EMBEDDED SYSTEMS
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SYNERGY PLATFORM
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12 WEEK COURSE OUTLINE (1/2)

1) Introduction
= What are embedded systems
= Characteristics
= Sample Market Segments
= The loT Era
2) Computer Architecture
= RISC vs CISC
3) ARM Cortex-M Architecture
= Block Diagram

Registers

Instruction set

Memory access

Exception handling

4) Memory

» DRAM (SDRAM, DDR)

SRAM

ROM/EEPROM/Flash

5) Timer and GPIO

6)

Timer
PWM
GPIO

Simple drivers (e.g. LED, Relay)

Power drivers (motors)
Interrupt Controller
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12 WEEK COURSE OUTLINE (2/2)

7) Analog Interfacing 12) Software Development
= ADC/DAC = Software Process
8) Serial Communication = UML Class Diagram
= UART = UML State Machine Diagram
= SPI 13) Concurrent Programming
= |2C = Tasks / Context Switching, Scheduling
9) CAN = Semaphores, Signals / Messages
= Physical interface = Common problems to avoid: deadlock, priority inversion
= Stack 14) RTOS
10) USB = Thread Management
= Physical interface » |Inter-thread communication and synchronization
= Stack » Timing Services
11) Ethernet = Memory Management

= Physical interface
= Stack
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LIST OF LABS - BASED ON SK-S7G2

= Labl — Synergy Installation - try demo program on the S7G2 board. Requirements: none.

» Lab2 — Sample C program - means to access hardware peripherals; memory organization of a C program. Requirements:

Section 5.
» Lab3 — Assembly Programming ATPCS - access from C a function written in assembly. Requirements: Section 5.
» Lab4 — Peripheral Sample device driver. Requirements: Section 6.
» Lab5 — Serial Communication. Requirements: Section 8.
» Lab6 — Display and Touch. Requirements: Section 8.
» Lab7 — RTOS. Requirements: Section 14.
» Lab8 — USB Device. Requirements: Section 14.

» Lab9 — IoT. Requirements: Section 14.
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DISCLAIMER

= This course material was developed to contribute to the several forms of training in the area of Embedded Systems, but

particularly with undergraduate courses such as Electrical Engineering, Computer Engineering and Computer Science.
= Contents can be freely copied and distributed to students both for commercial and non-commercial purposes, as long as:
= Credit to original work mentioning authors and Renesas as the distributor of this work.

» The contents can be freely modified to suit the needs of specific courses, all figures made by the authors may be freely
used without modification as long as credited; likewise, all figures authored by Renesas may be freely used without
modification as long as credited. All figures from other sources, if used in derived work or in other works must request

authorization from the original author/copyright holder.
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AUTHORS

» The authors: Douglas Renaux and Robson Linhares are faculty at UTFPR in the subjects of Embedded Real-Time
Systems and Computer Architecture and Organization.

UTFPR is the Brazilian Federal University of Technology.

» eSysTech — Embedded Systems Technologies is a company providing engineering and training services in the area of

Embedded Systems. It is a spin-off of the Laboratory of Innovation and Technology in Embedded Systems of UTFPR.

» Renesas is a major player in the semiconductor market. They have been providing significant support for educational

material such as this one. Renesas has worldwide non-exclusive distribution rights for this material.
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OVERVIEW AND PREREQUISITES

= This Embedded Systems course is organized into theory and practice parts. There are 12 theory sections and 9 labs. The
labs solutions can be made available to instructors. All labs are conceived to be developed on the Renesas SK-S7G2

board, based on an ARM Cortex-M4F MCU.

» The course assumes that the students have previous knowledge on:

C programming for embedded systems

Microcontrollers and assembly programming (on an architecture other than ARM)

Digital Systems

Digital communications and networks
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1-INTRODUCTION

1. What are Embedded Systems
2. Characteristics
3. Market Segments

4. The loT Era
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WHAT ARE EMBEDDED SYSTEMS?

An Embedded System (a.k.a. Embedded Computing System) is a computing system that is built-into (i.e. embedded)

a larger device, such as an equipment, a system, or a vehicle.

Embedded Systems (ES) are usually application-specific and have real-time constraints; thus, many ES are also real-time
systems. Often, ES are used in control loops: reading sensors, processing data, and generating outputs that control the

device they are embedded into. Finite State Machines are commonly used to model the behavior of ES.
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CHARACTERISTICS OF EMBEDDED SYSTEMS (1/4)

Typical characteristics of an Embedded System are:

1. Microcontroller based system consisting of a processor,
non-volatile memory (Flash), volatile memory (RAM), and a large number of inputs and output interfaces as well as

communication channels.
2. Cost effective implementations as many device architectures are cost-driven.

3. Energy efficient solutions as many devices are battery powered. Current trend is to develop battery-less devices that

harvest energy from the environment.
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CHARACTERISTICS OF EMBEDDED SYSTEMS (2/4)

4. Heterogeneous. While desktop computers are based on standard platforms (Windows PC, Apple 10S, ...) there is a

large variety of hardware and software for embedded systems.
5. Variety of restrictions to the design solutions, such as:
a) Physical: Size, Weight, Temperature Range, Vibration, Dust, Spills, Water;
b) Computational resources: processing speed, non-volatile memory, RAM, available 1/O;
c) Response time.

6. Interconnected. Embedded devices and systems are ever more interconnected to each other. Trend is to increase the

interconnection rate (1oT).
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CHARACTERISTICS OF EMBEDDED SYSTEMS (3/4)

7. Reliability

The ability of a system or component to function under stated conditions for a specified period of time.

8. Availability

The ability of a system or component to function at a specific moment of interval of time.

9. Maintainability

Measures how easily and how fast a system can be restored to operational status after a failure.

10. Testability

The degree to which a system or component facilitates the establishment of test criteria and the performance of tests to

determine whether those criteria have been met.

© 2020 Renesas Electronics Corporation. All rights reserved. Page 12 BIG IDEAS FOR EVERY SPACE W z E N ESAS



CHARACTERISTICS OF EMBEDDED SYSTEMS (4/4)

11. Scalability
The ability of a system to handle increased workload by repeatedly and cost-effectively adding components to extend the

system “s capacity.

12. Safety

Concerns the requirement: not to harm people, the environment or other assets.

13. Security

The ability of a system to protect information and system resources with respect to integrity and confidentiality.
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CHARACTERISTICS OF EMBEDDED SYSTEMS

Relationship among 22 of the most common ilities:

@ usability
* manufacturability

,scalability
~

\ \

i evolvability \ \

@ durability
sinteroperability
X « testabili

repairability

‘recyclability

~@ sustainability
l//
/

~resilience

‘s robustness

®agility *fail-safe

to read about this graph: Book Chapter about the llities: Chapter 4 from "Engineering Systems: Meeting Human Needs in a
Complex Technological World" by de Weck O., Roos D. and Magee C, MIT Press, January 2012 (http://strategic.mit.edu)
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http://mitpress.mit.edu/catalog/item/default.asp?ttype=2&tid=12746

SAMPLE MARKET SEGMENTS

Consumer Electronics

Telecommunications

Home Automation

Industrial Automation

Transportation
= Avionics
= Navigation

= Electric Vehicles

Defense

Medical Equipment

??7? (many new areas to come)

Connected Care

TR

Smart Factory

/i] )

Cool Gadget

Robots

source: Renesas DevCon2015
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CONSUMER ELECTRONICS

» Phones
» Videogame consoles

= Printers

= Digital cameras
= Audio/Video: source: pixabay.com (CC)
= Television

= Music Players

= Home Entertainment Systems

= BRD players
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HOUSEHOLD APPLIANCES

» Washing Machines
» Dishwasher
= Air Conditioners

= Microwave Oven

T T

= | — | &=
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/@eee

source: pixabay.com (CC)
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TELECOMMUNICATIONS

= Routers

= Satellite Phones

= Switches

source: wikimedia.org (CC)

source: pixabay.com (CC)
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HOME AUTOMATION

Smart Home

source: pixabay.com (CC)
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TRANSPORTATION - AVIONICS

Glass cockpit of the
Airbus A350 XWB

2015-2020

Next Generation Design

1980 1985
Federated Architecture

: 1995 1998 2000 2005 2010
1
;< IMA Architecture >
f i
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]
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]
I
|
!
1

Modularity_ | Integration

—r >

1 Function 1 Function 1 Function

Many Functions

Many LRUs** 1 LRU 1LRM

*Line replaceable ntodule
**Line replaceable Unit

Many Functions in
many LRM’s

Statically/Dinamically

source: flickr (CC)
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TRANSPORTATION - NAVIGATION

= Automotive GPS

» Electronic Compass

180°

source: Renesas
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TRANSPORTATION - AUTOMOTIVE

Automotive ECUs Controllers by 2020

= Between 25 and 100 individual ECUs
= With distributed sensors and motor controllers.

Body processing

In Vehicle Infotainment Gateways Body Electronics

Audio Visual, Maps, Traffic, GSM 3G 4G LTE Heating, Ventilation, AC, Lighting,
Mobile phone SIM, Toll payment, WiFi, Bluetooth Electric seat, Windows, Mirrors,
Google services CAN, LIN, Flexray, TTP Cameras, Seat belt, Air bag,

Seat back display Comfort, Convenience

<= 10,000 DMIPS

Powertrain

Dashboard
Instrument display surface, L Connected Car
Head-up display, IVI display } Car to car, Crash alert,
- Service, comms, maps
Insurers’ black box

~ 20,000 DMIPS

V2X Chassis

Vehicle-to-Vehicle < £ 5 .
Vehicle-to-Infrastructure Y Y S / HYbrld Electric
: Vehicle
Battery management
Advanced Driver Motor control

Assistance System

Radar / image processing,

Collision avoidance, Pre-crash, Powertrain Chassis

Cruise control, Lane Engine Control Unit, Braking, Steering, Stability
departure, Parking Sensors, Gearbox ABS, VSC, EPS

~ 20,000 DMIPS

Vi

~ 40,000 DMIPS

ARM
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TRANSPORTATION - AUTOMOTIVE

CAN
Controller Area Network

___| Collision Detection

MOST
Media Oriented Systems Transport
Ethernet AVB (Audio Video Bridaing)
l p—

= Ethernet TSN (Tims-Sensitive Networking)

< =

”
dA.

Z

5
LIN
FlexRay Local Interconnect Network

Brake-by-Wire System

Multifunction Keyless System

source: Renesas
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MEDICAL EQUIPMENT

CT Scanners

ECG (Electrocardiogram)

HEALTHCARE SOLUTION
USING RENESAS SYNERGY™

Blood Glucose Monitor

Blood Pressure Monitor

Accelerate Medical Device Design with [EC62304 Class C Pre-Certified
Renesas Synergy™ Platform Safety Solution

Body Composition Analyzer

source: Renesas
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THE IOT ERA

The Internet of Things is Everywhere

N

Home/
Industrial

44
Zetabytes
g

Gateway EEI

DC/Cloud
Sensors

source: Renesas
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Five-year gap from state of the
art to MCU technology

TRENDS

Technology node evolution in nm
1000

500

100

10

1998 2000 2002 2004 2006 2008 2010 2012

—e—latest —eg—MCU/eMPU

Technology node = minimum transistor gate length

Source: ITRS, Renesas Electronics — based on product announcement

2014 2016 2018

2015

source: Renesas
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EMBEDDED SYSTEMS ARCHITECTURE - GENERIC MODEL

= One of the important characteristics of Embedded Systems (ES) is its diversity. Hence, a truly generic model for an ES

does not exist.

» The model presented here attempts to represent a large set of the existing ES. Hence, it is adequate to understand

Embedded Systems concepts.

suggested reading: (see IEEEXplore.ieee.org)
D. Renaux, F. Pottker, "Applicability of the CMSIS-RTOS Standard to the Internet of Things", 10th Workshop
on Software Technologies for Future Embedded and Ubiquitous Systems - SEUS/ISORC 2014, June 2014.
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EMBEDDED SYSTEMS ARCHITECTURE GENERIC MODEL

Communication Services

8. Servi Localization Navigation Movement Security Storage E;Ienrgy
- Services Services Services Services Services Services et b
Services
Low-Level Platform API
7. RTOS wrapper RTOS Adaptation Layer

6. RTOS — upper layer
(arch independent)

RTOS - Architecture Independent Layer

5. RTOS - lower layer
(arch dependent)

RTOS - Architecture Dependent Layer
4. HAL wrapper HW / HAL Adaptation Layer

3. HW Abstraction

HAL
Layer

2. softwired HW Programmable HW Devices (FPGA,...)

B e o o ] [

GPS servo motor touch Flash WiFi Eth

INS step-motor  mouse SsD BT usB

compass solenoid microphone HDD BLE CAN

gyroscope muscle wire  keyboard SD WiMax RS-232

accelerometer LCD/LED ANT RS-422/485

magnetometer speaker 6LOWPAN ARINC N

source: Authors
RFID tag RFID reader
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1. HARDWIRED HW

= This level is composed of hardware devices
(MCU, Memory, /O, connectors) whose
connection is determined by the copper
traces on a PCB, hence, not changeable after

fabrication.

= Currently, a significant portion of the HW functionality
of an ES is integrated into a SoC (System on Chip).
External HW consists of the remaining HW not in the

SoC and comprises, among others, sensors,

actuators, Human-Machine Interface devices, Storage
devices, and a large variety of communication

interfaces.
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2. SOFT WIRED HW

» |n contrast to Level 1, the soft wired HW level consists
of components whose connection is programmable,

hence, can be modified at any time.

= Currently, the most common programmable devices
are FPGAs, however, a variety of programmable logic
devices (PLD) are available: FPGA, CPLD, GAL, PAL,
PLA, and even ROM.

» The two hardware layers (1 and 2) compose the
physical part of an embedded system. The remaining

layers (3 to 9) are software layers.
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SOFTWARE LAYERS

The upper layers (3 to 9) are software layers.

Embedded Systems Software have two distinct characteristics:

1. Typically the development environment (compiler toolchain) generates a single binary file that integrates all software
components: device drivers, libraries (RTOS, Services, ...) and the Application. Hence, avoiding the process of reading

an executable file and loading it on memory.

2. While on desktops applications are changed and upgraded quite frequently, in embedded systems, typically a single

multitasking application is executed along the life of the device. Upgrades may occur but are much less frequent.
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3. HARDWARE ABSTRACTION LAYER

= The HAL is comprised of a set of functions that directly access the hardware devices. These functions are also called

device drivers.

= A well-designed HAL provides to the upper levels a standardized interface, providing an easy interchange of devices. For
instance, if all communication devices have the same API then replacing a comm. interface (such as SPI) for another

(such as 12C) is straightforward. The Renesas SSP (Synergy Software Package) is an example of such.

= Developing a device driver for the HAL requires expertise in both hardware and software. Such a development is a

complex and time-consuming task typically performed in C and sometimes mixing with assembly language.
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4. ADAPTATION LAYER

= An Adaptation Layer (or Wrapper) is a means of providing a common interface for different device drivers.

» |f a HAL is not carefully designed, or if device drivers from different vendors are integrated in the same solution, then the
software interface to the upper level may not be regular, meaning that different devices have access functions with

different signatures. Such a scenario poses severe difficulties for portability and changes.

» The adaptation layer is a simple translation layer aiming at converting the non-standard interface to a standardized one.

Such a translation can often be done at compile time, hence, not imposing any runtime penalty.
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5. AND 6. RTOS

» Embedded Operating Systems have significant differences to O.S. used in desktop computers, including a very small
memory footprint and a reduced amount of functionality. Most embedded O.S. have to provide support for real-time

systems, hence, they are termed RTOS (Real-Time Operating System).

» The implementation of a well designed RTOS has at least two layers, so that different software modules implement the
architectural dependent code and the architectural independent code. This approach improves modularity and improves

the portability to other architectures.

BIG IDEAS FOR EVERY SPACE M z E N ESAS
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7. RTOS ADAPTATION LAYER

This is a wrapper that translates the API of a given RTOS to a standard API, such as CMSIS-RTOS. Once a standard APl is

provided to the upper levels, all of the software in the Services and Application layers can be reused in different platforms

without rewriting the calls to the RTOS.
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© 2020 Renesas Electronics Corporation. Al rights reserved. Page 35



8. SERVICES

= To cope with the large amount of functionality implement by software in current Embedded Systems, code reuse is almost
mandatory. Thus, off-the-shelf software components are integrated to form the final solution. Typically, these components

come in the form of libraries that are linked at compile time.

= Alarge variety of software components is available providing functionality for: TCP/IP stacks, USB stacks, communication

protocols, georeferencing, navigation, security, storage, among many others.
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9. APPLICATION LAYER

= The top layer of the model is the Application Layer. This is the software layer that implements the specific functionality of

each embedded system.

» |n this layer, several concurrent tasks cooperate to provide the required functionality. Concurrent programming is the

most common approach to cope with the software complexity of current Embedded Systems.

» The RTOS provides the management of the concurrency, among many other services.
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2 - COMPUTER ARCHITECTURE - RISC VS CISC

= Computer Generations

» The RISC Paradigm
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DEFINING “COMPUTER”

Computer =

a device, or person, who performs a computation, i.e. a sequence of calculations according to an algorithm.

Hence, we consider Generation 0 of computers the generation that precedes the electronic device currently known as

computer.
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COMPUTER GENERATIONS

0 Mechanical and Electromechanical Devices

40’s — Vacuum tubes
ENIAC, Zuse

50’s — Transistors
Manchester University, IBM 350

60’s — SSI Integrated Circuits (logic gates)
3 Apollo Guidance Computer
IBM System/360, Digital VAX

1

4 70’s — Microprocessor

2010’s? — quantic / organic / optical???
Al
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COMPUTER ORGANIZATION (SIMPLIFIED)

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

1. Fetch instruction from memory (or cache)

L2 Cache (SRAM)

L1 Data
Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

1. Fetch instruction from memory (or cache)

2. Generate target address

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

1. Fetch instruction from memory (or cache)
2. Generate target address
3. Load data from memory

L2 Cache (SRAM)

L1 Instruction
Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

1. Fetch instruction from memory (or cache)
2. Generate target address
3. Load data from memory L2 Cache (SRAM)
4. Add Operation [ [
L1 Instruction L1 Data
Cache Cache

BIG IDEAS FOR EVERY SPACE M z E N ESAS
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

1. Fetch instruction from memory (or cache)

2. Generate target address

3. Load data from memory L2 Cache (SRAM)

4. Add Operation [ |

5. Store results L1 Instruction L1 Data
Cache Cache
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COMPLEX INSTRUCTION EXAMPLE

ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

Steps to execute this command:

Fetch instruction from memory (or cache)
Generate target address

Load data from memory
Add Operation
Store results

1.
2.
3.
4.
5.

A single instruction could load/store from/to memory and

also perform computations! = complex
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RESEARCH PRECEDING THE RISC PARADIGM SHIFT

= Careful examination of the execution of actual programs concluded that:

= Often, complex instructions were not used and the equivalent effect was obtained by a sequence of simpler

instructions.

» The inclusion of a single complex instruction in the instruction set could impact overall performance by imposing a lower

clock rate.

= Since the instructions did not have a regular execution sequence (i.e. each one had its execution determined by its

microcode) the implementation of a pipeline was close to impossible.
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RESEARCH PRECEDING THE RISC PARADIGM SHIFT

What is the final goal?

» From the user’s perspective, the goal is performance of the application programs

» RISC thesis: a processor whose instruction set is made of simple instructions with a regular execution, allowing the

implementation

of a pipeline, will have a higher performance than a CISC

(Complex Instruction Set Computer)

COMPUTER
ARCHITECTURE

recommended reading:
Computer Architecture: A Quantitative Approach 6th Edition
by John L. Hennessy, David A. Patterson
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RISC ARCHITECTURAL FEATURES

Features that characterize the RISC paradigm are:
= An instruction set with a reduced number of very simple instructions.

» LD/ST architecture, meaning that only two instructions (and their variants) access memory: LD (load) reads data from

memory, and ST (store) saves data to memory.

= All other instructions operate on registers. There is a large number of general-purpose registers, avoiding access to

memory.

= All instructions follow the same logical execution sequence. Hence, a pipelined architecture can be implemented,

significantly improving performance. Typically 1 instruction is executed every clock cycle.
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

L2 Cache (SRAM)

LW R2, O(R1) | |
ADD R2, R2, ECX L1 Instruction L1 Data
SW R2, 0(R1) Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

L2 Cache (SRAM)

L1 Instruction L1 Data
Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

LW  R2, O(R1)

Main Memory (DRAM)

L2 Cache (SHIAM)

L1 Instruction L1 Data
Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

L2 Cache (SRAM)

LW R2, O(R1) | |
ADD R2, R2, ECX L1 Instruction L1 Data
Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

L2 Cache (SRAM)

LW R2, O(R1) | |
ADD R2, R2, ECX L1 Instruction L1 Data
SW R2, 0(R1) Cache Cache
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CISC TORISC

CISC:
ADD [RAX+RBX*4+8], ECX

Main Memory (DRAM)

RISC:
SLL R1, RBX, 2
ADD R1, R1, RAX
ADDI R1, R1, 8

L2 Cache (SRAM)

LW R2, O(R1) | |
ADD R2, R2, ECX L1 Instruction L1 Data
SW R2, 0(R1) Cache Cache

A single instruction performs only one simple operation

(either load/store or computation) = simple and regular
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PIPELINING

Requirements for the implementation of a Pipeline in a processor:

» The instruction set must be designed so that all instructions have the same execution steps
» |nstructions must be regular with respect to:

= Sjze

Addressing modes

Decoding

Operands
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PIPELINING - OVERVIEW

Example of a Pipeline with 5 stages:

1.

2.

