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Purpose

The purpose of this RAK is to guide you through the process of creating a design using
OrCAD Capture and then simulating the design using PSpice. You will discover the
power of this full-featured analog and mixed-signal simulator, which supports everything
from high-frequency systems to low-power IC designs.

Audience

This document is intended for analog design engineers who are interested in performing
board-level SPICE analysis of their designs. Knowledge of basic analog simulation is
recommended.
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Overview

Filters, amplifiers, linear and switched-mode power supplies, and other linear and
mixed-signal designs require rigorous verification and analysis to ensure that they will
perform to their design specifications. Failures and yield problems due to violations of
component safe operating limits, component value (or parameter) variation, or the fact
the design was just not optimized, all lead to increased cost and schedule slippage. The
PSpice simulator is ideally suited to address these issues via its user-friendly interface
and extensive suite of Advanced Analysis features.

Through a combination of lecture and hands-on material, you will be introduced to
schematic entry, simulation, stress analysis, design optimization, and yield analysis
using Cadence PSpice Simulator and the OrCAD Capture editor. You will discover the
power of this full-featured analog and mixed-signal simulator, which supports everything
from high-frequency systems to low-power IC designs.

Throughout this workshop, PSpice Simulator and OrCAD Capture will often be
referred to as PSpice and Capture, respectively. PSpice and its supporting tools, such
as the Model Editor and Advanced Analysis tools, may be seen with the name AMS
Model Editor and AMS Advanced Analysis as PSpice is also part of the Allegro product
line.
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Module 1: Design Authoring Using OrCAD Capture

e New Project Creation
e Vendor Part Import
e Tool Configuration

e Schematic Entry

Start Capture by selecting the Windows Start icon and selecting All Programs >
Cadence Release SPB 17.2-2016 > Capture CIS or Cadence PCB 17.4-2019 >

Capture CIS 17 .4.

If prompted, select OrCAD PSpice Designer Plus as the product. This determines
which license is used by Capture, as well as which Design Authoring tool will be used.
The Capture window appears.

- e x
cadence®

New...Ctrl + N Open...Ctrl + O Go to OrCAD.com

(Latest Version Available 17.4-2019-5023)

More About Support

Recent Projects

Figure 1-1: OrCAD Capture

This is the Capture Start page. From here, you can open previous designs or start new
designs.
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Lab 1: Creating a New Project
In this section, you will create a new project.

1. Select File > New > Project to bring up the New Project wizard.

o Allegro Design Entry CI5 - [Start Page]

File | Design Edit Wiew Tools Place PCE 5l Analysis  Accessories Options  Window  Help
MNew k Project...
Cpen 4 Design
Close Library

VHDL File

Mew... Ctrl + N Open... Ctr

Verilog File

Text File

Mew Project

Mame

Location C:Atesth

Figure 1-2: New Project creation wizard

You will create a simple common-emitter amplifier. The project will be named “amp”.
Project names in Capture use mixed-case characters and numbers.

2. Enter amp in the Name field, as shown in Figure 1-3.

3. In the Location field, select the Ellipsis button (...) and browse to the
C:\Workshops\PSpice\PSpice_Basic_Simulation\Lab1 folder.

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
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MNew Project

Location C: 2zh cetPSpice_Ba vimulationLabl

Enable PSpice Simulation

Figure 1-3: Naming the project and setting the location

The module1 folder will contain the files that make up the new project. It has been
seeded with a couple of files to make the workshop go smooth, including a transistor
PSpice model file, which you will use shortly.

4. In the Create PSpice Project window, select Create based upon an existing
project.

5. Use the pull-down menu to select the empty_all_libs.opj entry to have access to all
PSpice libraries supplied by Cadence. Click OK.

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
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PSpice Project

Create based upon an existing project OK

empty_all_libs.opj Browse...

AnalogGHDSymbol. op)
BandFazsFilter_Cap.op
BandPazsFilker_Ind.op
BandStopFilter.op
BJT_Amplifiers. opj

emphy. ap|
emphy_aa.op|
emphy_3a_all i
ermpk

F |_'r' b

hier:

L_R_ShiftReqi
rnod10_counter.
OPakP_DIFF. opj

RezonantFilker:
Figure 1-4: Create PSpice project with access to all libraries

Capture will now open the amp project and you will see the Project Manager.
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Recent Projects

Figure 1-5: Project Manager

Expand the design by clicking + in front of the amp.dsn icon to list the design pages.

amp.opj * Analog or Mixed A/D
Analog or Mixe

Ii. rf-_ Hierarchy
=

& Design Resources = CHEMATICI

] % amp.dsn = PAGET
- Library B[ Design Cache
B Layout =@ Library

[ Layout

"i utputs
- [ PSpice Resources

"i Logs

B Outputs

& @ PSpice Resources

Fi Logs

Figure 1-6: Before After

6. Double-click on PAGE1 to open the schematic editor.
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amp.opj

Analog or Mixed A/D

l"i I"h|!-_. Hierarchy
B2

@ Design Resources
| % amp.dsn
=™ SCHEMATICY
™ PAGET
B [ Design Cache
= Library
— JET
B Outputs
B B PSpice Resources

Fi' |_|:|| s

Figure 1-7: Opening the schematic editor

-
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v Hide Categories View
Categories | Library

M Fovorites
> M Pspice
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PART NAME DESCRIPTION
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Resistor
Capacitor
Inductor
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Kbreak Coupling

-
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Description Location
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Figure 1-8: Capture schematic page

Leave Capture open. Now, you will import a transistor PSpice model that was
downloaded from a vendor’s website.
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Lab 2: Importing a Vendor PSpice Model

7. Start the PSpice Model Editor by selecting All Programs > Cadence Release SPB
17.2-2016 > Model Editor or Cadence PCB Utilities 17.4-2019 > PSpice Model
Editor 17.4.

8. If prompted, select PSpice Simulator as the product and check the “Use as default”
option. Now, click OK. The PSpice Model Editor opens.

If prompted as “Select Design Authoring Tool” when the Model Editor starts, select
Capture and check “Don’t ask me again”.

9. Select File > New.

10.In the Model Editor window, start the Model Import Wizard by selecting File > Model
Import Wizard. The Model Import Wizard opens, as shown in Figure 1-9.

11.In the Enter Input Model Library field, browse to the
C:\Workshops\PSpice\PSpice_Basic_Simulation\Lab1 folder and select the file
new_npn.lib. Select Open to complete the action.

The Destination Library field is auto-populated with the correct path. This is where
the library/symbol (to be created during the import) will be saved.

File Edit View Model Plot Tools Window el
N n

LA | ]

Models List

Model Name Type Modified Date/Time

Model Import Wizard : Specify Library

' Mode! Import Wizard automatically associates symbols for ll the PSpice models it recognizes.
It facilitates the userto

- associate symbols forthe PSpioe models that could not be recognized automaticaly
~update existing symbols for the PSpice models

Enter Input Model Library -

[C\Wilokshops \PSpice \PSpice_Basic_Simulation\Lab 1\new_npn b

Enter Destination Symbol Library :
‘C \Workshops'PSpice'\P Spice_Basic_Simulation'Lab 1\new_hpn.olb

Figure 1-9: PSpice Model Editor and Model Import Wizard
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12.Select Next to begin the import process.

