Using Mixed Signal Analysis to
address loT design challenges

setting up a virtual prototype
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loT Design Challenges
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System Integration

{ Discrete Basic Mixed-Signal M')Sgétsrg_nal SoC Package
‘ Devices Integration Technologies Mechanical Integration Integration
i ! 4 / *\\.

Electronic systems trending to large devices for
lower power, higher reliability, and increased functionality in smaller package

| HDL-level simulation in PCB systems, with multiple large ICs, is prohibitively slow

[ SPICE Models ] [Mixed-Signal Models] [ System Models ]
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W SMPS Designs

S/W algorithm Controlled Power Supply

Digital controllers enabled
Power Supplies

IN

Advanced control algorithm
(non-linear control,
improved transient)

ouT

of multiple control loops

Better precision tolerance
to aging, temperature

[ Enable easy management
[ effects, etc.

Power Stage Filter Stage
PWM
Microcontroller with A/D
S/W control
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PSpice mixed-signal macro model

C/C++/SystemC extensions
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Models

Behavioral
Logic
(Functional
Model)
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[C/C++ Digital Model
[SystemC Model

D/A and A/D
Convertors

Untimed

Loosely Timed

Approximately Timec

Cycle Accurate

Koelnooy

- T
()]
[H]

w

(Algorithm)

(Embedded S/W
development)

e Performance/Accuracy

Tuning)

(verification)

- N

[GIVI=Il]

. ~

VerilogA-ADMS Configuration

C/C++ Behavioral Model

] C——————————————————————

Device Compact Models

N D &E
i event
Sell 2016



Example
Software algorithm-controlled PWM in power supply

Power Stage gt'ggg Develop and test MCU

s targeted algorithms in
= PSpice models

PWM

Microcontroller A/D iz s T - st s
with S/W : Sm= Ei= = TR ~ Get Interface values
COﬂthl L BT REF[i] = pVectorStates[16 - i].getLevel();
i = oldPwWePW » pvectorStates[17].getLevel();

pspBits2Int(FB, FBInt, 8);

I pspBits2Int(REF, REFInt, 8);
1 if (=CurrentCLKCount<= @) {
. eCurrentCLKCount = =PER;
}
I PWM S/W
L if (=CurrentCLKCount > mDuty
| . sPWStatus = false; CO“thl COde
. 4 else
. mPWStatus = true;
I ¢
L] : 7 t if (=PWStatus==true && (int)PW != 1){
| Behavioral > . PW = pspBit::MI;
T b Logic oy f else if (-Pwstnus == false 88 (int)PW l= 0){
(Functional P  pspB LO:
Model) Uy } ’
Set Interface values
e [ o if ((char)olde'-(char)Pu) %
e Timing Model S~ Spicestate 1state = (pvectorstates)[e];
. ~ IState - PW;
.. fp_SetState(mRef, ©, 81State, NULL);
C/C++ Digital Model } !

SystemC Model
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Digital Block Model Implementation

IBIS2Spice

|
[
I
7 N
(7 ) :
CIC++/SystemC :
Functional + Timing + Constraints |+ 1/0 + IBIS
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Matworks interface Top-Down
Embed Simulink/MATLAB Generated Code in PSpice

Top Level Simulink
Analog Model
Schematic
Embedded Coder
Generated
C++ Code
OrCAD
Capture
Code )
Embedded
inside DMI
Associate _
PSpice Model Compm? agl?
with a Symbol generate
PSpice

Run Simulation
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Matworks Interface Bottom-Up
Co-simulation Pspice and Simulink/MATLAB

1 = Load Selecter

Tr Powver Dizsip ok utputs
2 Electric Circuit

el | Filter
Control Signal ] VWM - SWLoss

oYV wave Py Controller




PSpice Model Code Generator

| PSpice DMI Template Generator

You can use this Ul to auto-generate template code for PSpice-DMI models. Analog, Digital
and SystemC model templates are supported. The Ul also supports import of Verilog-A

Compact Device models using ADMS.

Recommended steps:

1. Test the model code stand-alone by building an exe.
2. Create the PSpice-DMI adapter code, and edit it in Visual Studio to insert model code.
3. Use the generated PSpice library (.lib file) to create a schematic symbol.

The generated symbol can be placed in the schematic for PSpice simulation.

Global Parameters

Instance Parameters

— Part Details
Part Name customPart
Part Type Digital C/C++  ~
Digital C/C++
— Ports SystemC
Analog
Interface Type VerilogA-ADMS
Port Entry O Manual © CSV File
— Parameters

-]
=]

— Output
DLL File Mame customPart.dll
Log File Name customPart log
DLL Location c/cdndevidevhier172/tools/

Hover over what you want to know about

| oK || Cancel| | tep |

Behavioral
Logic
(Functional

out
2

[GIVIA]

Model Plug-in Code

N

User Code

C/C++/SystemC
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Microsoft Visual Studio