Fetch

Decode and read operands in

registers

Use ALU to execute instruction or to

calculate memory address
Read or Write to memory

Write result back to Register file

Remark: not all instructions use step 4

and 5

Instruction ! Instr. Decode , Execute : : Write
' Reg. Fetch * Addr. Calc : : Back
Next PC ]  NextSEQPC __; Next SEQPC [ B
RS1
G4
&
> z = ZERO?T =i
_-. @
nl E m
S = il >
(=] Q > E =
. :
— 22
Imm| a =
- 5
> >

source: wikimedia.org (CC)

BlEQ M
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PIPELINING - STAGE 1: INSTRUCTION FETCH

: : Instructi

1. The Program Counter (PC) is a register that nsF;gr:Dn

holds the address of the current instruction —
Next PC

2. PC is sent to instruction memory

3. Instruction (bits) is loaded from instruction E
memory (icache or DRAM).

4. The Adder sets the PC to the next command T

] S}

(typically PC+4)

Outputs:
& A

- Instruction bits
- Next instruction (PC+4)

source: wikimedia.org (CC)
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PIPELINING - STAGE 2: INSTRUCTION DECODE / REGISTER FETCH

Elnstr. Decode
' Reg. Fetch

2. Instruction fields extracted - -

1. Instruction read from IF/ID pipeline register.

NextSEQPC |
= Opcode, registers, immediate, etc. as
RS
3. Decodes the opcode and generates control CE: g L
— 1
signals for later stages (EX, MEM, WB). ]
4. The Reg. File reads the values of the source L
i =
registers (RS1, RS2). e ™ o
m
5. If the instruction contains an immediate value, > g%
it is sign-extended to the processor word size.
-
Outputs: /\ /\

- Register values RS1, RS2
- Sign-extended immediate

source: wikimedia.org (CC)
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PIPELINING - STAGE 3: EXECUTE / ADDRESS CALCULATION

PR : Execute
1. Instruction inputs read from the ID/EX register | Addr. Calc :
» RS1, RS2, Immediate — —
Next SEQ PC
2. Operand selection using multiplexers
= Select between RS2 and immediate
| ZERO? =i

3. The ALU performs the required operation
= Arithmetic (ADD, SUB, ...) J-].
= Logical (AND, OR, ...) E > z 'g
= Comparison (for branches) iz
4. Zero signal for branch instructions
Outputs: - >
- ALU result / Effective Address A A

- Zero flag
- Branch target address

source: wikimedia.org (CC)
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PIPELINING - STAGE 4: MEMORY ACCESS

: Memory ,
: Access :
» Effective Address, Register values, Control signals " :

1. Inputs read from the EX/MEM register

2. For Load (LW) instructions

= Data memory is read using the effective address

» Loaded data is forwarded to the MEM/WB register
3. For Store (SW) instructions:

» Value of source register is written at the effective

address

WIN 7 X3

4. For arithmetic/logic instructions

= No memory access is performed

= ALU result simply passes through >

Outputs: A A
- Data loaded from memory (for LW)

- ALU result (for arithmetic operation) source: wikimedia.org (CC)
- Destination register identifier
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PIPELINING - STAGE 5: WRITE BACK

1. Inputs read from the MEM/WB register: : ‘-I;-"E:gi

= Memory read data, ALU result, Destination :
Register Identifier, Control Signals

2. Multiplexer selects the value to write back
= Memory data (for load instructions)

= ALU result (for arithmetic/logic instructions)

3. If the instruction requires register write

» Value is written into the destination register. E

4. For store (SW) and branch instructions:

» No register write is performed.

BlEQ M

Outputs: '
A

- Updated register file (architectural —
state updated)

source: wikimedia.org (CC)
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Instruction ! Instr. Decode ! Execute ! Memory ! Write

Fetch ' Reg. Fetch ' Addr. Calc ' Access * Back
BENEFITS OF PIPELINING Next PC 7] Nextseapc [T]  Nextsearc 7]
RS1_
RS2 | 5
- i > P ZERO? i
-l &
—>

For the previous example of a 5 stage

pipeline, the

execution over time is presented in this

ar7di
Y
3y
pueix3
ubig
v
X37ai

Bjleg gm

diagram.

Note that although each instruction

takes 5 clock cycles to execute, due

to pipelining, after filling the pipeline,

on every clock another instruction IF ID EX |[MEM

finished its execution. l" IF 1D EX WB

Effectively, the number of instructions t—- IF ID MEM| WB

executed per second is the same as IF EX [MEM| WB

the clock rate. 1D EX MEM| WB

source: wikimedia.org (CC)
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LIMITATIONS OF PIPELINING

» Data Hazard:
if an instruction requires as input a value produced by the previous instruction,
this value may not be available at stage 2 (decode and fetch operands) since
the previous instruction only saves its results at stage 5.
Solutions: stall the pipeline (instruction must wait for result of previous)
OR use a technique called bypassing to forward the result of the
previous instruction at stage 3 of its execution

OR reorder instructions to avoid this dependency

= Control Hazard:
a change of control flow (e.g. a branch instruction) causes the pipeline to be
flushed, meaning that following instructions that already were fetched and

decoded will be discarded.

Consequence:
the average number of instructions
executed per second is lower than
the clock rate.
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DATA HAZARDS

= Read After Write (RAW) — True dependency

An instruction needs a value that a previous instruction produces.

ADD R1, R2, R3
SUB R4, R1, R5
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DATA HAZARDS

The value of R1 is written to the register file
in Stage 5.

= Read After Write (RAW) — True dependency
An instruction needs a value that a previous instruction produces. SUB needs the value in the execution stage
e
SUB R4, R1, R5
Without forwarding, SUB must stall until
ADD completes WB (2 stall cycles).
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DATA HAZARDS

= Read After Write (RAW) — True dependency

An instruction needs a value that a previous instruction produces.

ADD R1, R2, R3
SUB R4, R1, R5

= Write After Read (WAR) — Anti-dependency

A later instruction writes to a register that a previous instruction still needs to read.

SUB R4, R1, RS

ADD R1, R2, R3
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DATA HAZARDS

= Read After Write (RAW) — True dependency

An instruction needs a value that a previous instruction produces.

ADD R1, R2, R3
SUB R4, R1, R5

= Write After Read (WAR) — Anti-dependency

A later instruction writes to a register that a previous instruction still needs to read.

SUB R4, R1, RS

ADD R1, R2, R3
= Write After Write (WAW) — Output dependency

Two instructions write to the same register.

ADD R1, R2, R3
SUB R1, R4, R5
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DATA HAZARDS

= Read After Write (RAW) — True dependency

An instruction needs a value that a previous instruction produces.

ADD R1, R2, R3
SUB R4, R1, R5

= Write After Read (WAR) — Anti-dependency

A later instruction writes to a register that a previous instruction still needs to read.

SUB R4, R1, RS

ADD R1, R2, R3

= Write After Write (WAW) — Output dependency

Two instructions write to the same register.

ADD R1, R2, R3
SUB R1, R4, R5

In the classic 5-stage RISC pipeline, only RAW hazards are possible!
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CONTROL HAZARD

= The next instruction address depends on a branch/jump outcome, so the pipeline may fetch the wrong instructions.

BEQ R1, R2, LABEL

ADD R3, R4, R5 ; may be wrong-path

SUB R6, R7, R8 5 may be wrong-path
LABEL:...
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CONTROL HAZARD

= The next instruction address depends on a branch/jump outcome, so the pipeline may fetch the wrong instructions.

BEQ R1, R2, LABEL
ADD R3, R4, R5 ; may be wrong-path

SUB R6, R7, R8 5 may be wrong-path
LABEL:...

= What happens in a 5-stage pipeline?

The pipeline fetches BEQ and continues fetching the next sequential instructions (ADD, SUB).

The branch decision is only known later (typically in EX stage, Stage 3).

If the branch is taken, the already-fetched instructions after BEQ are wrong-path.

The pipeline must flush those wrong-path instructions and fetch from LABEL.
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STRUCTURAL HAZARD

= Two pipeline stages require the same hardware resource at the same time.

Example (single memory for instructions and data):

LDR R1, [R2] ; load data from memory

ADD R3, R4, R5

During execution:

» The Fetch stage needs memory to fetch the next instruction.

» The Execute stage of LDR needs memory to read data.

What happens in a simple pipeline?

The Fetch stage tries to read the next instruction.

The LDR instruction simultaneously accesses data memory.

If there is only one memory, both cannot proceed.

The processor inserts a stall cycle.
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COMPARING RISC X CISC

Instruction set has a reduced number of instructions Instruction set has a large number of instructions
Instructions are very simple Instructions are complex, i.e. have a high semantic content
Large number of general purpose register Small number of registers

Instruction codes have fixed size Instructions are coded in a variable number of bytes

Instruction decoding is very simple and typically performed Instruction decoding is complex
by a table in ROM

Instruction execution is simple, typically requiring a single Instruction execution is complex and typically uses
clock cycle microprogramming, i.e. interpretation by microcode
Regular execution of the instructions Execution steps varies from instruction to instruction
Execution time is regular, typically a single clock cycle Execution time varies significantly among instructions
Architecture is prone to the use of a pipeline in the Architecture is not prone to the use of Pipeline.

implementations, resulting in N times performance
improvement (N is the number of pipeline stages).
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COMPARING RISC X CISC

When the same source program is compiled to a RISC processor and to a CISC processor:
= The number of machine instructions of the compiled program is typically larger on the RISC

» The size of the compiled program (measured in bytes) is typically larger on the RISC

» The performance (inverse of the time to execute the program) is typically better on the RISC
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COMPARING RISC X CISC

From a HW perspective, the design of a RISC processor is significantly simpler than that of a CISC:
= Shorter design cycle,

= Lower number of transistors to implement,

= | ess area on silicon die.
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ECONOMICS OF INTEGRATED CIRCUITS MANUFACTURING

The cost of a chip is determined mainly by:

= Cost of the die (cost of manufacturing a wafer divided by the number of good dies per wafer)
» Testing costs (both for die testing and testing after packaging)

» Packaging costs

» Yield (percentage of functional chips).
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From IP Design to Final Chip — Manufacturing Process

IP Design
(Front-End)

Wafer Fabrication
(Transistors + Metal Layers)

N 8 N

e Architecture
e RTL Design (HDL)

o Simulation
& Verification ®

Photolithography
Etching

Doping
Metallization

300 mm Wafer

e Architecture

e RTL Design (HDL)

e Simulation
& Verification

IP Design

(Architecture + Verification) i (Archittere +

Verification

Wafer Testing
(Probe Test)

a )

Only good dies
continue

A e e e 2 s e s e e . s S e s

(Many Chips)

@

Package the Die

(Encapsulation + Bonding)

6

Final Testing
(Chip Test)

N

Verified &
Functional

» Wire Bonding / Flip-Chip

= Encapsulation (Plastic/Ceramic)

Shipping &
Production

7

) M

-> Mounted on PCB

- Embedded in
Devices

A .

(Individual Dies)

(Final Chip)

' (In Devices)
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ECONOMICS OF INTEGRATED CIRCUITS MANUFACTURING

Curve shows how many transistors
can be purchased with one dollar
for each manufacturing technology

over time.

This graph represents the situation
in 2018. At the time, the most cost-

effective technology was 20 nm.

Over time, as the processes
mature, transistors cost lowers.
Until a given technology enters

obsolescence.

Number of Transistors/Chip Length

Shrinking chips
Number and length of transistors bought per $

7nm

2018

2016

2004

B
180nm Nanometres (nm)

2002 source: economist.com
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ECONOMICS OF INTEGRATED CIRCUITS MANUFACTURING

Key design decision:

If currently the “sweet spot” (best value for money) is a given manufacturing technology and a transistor

count of T millions transistors, what is the best use for this asset?

1. CISC core + little Cache/Memory/Peripherals

2. RISC core + large amount of Cache/Memory/Peripherals

Most silicon vendors select the second alternative
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RISC VS CISC TODAY

Currently, there is a trend to mix the best features of both paradigms. The convergence of RISC and

CISC has not been named yet, but the characteristics of novel processors are:
» Large instruction set, but execution model is usually still load-store and regular
= Regular instructions, prone to pipelining

= Pipelines from 3 to 20 stages

= NOo microcode
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RISC VS CISC TODAY

Instruction set of Cortex-M

including Cortex-M23 and

Cortex-M33

ARMvB-M

ARMvB-M
Baseline

il
il
il
il
i
Ll
il
Ll

ARMv7-M

Cortex-M23 —_—

Cortex-M33

| wams | wapD )| woWp | wvowee M| wovt [ vovme | vovme ] wovr

— Cortex-MO/M0+ =

Floating Point

DSP (SIMD, fast MAC)

Advanced data processing
bit field manipulations

AT

General data processing
I/O control tasks

Cortex-M3 ————p
Cortex-M4

r

Cortex-M7  ——

source: ARM
ARM Cortex-M for Beginners - Yiu
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3 - ARM CORTEX-M ARCHITECTURE

= History of ARM
= Cortex-M Features
= Cortex-M Instruction Set Architecture
= |nstruction Set
= Memory Access
= Memory-mapped I/O

= Exception Handling
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3.1 - ARM HISTORY

= Over time, several ARM
architecture versions were
released. From the seminal ARMv1
to the ARMv8.3-A, released in
2017. The documentation of these
standards is available on the

arm.com website.

» For each architectural version there

are several implementations

Debug + Trace
MPU
Thumb-2

C Exceptions

ARMv6-M

Cortex-MO
Cortex-MO+

Floating-point

Debug + Trace

MPU
Thumb-2

C Exceptions

TrustZone
Stack limit
Floating-point

DSP

Debug + Trace
MPU
Thumb-2

C Exceptions

ARMv7-M ARMv8-M
Cortex-M3 Cortex-M23
Cortex-M4 Cortex-M33
Cortex-M7
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20+

billion

cores to date

ARMM"”

Fam

1998

-~

Mali
Graphics
Video

Cortex-A

Family

Cortex-R
Family

2010

100+

billion
cores accumulated
after next 10 yrs

2020

source: ARM
The Future is in
Your Hands -
Peter Middleton
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ARM PRICING MODEL

= ARM only provides the IP Design of a

processor!
= No fabrication, no testing

» This is very clever, because you save a

lot of money related to fab

= Fabrication is performed by 39 party

organizations (e.g., TSMC)

From IP Design to Final Chip — Manufacturing Process

O—

IP Design
(Front-End)

« Architecture
« RTL Design (HDL)

« Simulation
& Verification

« Architecture
« RTL Design (HDL)

« Simulation
& Verification

IP Design

(Architecture + Verification)

afer Fabrication

ransistors + Metal Layers)

» Photolithography
« Etching

« Doping

+ Metallization

300 mm Wafer

(Archittere +
Verification

©

Wafer Testing

(Probe Test)

Only good dies

|
[
|
continue

(Many Chips)

Package the Die

(Encapsulation + Bonding)

Final Testing Shipping &
Production

(Chip Test)

—O N\ (6] l 7
=

Gold

wires I?ie
: Verified &
= fka.e Functional

S s

- Mounted on PCB

- Embedded in
E Devices

N

|« Wire Bonding / Flip-Chip
|« Encapsulation (Plastic/Ceramic)

i (Individual Dies) (Final Chip) i (In Devices)
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COMPANIES UTILIZING ARM ARCHITECTURE
ARM sz Gy iy (€00 Products Containing BGIAT RA——

iPhone 4, iPod Touch (4th Gen), iPad (1st Gen), AppleTV (2nd

A4 Gen) Cortex-A8 1
Apple A5 iPhone 4S,iPad 2, AppleTV (3rd Gen) Cortex-A9 2
A5X iPad (3rd Gen, Retina Display) Cortex-A9 2
Exynos 3 Single Samsung Galaxy S, Samsung Galaxy Nexus S Cortex-A8 1
Exynos 4 Dual Samsung Galaxy SlI, Samsung Galaxy Note Cortex-A9 2
Samsung

Exynos 4 Quad Samsung Galaxy SlIl Cortex-A9 4
Exynos 5 Dual N/A Cortex-A15 2
Tegra Microsoft Zune HD ARM11 1
Nvidia Tegra 2 Samsung Galaxy Tagrl (,J.S16rI:/|yo¥;r§|I:t)éoom, Dell Streak 7 & Cortex-A9 9
Tegra X1 Motorola ATRIX, Asus Transformer TF101, Microsoft Kin One Cortex-A57 4
OMAP 3 Barnes and Noble Nook Color Cortex-A8 1
Texas OMAP 4 Amazon Kindle Fire, Samsung Galaxy Tab 2, Blackberry Cortex-A9 9

Instruments Playbook, Samsung Galaxy Nexus
OMAP 5 N/A Cortex-A15 2
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ARM PROCESSOR FAMILY

Application
Processors
(with MMLU,
.c-u rtex-A73 support Linux,
System capability & . Cortex-AT2 MS mobile OS)
performance !
Cortex-AS7? Cortex-A35
Cortex-AS3 Cortex-A32
Cortex-A15
Cortex-A17
. - Real Time
Cortex-A9 Processors
Cortex-AT7
Cortex-A8 - S
Cortex-R52
Cortex-A5S . Cortex-RS
Cortex-R7
ARM11™ -
g Series |_ Corkes#3 Cortex-M7
ARMI26 Cortex-R4 Microcontrollers
B ] [ cortex-m33 and deeply
. Cortex-M4 embedded
ARM920T™, ! [ Jcortex-mas
ARM94OT™ | uﬁm‘“, Cortex-M3 . ex-
ARMS66™ (] Cortexcmo  Cortex-MO+
S Cortex-M1
ARM7™ series (FPGA) source: ARM
ARM Cortex-M for
Classic ARM Processors ARM Cortex Processors Begin ners - Yiu
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ARM CORTEX-A PORTFOLIO

« Efficient application processors for every level of performance

Cortex-Al5

High-performance
with infrastructure
feature set g

L

High-performance
with lower power
smaller area =

L

Cortex-A8 Cortex-A9

First ARMv7-A Well-established

processor mid-range -
processor used in

Smallest and lowest Most efficient ARMv7-
power ARMv7-A A CPU, higher
CPU, optimized for performance than A@
single-core i

ARMv7-A

Cortex-Al7 Cortex-A57 Cortex-A72 Cortex-A73

Premium Mobile,
Infrastructure, Aut

high-performance Premium Mobile,

64/32-bit

Cortex-A53

Performance and

Cortex-A32

Smallest and lowest
power ARMv8-A

Cortex-A35

efficiency

ARMv8-A

High
performance

A

L

High
efficiency

Ultra High
efficiency

B ig LITTLE compatible
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ARMCORTEX

ARM’S BIG.LITTLE TECHNOLOGY ”“(5

What is big.LITTLE?

« Complex multicore CPU architecture combining...
» Several high performance “big” cores
» Several lower power ‘“little” cores
» Cores should be architecturally compatible
 Cores may be...
« Of 2 different architectures

» Of the same architecture but with different highest frequency or cache size
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ARMCORTEX

Processer Technology

ARM’S BIG.LITTLE TECHNOLOGY ©

Why big.LITTLE? ARMCORTEX

» Targeting optimal power saving / performance balance

* Real life CPU load is bursty

* Dbig.LITTLE allows for running power hungry cores only when bursts are
coming

« Peak performance only when it's needed
» Power optimized cores run most of the time

* More options for fine-tuning compared to standard Symmetric Multiprocessing
(SMP)
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ARM’S BIG.LITTLE TECHNOLOGY

Clustered Switching

« Simple implementation

» ldentically-sized clusters of “big” or “little” cores

» The operating system scheduler can only see one cluster at a time

« No combinations

ARMCORTEX

Progesser Technology

é

LITTLE

» High cluster is picked if at least one High core is needed, otherwise Low cluster

A57 High Cluster (High in Perf, Power) of 4 Cores

Either
—

Cortex
-AS7

Cortex
-AS57

Cortex
-AS57

Cortex
-AS57

A53 Low Cluster (Low in Perf, Power) of 4 Cores

Or
Py
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ARM’S BIG.LITTLE TECHNOLOGY

Clustered Switching

« Simple implementation

» ldentically-sized clusters of “big

« The operating system scj

* No combinations

« High cluster is pic

\e

else Low Cluster

High Cluster is picked

if
C

Depreceated in modern big.liitle
conifgurations

¥ in Perf, Power) of 4 Cores

ARMCORTEX

Processer Technology

N\

ARM'CORTEX'
Froceac

r Techeciogy

at-least one High Cortex
ore is needed,

Cortex
-A53

Cortex
-A53
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ARMCORTEX

Progesser Technology

é
U -

LITTLE

ARM’S BIG.LITTLE TECHNOLOGY

In-kernel switcher

« Pairing up a “big” core with a “little” core
« [Each pair operates as one virtual core
* Only one real core is (fully) powered up and running at a time

* 'Big' core is used when the demand is high 'Little' core is employed when demand is low

Cortex- Cortex- Cortex- Cortex- ';Lg;*;::‘ame
A15 A15 A15 A15

t CPUfreq Switch on

: each virtual core
- - - - | owest

Power

“Virtual Core1 VirtwalCore2  Virtual Core 3 Virtual Core 4
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ARM’S BIG.LITTLE TECHNOLOGY

Heterogeneous Multi-processing

» Most powerful use of big.LITTLE architecture

» Use of all physical cores at the same time

ARMCORTEX'

Progesser Technology

Q)
R 0

LITTLE

« Threads with high priority or computational intensity are allocated to “big" cores, rest in “little” cores

Cortex-
A15

Cortex-
A15

Cortex-
A15

Cortex-
A15

[ Lo | Lo [ o]
b4 44
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ARM’S BIG.LITTLE TECHNOLOGY

Measured CPU and SoC power savings

76% 75% 76%

Measured CPU and SoC power savings on a
Cortex-Al5 MP4 MP4 big.LITTLE

N S relative to a
o o Cortex-A15 MP4 SoC
& é@&ﬁ ) L ﬁ@ﬁ f“‘ & &
?sé\ s <® .,gﬁaﬁ v <&
= CPU Power Saving ® 50C Power Saving
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© 2020 Renesas Electronics Corporation. Al rights reserved. Page 102



ARM CORTEX-R PORTFOLIO

Fast response - optimized for high performance, hard real-time applications

Cortex-R7 ortex-R8 Storage
High performance Highest performance 2
5G modem and
modem

4G modem and

storage storage

Real-time Real-time Most advanced Functional
performance performance with processor for Safety
functional safety functional safety

ARMv7-R ARMv8-R
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ARM CORTEX-M PORTFOLIO

 Fast response - optimized for high performance, hard real-time applications

Cortex-M3 Cortex-M4 Cortex-M7 Cortex-M33
Performance
efficiency

Performance
efficiency

Maximum
performance,
control and DSP

Mainstream
control and
DSP

Flexibility, control
and DSP with
TrustZone

Cortex-M0 Cortex-M0+ Cortex-M23
Lowest cost, Highest energy TrustZone in
Low power efficiency smallest area,
lowest power

Optimized area, Performance,
anti-tampering anti-tampering

SecurCore

ARMv7-M ARMv8-M
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THE CORTEX-M FAMILY

ARMCORTEX

Processor Technology

'\xec““e
e
200
and co™ ARMCORTEX Cortex-M7
b\e Processor Technology
s ARMCORTEX

Processor Technology

Cortex-M3

ARMCORTEX

Processor Te

ology

CoreMark
per MHz

ARMCORTEX

Processor Technology

Cortex-M0+

Cortex-M0 Maximum DSC Performance
Digital Signal Control (DSC) Flexible Memory System
pcEEseny  EEESTERCT Double & Snle Preision P
Lowest power Feature rich connectivity Accelerated SIMD g

Outstanding energy Floating point (FP)

efficiency

Lowest cost

Low area Digital Signal Control application space

‘8/16-bit’ Traditional application space *16/32-bit’ Traditional application space

source. community.arm.com
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3.2 - CORTEX-M FEATURES

Among the distinguishing features of the Cortex-M architecture are:

» 3-stage pipeline (except for Cortex-M7): Fetch, Decode, Execute,

» Harvard architecture (except for Cortex-M0O and M0+),

= Designed for power efficiency (includes an ultra low-power deep sleep),

» Thumb-2 instruction set, combining ARM performance and Thumb code density,

= [nterrupt Controller (NVIC) is defined in the architecture; low latency vectored interrupt servicing,
= |[nterrupt servicing with tail-chaining and late arrival functionalities,

» Bit-banding to provide faster bit operations in memory and memory mapped 1/O,

= MPU = Memory Protection Unit,

= Most instructions can be conditional.
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3.2 - CORTEX-M FEATURES: HARVARD ARCHITECTURE

High level of flexibility as the memory Limited flexibility as there is only a
is shared between instructions and | certain amount of memory that can be
data so the level assigned to each can | used for data and a certain amount for
fluctuate depending on task instructions.

Flexibility

Two sets of memory and buses mean
data can be handled more quickly
which would result in decreasing

execution time

Speed is limited when compared to
Speed harvard due to only having one
memory location and set of buses

Typically used in general purpose
Examples | computers that will be used for many
different purposes.