You are now presented with the Associate/Replace Symbol form, as shown in
Figure 1-10. Note that a matching symbol is automatically assigned to the new
model and you also have the option of replacing that symbol with others of the same
terminal count. There are similar symbol templates for more than 50 different model
types, including op amps, magnetic parts, SCRs, and so on. These symbols can be
customized to match your corporate library.

r ™
Model Import Wizard : Asscciate/Replace Symbaol u

Destination Symbol Librany : D worcshops™17 24P Spice'module 'new_npn.olb

You can do either of the following :
(1) associate symbal for models without symbaol, or (2) replace existing symbal for models.

Maodels with symbal Models without symbaol Symbol : NEW_NPN

Model Hame Symbol Name -
MEWVY NPM MEWY_NPM

Replace Symbol

| ViewModel | <Back || Fnisn | | Cancel | [ Hebp

Figure 1-10: Symbol Association

13.You can select View Model to see the model, and then click OK.

14.Select Finish, which will bring up the import log. Now, click OK to complete the
model import process.

15.Close (File > Exit) the Model Editor.

A library and a symbol have been created for the vendor model and placed into the
project folder (PSpice\module1). You will now select the library so that you can
instantiate the transistor onto the schematic.

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
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:(-:I * 1 oov This PC e MewMolurne (B} » Workshops » SPE_2076 Q2 » Plpice » modulel v | | Search modulel
¢ Favorites - Marme - [Date modified Type Size
B Desktop J amp-PEpiceFiles FFAME 112 AN File folder
& Downloads =] amp MG 1153 P DEM File 24 KB
= Recent places armp TIBF2016 392 PA OPJ File 22 KB
L AMP_O.DEK TG 6 P CBE File 22 kB
1% This PC - Measurements 12720091025 PR Text Document 1KE
i Desktop || hewe_npherr A2 2018 943 PRA ERR File 1kB
| Documents | newy_npn.ind 6F27F206 RI9PM IMD File 4kB
& Downloads nen_npn 172272009 2:34 AM LIE File kB
W Music [P nesw_npn 122076 243 PR OLE File TEB
= Pictures | new_nprsymiizlog 2208 243 PM wrifile TKB
& Videos

s Local Disk (C
o MewWolume (E:)
, Workshops
. SPB_2016_02

. PSpice

 moduled

Figure 1-11: Library and Symbol Files

16.Return to Capture and select the Place Part icon on the right-hand side or select
Place > Part in the Capture menu. This will add the Place Part GUI to the Capture
canvas.

Place Part Icon

Figure 1-12: Place Component icon
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17.Select the Add Library icon.

Place Part

=

Part List:

PROM
REGULATOR
SHIFTREGISTER
SRAM
TRAMSISTOIR

+ Search for Part

Figure 1-13: Add Library icon

18.Browse to the module1 folder and select the new_npn.olb file. Select Open to
complete the action.

19.The library and its contents are now available for adding. Click on NEW_NPN in the
Part List pane. Note the symbol preview for the NEW_NPN part.
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Place Part

HEW _MPH
Part List:
MEW_MNPN

U - '_..

MUXDECODER
MFW RIPR
Packaging
Parts per Pkg: 1

-

NEW_MFN

Type: Homogeneous

Atk T e g el

e ®D
WA o

Mamal
-arch for Part

Figure 1-14: NEW_NPN now available for placement

PSpice Integration in OrCAD Capture

OrCAD Capture provides fast, easy, and intuitive design entry, along with highly
integrated flows supporting the engineering process. OrCAD Capture does not require
you to configure the schematic capture environment for analog design. Once the design
is created as an analog design, the environment is set up for you to immediately start
design entry. All PSpice-specific toolbars are available.

File Design Edit View Tools Place PCE 5l Analysis  PSpice | Accessories  Options Window  Help

ﬁ —] %@, P+i—_—_1|: i, MFE325 - Q, QQ (=]
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The PSpice toolbar allows to create a simulation profile, run the simulation, and place
probes.

simulation
profile run probes

Example-tran

Figure 1-15: PSpice Capture toolbar

Lab 3a: Schematic Entry — Placing Components

Figure 1-16 shows an image of a common-emitter amplifier that you will create for the
first exercise. You will later move on to a two-transistor RF amplifier and then to a band-
pass filter to explore some of the advanced capabilities of the PSpice simulator.

g Rz
22k

R1
IN Baze N o1 L ME
— 10vde

Ay 4
A0k HEWY_HFHN =
W Emitter

Implementation = SQUARE
R3
1k

Figure 1-16: Common-Emitter Amplifier schematic in OrCAD Capture

For the majority of this design (standard parts), you will use Place Part to add the
required components. You will also add net aliases and the ground component.
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Use the Place Parts GUI to add components. If you are not sure which library the
component resides in, highlight the library or libraries and start entering the part name in
the name field. Double-click on the component and you can then place the part on the

canvas.
You should still have NEW _NPN open from Lab 1; if so, skip to step 22.

20.Select the Add Component icon along the upper-right edge of Capture. The Place
Part window appears.

21.Select only the NEW_NPN library and then highlight the NEW_NPN cell, as shown
in Figure 1-17

Place Part

Part
MEW_MPH

Part List:
MEW_MPN

Libraries:

MUXDECODER
MFW KIER

Packaging
Parts per Pka: 1

NEW_MPN
Type: Homogeneous

hee B O
A O p e

Momal

+ Search for Part

Figure 1-17: Place Part GUI
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22.Double-click on the name NEW_NPN and the component will appear on the cursor
in the schematic canvas. Place the part in the center of the canvas. Right-click on
End Mode (or press the Esc key) to conclude placement of a component.

23.Add the remaining components (except for the ground symbol) to create the design.
Figure 1-18 shows the components required to create the design and the libraries
that they reside in.

Part Type Part Name Library Name
Stimulus VSTIM sourcestm
Voltage Source VDC source
Resistor R Analog
NPN NEW_NPN NEW_NPN

Figure 1-18: Table of Parts

24 . Right-click End Mode (or press the Esc key) to conclude the placement of a
component. If you happen to place too many parts, you can use Undo (Ctrl+z) to
remove it. During the placement, you can use the right mouse button to rotate a part.

25.Performing right-click on End Mode OR using the Esc key in the previous step takes
Capture out of the “Add” mode. If this had not been done, an additional left-click on
the canvas would have attached a second instance of the component to your
mouse, allowing you to place it by left-clicking at the desired location.

26.0nce the components have been placed, wire the components as shown in Figure
1-16. Wires will bend as you move them from point to point. Start by right-clicking on
a pin and then move to another component’s pin to create the connection. To add a
wire, enter the wiring mode by selecting Place > Wire or typing in W. While right
angles are automatic during the wiring, you can do a left click to force a right-angle
location. To leave a wire in space, double-click or right-click and select End Wire.

27.PSpice requires a special ground symbol that sets the net with a node=0 value. All
SPICE simulators require a DC path to ground, and this is the method that PSpice
uses to satisfy the SPICE requirement. To add the ground symbol, select Place >
Ground.

28.To change component values on the schematic canvas, double-click on the property
and change its value.

