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Microcontrollers (UC) and microprocessors (UP)

provide a higher level of design abstraction

Most pC functions can be implemented using VHDL or
Verilog

Downsides are parallelism & complexity

Using C/C++ abstraction & serial execution make
certain functions much easier to implement in a uC

Discrete uCs are inexpensive and widely used

UCs have years of momentum and software designers
have vast experience using them
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UP versus uC
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KA microprocessor (UP) is just one component of \

many in a complex system of digital & analog I/O
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EEPRC
Parallel
-

Microprocessor
CPU Core

Most simple system components are contained

>
\completely within a microcontroller (UC) /
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Rarely the Ideal Mix

KDifficuIt to find the required mix of peripherals in\

Off the Shelf (OTS) microcontroller solutions

Microcontroller #1 Microcontroller #2

Today System
Requirements

» UART

. USB s -

.~ TIMER . P, .

» Ethernet 5 ' 3]

» SPI

» GPIO

» FLASH

» DDR Lacks Ethernet & Lacks USB & Includes
Includes RAM vs DDR Unnecessary IP
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BRINGING YOU THE NEXT LEVEL IN EMBEDDED DEVELOPMENT c o R E I V’S’on 4
NEXTLEVEL | EMBEDDED DEVELOPMENT


Presenter
Presentation Notes
Step 1 Difficult to find the required mix of peripherals in off the shelf microcontroller based solutions
Even with variants, compromises must still be made
Make a decision between inventory impact of multiple configurations or device cost of comprehensive IP


Changing Requirements

KDifficult to find the required mix of peripherals in\

Off the Shelf (OTS) microcontroller solutions

» Selecting a single processor core with long term
solution viability is difficult at best

Microcontroller

Future System
Requirements

Todays System
Requirements

. 1GHz S . 2.4 GHz
» UART > » UART
. USB a . USB » ?
» TIMER L » TIMER :
» 10/100 Ethernet 8 » 10/ 100/1000 Ethernet
» SPI » SPI
» GPIO » GPIO
» FLASH Meets current » FLASH
K’ DDR3 system requirements > DDR4 /
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Presentation Notes
Step 1 Difficult to find the required mix of peripherals in off the shelf microcontroller based solutions
Even with variants, compromises must still be made
Make a decision between inventory impact of multiple configurations or device cost of comprehensive IP
Step 2 Selecting a single processor core with long term solution is difficult at best.
Future proofing system requirements is difficult at best
Changing processor cores to accommodate new requirements consumes valuable design resources


Here Today, Gone Tomorrow Tase

KDifficult to find the required mix of peripherals in\

Off the Shelf (OTS) microcontroller solutions

» Selecting a single processor core with long term
solution viability is difficult at best

» Without direct ownership of the processing
solution, obsolescence is always a concern

Microcontroller #1 - Low Volume Niche

_l________I\_/I_icrocontroller #2 — Moderate Volume
Microcontroller #3 — High Volume Automotive

-
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Presentation Notes
Step 1 Difficult to find the required mix of peripherals in off the shelf microcontroller based solutions
Even with variants, compromises must still be made
Make a decision between inventory impact of multiple configurations or device cost of comprehensive IP
Step 2 Selecting a single processor core with long term solution is difficult at best.
Future proofing system requirements is difficult at best
Changing processor cores to accommodate new requirements consumes valuable design resources
Step 3 Without direct ownership of the processing solution, obsolescence is always a concern
A single core is used to create a family of uCs
The sheer number of uC configurations can lead to obsolescence of lower volume configurations / variants




Difficult to find the required mix of peripherals in
Off the Shelf (OTS) microcontroller solutions

Selecting a single processor core with long term
solution viability is difficult at best

Without direct ownership of the processing
solution, obsolescence is always a concern

Many microprocessor based solutions provide
limited On-Chip peripheral support

= Serial

Microprocessor
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Chip-Set e Parallel
Pre-defined interface _'
limits performance /O Expansion Device
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Presentation Notes
Step 1 Difficult to find the required mix of peripherals in off the shelf microcontroller based solutions
Even with variants, compromises must still be made
Make a decision between inventory impact of multiple configurations or device cost of comprehensive IP
Step 2 Selecting a single processor core with long term solution is difficult at best.
Future proofing system requirements is difficult at best
Changing processor cores to accommodate new requirements consumes valuable design resources
Step 3 Without direct ownership of the processing solution, obsolescence is always a concern
A single core is used to create a family of uCs
The sheer number of uC configurations can lead to obsolescence of lower volume configurations / variants
Step 4 Many microprocessor  based solutions provide limited on-chip peripheral support
Manufactures create I/O devices to extend the functionality of the base processor core
An external, pre-defined interface between uP and its supported device limits overall system performance





