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Simulating an SMPS Design using Capture-PSpice Flow

Preface

This tutorial provides an overview of OrCAD® Capture - PSpice® flow using a
Switched-Mode Power Supply (SMPS) design. In this tutorial, you will configure the design
for simulation, simulate the design using PSpice, and then use the Advanced Analysis option
to verify stability and yield of the design.

Audience

This tutorial is designed for:
m PCB designers using OrCAD products to design and simulate a circuit design

m First-time users of the Capture - PSpice flow

Prerequisites

To perform the tutorial tasks, you need to have following Cadence® products installed:
m Capture or Capture CIS
m PSpice AD

m PSpice Advanced Analysis

Design and Library Files

Extract the project.zip file located at <Cadence Installation>/doc/pspcaptut/
examples/. The project. zip archive contains library files and design files required to run
the tasks in this tutorial.

PSpice Tutorial Libraries
| CIS_PARTLIB
B PWMCON

B TECCI_CORE
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Simulating an SMPS Design using Capture-PSpice Flow

Enabling the SMPS design for Simulation

Before simulating a design, you need to enable the design for simulation.

Objective

Open the SMPS design in OrCAD Capture

Opening the SMPS design in Capture

To open the design, demo_smps_1.dsn in Capture CIS, do the following:
1. Choose Cadence PCB 17.4-2019 — Capture CIS 17.4 from the Start menu.

If prompted, from the 17.4 CaptureCIS Product Choices dialog box, choose OrCAD
PSpice Designer Plus and click OK.

The OrCAD Capture CIS window opens.

2. Choose File — Open — Design, browse to DEMO_SMPS_1 .dsn from the project files
of this tutorial, and click Open.

The project manager window opens.

October 2019 7 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Enabling the SMPS design for Simulation

Observe the project manager window.

The project type is specified as Analog or Mixed A/D below the title bar of the Project
Manager window. You can simulate analog or mixed signal circuits in PSpice.

3. Under Design Resources, expand demo_smps_1.DSN and ROOT. Double-click
PAGE1 to open the schematic page.

Analog or Mixed A/D

— ﬁ!-_' : Hieraichy

B @ Design Resources
= % Ademo_smps_1.DSN
= = ROOT
™ PAGET
B Design Cache
B Library
B Layout
B Outputs
B PSpice Resources
B Logs

The design contains a hierarchical block pwmcon with a pulse-width modulator circuitry
controlled by feedback from 18v output. A ferrimeter transformer, designed using
Magnetic Parts Editor, is used in the design. A high voltage is switched through the
primary winding of the transformer. The secondary winding of the transformer is
connected to a rectifier and a filter.

October 2019 8 Product Version 17.4-2019
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Enabling the SMPS design for Simulation

Observe the functional component BEHAV_GEN. Error condition is specified as
V (0OUT) >3 0 to ensure that the simulation of the design stops if V(OUT) exceeds 30V.

Note: You can specify warning conditions by specifying a value for the WARN_COND
attribute. In case of warning conditions simulation continues after displaying the specified
warning message.

ui3
Fix) I VOUT = 1

BEHAV_GEM
ERROF_COND = V{OUT):20
ERROR_MESG = OUTPUT VOLTAGE EXCEEDS 30V

4. Select Place — Part, press P, or click the Place part icon.
The Place Part pane opens.

5. Click the Add Library icon.
The Browse File dialog box opens.

6. Browse to
<installation_directory>\tools\capture\library\pspiceladvanls\ps
pice_elem.olb.

7. Select pspice_elem.olb and click Open, or double-click pspice_elem.olb.
The PSPICE_ELEM library appears in the Libraries list box.
8. Search for variables from the Part list box.
9. Click the Place Particon or press Enter.
The part symbol is attached to the pointer.
10. Click the schematic page where you want to place this component.

11. Right-click and select End Mode or press Esc.

What's Next

Next, you will create a simulation profile and run a PSpice simulation on the SMPS design.