Change the component values so that they are the same as shown in Figure 1-16.
When names get long or the page is crowded, you can drag the properties to
locations that are more suitable. In this example, you should move the 10Vdc
property to a better location.

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
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Display Properties

Fort

Name: Value Arial 7 (defautt)

Value: | 22k Change...

Digplay Format
Colar
Do Mot Display
- Crefault
Value Onby
Mame and Value Rotation
MName Only 0

Baoth if Value Exists 90"

Walue if Value Exists
Text Justification

Drefault

Cancel

Figure 1-19: Display Properties form
29.To put a name on a net, you can select the net you want to attach the signal to.

Add the IN, BASE, and EMMITER signals, as shown in Figure 1-16. Select Place >
Net Alias to add the signal names.

30.Change the value of the Implementation property on the voltage source to
SQUARE.

In Module 2, you will create a waveform using the Stimulus Editor and attach the
waveform SQUARE to the source.

31.0nce you have completed the design, select the Zoom All icon to see the entire
design.
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Options  Window  Help

Q. Qe Q

/- (SCHEMATIC1 : PAGE1)* x

Figure 1-20

32. Save the design.

Figure 1-21: Completed design

Lab 3b: Creating and Viewing the Netlist

Note: Manually creating a netlist is not a prerequisite to simulate the design — the netlist
is created automatically (if necessary) when a simulation is initiated. This step will help
validate the design netlist and is a good checking point.

33.Select PSpice > Create Netlist (save, if prompted). The netlist is created using the
Reference Designators that appear on the components. Capture automatically adds
Reference Designators when a component is placed. You may change these values.

34.Select PSpice > View Netlist. The netlist is displayed, as shown in Figure 1-21 (it
may not match exactly).

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
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: PAGET)*

Start Page X /- (Example: PAGE1] X J - [SCHEMATICA

f source CRSPERE

o Q1 N00169 BASE EMITTER NEW NPN

"i,.i" "i,‘i"l 1 il |:|l".-'3 i _'|_|:|"i~i'

R R1 NO0O169 NOO173 22k TC=0,0
- 0  STIMULUS=SQUARE

BASE IN 100k TC=0,0

0 EMITTER 1k TC=0,0

Figure 1-22: Netlist for the example design
35.Close the netlist viewer by right-clicking on the netlist tab and selecting Close.

Start Page X /- [Example : PAGET) X /- [SCHEMATICT : PAGET)*

* source CRSPRB
69 BASE EMITTER NEW NFH

BASE IN 0
0 EMITTER 1k TC=0,0

Figure 1-23: Closing the netlist view

You may clean up the schematic by moving/rotating the text. An image of the
completed design is given below. Reference designators for the three resistors may

not match your design but that will not impact the results.
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§ Rz
22k

R
1M B ase N o1 L ve
Aty

00k NEW_HFPH —___— 100 d e
€51 Emitter

Implementation = SQUARE
Rz
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Figure 1-24: Completed schematic diagram

This completes Module 1 of this workshop. Leave all tools open.
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Module 2: PSpice Simulator Basics
This module covers:

e Simulation Setup

e Basic Simulation

e Viewing Simulation Results

e Checkpoint/Restart

e Assertions

o Measurement Expressions

Loading the Completed Schematic

If you feel that you may not have completed the design from Module 1 entirely, you may
wish to follow the steps given below to load a completed version of it for use in this
module.

a. Exit Capture (File > Exit) to close the current design. You may save if you wish,
but you might encounter errors if the design is not correct.

b. In Capture, select File > Open Design, navigate to module2\amp.dsn, and
select Open.

Note: Because of the option of continuing with your Module 1 design or loading the
completed design for Module 2, there may be a mismatch in some displayed paths. The
remaining text of this module will assume that the completed design in the module2
folder is opened as per the above instructions. If you are continuing this module with
your Module 1 design, you must understand that any references to the module2 folder
should be substituted with the equivalent module1 path.

Lab 4: Creating a Simulation Profile

You will now create and configure a simulation profile for a simple 300us time-domain
simulation. There is no limit to the number of simulation profiles that can be defined in a
project.

1. Select PSpice > New Simulation Profile.

2. In the New Simulation form, enter td300 (to signify 300us, time-domain) into the
Name field and click on Create.

Note: If prompted for a choice of products, choose PSpice Simulator and check ‘Use
as default’.
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MNew Simulation

Mame:

Inhert From:

nane

Root Schematic:  SCHEMATIC

Figure 2-1: New Simulation Profile form

The Simulation Settings form is presented. In the Analysis tab, select Time Domain
(Transient) for Analysis Type and set Run To Time to 300us, as shown in Figure 2-3.

Note: The Simulation Profile Editor might launch behind Capture in 17.2; so, you can
go to the taskbar and select Simulation Profile Editor to bring it forward.

Figure 2-2: Simulation Profile Editor
Simulation Settings

General Analysis Type: Run To Time : seconds (TSTOP)

g Time Domain (Transient)

- Start saving data after : seconds

~ s Options:

Configuration Files Transient options:
General Setiings i ) i

Options Maximum Step Size seconds
Monte Carlo/Worst Case

Data Collection Parametric Sweep Skip initial transient bias point calculation (SKIPBP)

Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode Output File Options..

Load Bias Point
Save Check Point

Restart Simulation

Reset

Figure 2-3: General settings for Time-Domain Analysis
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3. In the same tab, check the Save Check Point checkbox and set Simulation
Interval to 100us, as shown in Figure 2-4.

This will cause the simulation state information to be saved at 100us (simulation
time) intervals as part of the Checkpoint/Restart feature. You can later start a
simulation (with any desired simulation settings) from any of these checkpoints. This
can save your time by avoiding needless re-simulations of a design’s stabilization

time, for instance.

Simulation Settings

General Analysis Type:
s Time Domain (Transient)

Options:
Configuration Files
General Settings
Opfions
Monte CarlofWorst Case

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

Restart Simulation

Check Point Location

Directories:

chkpt_default

Simulation Interval Save Checkpoint States At
100us
Real Time interval User specified time points

Time Points PSpice calculated time points

Figure 2-4: Check Point Settings

In Module 1, you generated (using new_npn.lib as an input file to the Model Import
Wizard) and placed an NPN transistor. Although the schematic symbol is now part of
the project, the model itself has not been made available to the simulator. This is taken
care of via the Configuration Files tab of the simulation profile editor.

4. In the Configuration Files tab, select Library.

5. Select the Browse button next to the Filename: field (see Figure 2-5). Browse and
select the vendor library file found in module2\new_npn.lib. After selecting
new_npn.lib, select Open in the file browser.
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Simulation Settings

General Categary: Filename:

s Stimulus \workshops\pspice\pspice_basic_simulation\lab1\new_npn.lib Browse...

Library Configured Files e 4+ $
Include
Options +»‘workshops\pspice\pspice_basic_simulationUab1\new_npn_lib

Configuration Files

: Add as Global
Update Index £ nom.lib*

Prioritize models for same
Probe Window Jib for all circuits Add to Profila

Data Collection Add to Design

Edit

Change

Library Path
“CACadence\SPB_17 4\tools\PSpice\Library™ Browse...

