216
creating test benches, 301—4, 306, 310—11
curly braces, 63, 79—80, 198, 229
see also global parameters
current markers, 42—52, 222—32
current sources, 9
cursors, 9, 57—8, 69—73, 86—7, 97, 161—4
icons, 70—2
pen cursors, 98—9
curves, Power Dissipation, 69—73
custom-made buses, 243
Cutoff_Highpass_3dB_XRange, 315
Cutoff_Lowpass_3dB, 158, 163—4, 169—71, 315

D

D (diode) prefix, PSpice implementation definitions,
197
DAGC:s see digital to analog converters
DATACONV library, 249
DB(), 5961, 140—2, 168—71
dB level down for measurement, 143—4
dB Magnitude of Voltage, 56—8, 74—81, 140—1,
151—6, 163—4, 171
DC analysis, 39—52, 63, 69—81, 115—23, 125, 143—45,
187—93, 208—10, 210—1, 304, 309
see also parametric...
DC Sweep, 39—40, 46—52, 116—8, 18793,
208—10, 211
Markers, 41—52, 69—73
missing DC path to ground errors, 47—8, 116, 120—1,
125, 304, 309
DC bias point analysis, 21—37, 37—52, 53, 1012, 116—7
Load Bias Point, 22, 29
Netlist Generation, 23—7
Save Bias Point, 22, 29
DC Sweep, 39—40, 46—52, 69—73, 116—1, 18793,
208-10, 211
Decade, 74
delay lines, 233—45
Delete All Traces, 59, 243—4
Descend Hierarchy, 254, 263
DeselectAll, 308
Design Cache, 273—4
design cycle, MPE, 281—300



Design Entry CIS
see also Capture CIS
Design Resources, 12, 22, 36—7, 92, 271-9
Design Status, 291—2, 293—4
design templates, 10—11
Destination Part Library, 212—15, 266—9
Destination Symbol Library, 293, 295
dev, 137—8, 150
dielectric capacitance, 217—32
see also RLCG...
dielectric conductance, 217—32
see also RLCG...
Diff and Merge, 312—4
Differential, 298—300
differential ABMs, 165—71
digital circuits, 233—45, 247—52
see also gates; mixed...
Digital Counter, 274—9, 302—14
digital devices, 233—45
digital power supplies, templates, 10
digital pull-up resistors, 234—45, 247—52
digital simulations, 16, 233—45, 247—52
see also buses; gates
displaying digital signals, 236—7
profile, 235—6, 247—52
timing hazards, 236, 244—6
timing violations, 233, 236, 244—6
warning messages, 233, 236, 244—6
digital sources, Stimulus Editor, 83—99
digital symbols, 8
digital to analog converters (DACs), 247—52
digital to analog (DtoA), 233, 236—46, 247—52
dig_misc library, 234—5
digsim directory, 251—2
DigSTIM, 87—99
DINPUT, 198
discontinuous conduction mode, flyback converters,
281—99
dispersion losses, transmission lines, 217—32
Display, 59, 67—73, 88—9, 949, 129, 139—42, 1869,
221—2, 228-31, 2714
Display Properties, 139—42, 221—2, 228—31, 2689,
271—4
displays
bias point analysis, 27—8
bus signals, 236—7, 239—45
Property Editor, 64—5, 65—7, 67—73, 74—5
distributed models, transmission lines, 220—32
dot convention, 126
DOUTPUT, 198
downloading models from vendors, 205—8
DtoA see digital to analog
dual opamps, 79—81, 151—6
duplicate names, bias point analysis, 32
DutyCycle, 250—2, 315

