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Summary

• Introduction to the Radar System 

• Top-Dow Chip Design

• Simulation Approach Using Coside

• Conclusions
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Application to Automotive

Source: Yole Radar Report 2018

Area surveilled
by Radar sensors

Acronyms:
SRR=short range Radar
MRR=mid range Radar
LRR=long range Radar
USRR=ultra SRR

Applications: e.g.
Adaptive cruise control, 
automatic emergency brake, 
automated valet parking etc.
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Radar System
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Types of Automotive Radars
Radar System
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Different Types of Sub-System inside the Case
Radar System
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Power Management
AMS

TX1

TX2

TXN

RX1

RX2

RXN

…

…

LDODCDC REF

Control Unit
Digital AMS

Processing Unit
Software

µC Embedded 
Firmware

DSP CPURAM

Microwawe Unit
Digital AMS

RF

Package
PCB
Antennas

RF

PLL RF TXMOD

OSC

DAC

AMP RF RXADC

FILT

Case
Car Chassis
External World

RF = Radio Frequency
AMS = Analog Mixed 
Signal
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Evolution
Radar System
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Increasing Sub-System 
Integration

on a Single Chip

Increasing 
Design Complexity

Gen 4
2013

Gen 5
2019

Gen 3
2009

Gen 2
2005

µC

3rd party

System
ASIC

BOSCH

DRO / MMIC
3rd party

MMIC TRX 
3rd party

Radar-ASIC
CF630

BOSCH

µC
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BOSCH

System
ASIC
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MMIC
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System
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µC + DSPcore

3rd party

frequency
controlRF-tx RF-rx baseband A/D Win+FFT Matching

System
ASIC

BOSCH
µC+DSP
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ADC-ASIC
CC615

BOSCH
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ASIC

BOSCH

Dual 
PLL-ASIC

BOSCH

Diode
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DRO

Gunn
3rd party

Power

Gen2
8 ICs

Gen5
3 ICs

+ COST 
REDUCTION
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Component Design (Gen 2)
Top-Down Chip Design
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Paper Paper Paper Paper Paper

Matlab/
Python/C++

Concept

Proof Matlab/
Python/C++

Few Specific
Tools Lab

Design 
Flow

Requirement Flow

Verification Flow

Feasibility
(electronic 
functions)

Architecture 
Definition

(IP)
IP Design Pre-Silicon 

Verification
Post-Silicon 
Validation

either Digital or AMS
or RF or Software

Few Specific
Tools
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IP DesignIP Design

Chip Design (Gen3-5)
Top-Down Chip Design

8

Paper Paper Paper Paper Paper

Matlab/
Python/C++

Concept

Proof Matlab/
Python/C++

Various
Tools Lab

Design 
Flow

Requirement Flow

Verification Flow

IP Design
Feasibility

(specialized
functions)

Architecture 
Definition
(System)

IP 
Design

IP DesignIP DesignPre-Silicon 
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Validation

Digital and AMS
and RF and Software
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Tools
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(IP)

Paper

Matlab/
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Holding Everything Together
Top-Down Chip Design
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Architecture Definition IP Design Concept IP Design Pre-Sil Verification

Core concept
ready

Specification
ready

Design
ready

Tapeout

Matlab + SystemC-AMS

• High-level design of functions
and algorithms

• Base development of functional
behavior

• Architecture decisions
• Development of 1st part of test-

case database

SystemC-AMS
• Proof of concept
• Development of a reference model 
• Development of 2nd part of test-cases
• Development of block specifications
• Verification 

• Reuse of test-case database (1st and 2nd part) from concept phase
• Reuse of environment for design- and verification-phase

+ quick simulations
+ different levels of abstraction in the same environment
+ high integration of different types of sub-systems
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Holding Everithing Together with Coside
Simulation Approach Using Coside
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Power Management
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RX2

RXN

Control Unit
Digital  AMS

Processing Unit
Software

Microwawe Unit
Digital AMS RF

Package

PCB
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External World

Coside ImplementationRadar Concept

- Full system handling using Coside
- Use of parameter reader function of Coside
- External software interface (steering/processing)
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Software Interface 
Simulation Approach Using Coside
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Steering
(Matlab, Python, …)

