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Analog/Mixed-Signal Design

Example: Field-oriented Control of a Permanent-Magnet-Synchrone-Machine

This control technique is common in motor drive systems for hybrid electric vehicles,
manufacturing machinery, and industrial automation
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Challenges in Classical Mixed-Signal Design
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Model-Based Design
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,EXxecutable Specification”

Simulink as multi-domain
simulation environment

Time-continuous and time-discrete
(sampled)

Event-triggered

Mathematical and physical algorithm
modeling

Robustness through environment
modeling

Automatic code generation (C/C++,
HDL)

Continuous Verification
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Model-Based Design for Analog/Mixed-Signal
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Model-Based Design for Analog/Mixed-Signal
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= Top-Down Workflow

— Starting point:
= Mathematical Model
= Physical Model

— Needs

= Simulation speed (proof of
concept)

= Reuse of existing testbench
= Sign-off Transistor-level simulation

— Solution
= Co-simulation with Simulink and
PSpice using SLPS

= Model integration through
automatic C code generation
and PSpice DMI
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What 1s SLPS?

= SLPS = Simulink + PSpice Co-Simulation

— Simulink
Multi-domain simulation environment for dynamic systems
= Algorithm development and verification platform

— PSpice:
= SPICE-based simulator
= Simulation of electrical and electronic circuits
= Circuit design platform - Hardware
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How does SLPS work?

-  Simulink plays the master role

= The SLPS-block in Simulink builds
the interface between both
simulators

= Both simulators work with their
own time-step-control algorithm

 Coupkimemm A < . — guarantees the optimal compromise
out of simulation accuracy and
performance.

0 secs PSpice time steps

O Simulink Mapr Gime steps

@ Simulink Miror time steps which data is exchanged for PSpice
O Simulink intemal Miner time sEps

@ PSpice time steps which data is exchanged for Simulink

©Q PSpice internal time sEps
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Step 1: Algorithm Design and Verification
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Step 1: Algorithm Design and Verification
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Step 1: Algorithm Design and Verification
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Step 2: Schematic Entry (PSpice)
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Step 3: Simulink/PSpice Co-Simulation (SLPS)
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Step 3: Simulink/PSpice Co-Simulation (SLPS)

Simulink / PSpice
Co-Simulation
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Automotive Engineering
Interdisciplinary Design Challenge

Vehicle
Electronics

Safety &

Quality

Comfort &
Performance

P
f

Emission and

Fuel
Economy
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Automotive Engineering
Interdisciplinary Design Challenge

Vehicle Electronics

Explosion of Interconnected Electronic Systems with Embedded Software
having some very challenging Power Density issues created by System
miniatuarization for reliability, form & functions.
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Automotive Engineering

Interdisciplinary Design Challenge

Design Trends

)

» Mixed Signal Control “Drive By
Wire” over bus protocols

J

» Complex Algorithmic Control, A
Configurability and

Maintenance )

- )
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huge power transfer are

PSpice Solution
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System Design linked to System
Implementation

—
..
Mixed Signal Accuracy

accelerated with System Model
Abstractions

Virtual Prototyping —
Model/HIL/SW Co-Simulation for
early S/W Validation

—
. )
Implementation across multiple
design fabrics —
Chip/Package/Board

Analog Behavioral and New
Technology Physical Device

driving higher power density

\modelmg

&\ MathWorks

18



PSpice complex device macro-model

=)

Physical device compact model

SystemC model supporting
embedded S/W and different
abstraction levels

Analog behavioral
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PSpice Models

Algorithmic Models
(MATLAB, Simulink, C/C++)

) System Models (SystemC)

Digital Models with
IO/Timing/Constraint

) Digital Functional Models

) PSpice Behavioral Models

) Compact Device Models

Architectural

Functional

Behavioral

Gate Level

Circuit Level

Physical
Implementation
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System Design Exploration to Implementation
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Device Modeling Interface

0O @®

Communicating CIC++, SystemC, VerilogA,
with PSpice MATLAB, Simulink

PSpice Simulator

4\ MathWorks
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Device Modeling Interface Libraries

PSpice Device User Information

PSpice Engine Functions

N\( :
Pspice Digital API PSpice Base
Definitions
PSpice Common
Model API Definitions
\. J\

PSpice Common API Definitions
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Generate
C++ Code
for Simulink
Model