Index @

E
E device, 165
see also voltage-controlled voltage sources
E13_6_6 core, 286—7
E19_8_9 core, 291
Edit Part, 213—16
Edit Properties, 139—42, 151
Edit Property Values, 139—42, 151—6
Edit PSpice Model, 127, 186, 195—6, 208—9
Edit PSpice Stimulus, 83—99
EditStimulus Editor, 98—9
EFreqABM, 170—1
Emitter parasitic resistance thermal noise, 178
Encrypt Library, 207—8
encryption, PSpice models, 207—8
End Mode, 15, 241—4
End value, 38, 50—2, 79—81
Enter bobbin, 287—91
Enter Insulation Material, 283—4
equivalent inductor circuits, 147—56
equivalent input noise
see also noise...
concepts, 173—83
definition, 173, 174
errors, 27, 31—3, 46—7, 101—-3, 115—23, 233, 230,
244—06, 304
see also mistakes; warning messages
common error messages, 115—23
convergence problems, 101—3, 115—23
floating node errors, 31—2, 48, 115—16, 120—1,
304, 309
less than two connections at node errors, 116, 122—3
missing DC path to ground errors, 47—8, 116, 120—1,
125, 304, 309
Output File, 27
timing hazards, 236, 244—6
timing violations, 233, 236, 244—6
voltage source or inductor loop errors, 116, 122
eval library, 76, 138—9, 208—9
Evaluate Measurement, 161—4, 250—2
EXP Attributes, 85—6
EXP (exponential), Stimulus Editor, 84—7
Export, 91, 202—3, 215—17
Export to Capture Part Library, 202—3, 21517
Extract Model, 127, 201—2, 209—-10, 215—16

F

F devices, 165

F5 key, refreshed displays, 28
Falltime..., 315

Family Name, 285—8

Ferroxcube, 285—8

filter circuits, 133, 138—45, 165—71
flat designs
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flat designs (Continued)
see also hierarchical...
definition, 253
flicker noise, 174—83
see also noise...; semiconductors
flip-flops, 233—45, 247—52, 309—14
see also registers
initialization, 236, 238—44, 249—52
mistakes, 236
Floating Nets, 304—9
floating node errors, 31—2, 48, 115—6, 120—1, 304, 309
Flyback Converter, 283—300
flyback converters
MPE, 281—-300
testing, 298—300
footprint, 67, 79—80
1forward converters, 11, 281—300
frequency responses
ABMs, 166—71
AC analysis, 53—61, 73—81, 166—71
frequency tables, ABMs, 170—1
frequency-related signal losses, 217—32
Functions, 189—93

G
G device, 165—71

see also voltage-controlled current sources
gain and phase responses, 53—61
Gate-level Simulation, 235—45, 30910, 311
gates, 233—45, 247—52, 309-10, 311

see also AND...; NAND...; OR...
Gaussian normal distributions, 135, 138
Generate Part, 206—8, 212—3, 259—60, 266—9
Global parameter, 69—73, 80—1, 229—31
global parameters, 63—81, 229—31

see also parametric analysis

curly braces, 63, 80, 198, 228

definition, 63

mathematical expressions, 63
GMIN, 102, 1189, 149

see also convergence problems
ground

missing DC path to ground errors, 47—8, 116, 120—1,

125, 304, 309
symbols, 7, 8, 9, 10, 15—6, 31—3, 47—52
gyrators, 147—56

H
H devices, 165
henry units, 125
see also transformers
Heterogeneous parts per package, 79—81
hexadecimal bus signal displays, 237
HI symbols, 234—5

Hierarchical Blocks, 7—8, 255—79, 302—14
see also top-down designs
hierarchical designs, 7—8, 117—18, 196—7, 25379,
302—-14
passing parameters, 259—61, 271—4
power supplies, 261—79
Project Manager, 253—79, 302—3, 305—7
schematic folders, 253—4, 262
test benches, 302—14
testing oscillators, 269—79
hierarchical netlists, 261—3
Hierarchical Pin, 260—1
Hierarchical Ports, 7—8, 254—7, 264—9, 274—5,
277—-80, 304
Hierarchical Symbols, 257—79
see also bottom-up designs
definition, 257—9
saving to libraries, 264—9
Hierarchy, 254—79, 302—3, 306—7
Histogram Divisions, 144
histograms, 141—5
Homogeneous parts per package, 79—81
hysteresis curves, 127—32