Typically embedded systems like
washing machines, burglar alarms etc.
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3.2 - CORTEX-M FEATURES: HARVARD ARCHITECTURE

Last time we discussed this architecture. Is this Von Neumann or Harvard?

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction

Cache

L1 Data
Cache

© 2020 Renesas

Electronics Corporation. All rights reserved.
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3.2 - CORTEX-M FEATURES: HARVARD ARCHITECTURE

Last time we discussed this architecture. Is this Von Neumann or Harvard?

Main Memory (DRAM)

L2 Cache (SRAM)

L1 Instruction

Cache

L1 Data
Cache

Best of the two worlds!
Modified Harvard Architecture

© 2020 Renesas

Electronics Corporation. All rights reserved.
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3.2 - CORTEX-M FEATURES: HARVARD ARCHITECTURE

How about Cortex-M architecture?

SRAM for data storage

Main Memory (DRAM)
SRAM

DATA BUS

L2 Cache (SRAM) 5
| E [ : CPU
o L1 Data '

L1 Instruction

INSTRUCTION BUS

Flash Memory for program memory (instructions)
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3.2 - CORTEX-M FEATURES: THUMB

The ARM7TDMI had two instructions sets:

= ARM - with 32-bit instructions, higher performance and lower code density, 7 ARM
. . . . . B Thumb-2
= Thumb - with 16-bit instructions, lower performance and higher code density. - O n:ﬁ,:é

Cortex-M has a single instruction set: Thumb-2

Thumb-2 code size 26%
smaller than ARM

It mixes 16-bit and 32-bit instructions. Its code density is similar to Thumb

and its performance is similar to ARM.

] ARM
B Thumb-2
D Thumb
source: ARM _ Thumb-2 Performance 25%
The ARM Architecture - Joe Bungo faster than Thumb
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3.2 - CORTEX-M FEATURES: CHARACTERISTICS

Relative DMIPS/MHz

DMIPS/MHz 0.9 1.25 14
Gate count 12k 43k 1.2
Number interrupts 1-32 + NMI 1-240 + NMI 1
Interrupt priorities 4 256 0.8
Breakpoints, Watchpoints 4/2, 2/1 8/4, 2/1 0.6
MPU, integrated trace option No Yes 04
Hardware Divide No Yes D'i
ARM7  Cortex-M0  ARM7  Cortex-M3
(Thumb) (ARM)
source: ARM
ARM Cortex-M Processor Family
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3.2 - CORTEX-M FEATURES: BUSES

High Performance
ARM processor

High
Bandwidth
External
Memory
Interface

DMA
Bus Master

High Performance
Pipelined

Burst Support
Multiple Bus Masters

UART
Timer
Keypad
PIO
Low Power
Non-pipelined _
Simple Interface source: ARM
The ARM
Architecture - Joe
Bungo
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3.2 - CORTEX-M FEATURES: MEMORY PROTECTION UNIT

Memory Protection Unit (MPU)

MEMORY
* Prevents application task from corrupting

OS or other task data

i /O #1
* Improves system reliability 1O #0

= Configurable regions ARM®
Cortex®-M
* Address

» Size

* Memory attributes
data for
task B

« Optional in all processors . _ source: ARM

How to Choose Your
(except Cortex-M0) ARM Cortex-M Processor

- Tim Menasveta

* Access permissions

MPU configuration
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3.2 - CORTEX-M FEATURES: 3 STAGE PIPELINE

Cortex-M4 Pipeline
1st Stage - Fetch 2nd Stage - Decode 3rd Stage - Execute

Data Phase
Load/Store &

Branch
A

Address
Phase & Write
Back

Fetch Instruction
Decode & Multiply & Divide
s Register Read

Execute stage branch (ALU branch & Load Store Branch)

Branch forwarding & speculation

source: ARM
The ARM Architecture - Joe Bungo
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Cortex-M3 Datapath

|_HRDATA R Instruction
Decode
R noy D-HWDATA
AR Register
Incrementer
D_HADDR Read Data Peilueia
Address Register

Register

Y

_1_

Barrel
Shifter

Address
Incrementer

Register

Bank

|_ HADDR
Address source: ARM
Register < The ARM
Writeback Architecture - Joe
Bungo

INTADDR
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Cortex-M3 Datapath

|_HRDATA R Instruction
Decode
R noy D-HWDATA
AR Register
Incrementer
D_HADDR Read Data Peilueia
Address Register

Register

Y

_1_

Barrel
Shifter

Address
Incrementer

Register

Bank

| HADDR
Address source: ARM
Register < The ARM
Writeback Architecture - Joe
Bungo

INTADDR
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Cortex-M3 Datapath DECODE

|_HRDATA R Instruction
Decode
R ey D HWDATA
Address Register
Incrementer
D_HADDR Read Data D_HRDATA
Address Register

Register

Y

_1_

Barrel
Shifter

Address
Incrementer

Register

Bank

| HADDR
Address source: ARM
Register < The ARM
Writeback Architecture - Joe
Bungo

INTADDR
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Cortex-M3 Datapath EXECUTE (+MEM +WB)

|_HRDATA R Instruction
Decode
R e oy D HWDATA
Address Register
Incrementer
D_HADDR Read Data D_HRDATA
Address Register

Register

Barrel
Shifter

Y

Address
Incrementer

Register

Bank

| HADDR
Address source: ARM
Register = The ARM
Writeback Architecture - Joe
Bungo

INTADDR
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3.2 - CORTEX-M FEATURES: PIPELINE EXAMPLE

Cortex-M4 Pipeline — example for optimal execution

Cycle 1 2 3 4 5 6 7 8 9
Operation
ADD
SUB
ORR
AND
ORR
EOR

F -Fetch D-Decode E -Execute source: ARM

ARM Cortex-M3 Introduction
- ARM University Relations
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3.2 - CORTEX-M FEATURES: PIPELINE EXAMPLE

Cortex-M4 Pipeline — pipeline flush due to indirect branch (no forwarding)

Cycle

Address
0x8000
0x8002
0x8004
Ox8FEC
Ox8FEE
O0x8FFO0

Operation
BX r5
SUB

ORR

AND

ORR

EOR

F - Fetch D -Decode

E — Execute

source: ARM
ARM Cortex-M3 Introduction
- ARM University Relations
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3.2 - CORTEX-M FEATURES: PIPELINE EXAMPLE

Cortex-M4 Pipeline — Harvard architecture allows for concurrent access to code and data memory.

Cycle 1 2 3 4 5 6 7 8 9
Operation
ADD
SUB
STR
STR
ORR
EOR

F-Fetch D-Decode E —Execute S - Stall

Ea — Execute / STR address phase Ed - STR data phase source: ARM

ARM Cortex-M3 Introduction
- ARM University Relations
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3.3 - CORTEX-M4 INSTRUCTION SET ARCHITECTURE

The Instruction Set Architecture (ISA) presents the Programmer’s View of the processor, including:
= Data types

= Processor Modes

» Processor Registers

= |nstruction Set

= Memory Accessing

= Exception Processing
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3.3 - CORTEX-M4 ISA: ADDRESSABILITY

The Cortex-M4 instruction set can operate on the following data types:

bit: stores a single bit of information (0 or 1).

Bit banding instructions can set or clear bits in specific memory regions.

byte: 8-bit. Each byte in memory is individually addressable.

half-word: 16-bit. The address of a half-word in memory is the address of its least significant byte.

word: 32-bit. The address of a word in memory is the address of its least significant byte.

double-word: 64-bit. Requires a register pair to be stored, such as R1:R0 (concatenation of R1 and RO with R1 being

the most significant word). The address of a double-word in memory is the address of its least significant byte.

Byte-addressable memory, but instructions decide how many bytes we read or write
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3.3 - CORTEX-M4 ISA: ADDRESSABILITY (EXAMPLE)

rl = 0x1000

LDRB r@, [rl]
LDRH ro, [ri]
LDR r@, [rl]

LDRD ro, r2, [rl]

SRAM
Address Data ASCII Char
0x1000 Ox44 “D”
0x1001 0x41 “A”
0x1002 0x54 “T”
0x1003 0x41 “‘A”
0x1004 0x46 “F”
0x1005 Ox4c “L”
0x1006 Ox4f “Q”
0x1007 0x57 “W”

Cortex-M has 32-bit registers, so a 64-bit value needs two registers.

© 2020 Renesas Electronics Corporation. All rights reserved.
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3.3 - CORTEX-M4 ISA: EXECUTION MODES

The Cortex-M4 processor modes are:

Privileged

= Thread Mode: Normal program execution Exception
Handler

exit

» Handler Mode: Interrupt and exception handling

Privilege levels: Exception

- Start Privileged Exception
= Privileged: full access to system resources (reset) Thread exit
» Unprivileged: restricted access
Possible Execution States: Program o .
Unprivileged
_ CONTROL T RR
= Privileged Thread: OS/kernel or system-level code register rea
= Unprivileged Thread: Application code
source: ARM

» Privileged Handler: Interrupt and exception handlers ARM Cortex-M for Beginners - Yiu
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3.3 - CORTEX-M4 ISA: EXECUTION MODES

The Cortex-M4 has two stacks:
» Main stack - addressed by MSP (Main Stack Pointer)
» Used automatically in Handler mode (interrupts & exceptions)
» Typically used by the OS / kernel
» Process stack - addressed by PSP (Process Stack Pointer)
= Used in Thread mode
= Typically used by application tasks or RTOS threads
Stack selection
= Only one stack pointer is active at a time
= The CONTROL register selects the stack used in Thread mode

= R13 (SP) always refers to the currently active stack pointer
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3.3 - CORTEX-M4 ISA

Table B1-1 Mode, privilege and stack relationship

Mode Privilege Stack pointer

Typical usage model

Handler  Privileged Main Exception handling.
Thread Privileged Main Execution of a privileged process or thread using a common stack
in a system that only supports privileged access.
Process Execution of a privileged process or thread using a stack reserved

for that process or thread in a system that only supports privileged
access, or that supports a mix of privileged and unprivileged
threads.

Thread  Unprivileged  Main

Execution of an unprivileged process or thread using a common

stack in a system that supports privileged and unprivileged access.

Process

Execution of an unprivileged process or thread using a stack
reserved for that process or thread n a system that supports
privileged and unprivileged access.

source: ARM
ARMvV7-M
Architecture
Reference Manual

© 2020 Renesas Electronics Corporation. All rights reserved.
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3.3 - CORTEX-M4 ISA - REGISTERS

The register set of the Cortex-M4 consists of:
» General Purpose Registers (R0-R15)
» Floating Point Registers (S0-S31)

» Special Registers (XPSR, PRIMASK, FAULTMASK, BASEPRI,
CONTROL)

All registers are 32-bit wide. Not all bits of the Special Registers

are implemented.

source: ARM
ARM Cortex-M for Beginners - Yiu

General registers

RO

R1

R2

R3

R4

RS

R6

R7

PRIMASK

FAULTMASK

BASEPRI

CONTROL

Available on the Cortex-M4 with

FPU only
a Floating Point Unit N
51 S0 DO
S3 S2 D1
| S5 | | S4 | D2
S7 S6 D3
[ 59 || 58 | pa
| S11 | | S10 | D5

S13 S12 D6
515 S14 D7

| S17 | | 516 | D8
| S19 | | 518 | Ds
521 S20 D10

523 S22 D11

525 524 D12

527 526 D13

S29 528 Di4

531 530 D15
FPSCR | Floating Point Status

\l and Control Register /

Main Stack Pointer (MSP),
Process Stack Pointer (PSP)

Link Register (LR)
Program Counter (PC)
Functions

Program Status Registers
T Interrupt Mask Special
j Registers Registers

O

ontrol Register
>y

Page 130
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b31

3.3 - CORTEX-M4 ISA - REGISTERS

General Purpose Registers:

32-bit wide

Low registers: RO .. R7

High registers: R8 .. R15

Special usage:
R13 or SP is the Stack Pointer - points to the top of the stack
R14 or LR is the Link Register - stores the procedure return address

R15 or PC is the Program Counter - stores the address of the next instruction fetch

b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16 b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1

b0
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3.3 - CORTEX-M4 ISA - REGISTERS

General Purpose Registers:

the general-purpose registers are accessible by most instructions;
b0 is the Least Significant Bit (LSb) and b31 is the Most Significant Bit (MSb);

a register can hold an unsigned integer with values from 0 to 4,294,967,295

or a signed integer with values from -2,147,483,648 to 2,147,483,647,
when using hexadecimal notation, a 32-bit register holds 8 hex digits. E.g. 0x1234 5678;

Cortex-M architecture uses 32-bit memory addresses, hence, a single general-purpose register can hold a memory

address.
b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 b18 b17 b16 b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
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3.3 - CORTEX-M4 ISA - REGISTERS

Special Purpose Registers - XPSR

» The three registers APSR, IPSR and EPSR can be accessed individually or combined as XPSR.

3130292827 262524232221 20(19 1817 161514 131211109 8,7 6 5 4,3 2 1 0

—
APSR INIZICIVIQ| Reserved |GE[3:0] Reserved
xPSR < IPSR Reserved o or Sxcepton
EPSR | Reserved Q Reserved Reserved
S

ICI/IT (Main Extension only)
The Combined Program Status Register

source: ARM
ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - APSR

APSR = Application Program Status Register

31 30 29 28/27 26 20119 16/15 0
NlZ|ClV]Q Reserved GE[3:0] Reserved
N 31 Negative. For two’s complement results this bit is set to indicate that the result is negative.
Z 30 Zero. This bit is set when the result is zero. After a comparison, this bit is set to indicate that the
compared values are equal.
C 29 Carry. Set to indicate that the result of an unsigned addition produced overflow. Also set to
indicate that un unsigned subtraction underflowed.
\% 28 Overflow. Set to indicate overflow in a signed arithmetic operation.
Q 27 Saturation bit. For DSP extension instructions.
GE 19:16  Greater than or Equal. For SIMD instructions.
source: ARM

ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - IPSR

IPSR = Interrupt Program Status Register

IPSR 0 or Exception Number

Exception 8:0 This field identifies the exception that is currently active (being serviced). The value O indicates
Number that no exception is currently active.

If this value is non-zero the processor is in Handler mode.
If this value is zero the processor is in Thread mode.

source: ARM
ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - EPSR

EPSR = Execution Program Status Register

EPSR ICIIT| T ICI/IT

T 24 Thumb. This bit is set to indicate that the instruction set in use is Thumb.
On Cortex-M this bit must be set all the time or an exception occurs.
On ARM7TDMI, Cortex-R and Cortex-A this bit is 0 when the ARM instruction set is in use.

ICI/IT 26:25 ICI - used for a interrupted exception-continuable multi-cycle load or store.
15:10 IT - provide context information for instructions in an IT block.

source: ARM
ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - XPSR

Mnemonics used to combine the XPSR component registers:

Mnemonic Registers accessed
TAPSR [PSR and APSR
EAPSR EPSR and APSR
XPSR All three xPSR registers
TEPSR IPSR and EPSR

source: ARM

ARMvV7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - SPECIAL REGISTERS

31 0
PRIMASK Reserved PM
FAULTMASK Reserved FM
BASEPRI Reserved BASEPRI

PM PRIMASK][O]  Set to mask exceptions with configurable priority (priority O and lower). Reset to unmask.
FM  FAULTMASK|[0] Setto mask the HardFault exceptions and the configurable priorities (prio -1 and lower).

BASE BASEPRI[7:0] Changes the priority level required for exception preemption. Affects only the currently executing
PRI code with lower priority than BASEPRI.

source: ARM
ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - CONTROL REGISTER

CONTROL Register

31 | | | | | 87 | 1 0|

Reserved Fls|pP

nPRIV 0 When the processor is in Thread mode. 0 = privileged mode; 1 = unprivileged mode.

SPSEL 1 Stack selection. 0 = use MSP (Main Stack); 1 = use PSP (Process Stack).
In Handler mode this bit is always 0.

FPCA 2 Implemented only when floating point is available.
0 = do not save floating point registers on exception;
1 = save floating point context on exception.

source: ARM
ARMv7-M Architecture Reference Manual
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3.3 - CORTEX-M4 ISA - REGISTERS

Floating Point Registers:
» The Cortex-M4 with optional floating-point extension, implements 32 32-bit floating point registers named SO to S31.

» These can be combined two by two forming 16 double precision (64-bit) floating point registers named DO to D15. DO is
formed by S1:S0 (the concatenation of the registers S1 and SO where S1 is the most significant word, i.e. the leftmost

word).

© 2020 Renesas Electronics Corporation. All rights reserved. Page 140 BIG IDEAS FOR EVERY SPACE W zE N ESAS



3.4 - INSTRUCTION SET

Before presenting the instruction set, lets examine:
= Assembly syntax

= 3-operand instructions

= Conditional instructions

» |nstructions that affect the flags
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3.4 - INSTRUCTION SET

The most common instruction formats are: (format)

label: MNEMONIC Destination, Operandl, Operand2 ;comment

label: MNEMONIC Destination, Operand2 ;comment
Examples:

fmtl: ADD R2, R4, R5 ;R2 = R4 + R5

fmt2: ADD R2, R4 ;R2 = R2 + R4
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3.4 - INSTRUCTION SET

Suggested assembly source file layout:

coll 1 coll 5 Coll 13 coll 21
fmtl: ADD R2, R4, Rb5 ;R2 = R4 + Rb5

By setting the TABs to 4 spaces, these positions can be easily obtainable.

Only labels should begin on column 1.

Only mnemonics are compulsory. Labels, operands and comments are optional, although they are all very frequent.
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For an instruction with two operands,
the first operand (Opl) is always a
register. The second operand (Op2)
may be a register, or a register that
had its contents shifted or rotated, or
an immediate value coded in the

instruction.

Imm field

Op2 Select

Opl Op2

iy

source: Authors

© 2020 Renesas Electronics Corporation. All rights reserved.
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3.4 - INSTRUCTION SET

Examples of Operand 2

ADD R2, R4, R5

ADD R2, R4, R5,LSL #2

ADD R2, R4, #O0xFF

BEFORE

AFTER

;Operand 2 is a register

(R5)

;Operand 2 1s a shifted register
;R5 is shifted left by 2 bits

;this corresponds to multiplying its value by 4

;Operand 2 i1s an immediate value

;the hexadecimal value OxFF

r5 =5

r7 = 8
MOV r7,r5,
r5 =

r7 =

LSL #2
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3.4 - INSTRUCTION SET

In the Cortex-M4 instruction set, the programmer explicitly controls if the result of an instruction should affect the flags:
N,Z,C,V.

Most instructions have a variant with the letter S appended to the mnemonic. The S variant means: “set the flags”.

ADD R2, R4, RS ;the result of this addition does
;not affect the flags.

ADDS R2, R4, RS ;the result of this addition
;affects the N,Z,C and V flags.
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3.4 - INSTRUCTION SET

Many Cortex-M4 instruction can be conditional, meaning that the instruction only executes if the flags are in a given state.
Except for branch instructions, an instruction must be in an IT block to be conditional. The condition is specified by two letters

appended after the mnemonic (see condition table on next slide).

ADD R2,R4,R5 ;the result of this addition does
;not affect the flags.
ADDS R2,R4,R5 ;the result of this addition
;affects the N,Z,C and V flags.
ITT EQ ;start of an IT block with 2 instructions
ADDEQ R2,R4,R5 ;1f Z is set, execute the ADD
ADDSEQ R2,R4,R5 ;1f Z 1is set, execute the ADD and change

;flags according to result of this instruction
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3.4 - INSTRUCTION SET
Suffx | Flags | Meanng

Condition codes EQ 7 = il Equal
mnemonics suffixes NE 7-0 Not equal
CS or HS C=1 Higher or same, unsigned
CCorLO C=0 Lower, unsigned
Ml N=1 Negative
PL N=0 Positive or zero
VS V=1 Overflow
VC V=0 No overflow
HI C=1andZ=0 Higher, unsigned
LS C=0o0rz=1 Lower or same, unsigned
GE N=V Greater than or equal, signed
LT NI=V Less than, signed
GT Z=0and N=V Greater than, signed
LE Z=1and N!=V Less than or equal, signed
AL Can have any value Always. This is the default when no suffix is specified.
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3.4 - INSTRUCTION SET

Code examples for conditional instructions.

cmp
beq
ite
addhi
addls

R12,R10
opl

hi
R12,R12, #1
R10,R10, #1

;compare the unsigned values in R12 and R10, change flags
;branch to opl 1if the values of R12 and R10 are equal
;two-instruction IT block with HI condition

;1f R12 > R10 then increment R12
;else increment R10
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3.4 - INSTRUCTION SET

An immediate value is a constant whose value is encoded in the instruction. Hence, a limited range of values is

allowed.

The notation for immediate values is #value.
The notation for negative values is #-15.

The notation for hexadecimal values is #0xFAQ.
Example:

ADD R2,R4, #5 ;R2 = R4 + 5
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3.4 - INSTRUCTION SET

= Cortex-M4 instruction codes are either 16-bit or 32-bit.

= 16-bit instructions are called narrow and may have a .N suffix.

= 32-bit instructions are called wide and may have a .W suffix.

= Some mnemonics may be coded either in narrow or wide format, for example:

O0x37a: 0x1840 ADDS.N RO, RO, R1 //16-bit code
Ox37c: Oxebl0 0x0001 ADDS.W RO, RO, R1 //32-bit code

= 16-bit and 32-bit instruction code can be freely intermixed in a program.

= All instructions must be halfword aligned, i.e. must be stored on an even address.
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3.4 - INSTRUCTION SET

» Hence, PC will never hold an odd address => bit 0 of PC is always 0.

= When writing a 32-bit value to PC, bit O is ignored => can be used for other purpose.
» |n other ARM processors, use bit O for interworking (i.e. change of instruction set).

= On Cortex-M, bit 0 must be a 1. This value is stored to the T flag in XPSR.