Generate Device
User Information
and register with
Engine Function

Compile
and
generating
DLL, LIB

- Requires Embedded Coder license

Device Modeling Interface — Embedded Coder Steps

(

\_

Associate
PSpice
model with
symbol and
Simulate
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Device Modeling Interface — Steps for integrating Simulink

models

Top Level
Analog
Schematic

OrCAD
Capture

|

PSpice Model
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with a Symbol
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Generated

C++ Code

Embedded Coder

Code
Embedded
inside DMI
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Simulink Model Example
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Simulink-PSpice Target Configuration — Code Generation

Embedded Coder

Target
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Data Import/Export

I Optimization
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Hardware Implementation
Model Referencing
Simulation Target

indowControl/Canfiguration (Active) \

4 |Code Generation

Report
Comments
Symbols

Custom Code
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Code Style
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Code Placement
Data Type Replacement
Memory Sections

= All Parameters |

System target file:
Language:
Description:

Build process

Generate code only

Package code and artifacts

Compiler optimization level: [Gptimizatium off (faster builds)
Makefile configuration
Generate makefile

Template makefile:

Make command:

Code generation objectives
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Check model before generating code: | Off
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Sy

Embedded Coder
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Makefile |
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-
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Simulink-PSpice Target Configuration — Custom Code

% Commonly Used Parameters

= All Parameters |

-
'@ Configuration Parameters: slexPowerWindowCo uration T M

Select:

Solver
Data Import/Export

I Optimization

I» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

4 Code Generation

Use the same custom code settings as Simulation Target

Insert custom C code in generated:
Source file

Header file

Initialize function

Terminate function

Report
Comments
Symbols
‘Custom Code Additional Build Information:
Interface Include directories
Code Style
: ) Source files

Verification i i
. o Libraries

emplates Defines

Code Placement
Data Type Replacement
Memory Sections

Source file:

Include directories:

DMI‘s Libraries Path
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Simulink-PSpice Target Configuration — Interface

[ & Configuration Parameters: slexPowerWindowControl/Configuration (Active) =B
* Commonly Used Parameters | = All Parameters B
Salect: Software environment
Solver Code replacement library: [Mune
Data Import/Export
I» Optimization Shared code placement: [Auto
I Diagnostics _
Hardware Implementation Support: [¥] floating-point numbers non-finite n Fucnc'“on Prototype L
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Comments Code interface packaging: |Reusable function T] Multi-instance code error diagnostic: |Error T]
Symbols Fass root-level /O as: [Structure reference T]
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\Interface Suppress error status in real-time model data structure
Code Style - |
Verification [ Configure Model Functions
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Q9 ok || cancel |[ mHelp || apply
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Simulink-PSpice Target Configuration — Templates

Data Import/Export
I Optimization
I» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
4 Code Generation
Report
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Symbols
Custom Code
Interface
Code Style
Verification

Templates

Code Placement
Data Type Replacement
Memory Sections

Data templates

Custom templates

Header file template:

ert_code_template.cgt

Source file template:

ert_code_template.cgt

Header file template:

Target operating system:

ert_code_template.cgt

Custom DMI
Wrapper Code

Template

File customization template: pspice_file_process.tic

Generate an example main program

BareBoardExample

-
& Configuration Parameters: slexPowerWindowControl/Configuration (Active) R=NRCN
* Commonly Used Parameters | = All Parameters B
Select: Code templates
Solver Source file template: ert_code_template.cgt [ Browse... ] [ Edit...

m

ok || cancel |[ mHelp || apply
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Simulink Simulation Results
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PSpice Model Example

DSTM2
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PSpice DMI Library

-
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PSpice Simulation Results
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Demo
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Q&A

MathWorks’s Point-of-Contact:
— Bao Nguyen Bao.Nguyen@mathworks.com
— Corey Mathis Corey.Mathis@mathworks.com

Cadence’s Point-of-Contact :
— Kishore Karnane karnane@cadence.com
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Conclusion

« SLPS is a needed tool because of:
— Introduction of newest technologies and efficient methods.
— Possibility to verify and optimize SW-Algorithms with HW-Models.

— Reconnaissance and compensation of errors during the specification and
implementation reducing development time.

= DMI increase the possibllities:

— System Level Simulation importing C/C++/SystemC and Simulink Blocks into a
unique simulator.

— Hardware in the Loop, getting the results in a completely reliable environment to
test the new critical functions.
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