I (current source) prefix, PSpice implementation
definitions, 197—8
I/V Source, 176—83
ICs see initial conditions; integrated circuits
ideal transmission lines, 217—18, 219, 221—32
see also transmission lines
Implementation, 87—9, 92—9, 195—7, 205—7, 213,
257-9, 263, 279—80
Implementation name, 205—7, 213, 257—9, 262
Implementation path, 195—6
Implementation type, 196, 257—9, 262
inductance
see also RLCG...
transmission lines, 217—32
inductors, 11, 22—37, 116, 121—2, 125—32, 133—45,
147—-56, 185—93, 197216, 217—32, 281—300
see also transformers
concepts, 116, 125—32, 147—8, 281—99
definition, 116, 125
MPE, 281—-300
single switch forward converter topology, 11,
281—300
temperature analysis, 185—93
voltage source or inductor loop errors, 116, 121
initial conditions (ICs), 109—14, 160—3
Initialize all flip-flops, 238—44, 249—52
input noise
see also noise...
concept, 173—81



install path, 5—6, 18, 77—81, 211, 252, 295
Insulation, 283—4
insulation materials, transformers, 283—4
interface nodes, 247—52
see also mixed simulations
intervals, noise analysis, 176—81
inverters, 233—45
I0_LEVEL, 234
IPWL..., 104—5
see also PWL...
IRElib, 204
ISTIM, 83, 84—99
ISWITCH, 198
ITL..., 102, 118—19, 149

JFET, 198
Johnson noise, 173—83
see also noise...

K

K_Linear coupling devices, 125—32
see also transformers

L

L (inductor) prefix, PSpice implementation definitions,
197—8

Laplace ABMs, 166, 168—71

LEN property, 220—1

less than two connections at node errors, 48, 116,
122—-3

library, 5—6, 13, 18—9, 76—81, 139, 195, 210, 2112,
213-5, 267-9, 295—300

Library Encryption, 207—9

Linear sweep, 40, 46—52, 53—61, 191-3

linear transformers, 125—32

see also transformers

LITZ winding, 289—90

LO symbols, 234—5

Load Bias Point, 22, 30

load resistors, 40, 67—73, 106—13, 301—14

load terminations, transmission lines, 221—32

Logarithmic sweep, 54—61, 73—81, 163—4, 176—83

look-up tables, ABMs, 165—71

lossy transmission lines, 217, 218—32

see also transmission lines
lot, 137—8, 150
lumped line segment models, 217, 218—32

M (MOSEFET) prefix, PSpice implementation
definitions, 197—8

Macros, 189—-93

magnetic, 127, 131—-2

Index

magnetic core models, 125—32, 281—300
see also transformers
Magnetic Parts Database, 281—300
Magnetic Parts Editor, 282—300
Magnetic Parts Editor (MPE), 281—300
bobbin-winding selection step, 287—90, 292
component-selection step, 282—3
core-selection step, 284—7, 292
creating a transformer model, 293—6
design cycle, 281—300
electrical-parameters step, 284—7, 294—5
errors, 290—1
results-view step, 290—3
testing flyback converters, 298—300
Major Grid, 51—2
Major Spacing, 51—2
Make Active, 36—7, 310—1
Mark, 71—-2
Mark Data Points, 107—8
Markers, 41—52, 56—7, 69—73, 75—81, 96—9, 106—13,
141-2, 151—6, 163—4, 171, 222—32, 238—45,
298—-300, 311
master designs, test benches, 301—14
mathematical expressions
ABMs, 165—71
global parameters, 63
mathematical functions, 167—9
MAX, 136, 150, 315—6
Maximum step size, 102, 108—13
MC Load/Save, Monte Carlo simulations, 136—45
Measurement Definitions
see also Bandwidth; CenterFrequency;
Risetime_NoOvershoot
list, 157—8, 315—7
Performance Analysis, 157—64, 315—7
Measurement Expression, 142—3
Measurement Results, 251—2
Measurements, 157—64, 251—2, 315—7
MHz/mHz confusions, mistakes, 56
microphones, 67—73
Min, 59, 136, 151—6, 316
Minimum Severity level, 245
Minor Grid, 52
Mirror, 79—81
Mirror Vertically, 79—81
missing DC path to ground errors, 47—8, 116, 120—1,
125, 304, 309
missing PSpice Template, 122—3
mixed simulations, 247—52
see also digital...
mixed-mode power supplies, templates, 10
mixsim directory, 252
Model Editor, 195—7, 201—16, 293—5
Model Import Wizard, 204—8, 214—5, 295—300
Model parameter values, 153—6
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Model View, 2912, 293
Models List, 211, 215—6
modified component values, test benches, 305
modulus 3 synchronous counters, 238—40, 274—79,
302—-14
Monte Carlo simulations, 133—45, 150
adding tolerance values, 137—8, 150
Collating Functions, 136—7
filter circuits, 133, 138—45
Number of runs, 135
Performance Analysis, 134, 141—5
Simulation Settings, 134—7, 140—1
Monte Carlo/Worst-Case, 135—45, 150—6
More Settings
Monte Carlo simulations, 135—45
worst-case analysis, 149—56
MPE see Magnetic Parts Editor
mylIRF540, 204—6
myTransistors.lib, 214