October 2019 9 Product Version 17.4-2019
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Enabling the SMPS design for Simulation

Recommended Reading

For more information on opening a project, adding properties in a schematic, and adding
variables block in a schematic, see chapters Working with Projects and Working with
Properties in OrCAD Capture User Guide.

October 2019 10 Product Version 17.4-2019
© 1999-2020 All Rights Reserved.



Simulating an SMPS Design using Capture-PSpice Flow

Setting Up and Running a PSpice
Simulation

In this chapter, you will create a simulation profile for the SMPS design to run a transient
analysis in PSpice.

Objectives

m Create a PSpice Simulation Profile using OrCAD Capture
B Simulate a design using PSpice

Creating a PSpice Simulation Profile

To create a new Simulation Profile in OrCAD Capture, perform the following steps:
1. Choose PSpice — New Simulation Profile.
2. Enter the Name as trans.
3. Ensure Inherit From is none.
4. Click Create.
5

. Select Analysis in the Simulation Settings dialog box.

October 2019 11 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Setting Up and Running a PSpice Simulation

6. To specify a transient analysis to run for 30ms starting from the 0s, do the following:
Q Choose the Analysis Type as Time Domain (Transient).
Q In Run To Time, enter 30ms.
Q In Start saving data after, enter 0.
Q

Ensure that Skip the initial transient bias point calculation (SKIPBP) is not
selected.

Simulation Settings - tran

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

s Start saving data after : seconds

Configuration Files Transient options:

General Settings . i .
Options Maximum Step Size seconds
Monte CarloWorst Case
Data Collection Parametric Sweep Skip initial transient bias point calculation (SKIPBP)
Probe Window Temperature (Sweep)

Save Bias Point Run in resume mode

Load Bias Point

October 2019 12 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Setting Up and Running a PSpice Simulation

7. Select Configuration Files.

8. Ensure that tecci_core.lib and demo_smps.1ib are listed under Configured
Files for the Library Category.

If required, browse to the library files in the models folder of the project directory and
add them using Add to Design.

Category: Filename:

. Browse...
Stimulus :

Library Configured Files
Include

Amodels\tecci_core.lib Add 2= Global

Update Index =* \demo_smps_1-PSpiceFiles\demo_smps.lib

N ) Add to Design

. nom.lib* -

Add to Profile
Edit

Change

Library Path
"CAT4\tools\PSpice\Library™ Browse..,

October 2019 13 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Setting Up and Running a PSpice Simulation

9. Select Options.

10. Under Analog Simulation, select Auto Converge and then set AutoConverge.

El  Analog Simulation Mame Default Value
General AutoConverge

ImL1 1000
m.2 1000
ImL4 1000
[E] Analog Advanced RELTOL ] 0.05
General ABSTOL 1.0E-6
Bias Point VNTOL ! 0m
Transient PIVTOL 1.0e-10
Restart

Auto Converge
MOSFET Option

[F] Gate Level Simulation
General
Advanced

E] Output File

General

When you select autoConverge, PSpice uses relaxed limits for some of the options,
such as ITL1 and RELTOL, to adjust and run the simulation to achieve convergence.

11. Click Apply to save changes.
12. Click OK.

October 2019 14 Product Version 17.4-2019
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Setting Up and Running a PSpice Simulation

Simulating the Design using PSpice

Perform the following steps in OrCAD Capture to perform simulation:

1. Place a voltage probe on the OUT net: choose PSpice — Markers — Voltage Level and
click on the OUT net.

ouT

R17
5.02k

2. Choose PSpice — Run or click to run the simulation.

If required, click Yes in the Undo Warning dialog box. Close the Simulation Message
Summary dialog box.

The simulation result is displayed in the PSpice probe window.

October 2019 15 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Setting Up and Running a PSpice Simulation

What's Next

Next, you will verify the stress levels of components in SMPS using smoke analysis of
Capture - PSpice Advanced Analysis flow and then correct the stress levels for the
components based on the analysis result.