» |nstructions that can be used for interworking (i.e. write to T flag):

= BX
= BLX
" pop {PC}
» |[nstructions that have as destination register the PC, cause a branch
= MOV PC, LR
= ADD PC, PC,R1

» There are restrictions on which instructions may write to PC.
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3.4 - INSTRUCTION SET

Arithmetic instructions

Instruction

ADD Rd, Rn, Op2
ADC Rd, Rn, Op2
SUB Rd, Rn, Op2

SBC Rd, Rn, Op2

RSB Rd, Rn, Op2
RSC Rd, Rn, Op2
MOV Rd, Op2
MVN Rd, Op2

MOVT Rd,<imm16>

Description o

Add a register to Operand2 Rd = Rn + Op2
Add a register to Operand2 and to Carry Rd =Rn + Op2 + CY
Subtract from a register the Operand?2 Rd = Rn - Op2

Subtract from a register the Operand2 and the Borrow (negation of
Rd =Rn - Op2 - /CY

Carry)

Subtract from Operand?2 a register Rd = Op2 - Rn
Subtract from Operand?2 a register and the Borrow Rd =0p2-Rn-/CY
Move to Rd from Operand2 (put a copy of Operand2 into Rd) Rd = Op2

Move to Rd /Operand2 Rd =/0Op2

Rd[31:16] = imm16

Move to Rd[31:16] from imm16. Lower bits of Rd are unaffected
Rd[15:0] unchanged
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3.4 - INSTRUCTION SET

Compare and Test

CMP Rn, Op2 Compare: Subtract from Rn the Operand?2, discard result, change flags
CMN Rn, Op2 Compare negative: Add Rn to Operand?2, discard result, change flags
TST Rn, Op2 Test: Rn AND Operand?2, discard result, change flags

TEQ Rn, Op2 Test equivalence: Rn EOR Operand?2, discard result, change flags
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3.4 - INSTRUCTION SET

Logical

instucion [ Descripion ——___________[awn
AND Rd, Rn, Op2 AND: bitwise logical AND a register to Operand2 Rd = Rn AND Op2

ORR Rd, Rn, Op2 OR: bitwise logical OR a register to Operand?2 Rd = Rn OR Op2

EOR Rd, Rn, Op2 Exclusive OR: bitwise logical XOR a register to Operand2 Rd = Rn XOR Op2

ORN Rd, Rn, Op2 OR NOT: bitwise logical OR a register to NOT(Operand?2) Rd = Rn OR /Op2
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3.4 - INSTRUCTION SET

Shift Instructions

ASR Rd, Rn, Sh Arithmetic Shift Right (preserves signal) 1..32
LSL Rd, Rn, Sh Logical Shift Left 0..31
LSR Rd, Rn, Sh Logical Shift Right 1..32
ROR Rd, Rn, Sh Rotate Right 0..31
RRX Rd, Rn Rotate Right Extended

Remark: Sh is either the lower 8 bits of a register (value from 0..255)

a 5-bit immediate value representing either 1..32 or 0..31
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3.4 - INSTRUCTION SET

LSL : Logical Left Shift ASR: Arithmetic Right Shift
]
CF [<— Destination [<=— 0 > | Destination > CF
Multiplication by a power of 2 Division by a power of 2,
preserving the sign bit
LSR : Logical Shift Right ROR: Rotate Right
.0 —>={ Destination CF —>| Destination CF
Division by a power of 2 Bit rotate with wrap around
from LSB to MSB

RRX: Rotate Right Extended
|

CF

Y

—>| Destination

Single bit rotate with wrap around
from CF to MSB

source: ARM
The ARM Architecture
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3.4 - INSTRUCTION SET

Shift Operators to be used in Operand?2

ASR Sh Arithmetic Shift Right (preserves signal) 1..32
LSL Sh Logical Shift Left 0..31
LSR Sh Logical Shift Right 1..32
ROR Sh Rotate Right 0..31
RRX Rotate Right Extended

Remark: Sh is either the lower 8 bits of a register (value from 0..255)

a 5-bit immediate value representing either 1..32 or 0..31
Usage: R4, LSL #3 (Operand2 is R4 << 3)
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3.4 - INSTRUCTION SET

Multiply

Instruction

I L

Instructions that multiply 32-bit by 32-bit resulting 32-bit with wrapping (LSW is preserved and higher bits are

discarded)
MUL Rd, Rm, Rs

MLA Rd, Rm, Rs, Rn
MLS Rd, Rm, Rs, Rn

Multiply
Multiply and accumulate

Multiply and subtract

Long multiplication: multiply 32-bit by 32-bit resulting 64-bit

UMULL RdLo, RdHi, Rm, Rs

UMLAL RdLo, RdHi, Rm, Rs

UMAAL RdLo, RdHi, Rm, Rs

SMULL RdLo, RdHi, Rm, Rs
SMLAL RdLo, RdHi, Rm, Rs

Unsigned long multiply

Unsigned long multiply and accumulate

Unsigned long multiply and accumulate
double
Signed long multiply

Signed long multiply and accumulate

Rd =Rm * Rs
Rd = Rm * Rs + Rn
Rd =Rm * Rs - Rn

RdHi:RdLo = unsigned(Rm*Rs)
RdHi:RdLo = unsigned(RdHi:RdLo +
RmM*Rs)

RdHi:RdLo = unsigned(RdHi+RdLo +
RmM*Rs)

RdHi:RdLo = signed(Rm*Rs)

RdHi:RdLo = signed(RdHi:RdLo + Rm*Rs)
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3.4 - INSTRUCTION SET

Divide

instuction [ Deseription [l
UDIV Rd, Rn, Rm Unsigned divide Rd=Rn/Rm

SDIV Rd, Rn, Rm Signed divide Rd =Rn/Rm
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Bit field operations

A bit field is a sequence of bits in a register.

A bit field is characterized by two values:

= Width: the number of bits in the bit field (1..32);

= |sh: the position of the least significant bit in the bitfield (0..31).

N L

BFC Rd,#<Isb> #<width>

BFI Rd, Rn,#<Isb> #<width>

SBFX Rd,
Rn,#<Isb> #<width>
UBFX Rd,
Rn,#<Isb> #<width>

Bit field clear

Bit field insert. Copy the <width> LSb of Rn to

Rd

Signed bit field extract.

Unsigned bit field extract.

clear Rd[(width+Isb-1)..Isb], others
unchanged

Rd[(width+Isb-1)..Isb] = Rn[(width-1)..0]

Copy bitfield from Rn to LSb of Rd and sign

extend.
Copy bitfield from Rn to LSb of Rd and zero

extend.
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3.4 - INSTRUCTION SET

Memory access instructions

nstruction type

LDRB Load byte. Read a byte from memory and store in the LSB of a register.

| DRH Load half word. Read a half-word from memory and store in the lower half-word of a
register.

LDR Load register. Read a word from memory and store in a register.

LDRD Load double. Read a double word form memory and store in two registers.

STRB Store byte. Store the LSB of a register into memory.

STRH Store half-word. Store the lower half of a register into memory.

STR Store register. Store a register into memory.

STRD Store double. Store the two registers into memory.

LDM Load multiple. Read several (up to 16) registers from memory.

STM Store multiple. Store several (up to 16) registers into memory.
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OXFFFF FFFF

3.4 - INSTRUCTION SET

0x0000 000F

Memory access instructions — addressing

For the purposes of addressing, memory is just a very large vector of bytes. For Cortex-M, it double

IS a vector with 4G entries. word

The four data types that can be accesses with LDR/STR instructions are shown here. In a

little-endian memory system, when a data type occupies more than 1 byte in memory, its
0x0000 0008

address is the address of the LSB (Least Significant Byte).
0x0000 0007

0x0000 0006

word
shown: byte at 0x0, half-word at 0x2, word at 0x4, and double-word at 0x8 0x0000 0005
0x0000 0004
0x0000 0003
half-word

0x0000 0002

0x0000 0001
source: Authors 0x0000 0000
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3.4 - INSTRUCTION SET

131

24323

16:15

8

7 0:

Word at
Address A Byte at address (A+3) | Byte at address (A+2) | Byte at address (A+1) Byte at address A
Halfword at Address A | Byte at address (A+1) Byte at address A
Figure A3-1 Little-endian byte format
31 24123 1615 8 7 | 0
Word at
Address A Byte at address A Byte at address (A+1) Byte at address (A+2) | Byte at address (A+3)

Halfword at Address A

source: DDIO403E.B ARMv7-M Architecture Reference Manual

Byte at address A

Byte at address (A+1)

Figure A3-2 Big-endian byte format
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3.4 - INSTRUCTION SET

MSByte

MSByte-1

LSByte+1

LSByte

Word at address A

Halfword at address (A+2)

Halfword at address A

Byte at address (A+3)

Byte at address (A+2)

Byte at address (A+1)

Byte at address A

source: DDIO403E.B ARMv7-M Architecture Reference Manual

Figure A3-3 Little-endian memory system
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3.4 - INSTRUCTION SET: ADDRESSING MODES

ARM provides three addressing modes:
= Preindex with writeback
= Preindex

= Postindex

Preindex mode useful for accessing a single element in a data structure

Postindex and preindex with writeback useful for traversing an array
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3.4 - INSTRUCTION SET: ADDRESSING MODES

Preindex with writeback

» Calculates address from a base register plus address offset

Updates the address in the base register with the new address

This is the address used to access memory

Example: LDR r0, [r1, #4]!

BEFORE re = 0x00000000
rl = 0x00009000
mem32[0x00009000] = 0x01010101
mem32[0x00000004] = 0x02020202

LDR ro, [rl, #4]!

AFTER ro
rl
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3.4 - INSTRUCTION SET: ADDRESSING MODES

Preindex with writeback

» Calculates address from a base register plus address offset

Updates the address in the base register with the new address

This is the address used to access memory

Example: LDR r0, [r1, #4]!

BEFORE re = 0x00000000
rl = 0x00009000
mem32[0x00009000] = 0x01010101
mem32[0x00000004] = 0x02020202

LDR ro, [rl, #4]!

AFTER ro
rl

0x02020202
0x00009004
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3.4 - INSTRUCTION SET: ADDRESSING MODES

Preindex

= Same as preindex with writeback, but does not update the base register

= Example: LDR r0, [rl, #4]

BEFORE re = 0x00000000
rl = 0x00009000
mem32[0x00009000] = 0x01010101
mem32[0x00000004] = 0x02020202

LDR ro, [rl, #4]!

AFTER ro
rl

0x02020202
0x00009000
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3.4 - INSTRUCTION SET: ADDRESSING MODES

Postindex

= Only updates the base register after the address is used

= Example: LDR O, [r1 ], #4

BEFORE re = 0x00000000
rl = 0x00009000
mem32[0x00009000] = 0x01010101
mem32[0x00000004] = 0x02020202

LDR ro, [rl, #4]!

AFTER ro = 0x01010101
rl = 9x00009004
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3.4 - INSTRUCTION SET

Memory access instructions — addressing modes

Mode register

Pre-index with RO = [R1 + 4] (RO gets the contents of
writeback (1) LDR RO,[R1#4] ! memory location at address R1+4) RL=R1+4

LDR RO,[R1,R2] ! RO = [R1+R2] R1=R1+R2

LDR RO,[R1,R2,LSL #2] ! RO = [R1 + (R2 << 2)] R1=R1+R2<<?2
Pre-index LDR RO,[R1,#4] RO = [R1 + 4] no change

LDR RO,[R1,R2] RO = [R1+R2] no change

LDR RO,[R1,R2,LSL #2] RO = [R1 + (R2 << 2)] no change
Pre-index LDR RO,[R1],#4 RO = [R1] R1=R1+4

LDR RO,[R1],R2 RO = [R1] R1=R1+R2

LDR RO,[R1],R2,LSL #2 RO = [R1] R1=R1+R2<<?2
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3.4 - INSTRUCTION SET

Execution flow control instructions

B.N <label> 16-bit Branch to target address. -256 to 254 bytes
B.W <label> 32-bit Branch to target address. +/-1 MB

CBNZ <label> Compare and Branch on Nonzero. 0-126 B

CBZ <label> Compare and Branch on Zero.

BL <label> Call a subroutine. +/-16 MB

BLX <register> Call a subroutine, optionally change instruction set. Any

BX <register> Branch to target address, optionally change instruction set. Any

TBB TBB: Table Branch, byte offsets. 0-510 B

TBH TBH: Table Branch, halfword offsets. 0-131070 B
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Miscellaneous instructions

CPSID Change Processor State, Disable Interrupts.
CPSIE Change Processor State, Enable Interrupts.
DMB Data Memory Batrrier.

DSB Data Synchronization Barrier.

ISB Instruction Synchronization Barrier.

MRS Move to Register from Special Register.
MSR Move to Special Register from Register.
NOP No Operation.

SVC Supervisor Call.

WEFI Wait for Interrupt.
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3.5 - EXCEPTIONS

The normal flow of execution of a program is to execute the next instruction in memory, unless a Branch, Subroutine Call or

Return is executed. Hence, a human processor could execute the same program in the same order.
An exception if a break in this normal flow of execution. Such a break can be caused by:

= Hardware interrupt,

» Fault (e.g. memory access error, divide by 0, invalid instruction code),

= Software generate exception.
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3.5 - EXCEPTIONS

Exceptions occur asynchronously, this is, at any point of the execution. They may occur many time and on successive

executions of the program they usually occur at different places of this program.

When an exception occurs it must be serviced. Meaning that a software routine must either respond to the interrupt request

or take steps to resolve or mitigate the fault.

This routine is called: exception handler routine, interrupt service routine, or interrupt handler.
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3.5 - EXCEPTIONS - INTERRUPTS

Hardware Interrupts are one of the kind of exceptions.

Interrupts are an efficient way for a peripheral to inform the processor that it requires servicing. If interrupts were not
available, the processor would have to periodically poll the peripherals (thus termed polling) to check if service is required.

Polling is an inefficient technique.
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3.5 - EXCEPTIONS - INTERRUPTS

Basic concepts of interrupts:

1.

Peripheral sends an
Interrupt Request (IRQ) to

an Interrupt Controller

Interrupt Controller selects the
highest priority non-masked
interrupt request and informs

the core.

If the priority of the IRQ is sufficiently
high, when the instruction currently in
execution finishes then the

IRQ is serviced.

Cortex-M
processor
Core

System
exceptions

Bus interface

SysTick
(System Tick
Timer)
Peripheral NMI N
- IR
. RN NVIC
Peripherals >
P
_ > | Configuration
|___registers |
source: ARM

ARM Cortex-M for Beginners - Yiu
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3.5 - EXCEPTIONS - INTERRUPTS - DETAILED PROCESS

1- An external device, such as a peripheral, requests an interrupt (IRQ) by signaling to the interrupt controller.

The input lines of the interrupt controller (240 in the NVIC of a Cortex-M4) can be either level sensitive of edge sensitive.
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3.5 - EXCEPTIONS - INTERRUPTS - DETAILED PROCESS

2- Upon receiving an IRQi (hardware signal on input i of the interrupt controller - IC) then the IC performs two checks:

a) ifinputiis masked or not;

b) if there is another request (IRQj on input j) already being sent to the processor.

If IRQI is not masked and if its priority is higher than IRQj’s priority (or no request is currently being sent to the processor)

then IRQi is forwarded to the processor.
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3.5 - EXCEPTIONS - INTERRUPTS - DETAILED PROCESS

3- The processor, upon receiving an IRQ verifies if its priority is sufficiently high:

a) PRIMASK and FAULTMASK,
when set, impose a priority
level of O or -1 respectively.
Hence, when FAULTMASK
IS set, all exceptions from
3 on are masked.

b) If an exception is active
(being serviced) then only a
higher priority exception may
preempt its handler.

If both these conditions are met,

servicing starts at the end of the
current instruction.

source: ARM
Cortex™-M4 Devices Generic User Guide

Exception  IRQ Exception type  Priority Vector address Activation

numbera numbera or offsetb

1 - Reset -3, the highest  0x00000004 Asynchronous

2 -14 NMI -2 0x00000008 Asynchronous

3 -13 HardFault -1 0x0000000C -

4 -12 MemManage Configurable® 0x00000010 Synchronous

5 -11 BusFault Configurablec  0x00000014 Synchronous when precise,
asynchronous when imprecise

6 -10 UsageFault Configurablec  0x00000018 Synchronous

7-10 - Reserved - - -

11 -5 SvcCall Configurablec  0x0000002C Synchronous

12-13 - Reserved - - -

14 -2 PendSV Configurable¢  0x00000038 Asynchronous

15 -1 SysTick Configurable© Ox0000003C Asynchronous

16 0 Interrupt (IRQ) Configurabled 0x00000040 © Asynchronous

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 180

BIG IDEAS FOR EVERY SPACE M zEN ESAS



3.5 - EXCEPTIONS - INTERRUPTS - DETAILED PROCESS

4- Eight registers are pushed onto the Stack . T 1|4_|
The Interrupt changes state to ; {aligner} ;4_1 Pre-IRQ top of stack
Active. xPSR
Since RO-R3 and R12 are stacked, PC
any C procedure following ATPCS ;?2
can be registered as a handler. R3
R2
R1
RO <+— |RQ top of stack

Exception frame without
floating-point storage

source: ARM
Cortex™-M4 Devices Generic User Guide
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3.5 - EXCEPTIONS - INTERRUPTS - DETAILED PROCESS

5- Register LR is loaded with one of the

EXC_RETURN values, depending on the EXC_RETURN[31:0]

Description

current state of the processor.

OXFFFFFFF1 Return to Handler mode. exception return uses non-floating-point state
Note that E XC_R ETURN from the MSP and execution uses MSP after return.
dd OxFFFFFFF9 Return to Thread mode. exception return uses non-tloating-point state from
represents memory addresses MSP and execution uses MSP after return.
in a region where code is not OxFFFFFFFD Return to Thread mode. exception return uses non-floating-point state from
the PSP and execution uses PSP after return.
allowed.
OXFFFFFFE1 Return to Handler mode. exception refurn uses floating-point-state from
MSP and execution uses MSP after return.
OxFFFFFFE9 Retumn to Thread mode. exception return uses floating-point state from
MSP and execution uses MSP after return.
OXFFFFFFED Return to Thread mode. exception return uses floating-point state from PSP
and execution uses PSP after return.
source: ARM
Cortex™-M4 Devices Generic User Guide
© 2020 Renesas Electronics Corporation. All rights reserved. Page 182 BIG IDEAS FOR EVERY SPACE W zE N ESAS



3.5 - EXCEPTIONS - INTERRUPTS - oepton umber RQumber Ot

16+n n IRQnN
DETAILED PROCESS
18 2 0x004C IRQ2
6- The processor reads from the vector table - 1 0x0048 .
. 0x0044
the initial address of the handler for the 16 0 0x0040 IRQO
. . 15 -1 0x003C Systick
X
Interrupt. This value is loaded to PC and the 14 - o ——"y
x
execution of the handler starts. 13 Reserved
12 Reserved for Debug
Important: since the handler is Thumb-2 code “ 5 0x002C SVCall
10
the addresses in the vector table must have 9
8 Reserved
its LSb setto 1. ,
6 -10 Usage fault
0x0018
5 -1 Bus fault
0x0014
4 -12 Memory management fault
0x0010
3 -13 Hard fault
0x000C
2 -14 NMI
0x0008
1 Reset
0x0004
Initial SP value
source: ARM 0x0000

Cortex™-M4 Devices Generic User Guide
Figure 2-2 Vector table
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3.5 - EXCEPTIONS - SERVICING

Exception Servicing

The handler must service the interrupt request, in this process at least three actions must be taken:

1. The interrupt request signal must be deactivated, otherwise the processor would continuously be servicing this interrupt.
2. Any volatile data (such as a byte that arrived on the UART and is available in the Receiving Register) must be saved.

3. Apart from the registers saved in Step 4 of the entry process, any other register must be saved by the handler before

modifying it and these registers must be restored before returning to the interrupted code.
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3.5 - EXCEPTIONS - RETURN

Exception Return

The instruction that causes the return from the handler to the interrupted code is either:

BX LR or
POP {...,PC} // if this instruction is used the the entry of the handler must be PUSH {...,LR}
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3.5 - EXCEPTIONS - RETURN

Exception Return

What happens when a value such as OXxFFFF FFF1 is loaded to the PC?

Being an invalid code address, the processor detects that this is an EXC_RETURN code and proceeds with the actions

described in the table in the slide Step 5 of the Interrupt Entry.
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3.5- EXCEPTION HANDLING

Tail Chaining: optimization that avoids registers pop followed by registers push when one exception is handled right after

another,
Figure 7. Tail chaining in the NVIC
Highest
IRQ1
IRQ2
Traditional
Interrupt Handling | Push ISR 1 Pop Push ISR 2 Pop
‘- = -+ > < 3 e
26 Cycles 16 Cycles 26 Cycles 16 Cycles
Cortex-M3 i
Interrupt Handling -Pusﬂ ISR 1 ISR 2 Pop
- -+ -
12 Cycles 6 Cycles 12 Cycles
Tail-Chaining
source: ARM

An Introduction to the ARM Cortex-M3 Processor - Shyam Sadasivan
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3.5- EXCEPTION HANDLING

Late arrival: optimization where a higher priority interrupt is serviced first even if it arrives while a prior lower priority interrupt

is already in the stage of pushing registers.

Figure 11. Response of the NVIC to late arrival of higher priority interrupts

Highest
IRQ1
IRQ2
Traditional
Interrupt Handling ALl Push ISR1 Pop ISR 2 Pop
26 Cycles 26 Cycles 16 Cycles 16 Cycles
Cortex-M3 i
Interrupt Handling Pu_;l'l ISR 1 ISR 2 Pop
P -t >
6 Cycles 12 Cycles

Tail-Chaining

source: ARM
An Introduction to the ARM Cortex-M3 Processor - Shyam Sadasivan
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4 - MEMORY

Introduction

Non-Volatile Memory

Static RAM

Dynamic RAM

© 2020 Renesas Electronics Corporation. All rights reserved. Page 189 BIG IDEAS FOR EVERY SPACE W z E N ESAS



MEMORY - INTRODUCTION

Semiconductor Memory
= Electronic components that store information.

= Memory is an essential part of a microprocessor-based system.
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MEMORY - INTRODUCTION

Types of Memory devices:

= Volatile: memory devices that do not retain information when power is removed.

Example: PC main memory

= Non-volatile: memory devices that retain information even when not powered.

Example: flash drive
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MEMORY - INTRODUCTION

Types of Volatile Memory:
= Static: retain information as long as the device is powered.

= Dynamic: do not retain information, even when powered. Hence, dynamic memories do need to be constantly
“remembered” of the information they store. This process is called refresh. It must occur every few milliseconds in order not

to loose information.
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TYPES OF NON-VOLATILE MEMORY

Some of the types of non-volatile memory are:

ROM: (or masked ROM) - Read Only Memory,

EPROM: Erasable Programmable Read Only Memory,

EEPROM: Electrically Erasable Programmable Read Only Memory,

NOR Flash,

NAND Flash,

FeRAM: Ferro Electric Random Access Memory.
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TYPES OF VOLATILE MEMORY

Some of the types of volatile memory are:
» SRAM: Static Random Access Memory
= DRAM: Dynamic Random Access Memory

= DDR: Double Data Rate
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MEMORY - CONCEPT

A memory device behaves like an array in C.

The memory device that is pictured here has size 2?° and every addressable location can store 8 bits. The three control lines

indicate when the memory is being addressed, if it is being read or written.

A — address bus. Input. With N address lines it is possible

to index 2N unique locations.

D — data bus. Bidirectional. Width corresponds to the number of

bits stored in each addressable location.
/CS — active low chip select. When active, this device is selected.

/OE — active low output enable. When active, indicates the

device is being read.

/WR — active low write. When active, indicates the device is being written to.

20
A

e
¢y D

/CS
/OE
/WR

source: Authors
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MEMORY - CONCEPT

A memory device behaves like an array in C

Physical view

20
A

e
¢y D

/CS
/OE
/WR

220 = 1,048,576
=1 Mega
addressable locations

each location holds 8 bits
hence, total storage is 1 Mbyte

corresponding to a vector of
1,048,576 8-bit cells

Logical view

Byte OXFFFFF OXFFFFF

Byte OXFFFFE
Byte OXFFFFD

1 MByte
Addressing
Space

Byte 1

Byte 0 0x0

source: Authors
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MEMORY - CONCEPT

From an external perspective, e.qg. the perspective of the
processor. This device is an array of 22° locations of 8
bits each.

Hence, the size of the memory is 1 MByte (1,048,576)
and the width is 8 bits. Or, 1 M x 8 bits resulting in 8

Mbits of total storage capacity.