N

Name of trace to search, 142—3
Name and Value, 67—73, 188—93, 221—2, 229—32,
272—4
NAND gates, 233—4
see also AND...
NE555 timer, 250—2
nested sweeps, 48—52
Net Alias, 16—7, 46—52, 188—93, 238, 242—4
net files, 24—5
Netlist Generation, 23—7
Netlist/source file, 206—8, 212—3, 259—60, 266—9
netlists, 23—7, 196—7, 206—8, 212—3, 260—1, 301—2
nets, 8, 9—11, 114—21, 129-30, 169—71, 249-52,
304—14
see also wires
New Column, 68—73
New Model, 202—3, 215—6
New Page, 263, 270
New Project, 2—3, 12
New Row, 65—7, 68—73, 229
New Schematic, 262—3
New Simulation Profile, 23, 32, 34—5, 39—40, 46,
50—1, 54—5, 69—70, 120—1, 208—11, 213—6,
229—-32, 298—300
New Stimulus, 84, 88, 93—4
Newton—Raphson iteration method, 115
NFIB, 175, 180
NJE 198
No Connect, 234—5
NOBIAS, 27, 34—5
nodes, 8, 10, 15—6, 21—37, 41—52, 101—13, 115—23,
247-52, 304, 309
see also wires

0V node symbol, 8, 10, 15—6, 30—2
floating node errors, 31—2, 48, 115—6, 120—1,
304, 309
interface nodes, 247—52
less than two connections at node errors, 48, 116,
122—-3
Markers, 41—52
Noise, 54—5, 74—81, 153—6, 175—83, 230—1
see also notch filters
noise analysis, 54—5, 74—81, 153—6, 175—83,
230—1
see also flicker...; Johnson...; shot...; thermal...
noise current spectral density, 177
noise power spectral density, 177
noise spectral density, 174—83
Noise voltage spectral density, 177
nominal temperatures, 174—83
non-linear transformers, 125—32
see also transformers
normalized line length, transmission lines, 217—32
notch filters, 53—61, 71—81, 147—56
see also Noise; potentiometers
NRB, 175, 180
NRC, 175, 180
NRE, 175, 180
NSIB, 175, 180
NSIC, 175, 180
NTOT, 174—83
Number of runs, Monte Carlo simulations, 133—5
numerical methods see Monte Carlo simulations

o

Off-Page Connectors, 7—8, 254—7
olb files, 4—5, 10, 13, 205, 267—9, 298
see also libraries
opamps see operational amplifiers
open circuit transmission lines
RL replaced with an open circuit, 226—7
SWR, 2312
operating point see bias point...
operational amplifiers (opamps), 76—81, 109—13,
138—42, 151—6, 199—214, 264—74
see also amplifiers
opj files, 2—6, 13—14, 35—6
see also project files
Options, 16, 26—7, 33—4, 435, 52, 80—1, 102—3,
106—7, 116—17, 140—2, 145, 148—56, 186—93,
215—6, 230—1, 235—06, 242—4, 249—52, 30910,
311
see also ABSTOL; CHGTOL; GMIN; ITL...; RELTOL;
TNOM; VNTOL
oscl125Hz, 264—79
oscillators, 21—2, 102, 250—2, 264—79
see also bias...