Recommended Reading

For more information on creating a simulation profile, running a PSpice simulation on any
design, and understanding convergence options in PSpice, see PSpice User Guide.

October 2019 16 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow

Verifying Stress Levels of Componentsin
SMPS

Run smoke analysis to identify components stressed due to power dissipation, increase in
junction temperature, secondary breakdowns, or violations of voltage / current limits. In this
chapter, you will perform Smoke analysis based on the transient profile to identify and correct
components that are stressed.

Objectives

m Identify components under stress by running Smoke Analysis

m Correct stress levels using PSpice Advanced Analysis results

Identifying Stressed Components: Smoke Analysis using
PSpice Advanced Analysis

1. In Capture, choose PSpice — Advanced Analysis — Smoke.

October 2019 17 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Verifying Stress Levels of Components in SMPS

The PSpice Advanced Analysis window opens with Smoke tab displayed.

Smoke - tran.sim [ No Derating ] Component Filter = [ *]

l_ Component | Parameter Typc Rated Val :Elcratlng Max Elcra.tlng Measured Value
B o

U1.R9

U1.R10

D1

ut.ct

B U1R10

7]
U1.R9
7]

B u1Rs

Average

n profile 'tra
Smoke Analy

Cutput Window  Command Window

You can right-click in the result pane of the Smoke Analysis window and choose options
to see only specific measurements, such as RMS, average, or peak values. You can also
choose to view specific parameters.

Right-click to open the context menu.
Ensure that only Average Values is selected.

From the context menu choose Parameter Filters.

a s 0 n

Ensure that only Power Parameters is selected.

October 2019 18 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Verifying Stress Levels of Components in SMPS

6. Choose Hide Invalid Values. This ensures that invalid values are not displayed.

Average Values
RMS Values

Peak Values

Parameter Filters All Parameters
Parameter Descriptions _
Current Parameters

Hide Invalid Values

Power Parameters
Component Filter

Temperature Parameters

Find in Design Voltage Parameters

Derating

[ cCopy Ctri+Insert

Observe the changes in the result pane of the Smoke Analysis window.

Smoke - tran.sim [ No Derating ] Component Filter = [ *]

# | Component | Parameter Type Rated Value . ating Max Derating Measured Value % Max
5 A g om i

POM 1

U1.R11

P
e
e
e
e
e
e
e
U1.R4 e
e
e
e
e
e
e
e
e

U1.R10

In the current schematic, the component U1 . R9 is under stress, as shown by the red
color row.

October 2019 19 Product Version 17.4-2019
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Verifying Stress Levels of Components in SMPS

Correcting Stress Levels using PSpice Advanced
Analysis

1. Inthe Capture schematic, double-click PWM Controller (PWMCON) and change the value
of SMOKE_ON_OFF and to OFF.

PWM CONTROLLER

Start Page /-(ROOT: PAGET} =
Mew Property .. Apply  Display.. Delete Property ‘ivol Fiterby:  Capture PS

| A
ROOT : PAGE1 : U1

Implementation
Implementation Path

ob [l
Implementation Type Sc iew
IOMODEL

3 F'.ﬂ.'I:E_T"r"F'E
2. Save the schematic.

3. If you change the value of a component used in schematic, re-run the PSpice simulation
before you run the smoke analysis.

4. Run smoke analysis again (PSpice — Advanced Analysis — Smoke).

October 2019 20 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Verifying Stress Levels of Components in SMPS

The smoke analysis results show that stress has been removed after disabling the
SMOKE_ON_OFF property. The SMOKE_ON_OFF property on PWMCON is changed
to OFF to discard smoke analysis on the hierarchical block.

What's Next

Next, you will create measurement expressions for the SMPS design.

Recommended Reading

For more information on Smoke Analysis, see the chapter on Smoke in PSpice Advanced
Analysis User Guide.
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Simulating an SMPS Design using Capture-PSpice Flow

Evaluating Stability and Optimization:
Creating Measurements

In this chapter, you will create measurements to evaluate the stability and optimization of a
design using Capture - PSpice Advanced Analysis flow.