Internally the organization is different. Possibly this
memory is organized as a matrix of 1024 line and 1024
columns with 8 bits in each position. Resulting in the

capacity of 1024 x 1024 x 8 = 8 Mbits.

Byte OXFFFFF OXFFFFF

Byte OXFFFFE
Byte OXFFFFD

20

!8

>

/CS
/OE
/WR

1 MByte
Addressing
Space

Byte 1

Byte O 0x0

source: Authors
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SAMPLE PROBLEM

Assume the only memory chip available is 1 M x 8 bits. How to implement 2M x 32bits = 8 MBytes of memory to a Cortex-M4

with data bus width of 32-bits?
Memory should be located from address 0x1000 0000 on.
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SAMPLE PROBLEM

The addressing space of a Cortex-M is 4 GBytes, i.e. 232 = 4,294,967,296.

If physical memory is 32-bit wide (4 bytes) then there are 1 G lines
(1,073,741,824). Each of these lines is addressable by its LSByte address.

Hence, 30 address lines are required to select a single

memory line (as 230 =1 G)

The address lines A31-A2 are used to select on of the
1G lines while address lines A1 and AO are used to

select a byte in the memory line

Memory address lines have their A1-AO addresses set to 0.
Hence, the first memory line is at address 0x0000 0000, the second at

address 0x0000 0004 and so on.

source: Authors

Byte at address
OXFFFF FFFF

Memory lines
addresses

A"
4 GBytes
addressing space
Byte 3 | Byte2 | Bytel | Byte O

OXFFFF FFFC

0x0
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SAMPLE PROBLEM

Since the capacity of each chips is 1 Mbit and 8 Mbits are required, 8 chips

must be used. Byte at address
0x107F FFFF
Since the processor data bus is 32-bit wide and the memory is 8-bit wide, 4 f
A" X

chips are put side-by-side to complete one 32-bit wide memory line. OATEFERe

B:1 MWord
The first set of 4 chips have a combined capacity of 8 MWords and are 1020 0000
mapped from address 0x1000 0000 to Ox103F FFFF. 0x103F FFFC
The second set of 4 chips are mapped from 0x1040 0000 to 0x107F FFFF. A:1 MWord

0x1000 0000
source: Authors Byte3 | Byte2 | Bytel | Byte O 0x0
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SAMPLE PROBLEM

Selecting the

address lines for As | Aso | Ass | Ass | Asr | A | Ass | Asy | As | Ay | Ay LR A, LA A A A

CS (Chip Select) : | | ‘ ,

and for memor \ ;
4 these 10 address lines identify !

line addressing. each of the 1 MWord regions. these 20 lines select
These are the 32- _ _ one ofthe 1 G
In region A these address lines memory lines
bit addresses from must be at 0001 0000 00 b
the Cortex-M ( Ox.100) :
While for region B:
processor: 0001 0000 01 b (0x104)

(these addresses are constant
inside each of the 1IMWord
regions)

\ 4

these address lines select
the byte in the memory line

source: Authors
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Core
Cortex-M4

D31..D0
D31..D0

D31..D24 D23.D16 D15..D8 D7..D0
t A21..A2 t A21..A2 t A21..A2 t

/

A23..A0

A21..A

/CS1
/CS2

/CS13 R
—>
—>

A31..A20

CS
Generator

€811

D31..D24

D23..D16

A21..A2

/CS13

//Ci /Cs23
BS3
2 S22

/Cs1
fest cs11 /852 /cs2 cs21
/csl Cs10 /s /cs2 /Cs20
/BSO

source: Authors

/CS1 must be active
in the range

0x1000 0000 to
0x103F FFFF

/CS2 must be active
in the range

0x1040 0000 to
Ox107F FFFF
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NOR FLASH MEMORY

NOR Flash memory is frequently used in embedded systems to store non-volatile data, particularly code and constants.

Each bit of a NOR Flash memory is implemented by a single floating gate MOS. The floating gate may be charged and,

since the floating gate is isolated, the charges are trapped into de gate. Hence, the two possible states are: charges

trapped in the floating gate vs no charges trapped in the floating gate.

Control gate

Floating gate

il

Isolator ‘

source: wikimedia.org (CC)

Page 203 BIG IDEAS FOR EVERY SPACE W z E N ESAS

© 2020 Renesas Electronics Corporation. All rights reserved.



EXAMPLE OF A FLASH MEMORY DEVICE 128K X 16 BITS

A C— [ A0

AlA]) 2 O ——INC
A8 — VSS
LA s— —— o013
AN s ——0Q7
AloC—]e ——J D014

A7 —J DCo

PEN s [—J D013

NC )9 —] DO

e g 2% [symbol [ Pin Name Functions

NC ] 12 — R A16-Ao Address Inputs To provide memory addresses. During SectorfErasevAMS-A” address lines will select the
NC — 13 —— 0011 sector. During Block-Erase Ams-A1s address lines will select the block.

NC ] 14 — o0 DQs5-DQp | Data Input/output | To output data during Read cycles and receive input data during Write cycles.
e — 15 —— D010 Data is internally Iatc_:hed during a Write cycle. '

ne — 16 —Tr The outputs are in tri-state when OE# or CE# is high.

NC 1 17 —— 00e CE# Chip Enable To activate the device when CE# is low.

AT /] 18 ] DO1 OE# Output Enable To gate the data output buffers.

A C—) 19 ) DC8 WE# Write Enable To control the Write operations.

AS T 20 29 [ 0Co Voo Power Supply To provide power supply voltage:

g S— 28 ) Oes

Al 22 27 [ Vss Vss Ground

a2 ]2 20 —J Ces# NC No Connection Unconnected pins.

Y — P 2s a0
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EXAMPLE OF A FLASH MEMORY DEVICE 128K X 16 BITS

The operation of a NOR Flash memory is straightforward: the processor sets the address to be read, and activates Chip

Select (CE#) and Output Enable (OE#) after a delay (TCE of TOE) valid data is presented on the data bus.

TRC Taa
\
ADDRESS Ay o X XX XXX
— . —
Ce# \ o A
r —
ViH TOwz T —
WE# i i ,_' 7
. . I Towz |7
. i —| 1oLz |— OH HIGH-Z
150 [ DATA VALID (___DATAVALD )
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SRAM EXAMPLE

R1LV5256E Series
256Kb Advanced LPSRAM (32k word x 8bit)

ISP 28 | | Ve

a2 [ IO 271 | ] wes

AT [ ] 3 26 | | A13

A [ ] 4 25 | ] as

As [ ] 5 24 | | A9

Pin name U G 23 [ ] an

Vee Power supply Sl . 2 | | oe#
Vss (GND) Ground Sj E z 28-pin SOP ; % z‘:;
A0 to A14 Address input a0 [ 10 19 [ oar
DQO to DQ7 Data input/output pao [ | 11 18 [ ] pas
CS# Chip select pa1 [ | 12 17 | ] pas
WE# Write enable paz [ |13 16 | ] pa4
OE# Output enable GND [ | 14 Q 15 | ] pa3

source: Renesas
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INTERNAL ORGANIZATION .o
Ar O |
|
: ADDRESS ROW MEMORY ARRAY
| ——
| BUFFER DECODER 32k-word x8-bit
| |
A O
+ T'"‘ e 'y | 5 | —42 DQOo
—- Al - @ 10 pat
BUFFER !
SENSE / WRITE AMPLIFIER |
T——— | o oor
\ COLUMN DECODER / 7T
1
CLOCK
GENERATOR
Operation Table
cs# | WE# | OE# DQO~7 Operation WE# O O Vee
b X X High-Z Stand-by O Vss
L L X Din Write cs# O _}D : .
L H L Dout Read
L H H High-Z£ Output disable
J P OE# O
Mote1. H:WVim LV X Vieorvi
© 2020 Renesas Electronics Corporation. All rights reserved. Page 207 BIG IDEAS FOR EVERY SPACE W zEN ESAS



READ CYC LE Read Cycle

tre
Read Cycle timing diagram
Ap-14
ol tan ton
N /N t ol /{///%W?/// ?/?/7//
L 1 >
Read Cycle WE# =1h:f—|§f9vel -
Parameter Symbol Min. Max.
— te | W 1T
e A ZA R
Output hold from address change t 10 High impedance
Chip select to output in low-Z tciz 5 DQg-7 Valid Data
Qutput enable fo output in low-Z toLz 5 -
Chip deselect to output in high-Z tonz 0 20
Output disable to output in high-Z torz 0 20
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WRITE CYCLE

Write Cycle timing diagram

Write Cycle (1) (WE# CLOCK)

aaaaaaaaa

Cs#

WE#

OE#

DQo-7

?

¥ X

////////////////////%r

™ toLz

Page 209

IG IDEAS FOR EVERY SPACE W zEN ESAS




DYNAMIC RAM

In a dynamic RAM, each bit is implemented by a circuit
consisting of a capacitor and a transistor.

The capacitor stores de information (charged vs
discharged) and the transistor acts as a switch that
connects the capacitor to the Bit Line when that particular

bit is accessed.

Because the capacitance is very small and because of
leakage, the charge of the capacitor only holds reliably for a
few milliseconds, hence, this memory bit must be constantly

refreshed.

Also, every read of a memory cell is destructive, hence,

after a read the value must be rewritten.

1
-L_? Bit line
5 IC

Word line

b

' 02

3 y_rFET

— e e—

L

4 C

= GND

source: wikimedia.org (CC)
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DDR - DOUBLE DATA RATE

[R1Q4A4436RBG]

SA0 SA0'

r

Burst
Logic

| 4 .| Output .
- 22 SAO: Control | SA?

SA =P - .
oo—hdres S
- :?ndry >
Ko—sb il 4 ca, /cQ
IKo—p ? |
DQ
36

MUX

Sense Amp
Output

Register

R-'Wo——

/LD 0—» 72 72

72

Memory
Array

Write

Register
Select
Output
Buf’fjer

4 Data
IBWx —“PlRegistry

Ko—p and

Write Driver
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5 - TIMER AND GPIO

1. Introduction - Peripherals

2. Timer

3. PWM - Pulse Width Modulations
4. GPIO

5. Low-power Drivers (LED, Relay)

6. Power Drivers (DC Motor)
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5.1 - PERIPHERALS

A Microprocessor-based system consists of three types of components:
1. Microprocessor (the core of the MCU) - executes the instructions of a program;
2. Memory - store code and data;

3. Peripherals - perform specific functions particularly related to 1/0. Peripherals provide the means for the system to

sense, actuate and communicate with the world.

A microprocessor-based system without peripherals would be unable to interact with the rest of the world!
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PERIPHERALS

Classes of peripherals in a microprocessor-based system:

= Digital I/O: input/output of digital signals,

Analog I/O: input/output of analog signals,

Timing: pulse generation, pulse measurement, PWM, ...

Storage: non-volatile memory, file system, ...

Communications: RS-232, SPI, I12C, CAN, USB, Ethernet, ...

HMI: touch-screen, keyboard, ...

Imaging: camera interface, ...

System management: clock generation, watchdog, power management, ...
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5.2 - TIMERS/COUNTERS

Timers/Counters are essential components of a Microcontroller Unit (MCU). They consists of a digital counter circuit that
counts pulses on their input. Timers count clock pulses and Counters count pulses of a signal present on their input pin.

Timers/Counters are used for:

= Measuring time, particularly time intervals,

Counting events,

Keeping track of current date and time (Real-Time Clock - RTC),

Generating digital waveforms (PWM - Pulse-Width Modulation),

Generating periodic interrupts to the MCU (Operating System Clock),

Generating periodic signals to other peripheral, such as the command to start an Analog-to-Digital Conversion,

Restart the MCU if software is unable to periodically restart a WATCHDOG timer.
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TIMERS

= Timers/Counters vary in their characteristics, such as:
» edge of the input signal used for counting: positive, negative, or both edges;
= count direction: up, down, or both;
= what is being counted: clock pulses (timers) or other input signal (counters);
= periodic timers vs single-shot;

= a number of actions can be taken at the end of the timing period: change state of GPIO pin, generate IRQ, stop the

timer, reload the timer;
= number of bits of the counter circuit: typically 32 bits for ARM MCUs;

= since the frequency of the input signal and number of bits of the counter determine the maximum timing period, a

prescaler may be used to reduce the input frequency.
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TIMING SAMPLE PROBLEM 1

Consider the problem where an LED, connected to a pin on an MCU, must be on during 0.9 second.
The first solution to be presented is a software-based solution:

1. Turn the LED on by activating the MCU pin connected to it;

2. Execute aloop N times, where N is chosen so that the execution of the loop takes 0.9 second,;

3. Turn the LED off by deactivating the MCU pin connected to the LED
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SOFTWARE-BASED SOLUTION

void hal entry(void)

{
// pins 0,1,2 are output, reset pin 0 to 0 to turn green led ON

R IOPORT6->PCNTR1 = 0x00060007;

__asm(" ldr r4,=72000000-2") ;
__asm("loop: ")
__asm(" subs r4,r4,#1 ") ;
__asm(" bne loop ")

// pins 0,1,2 are output, set pin 0 to 1 to turn green led OFF
R_IOPORT6—>PCNTR1 = 0x00070007;
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SOFTWARE-BASED SOLUTION

= This is the Timing Diagram for the

execution of the code of the previous slide.

= Due to branch forwarding at the decode

stage of the BNE instruction, each loop

takes 3 clock cycles. clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7
= At 240 MHz (period of 4.16ns), ‘
Decode I Execute I Fetch I Decode I Execute )

| |
| |
| |
- ji Decode and J
\Branch Forwardin

loop; hence, 0.9 second
el I Decode and D'
€ \Branch Forwarding/

bne

takes 72,000,000 loops.

it takes 12.5 ns for each subs ( o
» Remark: the loop_count must

'""""""/_‘?'"H"
P

be reduced by 2 to compensate

for GPIO and load instructions. source: Authors
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SOFTWARE-BASED SOLUTION

elk 1. I Pos: 448.0ms MEASURE

. : . . : : . : T
Meg Width
A00.0rms

» Connecting a scope to the LED allows us

to verify the timing of the software-based

solution. : : : : : : : )
s s s e o s s e e CH
g : : g : : g g Mone
CH
Mane
................................................. o
Mane

......... CHI
. : : g : : g . M

CHT 2.00% M 100rms CHI“ 178Y
source: Authors 2=0ct=17 13125 <10Hz
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SOFTWARE-BASED SOLUTION

Evaluation of the software-based solution:

= 100% of the MCU processing capability was used for counting so that the exact timing of 0.9 seconds was obtained.
= No other activities where executed by the processor during this time.

= |f interrupts where allowed, there would have been an error in timing.

» This software-based solution is called busy-wait. It should be avoided as it wastes processor cycles and energy.
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A VERY SIMPLE TIMER

= To avoid the drawbacks of the software-based solution, a small piece of hardware is added to an MCU: a counter.

= This circuit performs the function of counting clock cycles, freeing the processor to perform other tasks.
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A VERY SIMPLE TIMER

Description:

= The counter decrements its value on

every positive edge of the CLK. GPIO
» The processor can write an initial pIn
Z—.
count value by performing a load CLK )> counter g
followed by a start command. load start StOP/<€ Q

= \WWhen the count reaches O the Z

output is activated.

= The Z output may command a

change to the GPIO pin, generate an

processor bus

Interrupt Request (IRQ), and stop the

source: Authors
counter.
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A VERY SIMPLE TIMER

clk 1 - the value 5 is loaded to the counter.

clk 2 - the processor commands the start of the counting.

clk 3 to 7 - count value is decremented on every positive edge of the CLK.

clk 7 - count reaches 0 activating the Z output.

clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7

count i | | | | :
5 5 4 3 2 1 0
value :[ X ::( j:[ ::[ X j:[ ]:
L | | | | | |
load _l i i i i i i
l l l l l l l l
start l | l l : l
l l | | l l
i : : | i i ‘ |
. ; | | i | | I_ source: Authors
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SOLVING THE TIMING SAMPLE PROBLEM 1 USING THE SIMPLE
TIMER

Solution:
= | oad the value 72,000,000 to the timer and start it.
= When the count reaches zero:
= Option 1: timer commands LED pin to turn LED off;
= Option 2: generate an IRQ and its service routine turns the LED off.

» Remark: for option 2, the value loaded to the timer should be lower to compensate for the entry into the interrupt service

routine.

© 2020 Renesas Electronics Corporation. All rights reserved. Page 225 BIG IDEAS FOR EVERY SPACE W zE N ESAS



SOLVING THE TIMING SAMPLE PROBLEM 1 USING THE SIMPLE
TIMER

Evaluation:

» The solution using a timer requires significantly less processing power, just a few cycles to configure the timer and to
perform an action when the timing period finishes.

» Processor is free to perform other tasks OR

processor can be put into a low energy sleep state.

= |f interrupts are serviced during the timing period, this will not affect the timing precision.
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TIMER CASE STUDY 1 - SYSTICK

The SYSTICK is a timer available in all Cortex-M processors.

It is a simple 24-bit counter with auto-reload.

Its main use is to generate periodic interrupts required by most Embedded Operating Systems.

Since its structure and operation is defined by ARM, its interface is standard, regardless of MCU supplier.
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TIMER CASE STUDY 1 - SYSTICK

LOCO 0
32.768KHz

ICLK 1
240MHz

CLKSOURCE
SYST_CSR[2]

SysTick auto-reload has a period
of SYST_RVR + 1 clock cycles.

Reload Value Register
SYST_RVR

24

v

_>>

enable

24-bit down counter
SYST _CVR

(clear-on-write)

load

Z

.

ENABLE
SYST_CSRIO]

>

COUNTFLAG
SYST_CSR[16]

(clear-on-read)

SysTick
IRQ

TICKINT
SYST_CSR[1]

source: Authors
(based on ARM documentation:
DDI0403D ARMv7-M Architecture Reference Manual)
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TIMER CASE STUDY 1 - SYSTICK

31 | 17 16115 | | 13210
Reserved Reserved SYST_CSR controls de operation of SysTick. When
COUNTFLAG_] CLKSOURCEj ‘his register is read, COUNTFLAG is cleared.
TICKINT
ENABLE
31 | 24123 | | | | 0! SYST_RVR holds de 24-bit reload value. Writing a 0
Reserved RELOAD to this register disables SysTick.
31 | 0l SYST_CVR is the current count value. By writing any
CURRENT value to it the register is cleared.
313029 | 24/23 | 0
SYST_CALIB values are factory defined. TENMS, if
S . .
Reserved TERM available, holds the reload value corresponding to 10

L skEw
NOREF

ms for the reference clock.

source: DDI0O403D ARMv7-M Architecture Reference Manual
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TIMER CASE STUDY 1 - SYSTICK

= Timing diagram for the scenario where SYST_RVR holds the value 2.

= As the reload occurs on the next positive edge of the clock, the SysTick period is of 3 clock cycles.

If enabled, every reload generates a SysTick interrupt request (IRQ).

clock 1 clock 2 clock 3 clock 4 clock 5 clock 6 clock 7

SR S S SRS S S GRS ST G

source: Authors
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5.3 - PWM

Pulse Width Modulation (PWM) is a modulation technique that allows the encoding of analog information in a binary
digital signal.

This is achieved by encoding the information in width of a pulse while maintaining the pulse frequency constant.

A low pass filter with cut-off frequency way below the PWM frequency restores the analog information.

PWM has several applications including: control of power electronics including switched power supplies, motor control,

temperature control and light dimmering; audio power-amplifiers; and analog signal generation.

Often, a low-pass filter is not required as the load itself performs this function.
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PWM The effect of 5 different duty cycles after
passing a low-pass filter:

Pulse Width Modulation
0% Duty Cycle - analogWrite(0)

25% Duty Cycle - analogWrite(64)

l‘| I‘l |'| 1 1.25 V
50% Duty Cycle - analogWrite(127) |

Sv OW-pass
ApEgEpEpEgE iter 25V
75% Duty Cycle - analogWrite(191)

Amimimiminl

100% Duty Cycle - analogWrite(255)
Sv ‘

Sv

oV

O

Sv

Ov

oV

v

source: commons.wikimedia.org (CC)
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PWM

1.5 - . .
. . i — PDM sine wave
= |f the duty cycle of a PWM signal is varied on every mm= 3nalog Sine wave

PWM period, an analog signal can be produced (after

a low-pass filter).

= The higher the frequency of the PWM signal when
compared to the frequency of the analog signal, the

better (Iless noisy) the analog signal will be.

Signal amplitude

0 20 40 60 80 100
Discrete time (n)

source: commons.wikimedia.org (CC)
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A PWM TIMER

Operation:
Match Register

= at start of period set the GPIO pin.

= counts up from 0.

Limit Register

= when counter matches Match Reg

then reset GPIO pin. GPIo
match set/reset .pm
= when counter matches Limit Reg
Iimiglontrol
then: — R Q
set GPIO pin;
generate IRQ;  stary/stop
reset counter. CLK—> up counter <
reset

» interrupt service routine may

: source: Authors
reprogram the match register.
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TIMER CASE STUDY 2 - S7G2 GPT

The Renesas S7G2 MCU has 14 timers of the type GPT (General PWM Timer).