Figure 2-5: Including new_npn.lib

Libraries can be linked at the global (computer), design, or simulation profile level. Each
level has its corresponding scope of accessibility. You will add this library to the design,
which means that any simulation profile in this project will have access to the library,
and thus, any models contained therein.

6. Select Add to Design to complete the action. The form should now resemble Figure
2-6.

Simulation

General Category: Filename:

Analysis Stimulus Sworkshops\pspice\pspice_basic_simulation\lab1\new_npn.lib Browse...

Library Configured Files * + +
Include
Options == _\workshops'\pspice\pspice_basic_simulation\lab1inew_npn.lib

Configuration Files

: Add as Global
Update Index € nom.lib*

Prioritize models for same
Probe Window Jib for all circuits Add to Profile

Data Collection Add to Design

Edit

Change

Library Path
"C\Cadence\SPB_17.4\tools\PSpice\Library™ Browse...

Figure 2-6: Add new_npn to simulation library
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The AutoConverge feature allows PSpice to simulate more reliably by relaxing

certain tolerances and automatically resuming simulation with the new settings,
should a convergence problem arise. This is especially useful when simulating

power electronics designs, where discontinuous behavior is not uncommon.

7. In the Options tab, select AutoConverge under Analog Simulation and enable the
AutoConverge option, as shown in Figure 2-7. Click OK on the AutoConverge
Options form.

Simulation Settings - td300

General Analog Simulation Name Default Value

Analysis General AutoConverge
- ITL1 1000
Configuration Files ZintolCormerne L2 1000

MOSFET Option
Options M4 1000

Analog Advanced RELTOL X 0.05

Data Collection General ABSTOL 1.0E-6

Probe Window Bias Point VNTOL / 001

Transient PIVTOL 1.0E-10
Restart

Gate Level Simulation
General
Advanced

Output File

General

Figure 2-7: AutoConverge Settings

8. Set the number of THREADS to 2. PSpice supports multiple processor threads
based on the number of processors in the system. Setting the value to 0 will allow
PSpice to use all available processors.
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Simulation Settings

General

Analysis
Configuration Files
Optionz

Data Collection

Probe Window

Analog Simulation

General

Auto Converge
MOSFET Option
Analog Advanced

General
Bias Point
Transient
Gate Level Simulation
General
Advanced
Output File

General

Name
SPEED_LEVEL
RELTOL
VNTOL
ABSTOL
CHGTOL
GMIN

ITL1

Im.2

ITL4
TNOM
THREADS
ADVCONY

Number of threads

Figure 2-8: Setting threads

Default Value
0.001

1.0u

1.0p

0.01p
1.0E-12

150

20

9. Go to General, Bias Point, and Transient options under Analog Advanced to
visualize robust options available to the simulator. Descriptions of these options are
given in the PSpice user guide. Press Cancel to dismiss the window.

Simulation Settings - td300

General

Analysis
Configuration Files
Options

Data Collection

Probe Window

10.1n the Probe Window tab, adjust settings as shown in Figure 2-10.

Analog Simulation
General
Auto Converge
MOSFET Option

Analog Advanced
General
Bias Point
Transient

Gate Level Simulation
General

Advanced

Output File

General

Figure 2-9

Name Value
ITLS 0
PIVREL 1.0E-3
PIVTOL 1.0E-13
SOLVER default
DMFACTOR 1
NOGMINI

WCDEVIATION

LIMIT

BRKDEPSRC

DIODERS

DIODECIO

BJTC)

: Advanced Analysis Options
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The All markers on open schematics. option directs PSpice to automatically produce
a trace (waveform) for each probe symbol placed on the schematic. The traces will
share a common X- and Y-axis. You will use the Last Plot option later in this Module.

Simulation Settings - td300

General
Analysis Display Probe window when profile is opened

Configuration Files

Opions Display Probe window:

i during Simulation.
Data Collection ) i
after simulation has been completed.

Probe Window
Show
All Markers on open schematics.
Last Plot
Nothing.

Figure 2-10: Probe Settings in the “td300” Simulation Profile

11.Select OK on the Simulation Settings form and select Yes to allow the creation of
the new checkpoint directory.

The simulation profile setup is complete. Note that now, the analog toolbar shows
the td300 simulation profile (the only existing simulation profile in this project) as the
current profile. Actions requiring a simulation profile (simulating, defining stimuli) will
use td300 since it is selected here.

SCHEMATICTtd300  ~ g ™5 ® o ia s O ;

Figure 2-11: Analog Toolbar showing new Simulation Profile

Lab 5: Creating the Stimulus

A stimulus generator is present in the design that identifies a stimulus called SQUARE.
This stimulus has not yet been defined. You will do this now.

12.Click to select on the stimulus symbol (labeled “S” in the schematic) and right-click to
select Edit Stimulus.
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13. The Stimulus Editor appears.

B Stimulus Editor - [td300.stl]
R0 Edit Stimulus Plot View Tools Window Help

L 5] i
Ctrl+F12

Open...

Close
Save Shift+F12
Save As... F12

Leg Commands...

Run Commands...

Print Ctrl+Shift+F12

Page Setup...

Printer Select...

Exit Alt+F4

1 td300.stl

Figure 2-12: Creating a new Stimulus

@ Stimulus Editor - [[untitled]]

cadence

Mew Stimulus

Mame: |50LARE]

Anal
(" EXP [exponertial]

« PLLSE

" PwL [piecewize inear)
~

~

SFFM [zingle-frequency FM)
SIM [zinuzcidal]

Digital
" Clock
" Signal

CoBus widh |
Initial ¥ alue:

Ok | Cancel |

Figure 2-13: Defining stimulus name
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14.Select the PULSE radio button in the Analog section of the New Stimulus form and
click OK. The Pulse Attributes form is presented.

A Stimulus Editor - [(untitled)] = B

= cadence
HIEK[K[E |8 |

MName: |SOUARE]

Analog
" EXF [exponential)

{+ PLULSE

" PwlL [piecewise linsar)

" SFFM (single-frequency Fi)
" SIM [(sinusoidal]

Digital

" Clock

" Signal

" Bus width: ,7
Initial % alue: | J

QK. | Cancel |

Figure 2-14: Defining stimulus type

15.You will define a 2V (peak amplitude) square wave with a period of 200us and 10us

rise and fall times. Fill in the PULSE Attributes form, as shown in Figure 2-15 and
click on OK.
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&

El=EE ~ (I

MHame: SEUARE

Iitial value IEIi
Pulze value lzi
Delay [zec] lﬂi
Rize time [zec] l'llilui
Fall time [zec) I'lﬂui
Pulze width [zec] IEIEIui
Period [zec) W

0k, | Cancel | Apply |

s
o SOQUARE

Figure 2-15: Pulse Attributes Settings

16. The Stimulus Editor now shows the SQUARE stimulus, as in Figure 2-16. Examine
it in the context of the pulse attributes in Figure 2-15.
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[ stimulus Editor - [(untitled) ] [E= RS

[?} File Edit Stimulus Plot View Tools Window Help cadence

s 58us 188us 15 Bus 288us 258us 388us 35 Bus 488us 45 8us 588us 558us 6088us

o SQUARE
Time

Specify the axis zettings

Figure 2-16: “Square” Stimulus Waveform

17.Save the stimulus (File > Save As), browse to the module2 folder, and save
square.stl.