Objectives

m Create measurements

Creating Measurements

Create the following measurements to evaluate the characteristics of the waveform generated
using PSpice:

B Max_XRange (V(OUT), 25m, 30m)

B Min_XRange (V(OUT),25m, 30m)

To create the above measurements:
1. Open the PSpice Probe window.
The Probe window is displayed whenever you run a simulation.
2. In the Probe window, choose Trace — Measurements.
The Measurements dialog box appears.

Note: To know more about different measurement expressions, see Measurement
Expressions chapter in PSpice User Guide.

October 2019 23 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Evaluating Stability and Optimization: Creating Measurements

3. Choose Max_XRange in the Measurements dialog box.

Measurements

DutyCycle_XRang

Falltime

Falltime_Step
Falltime_StepRes

GainMargin
Max

Max_XRange

Min

Min_XRange
Mth_Duty_cycle

MthPeak
Overshoot

Owershoot_XRange

Peak
Period

Period_XRange
PhaseMargin

Close

4. Click Eval.

ponse_XRange

Copy

View
Edit

Delete

Eval

Load

HE!||:|

5. Specify the trace value as v (0UT) and the max and min values for the XRange as 25m

and 30m, respectively.

Arguments for Measurement Evaluation

Mame of trace to search IE WOUT]

A

6. Click OK.

range begin value

¥ range end value

28m

30|

Cancel

7. Click OK in the Display Measurement Evaluation message box after viewing the results.

8. Click Close in the Measurements dialog box.

October 2019
© 1999-2020

24

Product Version 17.4-2019
All Rights Reserved.
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Evaluating Stability and Optimization: Creating Measurements

9. Similarly add Min_XRange.

tran.dat (active)
24

u{ouT)

What's Next

Next, you will verifying design stability and yield and then optimize the design using various
advanced analyses.

Recommended Reading

For more information on creating measurement expression and setting tolerances, see
PSpice User Guide.
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Verifying Design Stability and Yield

PSpice Advanced Analysis is a set of advanced tools that augment the classic PSpice
functionality with capabilities that include Smoke, Sensitivity, Monte-Carlo, Optimizer, and
Parametric Plotter.

In this chapter, use these advanced analysis tools to verify the stability of the SMPS design

and optimize it.

Objectives

B Run Parametric Plotter

m Run Monte-Carlo

m Run Optimizer and Sensitivity Analysis

Running Parametric Plotter

In Parametric Plotter, you analyze sweep results from multiple parameters and you can sweep
any number of design and model parameters (in any combinations) and view results in Plot/
Probe in tabular or plot form. You will run Parametric Plot analysis to ensure that the design
is stable for a range of load and fluctuations in the line voltages.

1. Choose PSpice — Advanced Analysis— Parametric Plotfrom OrCAD Capture to start
Parametric Plotter.

October 2019 27 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Verifying Design Stability and Yield

2. Inthe Sweep Parameters section of the Parametric Plot window, click Click here to
import a parameter from the design property map.

Sweep Parameters

* I On/Off Component Parameter Sweep Variable Sweep Type Sweep Values Number of Steps

ck here to import a parameter from the design property map...

—
]
[
[
[
[
[
[
1
4

Measurements

* I OniOff Profile Measurement Type Min Value | Max Value

Click here to import @ measurement created within PSpice...

TTTTTTIT |

E. Measurements esults E. Plot Information

3. Inthe Select Sweep Parameters Component Filter window, scroll down to the Parameter
RLOAD and click in the Sweep Type column for this parameter.