Each one is a complex circuit that provides significant flexibility for a variety of applications.
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Memory Interrupt control ARM Cortex-M4 System
TIMER CASE STUDY 2 - S7G2 GPT K | | e e e
| Lol e
64 KB data flash MOSCISOSC
Bus | MPL ‘ ‘ Reset |
(HM/L) OCO
| NVIC ‘ ‘ Meode control | -
i SRAM
Diagram shows the hardware modules of the S7G2 MCU. _
| SDRAM | | System timer ‘ ‘F'owermniml | cAC
General PWM Timers (GPT) are identified. DMA w0 |||[Toammeomomene ||| 2] [pomeyooior
DTC
Timers Communication interfaces Human machine interfaces
SCI = 10 QsPl H USBHS | ‘ CTSU | Graphics
GPT32EH x 4 |

GPT32 x 6

\ e | [ome | [,
‘ SPlx2 || CAM =2 ‘
— ‘ S51x2 | | USBFS ‘ POC
Event link Data processing Analog
ELC ‘ CRC | ‘ SRC | ‘ Aggf:‘;m | | TSN ‘
Security DOC ‘ DAC12 | | ACMPHS x 6 ‘
source: Renesas S7 Series Microcontrollers User’s Manual =E
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TIMER CASE STUDY 2 - S7G2 GPT

There are 14 timers, grouped into:
» 4x EH - enhanced high resolution
» 4x E - enhanced

= 6X - conventional

CH13[CH12|CH11|CH10| CH9 | CH8 | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO

i A s k4 ™
GPT3213 GPT3212 GPT3211 GPT3210 GPT329 GPT325 GPT3ZET GPT32E6 GPT32ES GPT32E4 GPT3I2EH3] |GPT32EHZ| |GPT3ZEH1| |GPT3I2EHOD

GPT32 GPT32E GPT32EH
I I I I I I I I I I I

source: Renesas S7 Series Microcontrollers User’'s Manual
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TIMER CASE STUDY 2 - S7G2 GPT

Control registers

GPT32EHO
—» Interrupt request signals

GTWP  GTICASR GTDTCR
Clock sounce GTSTR GTICBSR GTDVU
PCLKD GTSTP GTCR GTDVD
PCLKD/4 Cycle setting/ gggg gl:ﬁ]DRDTYC glggg
PCLKD/16 Cycle setting buff ist
PCLKD/64 yele SeTing uTIer registers GTPSR GTINTAD GTSOS
PCLKD/256 GTPDBR GTCSR  GTST GTSOTR
PCLKD/1024 GTPBR GTUPSR GTBER

GIPR GTDNSR GTITC

U U

Ext : d Counter (GTCNT) ——— | —P Output disable request
emal ——— P
trigger (after noise filtering) Output compare {} -4—Output disable signals
GTETRGA
GTETRGBH c ; /O pins
GTETRGC Comparator omparator -—h. GTIOCA
GTETRGD 1
> P cmiocs
.~ Input capture
GTADTRA GTCCRA
GTADTEBRA GTCCRB
GTADTDBRA GTCCRC :
ELC event input
GTADTRB GTCCRD ‘R
GTADTDBRB GTCCRF S7 Series
A/D converter start request timing/ QOutput compare/input capture registers p A/D converter MICI’O’COHUOHGI‘S
A/D converter start request timing buffer registers start request User’'s Manual
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TIMER CASE STUDY 2 - S7G2 GPT

GTWFP

GTSTR
GTSTP
GTCLR
GTS5R
GTPSR

GTCSR
GTUPSR
GTDNSR

GTICASR
GTICBSR
GTCR
GTUDDTYC
GTIOR
GTINTAD
GTST
GTBER
GTITC
GTCNT
GTCCRA
GTCCRB
GTCCRC
GTCCRD
GTCCRE
GTCCRF

- General PWM Timer Write-Protection Register

- General PWM Timer Software Start Reqgister

- General PWM Timer Software Stop Register

- General PWM Timer Software Clear Register

- General PWM Timer Start Source Select Register
- General PWM Timer Stop Source Select Register

- General PWM Timer Clear Source Select Register
- General PWM Timer Up Count Source Select Register
- General PWM Timer Down Count Source Select Register

- General PWM Timer Input Capture Source Select Register A

- General PWM Timer Input Capture Source Select Register B

- General PWM Timer Control Register

- General PWM Timer Count Direction and Duty Setting Register
- General PWM Timer /O Control Register

- General PWM Timer Intermupt Output Setting Register

- General PWM Timer Status Register

- General PWM Timer Buffer Emable Register

- General PWM Timer Intermupt and A/D Converter Start Request Skipping Setting Register
- General PWM Timer Counter

- zeneral PWM Timer Compare Capture Register A

- zeneral PWM Timer Compare Capture Register B

- General PWM Timer Compare Capture Register C

- General PWM Timer Compare Capture Register D

- General PWM Timer Compare Capture Register E

: General PWM Timer Compare Capture Register F

GTPR . General PWM Timer Cycle Setting Register
GTPBR . General PWM Timer Cycle Setling Buffer Reqgister
GTPDER . General PWM Timer Cycle Setting Double-Buffer Register

GTADTRA . General PWM Timer A/D Converter Start Request Timing Register A
GTADTBRA  : General PWM Timer A/D Converter Start Request Timing Buffer Register A

GTADTDBRA : General PWM Timer A/D Converter Start Request Timing Double-Buffer
Register A

GTADTRB . General PWM Timer AD Converter Start Request Timing Register B
GTADTBRE : General PWM Timer A/D Converter Start Request Timing Buffer Register B
GTADTDBREB : General PWM Timer A/D Converter Start Request Timing Double-Buffer

Register B
GTDTCR : General PWM Timer Dead Time Control Register
GTDWVLU : General PWM Timer Dead Time Value Register U
GTDVD . General PWM Timer Dead Time Value Register D
GTDBU - General PWM Timer Dead Time Buffer Register U
GTDBD - General PWM Timer Dead Time Buffer Register D
GTS03 - General PWM Timer Output Protection Function Status Register
GTSOTR . General PWM Timer Output Protection Function Temporary Release Register
OPSCR - Qutput Phase Switching Control Register

source: Renesas S7 Series Microcontrollers User’s Manual
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TIMER CASE STUDY 2 - S7G2 GPT

Simplified view of a GPT

PCLKD
PCLKD/4
PCLKD/16
PCLKD/64
PCLKD,/256
PCLKD/1024

Timer Period
GTPR

32-bit counter

< GTCNT

\ 4

GPT
Control

8x Compare Regs
GTCCRa..f

A 4
to AD converters

2x ADC start request
GTADTRa..b

Events
IRQ
GTIOCA pin
set/reset/to Egle .
1O pin
control GTIOCB pin
set/reset/toggle

source: Authors
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TIMER CASE STUDY 2 - S7G2 GPT

GPT characteristics and operation:

The counter (GTCNT) can count up (from 0 to GTPR), count down (from GTPR to 0) or up and down (from 0 to GTPR
and back to 0).
Hence, the period is either GTPR+1 or 2x GTPR,;

Due to a prescaler, the clock source can be selected from PCLKD to PLCKD/1024;

A GPT can be used to trigger the start of an AD conversion, registers GTADTR are used to determine the timing to

command the start;

8 compare registers are available. On match, a number of actions can take place: set, reset, toggle an IO pin, generate

an interrupt request, generate an event, ...
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5.4 - GPIO

General Purpose Input/Output (GPIO) is possibly the simplest form of 1/O in a system.

An input pin can be connected to a key, a push-button, or any other digital signal. By reading the pin the program can

detect if it is on high or low level and take appropriate action.
Input pins can generate interrupt requests (IRQ) when a required transition or level is detected.

An output pin can be connected to an LED, to a switch (transistor, relay) or any other device to be controlled by.
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GPIO CASE STUDY - S7G2 I/0 PORTS

The MCU used in the lab experiments (kit SK-S7G2) is the
R7FS7G27H3A0L1CFC. Its packaging is a 176 pins LQFP
(Low-profile Quad Flat Package).

Of its 176 pins, 126 are available either for I/O or to be used
by the integrated peripherals.

The 1/O pins are grouped into 12 ports
(PO to PB) each with up to 16 pins.

Port | pins |_| Port | pins_
PO 13 P6 16

P1 16 P7 8
P2 10 P8 7
P3 16 P9 6
P4 16 PA 5
PS5 11 PB 2
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source: Renesas S7 Series Microcontrollers User’s Manual

GPIO CASE STUDY - S7G2 I/0 PORTS

Table 20.2 /O port functions
. . . Open-drain Drive capacity
/O pins can be co nﬁgured in several ways: Port Port name Input pull-up output switching 5-V tolerant
Fort 0 FP000 to POO7 - - -
. . PO08 to PO11, PO14, PO15 v v -
= inputs may have an internal pull-up; Fort F100 0 P11 . 7 Low, middle, i
FPort 2 P200 v - -
- OUtpUtS may be open-drain; P202 to P204, P207 v v Low, middle, high
P205, P206 v v Low, middle, high
P201, P212 v v Low
= output current capacity may be selectable: P213 . v High
Port 3 P300 to P315 v v Low, middle, high
2,4, 16/20 mA; Port 4 P400, P401 v v Middle
P402 to P404 v v Low, middle
. P405 to P406 v v Low, middle, high
= some inputs are 5V tolerant. a0 v - Cow, middle. igh
P408 to P415 v v Low, middle, high
Remarks Port 5 P500 to P510, P513 to P515 v v Low, middle, high
P511, P512 v v Middle
Fort 6 PG00 to P615 v v Low, middle, high
= total current provided by the MCU is restricted Port7 P700 to PT07 ; v Low, middle, high
P708 to P713 v v Low, middle, high
to 80 mA; Fort 8 P800 o P813 v v Low, middle, high
FPort 9 P900 to P915 v v Low, middle, high
- f t b I t f . t . Port A PAOO to PA15 v v Low, middle, high
conriguration capabiities vary rrom pin to pin, — FB00. P02 0 PBOT - — Cow madle. tian
PBO1 v v Low, middle, high

see table on the right.

rem: not all pins listed above are available on the part number R7TFS7G27H3A01CFC
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GPIO CASE STUDY - S7G2 I/0 PORTS

Simplified block diagram
of an 1/0O pin OE GF_)IO
Peripheral = pIn
output .
/0 > y

1
>
0
PODR /T/
Read Control
Description i
Reg |Descripon | . " input

PMR

PODR Port output data PIDR amp.
PDR Port direction
PIDR Port input data Peripheral <
PMR Port mode: 1/0 vs periph. Events €————
Interrupt €———— source: Authors
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G PIO CASE STU DY - S7G2 IIO PORTS source: Renesas S7 Series Microcontrollers User’'s Manual

™, R N
Peripheral output ) | = |+
Block diagram for an 1/0 pin enavi ) - }
Peripheral output | \q ’\1| >
pe————©
o e ]
m Description lm Description o[ rosw |
Pull-up control PODR  Port output data g PR M)
E la—»| EORR
PDR  Port direction PSEL  Peripheral sel. e —$—§ A~
DSCR  Drive capabil. PIDR Port input data : ) ————
ELC - » Edge detect - y

NCODR  open-drain ctr ISEL interrupt enable g' =77
EOSR evt output set ASEL  analog select Peripters nput '
EORR event output PMR  Port mode: « %j ﬁ—

reset I/O vs periph. Read confro 3 = =T
POSR  port output set EIDR event input data 5 gT!
PORR  port output EOF/  event on falling/ putor ot

reset EOR rising edge ) —— _

Figure 20.1 Connection diagram for I/O port registers
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5.5 - LOW-POWER DRIVERS

When a device connected to an output pin
has low input current requirements (low
typically means below 1 mA) then it can

be directly connected to the I/O pin.

. AUDIO AMPLIFIER Note: Not compatit
Example: the Renesas Development Kit .
: - +5Y
for S7G2 has an audio amplifier and a e
il a—
speaker connector. -
P02 AUDID EN 1 _:i_ :‘il AAMP IR e N ;;« SHOW VP ;
This audio ampllfler Is controlled Tois DA 181 pacoun om 2K 7 — LRl 2 o
. 773 3-301-051_1; L il gy ouri}E | :‘: nI{J
by an output pin: T R L | (S .0 W -
_ _ | pacour T ‘1:1151 = 21 vm our g |2
= P902 is an I/O pin of the S7G2 o I
_ _ LS e IR'H?._”‘* S-1uF 10 IuF
microcontroller that controls if =k 1 1

the amplifier is enabled or not. _ ,
source: Renesas Development Kit S7G2 (DK-S7G2) User’s Manual
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LOW-POWER DRIVERS

In the case of a small LED, which typically requires current around 2 to 5 mA

to light up, a limited number can still be connected directly to output pins.

The S7G2 MCU has the same source and sink capability, meaning that an
output pin configured for middle drive capacity can source 4mA when its

output is high and can sink 4mA when its output is low.

This symmetry is not a rule, many digital logic ICs are capable to sink much
higher currents than to source them. Hence, quite often, devices such as

LEDs are turned on by an output pin sinking current, i.e. with a logic level O.

VCC (3.3V)
LED1
X
|
R1
470R

P6.0

P6.0 =0 (0V) LED is ON
P6.0 = 1 (3.3V) LED is OFF

source: Authors
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5.6 - POWER DRIVERS

Loads that require higher currents than in the previous examples are

controlled by output pins connected to interface circuits, such as:
» Transistor (bipolar, MOS, or BICMOYS),

= Relay,

= H-Bridge,

= Other power electronics circuits.

Such interface circuits also allow the use of much higher voltages on the

load.
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POWER DRIVERS

Example 1 - Power LED

Consider a Power LED requiring
a forward current of 500mA with a
forward voltage of 3.2V + 0.15V
(varies with ambient temperature

and component sample).

source: wikimedia.org (CC)
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POWER DRIVERS

Example 1 - Power LED

A low-cost solution consists of a transistor,
acting as a power switch, and a series

resistance, to limit the forward current.

When P6.0 is at logic level 1, Q1 is on and LED is on.
When P6.0 is at logic level 0, Q1 and LED are off.

Drawbacks:

R1 dissipates 1W when LED is on.

LED current, and brightness, vary with LED forward voltage.

Advantages:

Load can operate from a power source with different voltage.

(in this example, MCU VDD is 3.3V and LED is powered from 5V)

source: wikimedia.org (CC)

R1
3R6
2.5W
Q1
6.0 |
R2
10K

— source: Authors
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POWER DRIVERS

Example 2 - Relay

If galvanic isolation between the MCU and the

load is required, a solution is the use of a relay.

When P6.0 is at logic level 1, the transistor is
ON, current flows through the relay coil and the
contact closes, turning the electric motor ON.

When P6.0 is at 0, the motor is off.

Relay

AC Mains
110V

M

Q1 Electric Motor
. . . . P6.0 |

Since the relay coil is an inductive load to the

: : : : , R2
transistor, the diode is required to avoid voltage 10K
spikes when the transistor switches off.

|1 Q1. n-channel MOS FET
source: Authors
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POWER DRIVERS

Example 3 - H-Bridge

An H-Bridge consists of four switches (in this case
four n-mos). The load is a DC motor. When Q1 and
Q4 are ON, the motor is energized. When Q2 and
Q3 are ON the polarity is reversed.

Q1 and Q2 should never be ON at the same time
as this would short circuit the power supply. For the
same reason, Q3 and Q4 should never be ON at

the same time.

Typically, the four switches are driven by PWM
signals to control the current and the speed of the

motor.

A D1

AD2

D3 & —=

D4K —»
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POWER DRIVERS

Example 4 -
Power LED driver using a switching power Vin
supply.
Q1 C1

GPIO can turn LED on or OFF. LED1

| ‘\
Alternatively, PWM can dimmer the LED.

Q2

o GPIO LED dfri
When compared to Example 1, this circuit e
or controller

PWM

does not waste energy on a current limiting

resistor, hence, it is energy efficient.

source: Authors
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6 - INTERRUPT CONTROLLER

= NVIC
= Structure
= Registers

= CMSIS interface for NVIC operations
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NVIC

The Nested Vectored Interrupt Controller (NVIC) is an integral part of the Cortex-M4 architecture. Hence, all Cortex-M4 have

the same interrupt controller.

Exception handling was examined in Section 3 (link)

Functionality of the NVIC:

= Detect interrupt requests (IRQ) at its inputs and combine them into a single interrupt request to the microprocessor core
= Capability to mask any given input

= Associate inputs to interrupt priority levels
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NVIC

AHB/APB buses

The Cortex-M4 NVIC may have up to 240 IRQ
inputs.

Each input is an interrupt request coming from an

Peripheral O
integrated peripheral, an external pin, or even

from the core itself to inform of a system

NVIC
i Nested
exception. Vetored
: : . Interrupt ARM
The operation of the NVIC is configured by the el Cortex-M4

core
core via a set of NVIC registers that provide the : (up to 240 IRQ

inputs in Cortex-

functionality of: ' M4)

= input masking

» |RQ priority assignment

» check status of input
(is there a pending IRQ?)

source: Authors
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NVIC CHARACTERISTICS

The Nested Vectored Interrupt Controller provides support for:

» Nested exceptions — each exception has an associated priority level. Nesting means that when an exception is being
serviced, it can be interrupted by a higher priority exception that was activated. Once the higher priority exception has its

service completed, the lower priority service resumes.

» Vectored exceptions — the starting addresses of the service routines (handlers) are stored in a table (vector table). When

IRQI is detected the processor simply reads entry i of the table and starts servicing, avoiding delays to start the handler.

» [nterrupt masking — each IRQi can be individually masked, i.e. ignored.
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VECTOR TABLE

By default, its start address is 0x0.
The table has a 31-bit address for each of the possible exceptions (number is implementation dependent).

The 32th bit (the LSb) is used to identify the instruction set (ARM or Thumb) and must be always set in a Cortex-M

processor
The first entry in the table is the initial value of the SP.

The next 15 entries are for the system exceptions
(Reset, NMI, ... SysTick).

Then follow up to 240 entries for IRQO to IRQ239.
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VECTOR TABLE FOR THE RENESAS S7G2

Table 143  Interrupt vector table (1/3)

Exception
. number IRQ number | Vector offset | Source Description
On the S7G2 the interrupt sources are - — — — e
. 1 — 004h ARM Initial program counter (Reset Vector)

managed by the ICU — Interrupt Control Unit. > - S08n arM Nommaskabis marmupt (M
3 — 00Ch ARM Hard fault

The ICU sits between the peripherals and the 2 - 010 ARM MemManage faul
5 — 014h ARM Bus fault

NVIC, preprocessing the interrupt requests 5 - 01ah ARM Usage faul
T — 01Ch ARM Reserved

before sending them to the NVIC. 8 — 020n ARM Reserved
9 — 024h ARM Reserved
10 — 028h ARM Reserved
" — 02Ch ARM Supervisor call (SVCall)
12 — 030h ARM Debug Monitor
13 — 024h ARM Reserved
14 — 038h ARM Pendable request for system service (PendableSrvReq)
15 — 03Ch ARM System tick timer (SysTick)
16 0 040h ICU.IELSRO Ewvent selected in the ICU_IELSRO register
17 1 044h ICU.IELSR1 Event selected in the ICUIELSR1 register
18 2 048h ICUIELSR2 Event selected in the ICU IELSR2 reqister
19 3 04Ch ICU.IELSR3 Event selected in the ICUIELSR3 reqgister

u u u

107 91 1AChHh ICUIELSRS1 Event selected in the ICU IELSRS1 register
108 92 1B0h ICU.IELSRS2 Event selected in the ICU.IELSR92 register
109 93 1B4h ICUIELSRS3 Event selected in the ICU IELSRS3 register
110 G4 1B8h ICU.IELSRS4 Event selected in the ICU_IELSR94 register
111 G5 1BCh ICUIELSRS5 Event selected in the ICU_IELSRS5 register
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EXCEPTION HANDLING STATE MACHINE

Exception
W Request
@ Y |Inactive J Pending
Exception E)_(C_eptlon
. g _ Servicing starts
Servicing finishes Active
Exception Exception
Servicing finishes Request

Active and
Pending

source: Authors
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FUNCTIONAL MODEL OF THE NVIC

NVIC

ISER[n].m (rd)
Q0 S| [SER[N].M (Wr)
d;igcior T R [ |CER[N].M (Wr)
] j- highest
ISPR[n].m (wr) priority
R QI — _I — & interuptrequest exception
- s Q IPRIK] reqyest
 ——— I
] _l- FCLK >R o 5 interrupt priority
PRIMASK
. BASEPRI
ICPR[Nn].m (wr
[n] # 1 Priority FAULTMASK
Arbitration
IRQiservcng s il ABR[N].M (rd)
IRQI sevid _
nghed R_T —l core
interuptrequest and
interupt priorities  —
from otherIRQ lines
T faults

NMI

HardFault ‘

| source: Authors

Reset
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NVIC - ARM DOCUMENTATION

«  ARMv7-M Architecture Reference Manual (2014)
ARM DDI 0403E.b

«  ARM® Cortex® -M4 Processor Revision: rOpl (2015)
Technical Reference Manual
ARM 100166_0001 00 _en

« Cortex™-M4 Devices Generic User Guide (2011)
ARM DUI 0553A
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http://infocenter.arm.com/help/topic/com.arm.doc.dui0553a/DUI0553A_cortex_m4_dgug.pdf

NVIC REGISTERS

Table 6-1 NVIC registers

Address

Name

Type Reset

Description

OxEooBEea4

ICTR

RO

Interrupt Controller Type Register, ICTR

OxEQBOE100 - OxEGOBEL11C

NVIC_ISERO - NVIC_ISER7 RW

8x006000000

Interrupt Set-Enable Registers

OxEQPOEL180 - OxEGBBEL1SC

NVIC_ICERO - NVIC_ICER7 RW

8x006000000

Interrupt Clear-Enable Registers

OxEQBOE200 - OxEBBBEZ1C

NVIC_ISPRO - NVIC_ISPR7 RW

B8xB00600000

Interrupt Set-Pending Registers

OxEQOOE280- OxEGBBOE29C

NVIC_ICPRO - NVIC_ICPR7 RW

Bx00000000

Interrupt Clear-Pending Registers

OxEQBOE300 - OxEGBBOE31C

NVIC_IABRO - NVIC_TABR7 RO

Bx00000000

Interrupt Active Bit Eegister

OxEQBOOE400- oxEBBBE4EC

NVIC_IPRO - NVIC_IPR39

RW

Bx0B600000

Interrupt Prionity Register

source: ARM® Cortex® -M4 Technical Reference Manual
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NVIC REGISTERS - ICTR

31

Since the number of input lines

(IRQI) to the NVIC is implementation

Reserved

dependent, so is the number of registers to
control the NVIC.
ICTR informs how many control registers are

actually implemented in any given NVIC.

For the Renesas S7G2,
ICTR.INTLINESNUM holds the value 2,
meaning that there are 3 registers of each
type (ISER, ICER, ISPR, ICPR, IABR, with
indexes 0..2; and 24 registers IPR, with
indexes 0..23). The number of input lines

IRQI on this processor is limited to 96.

INTLINESNUM:

Figure 6-1 ICTR bit assignments
[3:0] INTLINESNUM Total number of interrupt lines in groups of 32:

ebeeeD =0...32
ebeeel = 3364
ebeR10 = 6596
@bee11=97._.128
@belee =129._.160
@belel =161...192
@bel11e=193..224

@b0111 =225_256

source: ARM® Cortex® -M4 Technical Reference Manual
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NVIC REGISTERS - ISER - S7G2

ISER[O]
ISER[1]

ISER[2]

bit31 bitO
IRQ31 | IRQ30 IRQ2 | IRQ1 | IRQO
IRQ63 | IRQ62 IRQ34 | IRQ33 | IRQ32
IRQ95 | IRQ94 IRQ66 | IRQ65 | IRQE4

In a Renesas S7G2, each bit of registers ISER[0] to ISER[2] corresponds to one of the 96 IRQi lines.

on write: 1 enables the interrupt line, 0 has no effect

onread: returns the current state of each IRQi line

0 = disabled, 1 = enabled
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NVIC REGISTERS - ICER/ISPR/ICPR/IABR - S7G2

Same bit assignment as for ISER.

ICER: on write:

on read:

ISPR: on write:

on read:

ICPR: on write:

on read:

1 disables the interrupt line, 0 has no effect

report the current state of each IRQi line, 0 = disabled, 1 = enabled

1 sets the interrupt line to pending, 0 has no effect

report the current state of each IRQi line, 0 = not-pending, 1 = pending

1 clears the pending state of the interrupt line, 0 has no effect

report the current state of each IRQi line, 0 = not-pending, 1 = pending

IABR: read only: report the current state of each IRQi line, O = not-active, 1 = active
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NVIC PRIORITIES

On the Cortex-M4, each IRQi line has a register that defines its priority level in relation to the other IRQI lines. This register

may have up to 8 bits (implementation defined).

On the S7G2, 4-bit registers are implemented, allowing the definition of up to 16 priority levels. 0 is the highest priority and 15

is the lowest. Since these bits are left aligned, the actual values are 0, 0x10, 0x20, 0x30, ... OxFO.

A higher priority interrupt preempts a lower priority interrupt whose handler is being executed.
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NVIC PRIORITIES

The bits of the priority register are divided into:
= Priority Group

= Priority Subgroup

The bits in the Priority Group define the number of priority levels for the purpose of preemption.

The bits in the Priority Subgroup define the number of sub-levels for the purpose of selecting which IRQi will be serviced first

if two IRQI are simultaneously pending when the core accepts an interrupt.