18.Add the stimulus to the simulation by editing the Simulation Profile and selecting the
Configuration Files tab.

SCHEMATIC1-td300 - _‘{;._ "".B @ _"‘a {éi ﬂ ’C} ’E} “é ‘{“E} ’{3 }ld EE, E’F"’_

19. Highlight the stimulus file. Browse to the location where you saved the SQUARE
stimulus and add it to your design.
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Simulation Settings - td300

General Category: Filename:

Analysis Stimulus C\Workshops\Pspice\module1\square.stl Browse...

Library Configured Files

Configuration Files Include

Options <%= C\Workshops\Pspice\module1\square.stl Add as Global

Data Collection Add to Design

Probe Window Add to Profile
Edit

Change

Figure 2-17: Adding stimulus to simulation profile

20.Close (File > Exit) the Stimulus Editor. The SQUARE stimulus in now defined.

Lab 6: Placing Voltage Probes

Although waveforms can be displayed in the PSpice Probe window without using the
probe symbols placed on the schematic, the intuitive and familiar nature of the probes
make them essential in specifying many measurements. Supported probe functions
include voltage, current, power, differential voltage, as well as powerful
advanced/template probes that allow easy instantiation of predefined plot
configurations, such as Bode plots. You will place a couple of voltage probes in this
exercise.

21.Select the Voltage Probe in the analog toolbar and place one each on the IN and
OUT wires (see Figure 2-18). The requirement for placing probes is that voltage
probes are connected to wires, current probes are connected to a component pin’s
connection point, and power probes are placed directly on the body of the part.

SCHEMATICT-ta300 - Vg o5 ® S idiE 0% 6 o C
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i

10vdc
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IN BASE

¥

o MEW_NFN -

vi
@) Emitter

Implementation = S2UARE

Figure 2-18: Voltage Probes Placed

22.Save the design.

Your design is now ready to simulate.

Lab 7: Simulating the Design

23.Select the Simulate (Run PSpice) button from the Analog toolbar OR select the
PSpice > Run menu. Select Yes to save the design if prompted.

SCHEMATIC1-td300 : "“p_l_" ~ @ A P 3__.". J‘ _;;;?'j“' J“ J“ 1

24.The above action triggers the following events:

a. The netlist is (re)generated, as necessary.
b. PSpice is invoked and its window opens.

c. The netlist, the “td300” simulation profile, and the probe information are
submitted to PSpice.

d. A simulation is run using the profile settings.
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e. The probe displays the simulation progress and the resulting waveforms.

Note that the trace symbols and colors in Figure 2-19 may not match your results.

~ e x
cadence®

BICYCYCYY Ll rer €7 2 [ [§ 1o [ ~

]
6
=
%

Figure 2-19: Simulation Results in Probe

Lab 8: Customizing the Probe Window

The Probe is the PSpice output tool that allows you to view both time- and frequency-
domain analysis using a single window. With Probe, you will be able to define traces
and apply measurements to extract design-critical data. In the preceding sections, you
will learn how to use Probe to view and analyze waveforms that are critical to your
design.

25. It may be useful to have the waveform window have visual precedence over all
other windows. To do this, select the Always On Top button on the left of the Probe
window or select View > Always On Top. It functions as its name would imply. It
can be toggled depending on your preference. The icon is outlined when active.

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
© 2022 Cadence Design Systems, Inc. All rights reserved worldwide. Page 37



Design Authoring and PSpice Basic Analysis: RAK

a X
cadence®

. Qq ke |2 g oM~ ?

0s
O U(IN) U(R1:1)

EMATIC1\td300\td300.dat (active) Time= 300.0E-06

Figure 2-20: Turning on the “Always On Top” mode

26.Deselect (turn off) the ‘Always On Top’ mode if you wish.
27.In Probe, select View > Alternate Display to activate the Alternate Display mode.

By default, Alternate Display shows only the waveforms and menus and is set to be
“always on top”, but each of the two display modes is equally configurable. The
display configuration is customized largely using the View menu options.

28.Resize and position the window as desired for this view. Do not deactivate the
Alternate Display mode or the Always on-top mode (which is now only accessible
through the View menu).

29.Double-click in the left margin of the Probe window to invoke the Axis Settings form,
as shown in Figure 2-21.
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a
cadence®

. e eq R rr @ |2 [ ro @~

-

Click Here

0s
OU(IN) ¢ U(R1z1}

AATIC1\td300\td300.dat (active) Time= 300.0E-06

Figure 2-21: Alternate Display Mode

30. Configure the Data Range section to match Figure 2-22 for improving the Y-axis
range. This will fix the displayed voltage range so that the following steps will not
make undesired changes as you select different nodes for display in Probe.
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H H
"""" VTt oTiT o7 Axis Settings
H H

HGrd v Grd

Data Range )
Y Axis Number

1 -
Puis Position
Left
Right

User Defined

Y

Scale Axis Title
Linear 1

Log

Cancel Save As Default  Reset Defaults

s
O U({IH) U{R1:1)

Cutout Window

Figure 2-22: User-Defined Axis Settings

31.Select the OK button on the Axis Settings form. If your displayed voltage scale did
not previously match Figure 2-22, it should now.

32.Position the Capture and Probe windows so that you can see a good portion of the
schematic (with focus on the transistor) as well as a portion of the waveforms. As
configured, the Probe window should always be in front of Capture.

33.In Capture, move the voltage probe from the OUT wire to the BASE wire and note
that the waveform in Probe is immediately updated to reflect the new probe location,
but the voltage scale remains at 0-12V.
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oy-f
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O U(IN) ¥ U(BASE)

Figure 2-23: Repositioned Voltage Probe and Updated Probe Window

34.Return the Voltage Probe to the OUT wire.

Lab 8: Adding Traces to Probe Window

Probes are a handy and powerful tool in the PSpice flow as they automatically display
the desired information in Probe with no required configuration. However, it is also
desirable to be able to add traces to and configure the Probe window without the use of
probes (particularly on multi-page designs, where all of the probes cannot be
simultaneously seen) in such a way that the configuration is persistent from one session
to the next.

35.Select the Add Trace button or select Trace > Add Trace to invoke the Add Traces
form.

File Edit Wiew Simulation Trace Plot Tools Window Help

F. = =

QAAQQ LY er €9 12 [ oo [~ [% Lo

Figure 2-24: Adding a trace

36. Configure the filters for Analog, Voltages, and Alias Names, as shown in figure 2-
25. Filters allow you to control the information that is displayed in the Add Traces
form.
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Add Traces

Simulation Output

IciQ)
IE{Q1)
15(Q1)

El
MITTER)

Full List

Trace Expression |

Variables Functions or Mac

Analog Operators and Funchions =

E- 4
Analog

Voltages

Cumrents

Power

Alias Names

57 varables listed

1W[EMITTER]

Figure 2-25: Adding V(BASE) and V(EMITTER) traces to Probe

37.Select V(BASE) from the list on the left, followed by V(EMITTER).

The two expressions are populated into the Trace Expression field at the bottom.
This specifies two different traces to be added. If there were a mathematical
operator (like ‘+’) between the two voltages, they would be treated as parts of a
single larger expression and trace to be displayed.