October 2019 28 Product Version 17.4-2019
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Verifying Design Stability and Yield

4. Choose Discrete from the list.

Select Sweep Parameters Component Filter [*]

Component Parameter Sweep Type Sweep Values “

o

model aepi
ae
ac
ab
WLINE
R

Cancel

5. Click inthe Sweep Values column to open the Sweep Settings dialog box.

October 2019 29 Product Version 17.4-2019
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Simulating an SMPS Design using Capture-PSpice Flow
Verifying Design Stability and Yield

6. Specify the values as 100, 150, and 170.

To specify a value, click New ( 1 ) and type the value. Similarly, to delete a value, select
it and click ( ).

Sweep Settings

Sweep Type

Digcrete

Discrete Points: 7} 2 4 [ ¥
100
150

Total number of steps:3

Cancel

7. Click OK to close the Sweep Settings dialog box.
8. Similarly, enter 250, 300, and 350 as discrete values for Parameter VLINE.

9. Click OK in the Select Sweep Parameters Component Filter window.

WLINE Discrete Values: 250,300, 350

RVARY

RLOAD Discrete Walues:100,150,170

You will simulate the design for different values of RLOAD and VLINE to observe the
impact of this variation on the output voltage, vout.

October 2019 30 Product Version 17.4-2019
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Verifying Design Stability and Yield

To simulate and observe variations for different values, import the measurements created in
PSpice using Import Measurement(s) window.

1. Inthe Measurements section of the Parametric Plot window, click Click here to import
a measurement created within PSpice.

Sweep Parameters
On/Off Component Parameter Sweep Variable Sw:up Type Swu:p Values
param viine outer
param rioad inner )
Click here to import a parameter frnn'|th.= design property map...

g - |

* TITTTTI |

Measurements

+ | On/OFF Profile Measurement e Min Value | Max Value

Click here to import @ measurement created within P

Cancel

3. To run the analysis, select Run — Start Parametric Plot.
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Verifying Design Stability and Yield

4. To view measurement results, click the Results tab.

The Results tab that lists the values for the parameters and the measurement results for
each value.

Results

param:viline param::rload tran.sim::max_xrange(viout),25m,30m

100
150
170
100
150
170
100
150

170

E. Measurements E. Results E. Plot Information

Output Window
Starting Parametric Plotter
cifications

Number of pararmetric

-- Loadin ulation profile tran.sim --
Parametr run 1

Parametri ep run 2

Parametri run 3

Parametri run 4

Parametric sweep run 3

n -

Output Window  Command Window

5. To view the graph of the results, click the Plot Information tab.

6. Click the label, Click here to add plot.
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Verifying Design Stability and Yield

7. In the Plot Information- Select Profile page of the wizard, choose tran.sim and click
Next.

Plot Information-Select Profile

tran sim

Mest = Cancel

8. In the Plot Information-Select X-Axis Variable page, choose param: : r1oad and click
Next.

9. In the Plot Information-Select Y-Axis Variable page, choose
tran.sim: :max_xrange (V(out),25m,30m) and click Next.

10. In the Plot Information-Select Parameter page, choose param: : vline and click
Finish.

The details you entered are added to the first row of the Plot Information tab.
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Verifying Design Stability and Yield

11. Right-click this row and choose Display Plot.

Plot Information

F
* Plot Name X Axis Y Axis Parameter Constant

T Plot 1 param: rioad tran.sim::max_xrang
Add Plot

Display Plot
Modify Plot
Delete Plot

[
[
[
[
[
[
[
[
[
[
—

Measurements Plot Information
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Verifying Design Stability and Yield

From the result of the parametric plotter analysis observe that:
m For VLINE250

VOUT changes abruptly from 1.2V to 19V when RLOAD changes from 100 ohms to 150
ohms, but when RLOAD changes from 150 ohms to 170 ohms the vVout remains
constant.

m For VLINE300

VOUT changes abruptly from 1.2V to 19V when RLOAD changes from 100 ohms to 150
ohms, but when RLOAD changes from 150 ohms to 170 ohms the Vout remains
constant.

m For VLINE350
VOUT remains fairly stable whenever RLOAD is changed.