Output File, 22, 25—7, 34—5, 47—8, 1178, 141-2,
151—6, 182—3
errors, 27
noise analysis, 182—3
Output File Options, 22, 27, 151—6, 182—3
output noise, 173—83
see also noise...
output report files, 2—6, 21—37
Output variable
Monte Carlo simulations, 134—45
worst-case analysis, 151—6
Output Window, 116—7
Outputs folder, 23—4, 267—9

P

Packaging, 79—81, 240—4
PARAM, 63—81, 229
Parameter name, 69—73, 80—1
PARAMETERS, 63—81, 229—-31
parametric analysis, 63—81
Parametric Sweep, 69, 74—81, 230—1
Part, 76—81, 138—9, 213—06, 268, 272
Part Editor, 214—15, 268, 272
Part List, 213—15
Part Search, 76—81, 138—9
Partial Design, 301—14
see also test benches
Partial Encryption, 208—9
parts, 5, 8—10, 15—6, 17—8, 64—81, 138—9, 2135,
247-52, 2689, 273, 301—-14
see also graphics; Place Part
libraries, 8—10, 15—16
Parts per Package, 79—81
passing hierarchical parameters, 260—1, 271—4
Path and filename, 262, 278
PC Board Wizard, 2—3, 12
see also project types
PCB footprints, 79—81, 196—8
PCB projects, 2—3, 12
PCBs see printed circuit boards
Peak Detector, 110—12
peak detector circuits, transient analysis, 103, 108—13
pen cursors, 98—9
Performance Analysis
see also Measurement Definitions
Bandwidth, 141, 143—4, 158—9, 315
Monte Carlo simulations, 133, 140—4
temperature analysis, 185—93
Period_XRange, 2512, 315, 316
phase responses, AC analysis, 53—61
Pin Numbers Visible, 268
Pin Properties, 268—9
pins, 8, 29, 41-51, 75—81, 125—31, 196—216, 225—32,
233—45, 253—-79
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Pivot, 63—4, 272—3
PIVTOL, 118
PJE 198
Place, 6—9, 15—6, 45, 187, 234—5, 238—45,
254-9, 263—79
see also symbols
Place Ground, 7, 8, 9, 10, 15—6, 46—7
see also symbols
Place Net, 242—4
Place Part, 6, 8—11, 15—6, 17—9, 47—8, 76—81,
213—6, 234—5, 240—4
see also parts
Place Power, 6—8, 9—10, 79—81, 138—41, 241—4
see also symbols
Place Wire, 15—6
play button, 25
Plot, 50—1, 71—2, 98—9, 1913, 245
Points/Decade, 73—4
PORTRIGHT-R, 257
ports, Hierarchical Ports, 7—8, 254—7, 264—9,
274—5,277-9
pot, 79—81
potential dividers, 44—7, 262—4
potentiometers, 75—81
see also audio...; notch filters; resistors
Power, 6—8, 9—10, 58—061, 67—72, 79—81, 139—42,
240—4, 316
Power Dissipation, 68—73, 316
see also resistors
curves, 68—73
formulas, 72—3
power supplies, hierarchical designs, 261—79
power symbols, 6—8, 64, 67—73
power transformers, MPE, 281—300
predefined transformers, 127—8
see also transformers
Preferences, 17—18, 27—8
primary coils, 125—32, 283—5, 2902
Primary Sweep, 39, 49—52, 69—72, 18693,
208—-10
printed circuit boards (PCBs), 2—3, 11, 7981,
195-9, 301—-2
probabilities, 133—45
Probe, 39—52, 58—9, 70—3, 91, 96, 102—14, 134,