© 2020 Renesas Electronics Corporation. All rights reserved. Page 269 BIG IDEAS FOR EVERY SPACE W zE N ESAS



NVIC PRIORITIES

The PRIGROUP bits of the AIRCR register are used to configure the division of bits among Priority Group and Subgroup.

AIRCR.PRIGROUP may be written with values in the range of 0 .. 7

On the S7G2, programming PRIGROUP with 0, 1, 2 or 3 has the effect of using the four bits for Priority Group and none for
the Subgroup.

For PRIGROUP = 4 the division is 3.1 (3 for Group and 1 for Subgroup)

For PRIGROUP = 5 the division is 2.2, and so on...
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CMSIS-CORE INTERRUPT FUNCTIONS

These is a partial list of the
functions available in
CMSIS-CORE that provide
access to the NVIC as well
as to other interrupt

functionality.

Next slides detail these

functions

CMSIS function

Description

void NVIC SetPriorityGrouping (uint32_t PriorityGroup)

Set priority grouping

uint32 t NVIC GetPriorityGrouping (void)

Read the prionty grouping

void NVIC _EnableIR( (IRQn_Type IRQn)

Enable a device-specific interrupt

uint32 t NVIC GetEnableIRQ (IRQn_Type IRQn)

Get a device-specific interrupt enable status.

void NVIC DisableIRQ (IRQn_Type IRQn)

Disable a device-specific interrupt

uint32 t NVIC GetPendingIRQ (IRQn_Type IRQn)

Get the pending device-specific mterrupt

void NVIC SetPendingIR(Q (IRQn Type IRQn)

Set a device-specific mterrupt to pending

void NVIC ClearPendingIRQ (IRQn_Type IRQn)

Clear a device-specific interrupt from pending

uint32 t NVIC GetActive (IRQn Type IRQn)

Get the device-specific mterrupt active

void NVIC SetPriority (IRQn_Type IRQn, uint32 t priority)

Set the prionty for an interrupt

uint32 t NVIC GetPriority (IRQn_Type IRQn)

Get the priority of an mterrupt

source: infocenter.arm.com
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CMSIS-CORE INTERRUPT FUNCTIONS

typedef enum {

J* e Cortex—M4 Processor Exceptions Numbers

Reset IROn =
NonMaskableInt IRQOn
HardFault IRQOn

MemoryManagement IRQOn =

BusFault IRQOn =

UsageFault IRQOn =

SVCall IRQOn =

DebugMonitor IRQOn =

PendSV IRQOn =

SysTick IRQOn =
} IROn Type;

This is the IRQn_Type enumeration defined in file S7G2.h
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___________________ * /
-15, /*I< 1 Reset Vector, invoked on Power up and warm reset */
= -14, /< 2 Non maskable Interrupt, cannot be stopped or preempted */
= -13, JrI< 3 Hard Fault, all classes of Fault */
-12, /xI< 4 Memory Management, MPU mismatch, including Access Violation
and No Match */
-11, /*I< 5 Bus Fault, Pre-Fetch-, Memory Access Fault, other address/memory
related Fault */
-10, /rI< 6 Usage Fault, i.e. Undef Instruction, Illegal State Transition */
-5, /*!< 11 System Service Call via SVC instruction */
-4, /*!< 12 Debug Monitor */
-2, /*!< 14 Pendable request for system service */
-1, /*!< 15 System Tick Timer */



CMSIS-CORE INTERRUPT FUNCTIONS

void  enable irg(void)
Resets PRIMASK in the core, allowing interrupts from NVIC to be serviced.

Example: enable irqg( );

void disable irg(void)

Sets PRIMASK in the core, preventing exceptions with configurable priorities (exceptions 4 and up) to be serviced.

Example: disable irg( );
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CMSIS-CORE INTERRUPT FUNCTIONS

volid NVIC EnableIRQ (IRQn Type)
Enables (unmask) a specific IRQi line

Example: NVIC Enable (SysTick IRQn);

void NVIC DisableIRQ (IRQn Type)
Disables (mask) a specific IRQi line

Example: NVIC Disable (SysTick IRQn) ;
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CMSIS-CORE INTERRUPT FUNCTIONS

uint32 t NVIC GetPendingIRQ (IRQOn Type)
Reads the Pending status (P_FF) returning O (not pending) or 1 (pending)

Example: uint32 t pend = NVIC GetPendingIRQ (SysTick IRQn) ;

void NVIC SetPendingIRQ (IROn Type)
Sets the Pending status (P-FF) of a specific IRQI line

Example: NVIC SetPendingIRQ (SysTick IRQn);

void NVIC ClearPendingIRQ (IRQn Type)
Clears (resets) the Pending status (P-FF) of a specific IRQi line

Example: NVIC ClearPendingIRQ (SysTick IRQn);
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CMSIS-CORE INTERRUPT FUNCTIONS

void NVIC SetPriority (IRQOn Type IRQOn, uint32 t priority)
Sets the priority of a specific IRQI line

Example: NVIC SetPriority(SysTick IRQn,4);

uint32 t NVIC GetPriority (IROn Type IRQnN)
Get the priority level of a specific IRQIi line

Example: uint32 t prio = NVIC GetPriority (SysTick IRQn);

Rem: The integer value of the priority must be in the range of 0 .. 2N-1, where

N is the number of priority bits implemented. For S7G2 the range is 0..15.
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CMSIS-CORE INTERRUPT FUNCTIONS

uint32 t NVIC GetActive (IRQOn Type)
Reads the Active status (ACTIVE_FF) returning O (not active) or 1 (active)

Example: uint32 t act = NVIC GetActive (SysTick IRQn);
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7 - ANALOG INTERFACING

= ADC - Analog to Digital Converter

» DAC - Digital to Analog Converter

recommended readings:
1- http://www.analog.com/en/analog-dialogue/articles/the-right-adc-architecture.html
2- The Data Conversion Handbook, Edited by Walt Kester, Analog Devices Inc.
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ANALOG VS DIGITAL

= Real world phenomena, such as audio, images, temperature, forces, pressure, and so, can be represented by waveforms

that are continuous both in time and amplitude with an infinite resolution.

= Sensors are able to convert these physical quantities into analog electrical signals that can be processed by analog

circuits. This was the most common case a few decades ago: radio, audio amplifiers, television, ...

» Nowadays, these physical quantities are converted to a sequence of numbers, i.e. they were digitized, so that they can be

processed by a computer (digital processor).
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ANALOG VS DIGITAL

Physical quantities are converted to Physical quantities are converted into

electrical signals that are continuous numeric codes after being discretized

both in time and amplitude. both in the time (sampling) and in
amplitude (quantization).

Analog signal are prone to noise and Digital signals are much more robust to

distortion during processing and noise and distortion. They can be

transmission. Hence, signal quality restored to their original value after a

decreases as the signal travels through a noisy system stage.

system.

Analog processing is typically done by a Digital signal processing is typically

hardwired circuit that performs a performed in software, thus, its function

predefined processing function. can be changed dynamically.
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INTERACTING WITH AN ANALOG WORLD

Digital
Blta _____» Actuator

Physical Sensor ‘ Physical
Quantity g g g Quantity

(Digital Output) Processing

source: Authors

To interact with the physical quantities in the real world, sensors and actuators are required.
Sensors perceive (“read”) a phenomena and translate it to an electrical signal. The output of a sensor can be an analog
signal or a digital signal.

Analog sensors require an Analog-to-Digital conversion before the information is digitally processed.

Actuators act upon (“write to”) the environment. The input of an actuator may be an analog or digital signal. To connect a

digital processor to an analog actuator a Digital-to-Analog conversion is required.
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SENSORS

Two alternatives to the implementation to a sensor in

a microprocessed system:

. Physical g Sensor g
a) Digital Sensor i
) g Quantity (Digital Output)

Digital
Processing

Physical
q Actuator q Quantity

b) Analog Sensor + ADC

Physical Dlgltal Digital
a) Quantity g Sensor g output
ADC
b Physical Ana |0g Digital
) Quantity q S g Analog-to-Digital q output
ensor Analog Converter

output

source: Authors
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EXAMPLE OF A DIGITAL SENSOR - ENCODER

A rotary optical encoder is an angular position sensor.
It consists of a disc with transparent and opaque

areas that are detected by a photodetector.

The disc show is of an absolute rotary encoder.

Alternatively, an incremental (or relative) rotary
encoder generates pulses to represent angular
movement of its axis. A set of two pulse stream,
shifted by 90 degrees, allows the detection of the
direction of movement in an incremental rotary

encoder.

source: wikimedia.org (CC)
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EXAMPLE OF AN AUDIO PROCESSING SYSTEM

SRR ) Sensor N ADC ' ___) Power (., Speaker [ XMt

(Microphone) : o
Processing Amplifier

source: Authors

In this example, the microphone is an analog sensor;

the speaker is an analog actuator and its driver is the amplifier.
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THE ANALOG-TO-DIGITAL CONVERSION PROCESS

The conversion of an analog signal to digital requires several steps:
1. Low-pass filter to guarantee that the input signal spectrum is limited to a given frequency (fgiyna)

2. Sampling (time discretization) - at periodic intervals take samples of the analog signal. The signal amplitude is still an

analog value.

3. Quantization (amplitude discretization) - mapping of the continuous amplitude range into a set of discrete values.
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SAMPLING

The green curve represents an analog signal S(t).

This signal is sampled periodically, T being the
sampling period, resulting in a discrete sequence

of samples Si (i = 1,2,3,...).

The amplitude of each sample is an analog value.

Sampling is performed by a Sample-and-Hold
(S&H) circuit, represented by a switch and a
capacitor. The switch closes momentarily, the
capacitor is charged with the current value of the
input signal, the switch opens and the value

remains “memorized” by the capacitor.

source: wikimedia.org (CC)

9 10 11 12 13

A4

S&H

Analog J/
Signal

GND1
- source: Authors
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QUANTIZATION

11

To illustrate de quantization performed by an ADC, § 110 S0
: : : : =

consider the transfer function on the right. The horizontal 8 101
axis is the analog input values to the ADC and the vertical E’ 100 o
axis are the digital codes produced by the ADC. 902 011 1

010 l
In this example the ADC has 3 bits, hence, it is able to 001 -
represent 8 binary values, from 0 (000) to 7 (111). The

1 2 3 4 5 6 7 8V
input range for this example is from 0O to 8 volts.
ANALOG INPUT
The bold line in the graph is the transfer function. If the P |§ |§. [%NT ----- ;;1 LSB (1V)
input voltage is 3.8 volts, the output code will be 4 (100), o T
quantization noise error
representing 4 volts. The difference between the actual
input value (3.8) and the output value (4) is the
guantization error and it is due to the output assuming
_ source: Renesas DevCon2015

only a discrete set of values. Mitch Ferguson - ADC Specifications
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OUTPUT VALUE CALCULATION

a) Unipolar: the quantization levels are distributed from 0O to Vref.
For an ADC with N-bit resolution, there are 2N quantization levels.
Each quantization level corresponds to an input range g, where

Vref

q

Hence, g corresponds to the input range of the LSb (Least Significant bit) of the output code.

The output code (n) of an unipolar ADC, for Vin in the range of 0..(Vref-q) is given by:

Vin 1
= int 2N) + =
n=in (Vref*( )+2>

Example: N = 10 bits, Vref = 5V, Vin = 2.5V

q is 4.88 mV and the output code is 512 (10 0000 0000b) int(x) results in the integer part of x by truncation.
Hence, for x = 0, int(x) = floor(x)
and for x < 0, int(x) = ceiling(x)
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OUTPUT VALUE CALCULATION

b) Bipolar: the quantization levels are distributed from V_ to V, .
Where typically, Vo= - V. et
Each quantization level corresponds to an input range g, where

. V+ref - V—ref
= N

The output code (n) of a bipolar ADC, for Vin in the range of V_; .. (V,:-Q) iS given by:

Vin —V_,f 1)
n = int «(2N) + =
(V+ref - V—ref 2

Example: N = 10 bits, V,,; =5V, V= -5V, Vin = 0V
g is 9.76 mV and the output code is 512 (10 0000 0000b)
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ANALOG-TO-DIGITAL CONVERSION EXAMPLE
A
f(t)

On the upper figure, the grey line represents the input

T E EEE---
- - o om o
--a-mm mom
- momomom
- m mom

analog signal. The dashed lines indicate the sampling y i
, o o v —
times. The red line is the output of the sample-and-hold. It 1o 1o :
changes value exactly at the sampling times. R
In the lower figure, the red dots represent the output of the P R S S R R
o o t
ADC. The effect of the quantization error is noticeable as X[t]
the distance between the red dot and the input signal. A
?"‘I"I'"I"I'"I"I"."I'"I"I'"I-'I'"I
The output of the ADC is the following numeric sequence: 6 JI:;“:'ILJI"' TR
5" ' B e Bl pa e e e i T e [ i |
4,5,4,3,4,6,7,5,3,3,4,4,3. al-e- __;_:L_;_ ] __J:__:L_;_;_J:
3-_-__-_.._ e ===} - - ==} -
2 e b -d=-=-Fk=-d--FL-d-=-F=-4d-=-FL-4--} -
1-____-____ RN (R IR U N R R e .

>
source: wikimedia.org (CC) O 1 2 3 456 78 910111213 ¢
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SIMPLE ADC (3-BIT FLASH)

This circuit implements a 3-bit Flash ADC. It is the fastest ADC topology. Vin is in
the range 0..Vref and Vref is 8V.

For an ADC with 2N possible output values, 2N -1 comparators are required.

Thus, Flash ADCs are usually implemented for a small number of bits.

The resistor ladder provides the appropriate reference voltages for each
comparator. In this case: 0.5V, 1.5V, 2.5V, ... 6.5V.

When a comparator detects that the input voltage (Vin) is higher than its

reference voltage, its output changes to level 1.

The priority encoder (17 is highest priority and 10 is lowest) generates the binary

code corresponding to the highest priority active input.

Vin

Vref (8V)

Priority

Encoder
17

D2 |—

L source: Authors
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ADC CHARACTERISTICS

Resolution: the number of bits (N) of the output code of the ADC. The number of quantization levels is given by 2N. A 10-bit
ADC has 1024 quantization levels. Hence, for a reference voltage of 1V, each quantization level is 0.97mV (1V/1024). The

guantization error is up to £ 0.485mV (.97/2).

Conversion time: how long does it take to the ADC to perform a conversion. Currently, most ADCs integrated in MCUs take
from 0.1us to 1us. Flash ADCs may take less than 10 ns. The conversion time determines the maximum sampling
frequency (fsamping)- BY the Nyquist theorem, the sampling frequency should be larger than twice the highest frequency in

the input signal, i.e. foamping > 2 * fsignal.
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ADC CHARACTERISTICS

Fullscale

Error
l‘i’\
Full Scale | | :
DC (and low frequency) errors.
Non-Linearity
The green line represents the ideal transfer function. Error
The black line represents the actual transfer function clzﬂt:\a:::
including offset errors and non-linearity errors. ADC
| | N Counts C%rrected
The red line corrects non-linearities but offset errors are e
still present. Absolut
Error
Real
Curve
ov
.T. Vfull Scale
Offset Error Input Voitage
source: Renesas DevCon2015
Mitch Ferguson - ADC Specifications
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ADC CHARACTERISTICS ADC Transfer Function

(DNL Error)

114 =t —
Differential non-linearity (DNL)
110 —++
The ideal transfer function is shown as the dotted line.
s 101 4+
Actual transfer function is shown in bold line. % e
. . O I
DNL causes wider or narrower code widths. Also, % 100
increases quantization noise. g 011
12LS8
010 — .
001 -
| | | | | |
000 1 ! ! ! ! ! !

0 /8 14 3/8 12 58 34 78
Analog Input

source: Renesas DevCon2015
Mitch Ferguson - ADC Specifications
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ADC IMPLEMENTATIONS

The most common ADC architectures (topologies) are:

Description

It is the fastest but also the one that requires the most circuitry (2N comparators and resistors).

Two ADCs in sequence, the first resolves the MSb and the second the LSb.

Resolves bit-by-bit, thus, requiring a single comparator. Takes N clock cycles to generate the result.

Based on sigma-delta modulation, it is a 1-bit ADC that tracks the signal. It is based on oversampling, digital
filtering and decimation.

Uses a single comparator whose reference voltage is a ramp. Counts the number of clock pulses to the
ramp to reach the value of the input signal.

Integrates the input signal then integrates -Vref until the result of the integration reaches 0. Measures the
time for the -Vref integration which is proportional to the amplitude of Vin.
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SAR ADC

A SAR ADC (Successive
- _ clock ——Xd!% start EOC
Approximation Register Analog-to-

Digital Converter) is based on a SAR, Vinj
a Digital-to-Analog Converter and a /

Comparator.

The basic operation is to sequentially

compare in input value to half of the

analog range, decide if the inputis in
. DAC, 4-0/2 1 DACou

the upper or lower half, store this bit of out™d

information and move to the next -q/2

comparison.

source: Authors
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OPERATION OF THE SAR ADC

The same example as in the slide Quantization.
Vin = 3.8V, Vref = 8V, 3-bit ADC.

On the first clock cycle (CIkO):
» The SAR consists of a Shift Register (top) and a register

holding the partial results (bottom). 3.8V Vinj 1
» The start input of SAR is 1, this sets the first bit of the Shift ‘/

ClkO

clock ——gXd[X start EOC

Register in the SAR. b2 b1 b0
= The bit of the shift-register that is set, is used to compose 3.5V
the current reference value. .
» The output 100 of the SAR is converted by the DAC to 4V, 4V
producing a 3.5V reference. DAC, -0/2 DACo.:
= The 3.8V input is compared to the 3.5V reference . -q/2
producing a 1 at the output of the comparator. 0.5V
This is the MSb of the result that is latched in the SAR at the
start of CIk1.

source: Authors
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OPERATION OF THE SAR ADC

Clk1

On the second clock cycle (Clk1):
= The start input of SAR is 0. Clock ——gIdI Sl EOC

» The SARs Shift Register shifted the 1 bit to the 3.8V Vin ' 0
next position. /

» The partial result register holds a 1 at b2 that was
latched at the start of the cycle, while b1 holds a 1
from the middle bit of
the shift-register. 2.0V
= The output 110 of the SAR is converted by 6V
the DAC to 6V, producing a 5.5V reference. DAC, -q/2 DAC,
» The 3.8V input is compared to the 5.5V reference -0/2
producing a 0 at the output of the comparator.
This is the next bit of the result that is latched in the -0.5V

SAR at the start of Clk2.

source: Authors
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OPERATION OF THE SAR ADC

On the third clock cycle (Clk2):
= The start input of SAR is 0.

» The SARs Shift Register shifted the 1 bit to the next
position.

= The partial result register holds a 10 at b2 b1 from
the two previous comparisons,
while b0 holds a 1 from the last bit of the shift-
register.

= The output 101 of the SAR is converted by the DAC
to 5V, producing a 4.5V reference.

» The 3.8V input is compared to the 4.5V reference
producing a 0 at the output of the comparator.

This is the next bit of the result that is latched in the
SAR at the start of the next clock

0
Clk2
clock ——gXd|X
3.8V, 0
:’ e
b2b1l b0
4.5V
5V
DACoy-0/2 BACo
-0.5Vv

source: Authors
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OPERATION OF THE SAR ADC

On the next clock cycle the result is available.

» The last bit of the shift-register is shifted out to EOC

(end-of-conversion).

= The result of the conversion is presented at b2 b1 b0 V‘”4_>

that hold the results of the three previous

comparisons.

DACout'q/2

source: Authors
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DIGITAL TO ANALOG CONVERSION

The Digital to Analog Converter (DAC) performs the opposite conversion of the ADC, i.e. it converts a digital value into the

corresponding analog value according to the formula:

Digital Value
Analog output (V) = N Vier

for an N-bit DAC whose input value is Digital Value and its analog reference voltage is V,
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DIGITAL TO ANALOG CONVERSION

The schematics symbol for a DAC is:

Digital
Inputs

analog
output

digital analog
ground ground

The number of digital input lines is N for an N-bit DAC.
source: Authors
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SINGLE-BIT DIGITAL TO ANALOG CONVERTER

A single-bit DAC is the simplest form of a
DAC. A single switch, which is controlled by
the digital input, either connects the input of
the analog amplifier to Vref or to ground.
Hence, the possible analog output values

are either 0 or Vref.

Vref

single-bit
digital input

source: Authors
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The effect of 5 different duty cycles after passing a
low-pass filter whose cutoff frequency is much lower

USING A PWM AS A DAC than the PWM frequency.

Pulse Width Modulation

0% Duty Cycle - analogWrite(0)

Sv‘ ‘ oV

Ov |

25% Duty Cycle - analogWrite(64)

5"“ I‘l |'| 1 1.25V

Ov

50% Duty Cycle - analogWrite(127) |
Sv OW-pPass
P 25V
Ov - i filter
75% Duty Cycle - analogWrite(191)

Amimimiminl

100% Duty Cycle - analogWrite(255)
Sv ‘

oV

v

source: commons.wikimedia.org (CC)
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USING A PWM AS A DAC

The topology presented is a Kelvin Divider DAC, also
called a string DAC. Among its advantages are its
monotonicity and low-glitch.

It requires 2N resistors and switches for an N-bit DAC,

which makes it impractical for a larger number of bits.

Vref

3-to-8
Decoder

o7 D2
06

s Digital
04 Inputs
03

0, DOl—

01
00

switches
controls

N

analog
output

source: Authors
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OPERATION OF THE 3-BIT DAC

In this example, Vref is 8V and the digital input has the
value 4 (100b).

Output O4 of the decoder is active and commands the
corresponding switch. The resistor string has values 1V
apart

at each of its taps.

The output analog amplifier simply provides isolation,
avoiding that the impedance of the load affects the

analog value at the taps of the resistor string.

3-to-8

o2 DO

01
00

Decoder
2V |- -~ — 19 o —1
Vref — 19 igi
re : — o o Digital
D1 b—
:l controls ‘ . 0

4yanalog
output

2V

1V

ov. _~

J7 source: Authors
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R2R LADDER DAC

The R2R resistor ladder topology has the
advantages of requiring only 2N resistors
in the ladder and the values of these
resistors are either R or 2R, avoiding
components with a significant difference in
value, as would be the case for the binary-
weighted DAC that requires values of R,
2R, 4R, 8R, 16R, ...