CurrentPloti.csd X

J0e

“tran.sim: :max_xrange{v({out),25m,38m)"

“param: :rload"”

Therefore, you can conclude that if VLINE is 350V, the design is fairly stable and the initial
value of 350V for VLINE is OK for this SMPS design.
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Verifying Design Stability and Yield

Calculating Yield by Running Monte-Carlo

Monte Carlo analysis calculates the circuit response to changes in part values by randomly
varying all model parameters for which a tolerance is specified. This provides statistical data
on the impact of a device parameter's variance. Monte Carlo analysis is frequently used to
predict yields on production runs of a circuit.

There are two ways to run Monte-Carlo Analysis and calculate the yield:
m Using PSpice

B Using PSpice Advanced Analysis

Before you start the analysis, in the schematic design:

m Setthe TOL_ON_OFF property to OFF on the PWMCON part to ignore tolerance for
hierarchical components before you run Monte-Carlo Analysis.

m Setthe value of RTOL to 10 in the Advanced Analysis Properties variable (added
from the pspice_elem.olb library).
Running Monte-Carlo using PSpice

For the SMPS design, run the Monte Carlo Analysis in Time Domain to calculate the yield:

1. In Capture, choose PSpice — Edit Simulation Profile.
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2. Under Options, select Monte Carlo/Worst Case.

3. Set Output Variable to v (ouT) and Number of runs to 8.

Analysis Type:
Time Domain (Transient)

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

Restart Simulation

Monte Carlo Enable PSpice AA support in legacy

Worst-case/Sensitivity OQutput Vanable:  V({OUT)
Monte Carlo Options

Number of runs: 10

Use Distribution: Uniform - Distributions...
Random number seed:

Save Data From: All

Worst-case/Sensitivity Options

. tolerances

Vary Device that have
Limit devices to type(s)

Save data from each sensitivity run

MC Load Save .. More Settings ...

4. Click Apply and then click OK to save the settings and close the Simulation Settings

dialog box.
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5. Run the PSpice simulation.

The PSpice probe window displays the simulation result.

6. In PSpice, choose Trace — Performance Analysis to compare the different waveforms
generated using Monte Carlo Analysis.

October 2019 38 Product Version 17.4-2019
© 1999-2020 All Rights Reserved.



Simulating an SMPS Design using Capture-PSpice Flow

Verifying Design Stability and Yield

The Performance Analysis dialog box appears.

Performance Analysis

changing variable 1to8

will be a histogram
depend on the Measurement you use.

Cancel Wizard Help Select Sections...

7. Click Wizard in the Performance Analysis dialog box.

Using this wizard, you will create a plot to calculate the yield of the design.

8. Click the Next.

9. Inthe Choose a Measurement page, choose Max_XRange and then click Next.

ormance Analys
Choose a Measurement.

GainMargin Max_xRange(trace name, begin_x, end_x)
Max

Max_XRange Find t am value of the trace within
Min the range.

Min_XRange

Nth_Duty_cycle
NthPeak
Overshoot
Overshoot_XRange
Peak

Period

Darind YDannAa

Cancel
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10. In Name of trace to search enter v (OUT).
11. In XRange begin value enter 25m.
12. In XRange end value enter 30m.
13. Click Next.
The wizard displays the Max_XRange trace for v (ouT) for the first run. This is done to

test the measurement and you can verify if the result is correct.

trans.dat [active)

24

- Performance Analysis Wizard - 5tep 4 of 4

Sometimes a trace doesnt have the characteristics you expect. Now
we have tested the Measurement you have chosen on the trace from
1 the first section.

+ [ this result appears to be comect, then choose Next or Finish to
' display the Performance Analysis trace.

Cancel <Back M = Finish

515
o u{ouT)
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14. Click Finish.
A plot of Max_XRange(V(OUT), 25m, 30m) vs V(OUT) occurrence percent appears.