FPGA allow for the implementation of an ideal mix
of peripherals and system infrastructure

New system requirements can be supported
without changing the processor core

Longevity of FPGAs approaches the longest
available microcontrollers in the market

FPGASs are used to augment P functionality
absorbing the core is the next natural step
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Presentation Notes
FPGA zorgen voor de uitvoering van een ideale mix van randapparatuur en systeem-infrastructuur
�Nieuwe eisen kan worden ondersteund zonder de processorkern
�Levensduur van FPGA's nadert de langste beschikbare microcontrollers in de markt
�FPGA's worden gebruikt om pP functionaliteit opvangen van de kern te vergroten is de volgende logische stap
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Simple Processor System
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interrupts

Processor Core

Bridge _ Secondary Bus LA |i System Infrastructure

System Peripherals
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Softcore Processor System

p

@ clock

Processor Core

ILMB Bus DLMB Bus

interrupts

System Peripherals
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clock @7
W

reset

interrupts (¥4

Processor
Cores

CVBS/
HD-SDI

Motor

Control

System Peripherals
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Hybrid Processor System

sing System

Programmable |
Logic:
System Gates,
DSP, RAM
S_AXI_HPO
_ S_AXI_HP1
Proce | _ 2xUART S_AXI_HP2
- — : S_MLHP3
S_AXI_ACP

System Perigherals
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FPGA based Processor System§?
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reset @ | Processor Core

s LIPS +

Motor
Control

Camera
Link

ﬁ RS-422 j‘
System Peripherals
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ARM®
Cortex™-A53

Real-Time Processin

Unit

|
ARM Point Unit
Cortex™-R5 M .

DDRA4/3/3L,
LPDDR4/3
ECC Support

256 KB OCM
with ECC

System
Management

Power
Management

Functional
Safety

Graphics Processing Unit
ARM Mali™-400 MP2

Geometry Pixel
Processor Processor 1

Memory Management Unit

64 KB L2 Cache

High-Speed
Connectivity
Up to 6Gh/s
DisplayPort

| USB 3.0 |

l SATA 3.1 |
l PCle 1.0/2.0 |

System
onfig Functions
Decryption, _
Authentication, Multichannel DMA
Secure Boot
Voltage/Temp | Timers,
Monitor WDT, Resets,
TrustZone Clocking, & Debug

General
GigE

USB 2.0
CAN
UART
SPI

Quad SPI NOR

NAND

SD/eMMC

Programmable Log

Storage & Signal
Block RAM

UltraRAM

DSP

IC

General-purpose 1/0
High-Performance 1/0

High Density (Low Power) I/O

High-Speed Connectivi
16G
Transceivers
33G
PCle ® Gen4

Interlaken

Video Codec
H.265/H.264

AMS
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Necessary Tools =
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KA full complement of tools are required to \

design an embedded processor system
» Processor system generation

Hardware implementation tools

Software compilers
Hardware debugger tools
Software debugging tools

al A
- ZYNQ~*

vV vYyy

UltraSCALE+

v : i Control
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A full complement of tools are required to
design an embedded processor system
Processor system generation
Hardware implementation tools
Software compilers
Hardware debugger tools
Software debugging tools

HW implementation & SW compilation are the
two main flows that must be addressed
The embedded flows should mirror traditional flows
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VHDL or Verilog

. Standard Embedded Embedded Standard FPGA :
. SW Development Flow Developers Kit HW Development Flow

Code Entry
——

Board Support HDL Entry

System Netlist
_ Package _ : .
C/C++ Cross Compiler  —— T Simulation/Synthesis
-
Linker DataZMEM Implementation

- |
Compiled ELF 3 Compiled BIT

Download Combined

Download Bitstream
Image to FPGA

Into FPGA

Load Software
Into FLASH

- .\
Debugger ILA

¢ DK RTOS, Boar uppﬁackage VivadO
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Design Flow and Tools

-~ EXILNX
(Software , , » FPGA hardwaD
» Real-time OS » Spartan - Artix
» Drivers » Kintex - Virtex
» APIs » Zynq
> » 7000 - 7000S
» Zyng UltraSCALE"
» Dual A53/ Dual R5
» Quad A53 / Dual R5/ Codec
» Quad A53/ Dual R5 / GPU
» Tools » Tools
» Vivado SDK » Vivado HLx
» Matlab » Matlab

» SDSoC > ...
> ...
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Embedded Design Flow with SDSoC