140—2, 159—64, 176—83, 186—93, 22432,
235—45, 247
Probe Cursor, 58—9, 70—3
Probe Window, 140—2
programmable logic arrays, 233
Programmable Logic Wizard, 2—3
see also project types
project files, 2—6, 36—7
see also opj files
creation, 2—6
project folders, 2—6, 105—6
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Project Manager, 5—6, 11—3, 21, 25—6, 36—8, 923, Random number seed, Monte Carlo simulations,
213-5, 253—79, 298—300, 302—4, 305—7 135—45
project name, 6 Rbreak, 137, 186
project path, 36—7 RC, 24—6, 30—7, 220
project types, 1—6, 11—2 rectifiers, ABMs, 171
see also Change Project Type REFDES, 197
list, 2—3 Reference, 258—60
mistakes, 11—2 reflected signals, 217—32
propagating velocities, transmission lines, 217—32 registers, 233—45
Properties, 43, 139—42, 268—9 see also ﬂip-ﬂops
Property Editor, 53—4, 63—81, 104—13, 125-37, Relaxed limit, 119
139—42, 145, 151—-6, 173, 188—93, 218—20, RELTOL, 102—3, 118—9, 1489, 151—6
228-31, 271—4, 277-9 Remove Library, 18—9
see also parametric analysis Remove Part(s) From Self, 303—4, 308, 311
Propose Part, 287, 291 repeats forever
PSpice Environment Window, 25—6 see also IPWL...; VPWL...
PSpice Model, 127, 186, 195216 transient analysis, 107, 113
PSpice Model Library, 207—9, 212—6 RES, 196
PSpice models, 127, 186, 195—216, 281—300 Restart At, checkpoints, 104
adding, 195216 Restart Simulation, 103—4
Capture properties for a PSpice part, 195—7 Restore, 191—-193
copying existing models, 202—3, 215 Results Spreadsheet, 292, 293
creating, 195—216, 281—300 results-view MPE step, 290—4
definition, 195, 197—9 Reverse Breakdown, 210—11
directories, 211-14 rich text format (RTF), 211—12
downloading models from vendors, 206—8 RISE_EDGE, 136—7, 151
edits, 195—7, 20116 Risetime_NoOvershoot, 158—64, 316
encryption, 207—8 see also Measurement Definitions; performance
exercises, 208—16 analysis
implementation, 195—7, 207—8, 213—6, 281—300 Risetime_Step, 316
Model Editor, 195—7, 201—16, 293—5 Risetime_StepResponse_XRange, 316
Model Import Wizard, 204—8, 214—6, 283—4,295—6  RLCG lumped line segment models, 217, 218—32
MPE, 281—-300 RMS see root mean square
subcircuits, 197, 199—216, 233—45, 247—52, 293 root mean square (RMS), 173—83, 284—5
types, 197—9, 281—300 row format Property Editor, 64—5, 68—9
PSpice Runtime Settings, 117—8
PSpice Template, 122—3, 196, 200 s
PSpiceFiles, 110—12, 302
PSpiceOnly, 301 Sallen and Key filters, 163—4
PULSE Save Bias Point, 22, 29—30
Attributes, 89, 97, 98 Save Check Points, 103—4
Stimulus Editor, 84, 87—8, 96—9 see also checkpoints , ,
PWL (piecewise linear), Stimulus Editor, 84, 88—9, Save data from, Monte Carlo simulations, 135—45
98—9, 104—13 Save Symbol, 204, 296