18
Max_XRange(U{OUT}), 25m, 38m)

3.74951 maximum 208.5386
3_84254 Jxsigma 23.08566
19.6918
20.4928

minimum
18th %ile
median
98th %ile

n samples
n divisions

mean
sigma

Using this plot in the PSpice Probe, you can calculate the yield of the SMPS design.
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Running Monte-Carlo using PSpice Advanced Analysis

Before you start the advanced analysis, in the schematic design:

B Ensure thatthe TOL_ON_OFF property to OFF on the PWMCON part to ignore tolerance
for hierarchical components before you run Monte-Carlo Analysis.

m Setthe value of LTOL to 10 in the Advanced Analysis Properties variable (added
from the pspice_elem.olb library).

To run Monte-Carlo using PSpice Advanced Analysis, do the following:

1. In Capture, choose PSpice — Advanced Analysis — Monte Carlo.

2. Click the text, Click here to import a measurement created within PSpice.
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3. Choose Max_XRange from the Import Measurement(s) dialog box and click OK.

I ———
Probability Density Graph

Number of Runs
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Output Window
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Click here to import a measurement created within PSpice...

Measurement

To select muttiple items, hold down the CTRL key, then click each entry

Hold down the SHIFT key to select or deselect adjacent tems.

oK

Cancel

4. Choose Run — Start Monte Carlo to run the Monte Carlo analysis.
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5. As Monte Carlo Analysis is completed, Probability Density Graph is displayed.

Probability Density Graph (Runs: 1 to 10)

2 J._J._I ________________________________________________________
lcﬂ 1 5 ____________________________________ E ________________________________________________________
= )

o '
5 L e T -k 4 | R SRR
@ :
I= 0.5 —f----d--mncteeco bt d s e T e T T
= : ' ' : : : ; : ' ' ' '

in ' ' : : : ' ' ‘ ‘ ‘ :

M I T 1 T 1 | | | | 1 | 1 | T T T T
19.82 19.86 19.919.92 19.96 20 20.02 20.06 2012012 20.16 202
Max_XRange(V(OUT), 25m, 30m)

Statistical Information

[_,_ Oni Profile Measurement Cursor Min |Cursor Max| Yield Mean Std Dev 3 Sigma | 6 Sigma Median [

Max_XRange(V(... 19.8216 20.2405 100%  20.0383 62.8362m 100%
Click here to import a measurement created within PSpice...

E. Statistics E. Raw Meas

Output Window
Monte Carlo run 3 completed
Carlo run 4 completed
e Carlo run 5 completed

Monte Carlo run

Monte Carlo run

In the Probability Density Graph, every Monte Carlo Analysis run is within the Cursor
Minimum value and Cursor Maximum value, which concludes that the yield of the SMPS
design is 100%. The yield information is shown in the Statistical Information tab.

6. Right-click this graph and choose MC Graph (PDF/CDF) to view data in a Cumulative
Distribution Graph.

7. Click the Raw Measurements tab.
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This tab displays the measurement data for every run of the simulation.

Cumulative Distribution Graph (Runs: 1 to 10)

Number of Runs

19.82 19.86 19.919.92 19.96 20 20.02 20.06 20.120.12 20.16 2022022
Max_XRange(V(OUT), 25m, 30m)

Raw Measurements

Measurement 1 r .

Max_XRange(V(OUT), 25... 20.02606930565 19.9909755531 20.12745179171

Raw Measurement Values (Read Only).

Statistics §. Raw Meas
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Running Sensitivity and Optimizer Analysis using PSpice
Advanced Analysis

Optimizer is a design tool for optimizing analog circuits and their behavior. It helps you modify
and optimize analog designs to meet your performance goals. Optimizer fine tunes your
designs faster than trial and error bench testing methods. Use Optimizer to find the best
component or system values for your specifications.

Run Sensitivity Analysis, before running Optimizer, to identify the most sensitive component
in the design.

1. In Capture, choose PSpice — Advanced Analysis — Sensitivity to run Sensitivity
Analysis.

2. Click the text, Click here to import a measurement created within PSpice.
3. Choose Max_XRange from the Import Measurement(s) dialog box and click OK.