£ SDSoC” "\
» Migrate C/C** functions
+ Applications
Performance

to hardware
(

» System-level debug
and profile Estimation

» Simple hardware-
software partitioning

» Full system generation

including driver and

hardware connectivity T———

k ZYNQ™ ZYNQ" /
SoC MPSoC

I o vision B

Specify Functions for



Presenter
Presentation Notes

The SDSoC development environment is a comprehensive C/C++ development environment that can generate full Zynq SoC and Zynq UltraScale+ MPSoC systems.
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Design Flow without SDSoC =
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[Data path

ZYNQ

M'ddleare

Application PS
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Design Flow with SDSoC

- =

T

RENnNe code

» Code typically needs to
be refined to achieve
optimal results

K Req. Met?.
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Rapid system performance
estimation

Full system estimation
(programmable logic, data
communication, processing
system)

Reports SW/HW cycle level
performance and hardware
utilization

Automated performance
measurement

Runtime measurement by
instrumentation of cache,
memory, and bus utilization
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C/C++ Development

R EEEEELEE

4

Specify C/C++ Functions
for Acceleration

.

Full System
Optimizing Compiler
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Presenter
Presentation Notes
The objective of this slide is to describe the system-level profiling in detail

Rapid performance feedback enables optimal partitioning of code to meet system level requirement for performance and area while saving weeks in the development process. 

SDSoC allows users to profile their software application, using a non-intrusive profiler based on program counter (PC) sampling as well as using the standard gprof profiler, to identify the function that takes up most of the time and are candidates for hardware acceleration.

SDSoC then adds rapid estimation of system performance and device utilization to enable fast system-level architecture exploration for optimal total performance and resource utilization. 

On the target platform, SDSoC provides automated performance measurements for cache, memory and bus utilization by using performance counters provided by ARM CPU and by automatically inserting AXI Performance Monitors (APM) into the programmable logic to collect hardware performance data.


MPSoC HW/SW Considerations ,

KQuad-core ARM Cortex-A53
» Dual-core ARM R5

Processing System
» ARM Mail-400MP GPU — e
» DDRx and SMC controllers " ‘ e
» Security firmware procussing Un
» Platform Management Unit
» FSBL, uBoot B s “S
» ARM trusted firmware \S7A = | g
» XEN hypervisor | e ll:’w lc.i:',";“?;"m|
» Software test libraries FE
» Inter-processor Framework
» Multi-OS boot image $ Bult n Sl Test Functions (897 Bt

e
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Example Default Configuration:

APU-Linux / RPU
o o)

K System software
» FSBL: First Stage

Boot Loader
» uBoot: Open source

SMP Linux

» APU: Non-secure mode » RPU
» ARM trusted firmware: :
From Xilinx, verified on APU - ESSS_I';mOS_eI_(()dSefaUH)
» SMP Linux > Ro-U. Free

\ » No hypervisor: Non-secure mode » R®-1:Bare-metal

/
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Example Configuration:
APU-Hypervisor Linux / RPU

» System software T \
/ » FSBL: First Stage e ??

Boot Loader SMP Linux  FreeRTOS FreeRTOS  Bareme

» uBoot: Open source “

» APU: Non-secure mode » RPU
» ARM trusted firmware/XEN

hypervisor, verified on APU - ESSg_l'It:mog_er(()dSefaU”)
» Guest OS > -0: Free

» Domain (1): Linux » R5-1: Bare-metal

k » Domain (2): Bare-metal /



Presenter
Presentation Notes
Note that XEN is a specific brand of hypervisor.


Run-1ime Softtware

0S
Apps |

Kernel

0S
Apps |

Kernel

0S
Apps

Kernel

Micro

0S

Apps

Blaze™

i

Kemnel

0S

Apps

Kernel

0S

Apps

Kemel

Growing Ecosystem ] APU

Linux
Xilinx, Mentor, Ubuntu

Xen Hypervisor

Android

Baremetal

FreeRTOS

GHS - Integrity, uVelocity

Lynx0S7, LynxSecure

Mentor Nucleus, AutoSAR,

Hypervisor
Micrium - uC/0S-11 & 11l
QNX

Sysgo - Pike0S
Wind River - VxWorks?

Windows EC

YePPoeeeeeeee

| RPU

~2NOV «

BRABANTHALLEN
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,'&
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Micro-
' Blaze
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Presentation Notes

High-level OS, hypervisors, Standalone drivers and libraries, and RTOS.

Open-source/no fee, safety-certifiable, cross-processor support.