SCHEDULE, 102—103
Schematic, 2—3, 202—3, 258—9, 262—3
see also project types

Q (transistor) prefix, PSpice implementation Schematic Editor, 202—3
definitions, 1979, 214 Schematic to Schematic utility (SVS), 302, 304—14
quadratic temperature coefficients, 190—3 Schematic View, 258—9 263
Search, 48—52, 75—81, 308
R search commands, 159—64
R, 9, 15—6, 139—41 Search For, 76—81
R (resistor) prefix, PSpice implementation definitions, Search for Part, 48—50, 76—81

197—8 secondary coils, 125—32, 283—5, 294



Secondary Sweep, 40, 50—1, 1913
Select Directory, 3—4
Select Matching, 204—5, 296
semiconductors, 118—9, 133, 173—83, 206—7
see also transistors
convergence problems, 118—9
MOSFETs, 118-9, 149, 175, 1978, 204, 214
noise analysis, 173, 174—83
temperature analysis, 185—93
sensitivity analysis, 145—55
see also worst-case analysis
Session Log, 47—8, 120
SettingTime..., 316
SFFM Attributes, 90
SFFM (single-frequency FM), Stimulus Editor, 84,
90—91
Shape, 268—9
short circuit transmission lines
RL replaced with a short circuit, 224—6
SWR, 228—-32
shot noise, 174—83
see also noise...; semiconductors
signal power loss, 217—32
Simple.opj, 4—5, 12—3
Simulation Output Variables, 60—1, 131—2, 190—3
simulation parameters, AC analysis, 53—6
Simulation Profile Settings, 29, 35—6, 40, 42, 912,
102—3, 106—7, 120, 121—2, 161—4, 178—83,
186—93,
309—-10
Simulation Status window, 116—7
SIN Attributes, 90
SIN (sinusoidal), Stimulus Editor, 84, 89—90, 92—9
sinewaves, 84, 89—90, 92—9, 106—13, 1213, 166—71,
186—93
see also waveforms
SIN (sinusoidal), 84, 89—90, 92—9
single switch forward converter topology, 11, 281—300
Skip the initial transient bias point calculation, 102,
160—4
small signal response of a circuit, 53—61
software install path, 5—6, 18, 76—80, 211, 252, 295
Spice voltage-controlled sources, 165
see also analog behavioral models
Split Part Section Input spreadsheet, 267—9
spreadsheets
results-view MPE step, 291—4
Split Part Section Input spreadsheet, 267—9
standing wave ratio (SWR), 228—32
open circuit loads, 231—2
short circuit loads, 228—31
Start saving data after, 102
Start value, 40, 50—1, 80—1
stationary waves, 228—32
see also standing wave ratio
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statistical analysis, Monte Carlo simulations, 133—45
steady state conditions, 21—37, 160—4

see also bias point analysis
step-down/up transformers,

128—9

see also transformers
Stimulus Editor, 83—99, 104—13
stimulus files, 83—99, 110—3
stl files, 83—4, 91, 96—9, 110—3

see also Stimulus Editor
Stop time, 101—2
subcircuits, 197, 199—216, 233—45, 247—52, 260—1,

271—4, 293

Subparam, 260—1, 2714
SVS see Schematic to Schematic utility
Sweep type, 50—1, 80—1
Sweep Variable, 39—40, 46—7, 50—2, 69—73
SWG wire standard, 288, 290
switched-mode power supplies, templates, 10
SWR see standing wave ratio
symbols, 5—10, 204—8, 257—8, 296—300

see also graphics; Place

Hierarchical Symbols, 257—9

libraries, 7—10, 204—8
Synchronize Up, 278—9

T

T_ABS, 198—9
TBFiles, 302—14
TD see transmission line delay
temperature analysis, 22,30, 185—93
temperature coefficients (TCs), 25—6, 185—93
Temperature (Sweep), 22, 30, 186—93
temperatures, 22, 25—6, 30, 63, 185—93
Test Bench, 274, 302—14
test benches, 274, 301—14
comparing/updating master design differences,
304—5, 312—4
creating, 301—4, 306, 310—1
Diff and Merge, 312—4
Digital Counter hierarchical design, 274, 302—14
errors, 304, 309, 314
modified component values, 305
selection of parts, 302—4
unconnected floating nets, 304—5, 308, 309
warning messages, 314
Test Osc125Hz, 269—71
TestBenches folder, 306—7, 312—3
Test_Clock/Test Bench, 303—4, 305—14
Test_Counter, 310—1
Text Editor, 26—7, 211
see also colors; fonts
text files, time—voltage text files, 104—6, 110—3
Text to Search Box, 304, 308
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thermal noise, 173—83 SWR for open circuit loads,
see also noise... 2312
thumbtack icons, 18—9 SWR for short circuit loads, 228—32
Time Domain (Transient), 92—9, 102—13, 222—3 types, 217—21
see also transient analysis T_REL_GLOBAL, 198—9
time steps, 101—13, 115—23, 221 T_REL_LOCAL, 198—9
see also transient analysis TRN, 198
time—voltage data TTL see transistor—transistor logic
Stimulus Editor, 91, 109—13 twin T notch filters, AC analysis, 54—61, 75—81
transient analysis, 104—6, 110—3 twisted wire pair models, 220
timing hazards, digital simulations, 236, 244—5 txt files
Timing Mode, 235—6 saved bias point data, 29
timing violations, digital simulations, 233, 236, time—voltage text files, 104—6, 110—3
244—5 Type, 268—9
Tip for New Users, 3
Tline distributed models, 217—32 U
TLOSSY PSpice device, 220—1 UADC, 198
TLUMP lumped line segment models, 217 UDAG, 198
T_MEASURED, 198—-9 UDLY, 198
TNOM, 118-9, 149, 186—93, 199 UEFE, 198
Tolerances, 133—45, 147—56 UGATE, 198
top-down designs, 255—79 ulo, 198
see also Hierarchical Blocks