4. Similarly, import Min_XRange.

Sensitivity Component Filter = [ *]
I— Component | Parameter | Original |@Min|@Max| Abs Sensitivity
[ Ju VALUE 0.15000000...
[ Irs VALUE [
[ IRr16 VALUE 0.35100000...
[ ri7 VALUE 5.02000000...
[ |R19 VALUE
[ 1reo VALUE
[ |ret VALUE

R22 VALUE

Specifications
On/OFf | Profile Measurement Original Min Max
trans.sim Max_XRange(V(OUT), 25m, 30m)
trans.sim Min_XRange(V(OUT), 25m, 30m) H
Click here to import 8 measurement created within PSpice...

[ e
-] v
Ok
-
—
—
—
-
-
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5. Run Sensitivity Analysis.

Sensitivity Component Filter = [ *]
I_ Component Parameter Original |@Min |@Max| Abs Sensitivity Linear
[ L VALUE 0.1500 135m 165m 5.8259
[ Iri6 VALUE 3510 315.... i 708.2431m
[ Ire VALUE i : 110.6468m
|R22 VALUE
[ Rr17 VALUE 5.0200k 4.51
[ |rig VALUE 200 180 220
| R20 VALUE 1k 900 1.10..
| R21 VALUE 60 54 66 11.8869m

fl.

Specifications
[T Measurement Orlglnal
trans.sim Max_XRange(V(OUT), 25m, 30m) 18.5694 21.4099
trans. sim Min_XRange(V(0OUT), , 30m) 19 16.4098 21.2886
Click here to |mpc1r1 a measurement created within PSpice...

[
[
[
=
~
[ ]
[
[
[
[
[
[
—

Output Window
ity run: & of 8 completed
Worstcase runs unden
Minimum run: 1 of 2 completed

Minimum run: 2 of 2 completed

Maximum run: 1 of 2 completed
Maximum run: 2 of 2 completed
Runs for simulation profile trans.sim completed

Sensitivity ana

Output Window Command Window

The results shows that L1 is the most sensitive component.
6. Right-click L7 and choose Send to Optimizer.

L1 is added as the parameter in the Parameters[Next Run] section.

Parameters [Next Run]

I_[_ On/Off Compunem Parameter | Original Max Current

| (Y u VALUE 0.1500 15m  1.5000

Click here to import a parameter from the design property map...

I_l
[ |
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7. Click Click here to import a measurement created within PSpice to import the
measurement Max_XRange in the Specifications[Next Run] section.

8. Choose Max_XRange from the Import Measurement(s) dialog and click OK.

9. Similarly, import Min_XRange in the Specifications[Next Run] section.

Sensitivity x

Error Graph Parameters [Next Run]

| On/Oft i Component | Parameter | Original
""""""""""""""""""""" |_| [ u VALUE 0.1500

________________________________________ ] Click here to import a parameter from the desig

Run Number

Specifications [Next Run]

| On/Off Profile | Measurement Min | Type 'u‘ll'mght
i: =

trans.sim Max_XRange(V(OUT), 25m, 30m) Goal
l . = trans.sim Min_XRange(\V{OUT), 25m, 30m) Goal

Click here to import a measurement created within PSpice

10. Specify goals by defining minimum and maximum measurement values for the imported

measurements.
Measurement Type Minimum Measurement Maximum Measurement
Max_Range 18 20.5
Min_Range 18 19
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11. Specify minimum and maximum for the component as well.

Component Type Minimum Measurement Maximum Measurement

Ll 100m 250m

12. Run Optimizer Analysis.

From the Optimizer Analysis results, you can see that the optimized value of the L1
component is 149 . 82m for the goals defined in Standard tab.

Recommended Reading

For more information about various advanced analysis, such as, Monte Carlo Analysis,
Parametric Plot Analysis, Optimizer Analysis, and Sensitivity Analysis, see PSpice Advanced
Analysis User Guide and PSpice User Guide.
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