Complete, Compile, Link and debug the user code

M PWMContrel - Microsoft Visual Studie (Administrator) Y6 [J  QuickLlaunch (Ctr+Q) Pl - ml x
FILE EDIT WVIEW PROJECT BUILD DEBUG TEAM TOOLS TEST  AMALYZE WINDOW  HELP
w2 e p Local Windows Debugger = Debug -~ Win32 - B
§ PWMControl_usercpp + X ~  Solution Explorer
m
= [ PWMCont - - - o -
o ontrol (Global Scope) M e-2ailm o &
g=1 gepRit=oTn+(BFF__REFTR+ _81. <+
E Search Selution Explorer (Ctrl+;) P~
; if (REFInt > FEInt && mD < ©.98) { B2 Solution ‘PWMControl' {1 project) -
£ L = (Bl 4 [%] PWMControl (Visual Studio 2012)
g P =5 External Dependencies

else if (REFInt < FBInt && mD > @.82) {
mD -= 8.81;
//fprintf(stderr, "Reducing DutyCyclein™);

pspEngFunc.cpp
pspEngFunc.h
PSpiceBase.h
PSpiceCMIApiDefs.h
PSpiceCommonAPIDefs.h
PSpiceDighpiDefs.h

}

if (mCurrentCLKCount<= @) {
mCurrentCLKCount = mPER;

v vV vV vV vV vV V<wVv v
}IPiEpEEEE §

1 pspPWMCentrol.cpp
) pspPWMCantrol.h
if (mCurrentCLKCount > mD * mPER) PWMControl_user.cpp

mPWstatus = false; oM i
else Solution Explorer | Team Explorer Class View

mPWstatus = true;

Properties =

if (mPWStatus==true && (int)PW l= 1){ E-I-

PW = pspBit::HI;
}

else if (mPWStatus == false && (int)PW != 8){
PW = pspBit::LO;
}

mCurrentCLKCount--;

0% <14 v e " C e C e . PR ..’
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lOT

Hardware Platforms

Name

Model Tested
Price

Size
Processor
Clock Speed
RAM

Flash
EEPROM
Input Voltage
Min Power
Digital GPIO
Analog Input
PWM
TWI/12C

SPI

UART

Dev IDE
Ethernet
USB Master
Video Out
Audio Output

Arduino Uno
R3
$29.95
2.95'%2.10"
ATMega 328
16MHz
2KB
32KB
1KB
7-12v
42mA (.3W)
14
6 10-bit
6

2
1
1

Arduino Tool
N/A
N/A
N/A
N/A

Comparing the three platforms.

Raspberry Pi

Model B
$35

3.37'x2.125"
ARM11
700MHz
256MB

(SD Card)

5v
700mA (3.5W)
8
N/A

1
1
1

IDLE, Scratch,
Squeak/Linux
10/100
2USB 2.0
HDMI, Composite
HDMI, Analog

ESP8266

BeagleBone
Rev A5

$89
3.4"%2.1"
ARM Cortex-A8
700MHz
256MB
4GB(microSD)

5v
170mA (.85W)
66

7 12-bit
8
2
1
5

Python, Scratch,

Squeak,
Cloud9/Linux
10/100
1USB 20
N/A
Analog

Espruino Pico

(oom i @

FRDM-K64F
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- loT Design with PSpice

Ps =
c Sensor 3
(&) [pressure => Vp(t)] ol
C g B
= @ i B
S 8 8
N = G
D Pr R £ -
l}4_ egulator E
I_ A presgsure <=Vi(t)] g
SystemC Testbench to PSpice Mixed Signal Hardware

Represent IoT Environment

Minimal Modeling Effort
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Reliability

PSpice Simulation

* Identify the design performance parameters in
terms of measurements

@ ~

Monte Carlo

Sensitivity
EWRSTS

* Critical
Components

* Identify the
component
values that
are having
maximum
Impact on
design
performance

» Cost impact

» Performance

» Optimize
design
performance
with real
component
values

* Yield

* Verify Yield
for
component
tolerances

* Reliability
» Stress Check
with derating
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"IC System Co-Simulation ~ 1C System Co-Simulation ™
Macro-Model i Macro-Model

SystemC Model embedded
in Mixed Signal Model

SystemC Model embedded
in Mixed Signal Model
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- PSpice.com

New website for PSpice

One-stop-shop for all PSpice resources and
Inform atl on PSpice Modallbnry  fasoras  Applcxions  UseeForans ... .. S

MOdel Ilbrary PSpice User Forum

Have questions about Cadence® PSpice®

technologies? Ask the PSpice User Forum! The PSpice

I r m user community is the destination for you to find
PSpice resources, ask and answer questions, and

interact with your industry peers and PSpice experts! LATEST NEWS

I SN o Tata Motors Standardizes

Premium resources for subscribed users On PS ice for AUtomOtive
Engage with a vibrant community DESIH Slmulatlons

Read this customer case study to find out how OrGAD® PSpice
Designer helped Tata Motors find design problems much earlier,
Try out PSpice for free saving crucial time and money spent in building and debugging

»

Learn new skills for using PSpice

ECU boards within system prototypes

Forum Activity Latest Resources Upcoming Event

Test (») OrCAD PSpice Designer Plus View

. T Upgrading to OrCAD® PSpice® Designer Plus
provides the PSpice

(>) OrCAD PSpice Designer View
OrCAD® PSpice® and OrCAD Capture combine to



http://pspice.vrrb.com/

W Announcement

Cadence and Mathworks Collaboration

* Provide system-level simulation solutions

* For customers using MATLAB/Simulink and
PSpice for mixed signal, loT and Automotive
applications

* Thursday, Nov 3rd at MATLAB Expo in San Jose.

Verify Your Design
From Concept to
Product Realization

Cadence and MathWorks partner to provide
seamless bi-directional integration
for system-level simulation

Learn More ‘
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| QaA

d  For more information visit the
CB-Distribution booth, we’re at booth nr. 8
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