: unconnected floating nets, test benches, 304—5, 308,
topologies, 10, 281—300 309

Toroid, 284—7 ) ) Undo Warning, 23

total noise contributions, noise analysis, 174—83 Update Cache, 274—5

Total Points, 55—6, 2301 Update Schematic, 929

Trace, 59—61, 70—3, 157—8, 161—4, 174—83, 188—91, Use Device Characteristic Curves, 202, 216
237—45, 251-2 Use distribution, Monte Carlo simulations, 135—45

Trace Express?on, 60—1, 161—4, 237, 243—4 Use Template, 202, 216
Trace Properties, 43—5, 59—60 User Defined, 52
traces, 43—52, 59—61, 70—73, 157—8, 161—4, 174—83, User Properties, 268
189—9_3, 237—45, 24752 UTGATE, 198
transfer functions Uy, 284—7
ABMs, 165—71
noise analysis, 182—3 v
transformers, 125—32, 281—300
transient, 95—9, 102—13, 130—2, 160—4, 214, V (voltage source) prefix, PSpice implementation
222-3, 299 definitions, 197—8
transient analysis, 21, 30, 53, 63, 83—99, 10113, Value list, 39—40
115—23, 133—45, 160—4, 186—93, 2223, variance, 133—45
250—2, 309—10, 311 VCC_CIRCLE symbol, 6—8, 10, 79—81, 139—41
transient sweeps, 63, 171 VCCSs see voltage-controlled current sources

see also parametric analysis Vendor Name, 284—7

transistor—transistor logic (TTL), 233—45 Ven(.:lor Part, 286—7
transmission line delay (TD), 217—32 version number see Release...
transmission lines, 217—32 versions of projects, 5—6
different load terminations, 221—32 V(INOISE), 174—83
ideal transmission lines, 217—8, 219, 221—32 VNTOL, 102, 118-9, 149
lossy transmission lines, 217, 218—32 voltage pairs, transient analysis, 104—5
matched load for RL, 221—4 voltage regulators, 199—216

RL replaced with an open circuit, 226—7 Voltage source, 39—40, 53—4, 192—3, 207—8, 30114
RL replaced with a short circuit, 224—6 voltage source or inductor loop errors, 116, 122

RLCG lumped line segment models, 217, 218—32 voltage-controlled current sources (VCCSs), 165—71
SWR, 228—32 see also analog behavioral models; G device



voltage-controlled voltage sources (VCVSs), 165—71
see also analog behavioral models; E device
Stimulus Editor, 83—99
time—voltage data, 91, 104—6

V(ONOISE), 174—83

Vpulse, 979

VPWL..., 88—9, 96—8, 104—13
see also PWL...

VSIN, 106—7, 129

VSS, 234, 2649, 272—4

VSTIM, 83, 84—99

VSWITCH, 198

w

warning messages, 23, 30—1, 42, 47—8, 120—1, 123,

236, 2445, 314
see also errors; mistakes

Waveform, 42—3, 110—3,
315—-7

websites, downloading models from vendors, 206—9

Width, 258—9

wildcards, 75—6

Wire Drag, 16—7

world icon, 210

Worst Case All Devices, 156

Worst Case Direction, 151—6

Worst Case Summary, 156
worst-case analysis, 147—56

X

X (subcircuit) prefix, PSpice implementation
definitions, 197—8, 213

XatNthY..., 317

XAxis, 191—3

XFRM_LINEAR linear transformer, 127—8

XGrid, 51—-52

XRange, 2512, 315, 316

XRFM_NONLINEAR, 295—6

Y

Yat..., 317
YAxis, 52, 99
YGrid, 52
YMAX, 136, 150

y 4

Z (IGBT) prefix, PSpice implementation definitions,
1978

zener diodes, 208—11

ZeroCross..., 317
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