- Provides Configuration
- Analyzes Results
- Interface to Partners

Simulation
Coside

- Inclusion of Digital, AMS,
RF and Software

- Chip Configuration
- Signal Settings

- Sim Results

• Combination of simulation power of Coside and versatility of general purpose software
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Full System
Simulation Approach Using Coside

12

• Use Case Setup
• Full System Simulation
• From Feasibility to Implementation

• Deep Control over all IP params
• Very quick simulation (~sec)

X Targets

• Unwanted spurs
• We can trace them back 

and reproduce them
• Identify root cause
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Implementation of IP Models
Simulation Approach Using Coside
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1. Full SystemC

2. Translation from external code to C++

3. Using Coside blocks

4. Importing external binary files
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1) Full SysC vs 2) External Code – ADC example
Simulation Approach Using Coside
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Ideal ADC in SysC Bosch ADC imported from Simulink

Simulink Model C++
Matlab

Conversion Tool

• Ideal ADC takes few lines -> quick feas
• Bosch ADC model developed by ADC 

experts
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Performance comparison
Simulation Approach Using Coside
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• Test signal with normalized amplitude 1
• Bosch ADC considered
• Simulation run on both Simulink and Coside, separately

• Results
• Negligible performance difference (~1e-16)
• Simulation time: Simulink ~10 sec, Coside ~1 sec

10-fold sim time reduction!
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Select Model
Simulation Approach Using Coside
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IDEAL ADC

BOSCH ADC

• Usage of Coside parameter reader and COS_GET_PARAM functions
• Usage of architecture selection functionality
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3) Full Coside Model – PLL example
Simulation Approach Using Coside
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• Mostly done using standard Coside blocks
LinearTransferFunction, Integrator, Gain

• Sub-blocks singularly expanded to more complex models

• Full implementation down to IP verification enabled

𝑓𝑓𝑤𝑤𝑤𝑤

𝑓𝑓0

𝑓𝑓0 + 𝐵𝐵𝐵𝐵

𝑓𝑓𝑒𝑒𝑤𝑤

𝑥𝑥𝑤𝑤𝑤𝑤 𝑥𝑥𝑒𝑒𝑤𝑤 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂𝑂𝑂𝑂𝑂 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇

𝑓𝑓𝑂𝑂𝑂𝑂𝑂𝑂 𝐻𝐻𝐻𝐻
𝑓𝑓𝑂𝑂𝑂𝑂𝑂𝑂 𝑥𝑥

Non-Linearities in 
Oscillator (SysC)

i_osc1
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4) Hook for External Binary File – PLL example
Simulation Approach Using Coside
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• Few lines
• Include external simulator data
• Include Test data
• Direct comparison w/ other models
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Conclusion
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• Bosch Automotive Electronics relies on Coside for Radar System Design

• Capable to Support the Design Process from Feasibility to Verification

• Capable to Hold Together Digital, AMS, RF and Software Modules

• Investigation of Sub-Module Influence onto the Radar Functionality



THANKS FOR YOUR
ATTENTION
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Backup - Model Layers
System Simulator

2) Design: Co-simulateable Model 
(SysC)
• Functional VP is the core
• Interface equivalent with design
• Model for customer

8 2 1 4

3) Design & Verification: Top-level simulations (Verilog-
Wrapper)
• Co-simulateable VP is the core
• Includes supply domains (inherited connections)
• Model for top-sim

1) System Engineering:
Functional Model (SysC)
• Consists of core functionality
• For CE development/verification
• Fast development tool for changes

Additional I/O’s only
necessary for designAdditional I/O’s only

necessary for design

Additional control lines only
necessary for design

• Necessary for CADENCE-Co simulation
• Analog Schematics are hierarchically and arbitrary replaced by models
• Digital is VHDL and/or Gate-Level

Layers show:
- How the models and model

granularity are connected to
each other

- Where they are necesary and 
used (which discipline)
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