38.Select OK to add the two traces to the Probe waveform window. The waveforms
should now match Figure 2-26; trace colors/symbols may differ.
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5 dus 188us
o U{IN) 2 U{R3:1) U{BASE) + U{Emitter)

Figure 2-26: Four Traces in Probe

You have added two traces in Probe, but if a simulation were rerun, you would lose the
newly added traces because the simulation profile is configured to display the probed
traces. You need to fix this.

39. Close the Probe Waveform window. This commits the current trace layout to the
simulation profile memory.

40.In Capture, select PSpice > Edit Simulation Profile.

SCHEMATIC1-td300 - ""1_ “‘E ® _"E % 5._.'; ’ﬁ ’E’; ’(-3 ‘1"111 T ?ﬂ Evi'_ E‘E

41.In the Probe Window tab, select Last Plot to instruct Probe to reuse the most recent
trace configuration in the next simulation.
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Simulation Settings - td300

General
Analysis Display Probe window when profile is opened

Configuration Files

Options Display Probe window:

i during Simulation.
Data Collection ) )
after simulation has been completed.

Probe Window
Show
All Markers on open schematics.
Last Plot
Nothing.

Figure 2-27: Last Plot

42.Select OK in the Simulation Settings form.
At this point, the probe symbols on the schematic are no longer needed.

43.Delete the two probes (on wires IN and OUT) on the schematic. Select and use the
Delete key.

44.Save the design.
45.Simulate the design. Note that the previous trace arrangement has been retained.
This would be the case even if the project were closed and reopened on a later day,

or if other simulation profiles had been created/utilized before returning to the td300
profile.

SCHEMATIC1-td300 : '“1' ~ @ A ﬂ__.". Ve _j:fﬂl -

Lab 9: Basic Waveform Measurements

To demonstrate the use of Probe cursors in making waveform measurements, you will
perform a simple differential voltage measurement against the current simulation
results. You will measure the approximate maximum voltage across the base resistor
during the falling portion of V(in).

46. Select the Zoom Out button to cancel out of the fixed Y scale and zoom out.
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47.Select the Zoom Area button in the Probe window and drag-select across the area

shown in Figure 2-28 initially, and then adjust by additional scroll/zoom so that the

displayed area resembles that of Figure 2-28.
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Figure 2
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Figure 2-29: Zoom Results V(base) exceeding V(in) by 85-90mV

In the measurement exercise, you want to find the maximum excursion of V(base)
beyond V(in), which is caused by the transistor’'s base charge and collector-base
leakage. Thus, you want to measure the vertical (voltage) difference between the
two traces somewhere in the area of the arrows in Figure 2-29. You will do this by
activating the trace cursors and configuring them to track the V(base) and V(in)
traces as they are manually moved horizontally across the waveform plot.

48. At the top of the Probe window, select the Toggle Cursor icon to enable the cursors.
The Probe Cursor window opens as in Figure 2-30, displaying data for all four
traces. It currently indicates that both cursor1 and cursor2 are associated with V(in).
Next, you will associate the cursors with the proper traces.

F = (=0 .
QA& L rer (@ |2 [ oo [T ~r| % B

BN Troce Color| Trace Name| Y1 || ¥1-Y2 | ¥i(Cursort) - Ya(Cursor2)
76.431u (0.000 |76.431u ¥1-Y1(Cursort)| Y2 - Y2(Cursor2)
[CURSOREE () 0.000 0.000 |1.0000
e i 0. -

V(BASE) 5|0
VI(EMITTER) |427.348m|91.00
_ V(R3:1) 0.000 0.000

Figure 2-30: Cursor Window

49. At the lower-left corner of the waveforms (the Legend; see Figure 2-31), left-click on
the symbol for V(base) (shown as a triangle in the figure; your plot may differ). A
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fine-dotted pattern will surround the symbol — this indicates that cursor1 is now
associated with and will track V(base).

272 .7us 2808.8Hus 209 _Bus 388, 8us
i:@:iU{IH} < U{R2:1) U{Base) s UW{Emitter)

Figure 2-31: V(base) tagged for cursor tracking

50.To similarly associate cursor2 to V(in), right-click on its symbol (shown here as a
square).

272 .Fus 280. Aus 298.8us 388.8us
|:| U{IN] < U{RZ2:1) U{Base) a U(Emitter)

Figure 2-32: V(in) tagged for cursor tracking

Selecting anywhere in the waveform area with the left or right mouse button will now
track the associated trace because each button is now linked to its own trace.

51. Left-click and hold the mouse button while moving it across the canvas until cursor1

(red) is upon the area with the greatest apparent vertical distance (voltage) between
the two traces.
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Hold down left mouse
button and drag to the
desired position

112 . 88us

Figure 2-33: Setting cursor1 position

52. Without moving the mouse significantly, right-click to place cursor2 (green) at the
same horizontal (time) position.

Hold down right mouse
button and drag to the
desired position

188 . 88us 118.88us 112 . 88us

Figure 2-34: Setting cursor2 position

53.Note the probe cursor data, as shown in Figure 2-35. The Probe Cursor Display
reports the absolute and relative position of cursor1 and cursor2, as well as a wealth
of additional values related to cursors and traces. The data you seek is a maximum
in the encircled value in Figure 2-35. This field represents the Y (voltage) difference
between the two cursors on their respective traces.
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Figure 2-35: Measurement using the A1 and A2 cursors

54.Reposition the cursors horizontally by simultaneously holding the left and right
mouse buttons and panning left/right to find the maximum reported differential
voltage. This should be at the coordinates shown in Figure 2-35 — reporting a
voltage difference of about 87mV.

For those who are used to the older style cursor display or may need a more compact
view of the basic cursor differences, this can be enabled in Tools > Options > Cursor
Settings. This form also allows color adjustments and other features to the cursors.

You have made some manual measurements using the cursors to find the maximum
voltage difference between the two traces. There are ways of automating this type of
process in the PSpice simulator. You will briefly cover them both.
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Lab 10: Assertions

Assertions are a feature of PSpice’s “Arbitrary Source” analog behavioral models. They
allow you to define an expression, which if met during a simulation run, will produce a
runtime customized warning or an error message. You will use the CURRENT_GEN
part from the Function library to instantiate this feature for this exercise, as it requires
no support components to serve this purpose. The error/warning parameters (the
important parameters) will be defined in the steps given below.

55.In Capture, open a design page and select the Add Component button.

Figure 2-36: Placing a component

You will add the Function library to the available list of libraries within Capture.
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56.In the Place Part window, select the Add Library button.

Place Part

Part

WETIM

L RE_FOREVER/SOURCE
VPWL_RE_N_TIMES/SC
VSFFM/S!

Libraries:

TLINE
TRANSIST

Parts per F_'k.g:
Part:

Type: Homogeneous

Mormal

+ Search for Part

Figure 2-37: Adding the Function library

57.Browse to the Function library available at

C:\Cadence\SPB_17.2\tools\capture\library\pspice\advanis.

58.Place the current_gen part on the schematic by following these steps:

a. In Place Part, select the FUNCTION library.
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b. Choose the CHARGE_GEN component and double-click the component image.

Place Part

Part ﬁ @

CHARGE_GEM
Part List: ?