The MicroBlaze processor is mentioned here as the PMU is a special triple-mode redundant MicroBlaze™ processor running a scheduler. User code supporting power management and safety can be run on the PMU. Other user applications should NOT be run on the PMU. One or more MicroBlaze processors can be instantiated in the PL and loaded with Standalone/bare-metal or one of the operating systems listed above.



Qemu Emulation Platform

» QEMU emulation platform \
» Provides Linux hosted EMmgmmhm
emu I at| on p | ath 'm Execute Code on Emulated Processors
» Accelerates and scales g
embedded software development E —
» Enables architecture and porting h%]

of software ' Port Software

» Emulates multiple blocks of
the processing system -

-a.v——d,ﬁ——-—~

working on designs before E %
hardware is available o My | | Uitimion Marmor

k Evaluate Inter-processor Commlcatmn/
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Evaluate Performance ;Workioad Distribution
» QEMU enables you to start E] %




= 2oy <
How Qemu Works s

AAAAAAAAAAAAAAAAA

HOST MACHINE

Quad Core Cortex A-53

Peripherals
Dual Core Cortex R5
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Presentation Notes

QEMU as a system emulator has been configured to emulate the quad-core Cortex™-A53 processor, dual-core Cortex-R5 processor, and the PS peripherals from the Zynq UltraScale+ MPSoC.

QEMU from Xilinx is a single binary file that can run on a Linux host machine with an Intel x86 core.

A developer can create and build code using the Xilinx tool flow such as Xilinx SDK or PetaLinux Tools. The developer can then load the executables or the Linux kernel on QEMU meant for the Zynq UltraScale+ MPSoC.

Developers need to use a set of commands to launch QEMU in the Linux environment and load applications generated using the tools.

The code is always cross compiled for the ARM processor target. It is QEMU that maps the ARMv8 architecture CPU instructions to one or more equivalent x86 functions.

QEMU also supports a wide range of peripherals.
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Our competences

Core|Vision has more than 125 man years of design experience in
hard- and software development. Our competence areas are:

System Design

FPGA Design

Consultancy / Training

Digital Signal Processing
Embedded Real-time Software
App development, I0S Android P
Data Acquisition, digital and analog =
Modeling & Simulation g
PCB design & Layout

Doulos & Xilinx Training Partner
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Presenter
Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl
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Presenter
Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl




Essentials of FPGA Design 1 day
Designing for Performance 2 days
Advanced FPGA Implementation 2 days
Design Techniques for Lower Cost 1 day
Designing with Spartan-6 and Virtex-6 Family 3 days
Essential Design with the PlanAhead Analysis Tool 1 day
Advanced Design with the PlanAhead Analysis Tool 2 days
Xilinx Partial Reconfiguration Tools and Techniques 2 days
Designing with the 7 Series Families 2 days
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Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl



Designing FPGAs Using the Vivado Design Suite 1
Designing FPGAs Using the Vivado Design Suite 2
Designing FPGAs Using the Vivado Design Suite 3
Designing FPGAs Using the Vivado Design Suite 4

Designing with the UltraScale and UltraScale* Architecture

2 days
2 days
2 days
2 days
2 days

Vivado Design Suite for ISE Software Project Navigator User 1 day
Vivado Design Suite Advanced XDC and Static Timing Analysis

for ISE Software User

2 days

Vision
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Presenter
Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl



Designing with Multi Gigabit Serial 10 3 days
High Level Synthesis with Vivado 2 days
C-Based HLS Coding for Hardware Designers 1 day
C-Based HLS Coding for Software Designers 1 day
DSP Design Using System Generator 2 days

Essential DSP Implementation Techniques for Xilinx FPGAs 2 days
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Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl



Embedded Systems Design 2 days
Embedded Systems Software Design 2 days
Advanced Features and Techniques of SDK 2 days
Advanced Features and Techniques of EDK 2 days
Zynq All Programmable SoC Systems Architecture 2 days
Zyng All Programmable SoC Accelerators 1 day
C Language Programming with SDK 2 days
Embedded Design with PetaLinux Tools 2 days
Zynq UltraScale* MPSoC for the System Architect_ 2 days
Embedded C/C** SDSoC Development Enviro eﬂt/ %d Methodology
5 — = 1 day

Vision
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Presenter
Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl




Training Program

K/HDL Design for FPGA

» Advanced VDHL

» Comprehensive VHDL

» Expert VHDL Verification

» Expert VDHL Design

» Expert VHDL

» Essential Digital Design Techniques

&\

DOULOS

. R
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Presenter
Presentation Notes
More information on Xilinx and Doulos training courses go to:

https://www.core-vision.nl
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