Double-click

LUILSPREIMG
CORARI FY F7

Libraries:

FIFC
FILTER
FILTSUEB
FPGA
FUMNCTION
FUWRFI |

CHARGE = 7 -
| =l
LRSS Type: Homogeneous
WARN_COND =
ERROR_MESG =
WARN_MESG =

MNomal

+ Search for Part

Figure 2-38: Selecting CHARGE_GEN

c. Place it in the lower right of the design, as shown in Figure 2-39, and right-click
End Mode.

59. Wire the current_gen part, as shown in Figure 2-39.
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m;

CWRC

DT =7

1k .

Figure 2-39: The current_gen part placed and connected

60.Save the design (File > Save).

You will now edit the attributes of this part to configure it so that it will flag
occurrences of V(base) exceeding V(in) by more than 80mV.

61.Double-click on the newly placed part to bring up the Property Editor.

62. Perform the following property edits using the Property Editor. When done, the two
attributes for warning and error message should match Figure 2-40.

a. Set the value of IOUT to 1.

b. Enter V(BASE) > V(IN)+80M for the value of WARN_COND. This tests for
V(base) exceeding V(in) by 80mV or more.

c. Enter Condition_Met for the value of WARN_MESG.
d. Set ERROR_COND as V(BASE) < -100
63. Set the Display Format of WARN_COND and WARN_MESG to Name and Value.

Set all remaining visibilities to Do Not Display, as shown in Figure 2-40. The order
of attributes is not important.
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Mew Property...  Apply  Display.. Delete Property Pivot

CHARGE f
Color Default

Designator
ERROR_COND V(BASE) = - 100

IROR_MESG error

Graphic CHARGE_GEN Normal

D i Fomt
impéementation Narme: Arial 7 (default)
implementation Path ||

Display Properties

Value

Implementation Type <t ; [:]-1,3_:"@.3

Location Dlepilay Fomak
Location ¥-Cog : 2 Color
Name
NC

PACK _IGNORE

Part Reference .

PCB Footprint il ]

Power Pins Visible H oih it vame 3 %
Prim DEFAULT Value f Value Basts
PSpiceTemplate GEREFDES %PIS %NIS Q= Text Justification
Reference u1
Source Library ADER i o]

Rotation

Default

Source Part 1 W
Valie CHARGE GEN
WARN_CO V(BASE =50

WARN_MESG Condition_Met

Figure 2-40: CURRENT_GEN Properties

64.Select Apply and exit the window.

65. Clean up the schematic so that it resembles Figure 2-41.

Emitter
v e
|

| WARN_COND = V{BASESVINHEIM
p - WARNZMESG = Condition_Met

Figure 2-41: CURRENT_GEN placed and configured
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66. Simulate the design (click ‘Yes’ to save).

SCHEMATIC1-td300 ~ IEI W) (7] @

Note the message “Condition_Met...” reported in the Output window, as shown in
Figure 2-42. Also, because the “Last Plot” setting was selected in the simulation profile
(step 41), the waveform plot layout (zoom, cursors, and so on) is not reset to the default
but retains the prior configuration.

= Circuit read in and checked, no emrors

= Calculating bias point for Transient Analysis
Biaz paoint calculated
Tranzient &nalysiz

4 Condition_tet [time = 1.0913E-004]
Tranzient Analysis finizhed

Tatal job time [using Sokwer 1] = 03

IMFO[ORPROBE-3130): Simulation complete

Figure 2-42: Assertion “Warning” Message

The reported event time matches the timepoint that was determined by your manual
measurements in Figure 2-35 The usefulness of assertions as a runtime conditional test
has been demonstrated. You will now measure waveform details using a third method.

Lab 11: User-Defined Measurement Expressions

User-defined measurement expressions or measurements allow you to define a
mathematical expression that can be based on one or more aspects of the simulation
results. The measurement will yield a single numeric value based on the current
simulation results. Measurements are a foundation element of the PSpice Advanced
Analysis functionality, which is the focus of Module 3 of this workshop. In the following
steps, you will define/load two measurements that will accurately produce the results
previously obtained using the manual cursor manipulation and the behavioral model
assertion capability.

67.If you have accidentally closed the Probe window, reinvoke it by selecting the View
Simulation Results button in the Capture Analog Toolbar. This will return the Probe
window without running another simulation.

S CHEMATIC1-td300 ) -m+- . ® - 1—1: ﬂ , ; 47 , ’ ’
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68.In Probe, select the Evaluate Measurement icon or select Trace > Evaluate
Measurement.

-

QQ A LY rer €7 12 | [l ol A [x B

The Evaluate Measurement form is presented, as shown in Figure 2-43.

69. Using Figure 2-43 as a guide, set variables filters for Analog, Voltages, and Alias
Names.

Evaluate Measurement
Functions or Macros Simulation Output Variables
Meazurements

Bandwidth{1,db_level] Analog
Bandwidth_Bandpas ¥Range(1,begin_x,end_x)
CenterFrequency(1,db_level}
CenterFrequena tange(1,db_level begin_x,end_x) Voltages
ConversionGain
ConversionGain Cumrents
Cutoff_Highpas ]
Cutoff_Highpas { Power
Cutoff_Lowpass (1]
Cutoff_Lowpass_3dB XRange(1,begin_x,end_x)
Cycle(1)

rcle_¥Range(l,begin_x,end_x) +
Falltime_MoCOvershoot(1) IB{Q1])
Falltime_StepResponse(l) 1C{C1)
Falltime_StepResponse_¥XRange(l,begin_x end_x) IE{C1)
GainMargin(1,2) 15(C1)
MATLABFunction(1, < MATLAE function=)
MATI ARFunction2(1,2, < MATLAE function=)
hlax(1]
I tange(1,begin_x end_x 57 variables listed
Min(1)

Alias Names

Trace Expression: QK Cancel Help

Figure 2-43: Probe Evaluate Measurement Form

70.Referring again to Figure 2-43, perform the steps given below to create the first
measurement, which will identify the maximum voltage difference that occurs (over
the simulation period) between V(base) and V(in). Be careful not to double-click
during this process.

a. Left-click once on Max(1).
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Note: Here, (1) means that the Max function is expecting a single numeric
expression within its parenthesis. The cursor is automatically seeded in between
them.

Full List

Trace Expressior: | Max( QK Cancel Help

b. Left-click on V(base). It is inserted in between the parenthesis. Do not worry
about upper/lower-case differences.

Full List

oK Cancel Help

c. The cursor is moved outside of the parenthesis, but you are not done with this
expression. Press the left arrow on your keyboard once to put the cursor back
inside the right parenthesis.

d. Press the minus (-) key on your keyboard.

Full List

Trace Expression; Ma 1 QK Cancel Help

e. Left-click on V(in).

Full List

Trace Expression:| b [ 1T QK Cancel Help

The expression at the bottom of the form should now read Max(V(base)-V(in)). If it
does not read so, edit it until it does, or clear the text and start over.

71.Select OK in the Evaluate Measurement form. The expression and its result are
now displayed below the waveforms in the Probe window. The results compare
favorably with the manually measured value.

Evaluate Measurement e

[ | v | Max(W(BASEW(IN)Y 28.02130m

Figure 2-44: Measurement and its Result
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72.Left-click on the line below the measurement result to reinvoke the Evaluate

Measurement from. You will now create the second measurement.

[T evauate
] =@

Figure 2-45: Adding a new measurement

73.For expedience, cut/paste the expression for the next measurement into the Trace
Expression field. This measurement will determine the point in time that the first
measurement result occurs, that is, the time that the maximum occurs. Perform the
following step:

Type or copy/paste the expression given below into the Trace Expression field.
If you are reading from a paper copy, you can find Measurements. txt in the
module2 folder. You can open it with a text editor or by using the Probe menu
item File > Open (filter set to .txt) as a copy/paste source.

Expression: XatNthY ( (V (base) -V (in) -Max (V (base) -V (in) ) *.999999) ,0,1)

74.Select OK in the Evaluate Measurement form. The expression and its result are now
displayed below the waveforms in the Probe window. The results in Figure 2-46
compare favorably with the manually measured value as well as the event time
identified by the assertion. The measurement result below does not match the
assertion result exactly. This is because the measurement is produced from the
waveform results, which include interpolation between data points, while the
assertion conditions are evaluated only at discrete time steps.

E\raluatr.- Measurement Value

Max(Vi{BASERVIING) &6.02130m
|I| ﬂ Kaththy ((Vibase}-in}-Max(v(base... 109.12735u

Figure 2-46: Both Measurements

Note: If you are wondering what the .999999 in the second expression was for, read the
description below; otherwise, skip ahead to step 75.

Review the entire measurement:

XatNthY ( (V(base) -V (in) -Max (V (base) -V (in)) *.999999),0,1)

The newest expression reports the X-axis (time) at which the underlined expression all-
of-the-mumbo-jumbo-on-the-left (the underlined expression argument to the XatNthY
function) exceeds zero (the “0” argument) for the first time (the “1” on the right — there
should only be one occurrence with the numeric precision in use).
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The expression can be broken into the following two portions:

1) V(base)-V(in): This is the voltage difference at any given time.

2) Max(V(base)-V(in))*.999999: This is overall maximum voltage difference
(essentially your first measurement)—a constant threshold that will have to be
evaluated before the complete measurement result can be determined.

So, the measurement will report the time that the actual exceeds the threshold. Since
(2) will be tangentially intersected by (1), it is conceivable that rounding errors in the
math might cause the measurement not to work. Lowering the threshold by a miniscule
amount (factor of .999999) will greatly increase the likelihood of success without a
significant error in the results.

Lab 12: Bias Point Display

Bias point display allows the results of the bias point analysis, which is typically
automatically run as a precursor to a time-domain simulation, to be displayed on the
schematic. The bias point analysis is a steady-state analysis under time=0 conditions.

75.In Capture, select PSpice > Bias Points > Enable Bias_Voltage Display. This
reads the bias point run results into Capture.

76.Select (checked) PSpice > Bias Points > Enable. This enables bias display buttons
in the analog toolbar.
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GE1]]
PCE 5l Analysis | PSpice | Accessories Options Window Help

o P"’ L & MNew Simulation Profile ! @ Q Q "

Edit Simulation Profile
tart Page X

:'Ej Run

View Simulation Results

View Output File

Create Netlist

View Metlist
Advanced Analysis

Markers

Bias Points Enable

~ Enable Bias Current Display

Enable Bias Voltage Display

. Enable Bias Power Display

Preferences...

Implementation = SQUARE

Figure 2-47: Enabling bias data on the schematic canvas

77.Cycle through the bias display buttons on the analog toolbar to view the bias data on
the Capture canvas, as shown in Figure 2-48.
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R

22k

10.00v]
IN P BASE . L
ov]

Ay e =
00k MEW_NFH )

& {eer

Implementation = SQUARE

1 WARN_COND = V{BASE)V{IN)+E0M
=g - WARNIMESG = Gondition_Met

Figure 2-48: Bias Point display with Bias Voltage enabled

78.Disable the bias display using PSpice > Bias Points > Enable (unchecked) OR by
toggling bias buttons in the analog toolbar.

79.Save the design.

Lab 13: Restarting from a Saved Checkpoint

Earlier in this module, you enabled saving of simulation checkpoints at 100us intervals.
Now, that a simulation has been completed, you have access to these checkpoints and
can restart a simulation from one of these points. You will choose to restart from the
200us checkpoint.

80. Restore the Probe display to a suitable configuration by performing the following
steps:

a. If cursors are ON in Probe, turn them OFF by selecting the Toggle Cursor
button.

QA LY fer (7 12 [ o0 [ ~[Ix Eu

Learn more at Cadence Learning and Support Portal - https://support.cadence.com
© 2022 Cadence Design Systems, Inc. All rights reserved worldwide. Page 61



Design Authoring and PSpice Basic Analysis: RAK

b. Zoom to the entire waveform by selecting the Zoom Fit button.

F. = =

QA LY eer €% L2 | [ o0 [0 A o[

c. Turn OFF the measurement display by deselecting View > Measurement
Results.

81.Modify the simulation profile to restart the simulation from the 200us (simulation
time) saved checkpoint by performing the following steps:

a. In Capture, select the Edit Simulation Settings analog toolbar button OR use
PSpice > Edit Simulation Profile.

soewmaisn - Y5 50 LG G A B A 6 A

b. Inthe Analysis tab > Options section, uncheck the Save Check Point box and
check the Restart Simulation box.

General Analysis Type: Check Point Location

. Time Domain (Transient) b
Analysis Directories:

Options:

Configuration Files

General Settings
Options

Monte Carlo/Worst Case
Data Collection Parametric Sweep
Probe Window Temperature (Sweep)

Save Bias Point Restart At
Load Bias Point Simulation Time
Save Check Point Real Time

Restart Simulation -

Save Original Dat File

QK

Figure 2-49: Setting Restart Point

c. Inthe Restart At section, select the pull-down value of 200.000us.
d. Select OK in the Simulation Settings form.

82.Simulate the design (click ‘Yes’ to save). Simulation results in Figure 2-50 show the
resulting waveforms ranging from the 200us check point to 300us.
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As mentioned earlier, this is extremely useful when looking for an activity that takes
place after a significant simulation time. After an initial complete simulation (with
checkpoints saved), subsequent “restart” simulations can go much more quickly, and
the simulation results files will generally be proportionately smaller. Another useful
application for Checkpoint/Restart is in addressing convergence issues that could occur
well into a long simulation run. In this case, you can make changes to component
values and/or simulation settings to address the issue and then restart the simulation
from the last saved checkpoint before the convergence error.

ay+=
288us 218us 228us 238us 298us 388us

o U(IN) + U(R3:1) + U(BASE) a U(Emitter)

Figure 2-50: Simulation Restart Results from 200us

Based on the simulation results, measurements, and so on, you would be satisfied that
your design functions as desired. You will now move to designs of increased complexity
to perform more advanced simulations and analysis.

83. This completes Module 2. Close all windows/applications. No need to save.

Support

Cadence Learning and Support Portal provides access to support resources, including
an extensive knowledge base, access to software updates for Cadence products, and
the ability to interact with Cadence Customer Support. Visit
https://support.cadence.com.

Feedback

Email comments, questions, and suggestions to content feedback@cadence.com.
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