LSB /MSB
w | T 11 1T 9]
I

The Data Conversion Handbook, Edited by Walt Kester, Analog Devices Inc.
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DAC CASE STUDY THE S7G2 DAC

Characteristics:

Two 12-bit DACs available: DACO and DAC1,

The 12-bit value present at the DADRI register is converted to an analog value of V_(ref ) DADRil4096,

Output amplifier is available, may be enabled under SW control,

DAC operation may be synchronized to ADC1,

DAC conversion may be started by an ELC event.
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DAC CASE STUDY THE S7G2 DAC

DACO and DAC1

block diagram

source: Renesas S7G2 user’s manual

Module data bus Internal peripheral bus

8
12-bit A/D converter g Q
synchronous DVA conversion E
enable input signal =
=
ni]
AVCCO — 5 %
AVSSD ——f % a
WVREFH —— é § ) Ec}
L] =
VREFL —— 19.bit 1 S8lelzlxlQ E
212212 |<
o|la|d % a

Di& Synchronization
DA *—@— - circuit —‘

ELC_DAD, ELC_DA1

| event signal input

DAQ <o a <

il

Control circuit

DADRO: D/A data register 0
DADR1: D/A data register 1
DACR: D/A control register
DADPR: DADRm format select register

DAADSCR: D/A A/D synchronous start control register
DAAMPCR: D/A output amplifier control register
DAADUSR: D/A A/D synchronous unit select register

© 2020 Renesas Electronics Corporation. All rights reserved.
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DAC CASE STUDY THE S7G2 DAC

Renesas S7G2 DAC characteristics:

Table 2.43 D/A conversion characteristics

Item Min Typ Max Unit Test conditions

Resolution - - 12 Bits -

Without output amplifier

Absolute accuracy - - +24 LSB Resistive load 2 MQ

DNL 1.0 2.0 LSB Resistive load 2 MQ

Output impedance - 7.5 - kQ -

Conversion time - - 3.0 Ms Capacitive load 20 pF

With output amplifier

INL - 2.0 +4.0 LSBE -

DNL - 1.0 £2.0 LSB -

Conversion time - - 4.0 Hs -

Resistive load 5 - - kQ -

Capacitive load - - 50 pF -

Qutput voltage range 0.2 - VREFH-02 |V -

source: Renesas S7G2 datasheet
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8 — SERIAL COMMUNICATIONS

= Serial Communications - Introduction
= UART

= Concepts, Block Diagram, Registers
= SPI

= Concepts, Block Diagram, Registers
= |12C

= Concepts, Block Diagram, Registers
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8.1 —INTRODUCTION TO SERIAL COMMUNICATIONS

Concept:

» |n serial communications ONE bit is transmitted at a time, from the transmitter device (TX) to the receiver device (RX). As

opposed to parallel communications where several bits, e.g. 8 bits or 1 byte, are transmitted concurrently.
» |n serial communications a reduced number of wires are required.

= Long distance wired communications typically use serial communication.
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EXAMPLES OF SERIAL COMMUNICATIONS STANDARDS

= UART: Universal Asynchronous Receiver Transmitter
» SPI: Serial Peripheral Interface

= |2C: Inter-Integrated Circuit

= USB: Universal Serial Bus

= Ethernet
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DIRECTION OF COMMUNICATION

Sending 'Recelving
= Simplex: the communication occurs in a single direction — Device Device
one device transmits and the other receives.
Sending Receiving

(DevA and DevB) have transmitters and receivers. At a QECHnel, Y Signal Path SRy

» Half-Duplex: the communication occurs in both directions

but not simultaneously. Both communicating devices

Device

given time, either DeVvA transmits and DevB receives or _ .
*Use switch to change transfer direction.

vice-versa. A single wire is needed to carry the

communication.

Sending 'Receiving
» Full-Duplex: the communications occurs in both Device Device

L : : , Signal Path
directions and can be simultaneous. Usually two wires are Receiving

Sending
Device

Device

used: one to transmit from DevA to DevB and another to

transmit from DevB to DevA.
source: Renesas

rem: a transceiver consists of a transmitter and a receiver.
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SYNCHRONOUS VS ASYNCHRONOUS COMMUNICATIONS

= Synchronous: there is clock signal that identifies the time instances when a data bit is valid. Thus, the receiver uses the

clock signal to recover the transmitted information. SPI and 12C are examples of synchronous communication protocols.

= Asynchronous: there is no common clock signal, thus, the two communicating devices must previously agree on a
mechanism to identify each bit in the data stream. Therefore, the synchronization information must be embedded in the
data signal. Quite often there are transitions in the data signal to identify the time slot of each bit in the data stream. RS-

232 is an example of asynchronous communication.
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BIT RATE VS BAUD RATE

= Symbols: when transmitting signals over a wire, each possible combination of amplitude, phase and frequency is called a

symbol. Simple schemes use only two symbols: for instance 0OV and 3.3V to

represent O and 1, or the coding used by

RS-232 where amplitudes from -3 to -15 +15v

represent a 1 while +3 to +15 represent a 0.

+3v

-3v

Idle

source: commons.wikimedia.org (CC) _.15v

Start

Start

1

b0

bl

Space
MSB
O[1 |0 |0 |1 | O | stp
b2 b3 b4 b5 b6 b7 Stop
Idle
Time —»
Mark

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 316

BIG IDEAS FOR EVERY SPACE M zEN ESAS



BIT RATE VS BAUD RATE

= Symbols(cont): a much larger set of symbols is also possible, for instance, 256QAM, one of the many

encodings used for high speed ethernet, has 256 possible symbols, hence, each symbol encodes 8 bits.
Q

2 ¢ o ¢ ¢ © ¢]l]o ¢ o0 © o @ ©o ©

= Bit rate: is the number of bits that are transmitted

o

. . . . o © ¢ © © ¢ © ¢ ¢ O © O © O ©
per time unit. Expressed in bits/s.

 © ¢ o ¢ © 0 0| © 0o © ©o ©o © ©

© © © ©o © 0 © 0|0 © © © 0 © @ ©

» Baud rate: is the number of symbols that are

o © ©¢ ¢ ¢ © ©o 0o|®o ¢ o0 © O O © ©

transmitted per time unit. Expressed in baud/s. © ©o©o oo 000|000 000 © O
¢ ¢ ¢ 0o © 0 0 0|0 © O ©0 O O 0 ©

= |f a symbol encodes a single bit, such as the ®$eco s 0o e
 ©¢ ¢ ¢ ¢ 0 © ¢|0 © 0 ¢ 0 © O O

case for RS-232, then the baud rate and the I DA
bit rate are the same. © ©o©o o0 0 0 0|00 0 000 00

2 © ¢ 0 ¢ o0 0 0|0 © O ©0 ©0 O © ©

Yet, for 256QAM, the bit rate is 8 times higher

than the baud rate. @ © © © © 0 © |0 @ @ 0 0 0 O O
@ o @ o © @ © 0|0 @ @ @ @ @ © ©@
© © @ o © @ @ 0|0 @ 0 @ © ® ©°

source: commons.wikimedia.org (CC)
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8.2 - UART

A UART is a peripheral present in most MCUs. Typically it receives data from the processor over the bus, hence, in parallel
format, and handles the serialization and frame formatting.

A UART (Universal Asynchronous Receiver Transmitter) is capable of transmitting asynchronous data frames to another
device as well as receiving. Both devices must be configured for the same speed and frame format.

Typical speeds used for asynchronous serial communication are: 110, 150, 300, 600, 1200, 2400, 4800, 9600, 19200,
38400, 57600, 115200 bits per second. Higher speeds may also be used as long as agreed among transmitter and receiver.
Typically, the bit encoding defined by the RS-232 standard is used.

RS-232 defines separate lines for transmission and reception, thus, it is full duplex communication.
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UART

Asynchronous frame format — consists of a start bit, data bits, an optional parity bit and stop bits.
The frame format is configurable:

= number of data bits: 5 to 8,

» number of stop bits: 1, 1.5 or 2,

= parity: none, odd, even.

}4 Frame >{

| D6*

iStart/ DO | D1

H Bit Time = 1 / Baud Rate * Optional

source: commons.wikimedia.org (CC)
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UART

How does the receiver synchronize with the transmitter?
1. Both the transmitter and the receiver are configured in the same way: speed and frame format.
2. Maximum clock skew allowed between the two sides is typically lower than 2%.

3. Receiver samples at a higher rate (e.g. 16 times de baud rate) for the start-bit transition. A delay of half-bit period

determines the mid-bit position. From then on, sample every one-bit time.
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UART

How does the receiver synchronize with the transmitter?

Receive signal

e ppp

Sampling Delay (one cycle at worst)
interval

\ Sampling at bit center /_
Sampling timing T T T + +\\
™ Half of bit lzngth i

determined by baud rate Detected as start bit

woesra \_ [ XXX

Bit time interval determined by baud rate Center of bit
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UART

Example of the transmission of the character G

(ASCII code 0x47) over an asynchronous line. Note . > L »
i i i B © - N m = 1m w = [E o 53]
that the LSb is transmitted first. £ @ 2 2 &2 2 2 = B & 2 ot
£ Y @ & @ @ ® @& 2 v O :
Upper figure shows UART levels while lower figure o 8
shows RS-232 levels. 1 :
0 |
Configuration: 801.5 (eight bits, odd parity, 1.5 stop 1 c 1 1 1 0 o0 0 1 0 1 11°0P0
bits).
+15V
For a 9600 bps, the duration of each bit is 104.16 us.
+3V
oV
-3V
-15V

source: commons.wikimedia.org (CC)
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UART

A frequently used connector for RS-232 is the DB-9. Shown here are the signals on each pin. TxD carries the transmitted

data and RxD carries incoming data to the receiver.

ao
axy
axL
414
aND
aNg
H1a
axy
axli
ao

2 3 g Z 2 2 9 §
o) w w w o )
male female

source: commons.wikimedia.org (CC)
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8.3 — SPI: SERIAL PERIPHERAL INTERFACE

SPI = Serial Peripheral Interface

» |s a synchronous serial communication intended to be used to connect an MCU to external memory devices and

peripherals such as: Flash EEPROM, ADC, DAC, temperature sensor, digital potentiometer, Real-Time Clock, ...
» The topology is based in master and slave devices. There can be a single master, but multiple slaves are allowed.

» |t uses 4 wires: data from master to slave, data from slave to master, clock and slave select. It is full duplex

communication.

» There are many possible configurations; it has been reported that not all SPI devices are compatible, i.e. have a common

configuration.
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SPI

Single-slave connection:

SCLK: Serial Clock. Generated by the master;

MOSI: Master Out Slave In;

MISO: Master In Slave Out;

SS: Slave Select (active low).

SCLK » SCLK
SPI MOSI » MOSI SPI
Master MISO |« MISO Slave
SS » SS

source: commons.wikimedia.org (CC)
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SP| - OPERATION

Master Slave
= The Master selects a Slave by Memory Memory
SCLK
activating the /SS line. >
= On every clock cycle, one bit is
y y Oj112\|1314\|5]6]7 Moo ’01234567
transferred from the master to *
the slave and another bit is transferred MISO
from the slave to the master.
Not every transfer is significant.
= Typically the transfers occur in multiples
of 8 bits.
SCLK » SCLK
SPI MOSI » MOSI SPI
Master wSO < WSO Slave
SS » SS

source: commons.wikimedia.org (CC)
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SP| - CONFIGURATION

= CPOL: CPOL=0_/"\J\J\JT ST ST\
clock polarity selection SCK CPOL=1 " U\ S\ ST\ T\ T\ ST \J
= CPHA: SS "\ I~

clock phase selection

Cycle # DA X2 3 X456 X7 X8
Observe that bits change on one clock CPHA=O MISO D T T s s 7 s 0E
edge and they are sampled on the other. MOS| I T 2 3 A s s 7 e =
Cycle # (I 2 (3 Y4567 8
CPHA=1 MISO D@12 X325 X678z
MOSI ZXI T 2 X3 a5 678z

source: commons.wikimedia.org (CC)
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SPI - MULTI-SLAVE

SCLK r—» SCLK
= MISO lines must be tri-state to be MOSI 1 » MOSI SPI
_ SPI MISO |« ’ MISO Slave
interconnected. They must go to Master 551 » SS
high-impedance when the /SS line SS2
IS not active. SS3
+—» SCLK
» The Master selects one of the ¢ » MOSI SP|
slaves to exchange data with it. t R gI_SISO Slave
Hence, separate Slave Select lines
are required.
» SCLK
» MOSI SPI
MISO Slave
» SS

source: commons.wikimedia.org (CC)
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8.4 - 12C: INTER-INTEGRATED CIRCUIT

= Synchronous half-duplex communications among multiple devices on a bus.

» Developed by a division of Philips in the 80’s. This division is now NXP.

» Needs only two wires: data and clock.

= Bus drivers are open-drain with pull-up resistors, allows for multiple transmitters connected to the same line.

= Multiple masters are allowed on a bus. A master is the one that initiates a data transfer. Addressing modes use 7-bit and

10-bit addressing.

» Data rates: 100kbps, 400 kbps, 1 Mbps, 3.4 Mbps. (version 4 added a 5 Mbps data rate using push-pull drivers on a

unidirectional bus).

» Recommended reading: UM10204 — 12C-bus specification and user manual. Rev 6 — 4-April-2014. NXP.
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|2C — OPERATION

= The SCL line (Serial Clock) is driven by the bus master. When SCL is high the data line (SDA) is stable and can be read.

When SCL is low then the data line can change.

» The exception of this rule is the signaling of the start-bit (negative edge of SDA while SCL is high) and stop-bit (positive
edge of SDA while SCL is high).

sba  \

SCL

S B1 B2 BN P

source: commons.wikimedia.org (CC)
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|2C — OPERATION (7-BIT ADDRESSING MODE, MASTER WRITE)

1. Master: sends the start bit.

2. Master: sends 7-bit slave address.

3. Master: sends the direction bit (0O = write).

4. Addressed slave: sends an ACK bit (O = acknowledge).
5. Master: sends 8-bit data.

6. Addressed slave: sends ACK bit.

7. repeat steps 5 and 6 while there is data to transmit.

8. Master: sends stop bit.
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|2C — OPERATION (7-BIT ADDRESSING MODE, MASTER WRITE)

= |2C peripheral of Renesas S7G2 MCU

Timing diagram of a master sending data to a slave:

[7-bit address format: slave reception]

8 ] 1 2 3

s 1 2 3 4 ] i]
sban N [ 7-bit slave address AW AACKA Data (DATA 1) NACK A Data (DATA 2)
| - .
"\; .
BBSY _|] -~ -
* s lAddress match .
AASY -
TRS » Receive data (7-bit address) % Receive data (DATA 1)
TORE ':_# :.:‘
RORF TI TI
Read ICDRR Read ICDRR
(DATA 1)

(Dummy read [7-bit address])

source: Renesas S7 Series Microcontrollers User’'s Manual
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|2C — OPERATION (7-BIT ADDRESSING MODE, MASTER READ)

1. Master: sends the start bit.

2. Master: sends 7-bit slave address.

3. Master: sends the direction bit (1 = read).

4. Addressed slave: sends an ACK bit (O = acknowledge).
5. Addressed slave: sends 8-bit data.

6. Master: sends ACK bit.

7. repeat steps 5 and 6 while there is data to transmit.

8. Master: sends stop bit.
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|2C — OPERATION (7-BIT ADDRESSING MODE, MASTER READ)

= |2C peripheral of Renesas S7G2 MCU

Timing diagram of a slave sending data to a master:

[7-bit address format: slave transmission]

s 1 2 3 4 5 & T B 49 1
SDAn 7y [ 7-bit slave address Y R \AckA Data (DATA 1) )\,ﬂg{:h’g( Data (DATA 2)
| -l . » Lot

BESY = Address match PtLL .
AASY ] ITransmitdata (DATA1) _ ,++*"" Transmit data (DATA2)

TRS :

TDRE | ’I | [

RDRF | T T

Write data to ICDRT ~ Write data to ICDRT Write data to ICDRT
(DATA 1) (DATA 2) (DATA 3)

source: Renesas S7 Series Microcontrollers User’'s Manual
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PCLKB

At
P Je N ICMR —
I2C CAS E STU DY - S7G2 I IC v ] lIC§ (PCLKB1 to PCLKB128) | e
SCL"C}-*[ o e Transfer dock ICERH =
generator ICERL "
R Meise wh  fo seu
ICCRXx |I2C Control Register 1,2 maf fe e g
receptmz:rmnl a1 2
ICMRXx 12C Mode Register 1,2,3 [7s Jeoe _ e [
ICFER I2C Function Enable Register - [ o= =
. I'S:Hu.q:l.l:ﬂa]rm'trull-, s ICMR2 — o
ICSER I2C Status Enable Register i — Hg
ICIER |2C Interrupt Enable Register 7 MKW:EM 1 =%} - :
ICSRx 12C Status Register 1,2 e - — —1"
ICWUR I2C Wakeup Unit Register sDn ) ; o S I
T [[ 4]k secsionine L J;
SARLX Slave Address Register L 0,1,2 - = N prre—
cance]ler
SARUX Slave Address Register U 0,1,2 e [ Arorsenceosion L | [ == | I 7
- ICSR1 "
ICBRL |2C Bit Rate Low-Level Register wensad R ke
ICBRH 12C Bit Rate High-Level Register L] e S E— 2 e e
. . ‘ et cincwui —I ol
ICDRT I2C Transmit Data Register i =
. o ¥ ) Imbermupt request i
ICDRR I2C Receive Data Register | intemupt generater [
ficn Tijmk}:_%?ﬂ?aﬁr_ﬂ.
ICDRS |2C Shift Register — >
source: Renesas S7 Series Microcontrollers User’s Manual
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|2C CASE STUDY - S7G2 lIC

= Characteristics of the 12C Bus Interface of the Renesas S7G2 MCU:

May operate as master or as slave of an I12C bus with data rates up to 1 Mbps.

Up to 3 different slave addresses may be configured, 7-bit or 10-bit.

Digital noise filters for SCL and SDA signals.

Four interrupt sources: Receive data full, Transmit data empty, Transmit end, Error (NACK, timeout, ...).

© 2020 Renesas Electronics Corporation. All rights reserved. Page 336 BIG IDEAS FOR EVERY SPACE W zE N ESAS



|2C CASE STUDY - S7G2 lIC

Connection of multiple

devices on the 12C bus.

Power supply for pull-up
(T

_ SCL SCL
) } SCLin » »
Notice open-drain outputs
SCLout# —]
and pull-up resistors
: : _ SDA SDA
forming a wired AND. SDAin ¢ ’
SDAoutt —]
| <L | =T
ol a ol
(Master) sclin  —< 4% SClin 21 e
SCLout# —| SClLout# —|
SDAIn  —<] SDAin
SDAout# —| SDAout# —|
V v
(Slave 1) (Slave 2)
source: Renesas S7 Series Microcontrollers User’s Manual
© 2020 Renesas Electronics Corporation. All rights reserved. Page 337 BIG IDEAS FOR EVERY SPACE W zE N ESAS


https://www.renesas.com/us/en/doc/products/renesas-synergy/doc/r01um0001eu0140-synergy-s7g2.pdf

9 - CAN

Introduction

Block Diagram

Registers

SW Stack
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9.1 - INTRODUCTION

CAN is an acronym for Controller Area Network. It is defined by the 1ISO-11808: 2003 standard and has been mainly
motivated by the needs of the automotive industry, such as the ever increasing use of embedded sensors into the vehicles

and the need to optimize the internal space and reduce costs with cabling.

Characteristics of CAN:

Two-wire multi-master serial bus

Message-based protocol

Contention resolution via decentralized arbitration

All messages are broadcast and processed by the nodes only if needed

Speeds up to 1 Mbps
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CAN TOPOLOGY

CAN nodes are interconnected in a bus topology.

CAN physical layer is implemented with two wires (CANH
and CANL).
A logical 0 (called “dominant”) is obtained when CANH is Bus CANH

approx. 3.5V and CANL is approx. 1.5V.

A logical 1 (called “recessive”) is obtained when both CANH c
ANL

source: Authors

and CANL are at approx. 2.5V.
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CAN BUS FRAME

The standard CAN frame is defined as follows:

Arbitration field (Identifier) - defines the message identifier and its priority;

Data - data to be transmitted (O to 64 bits);

SOF, CRC, ACK and End of Frame - error checking and synchronization;

IFS (Interframe Space) - idle time used to process buffers.

- Complete CAN Frame >
<—— Arbitration Field ——— Control ———Data e CRC Field —————— <End of Frame
_ »l e o |o E
N 11 < «— 4 —>e—38 > 15 PR
g £ HER:
= Slz T il
i s 5 Soooo3ssesssocglolEilerrpare
tle W ol oo o e m N oo FoFIL Lo bW st 2
=+
SlocoococcocoodlelonlaaaalBE B R R E586556855555855[5|222222823]cLd
DATA
0 1 N2
CAN -'\l l ! ill
HI

LO
Source: CAN Bus (https://en.wikipedia.org/wiki/CAN_bus)
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CAN BUS FRAME (CONT,)

Control - define the following sub-fields:
» Data length (O to 8 bytes),
» Requ. Request (RTR) - used to identify a Remote Frame - see following slides,
= |D Ext. (IDE) - used to identify a Standard or Extended Frame:
» Standard Frame - IDE is dominant “0”, 11-bit identifier as shown in picture,

» Extended Frame - IDE is recessive “17, 29-bit identifier. The remaining 18 bits of the identifier are placed right after the
IDE bit, followed by an extra RTR bit. The original RTR is called SRR (Substitute Remote Request) and acts as a

placeholder.
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CAN MESSAGE TYPES

= Data Frame - carries data sent by a Node:
» The RTR bit is dominant “0” to identify a Data Frame;
= |t is always preceded by an Interframe Space.
» Remote Frame - carries a request for a transmission of data from another Node:
» The Arbitration/Identifier field carries the Identifier of the requested Node;
» The RTR bit is recessive “1” to identify a Remote Frame;
= The Data field is empty and the Data Length part of Control field determines the length of the requested message;

= |tis always preceded by an Interframe Space.

© 2020 Renesas Electronics Corporation. All rights reserved. Page 343 BIG IDEAS FOR EVERY SPACE W zE N ESAS



CAN MESSAGE TYPES

= Error frame - special format used to signal an error;
= Not preceded by an Interframe Space.
= Overload frame - special format used to provide an extra delay between messages (receiver too busy);

= Not preceded by an Interframe Space.
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CAN ARBITRATION PROCESS

= Every message has a priority level corresponding to its identifier (arbitration field) - the lower the value, the higher the

priority.
= When two or more nodes try to transmit at the same frame time:
= |dentifier bits 0 are “dominant” over identifier bits 1 “recessive”;
= The node that sends a 1 and reads back a 0 stops transmitting on that frame - retries on the next frame;
» The node that sends a 0 and reads back a 0 retains control and goes on to send the next identifier bit;

= After all the identifier bits are tested, the node that keeps on retaining control (i. e. the node whose message identifier

has the highest priority) sends the message contents.
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9.2 - BLOCK DIAGRAM

Implementation for the CAN Module of the
S7G2 MCU.

Message reception and transmission
organized in mailboxes - configurable as
single or FIFOs for different types of

messages.

Internal peripheral bus

g

CAN control registers
: Acceptance
CRXi O—» > Thtor >
Protocaol
controller ID priority
) P :
CTXi Od—— — transmission  |€ MailBoxes
controller
A fCANCLK
Baud rate Timer
prescaler Y
(BRP)
Peripheral module clock 0
(PCLKB) ]
CCLKS fCAN A 3
v, —» CANiI reception complete interrupt
EXTAL © —» CANi transmission complete interrupt
CANMCLK Interrupt —» CANI receive FIFO interrupt
generator P
BRP: Bit in the BCR register —» CANi transmit FIFO interrupt
CCLKS: Bitin the BCR register —» CANi error interrupt

fCANCLK: CAN communication clock

fCAN:

CAN system clock

Source: Renesas Synergy MCUs User’s Manual: Hardware
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9.3 - REGISTERS - CASE STUDY

Implementation for the CAN Module of the R7TFS7G27H3A01CFC Renesas ARM Cortex-M4 MCU:

» CTLR - mailbox mode, bus operation and/or reset, timestamp configuration;

» BCR - data transfer rate configuration;

» MKR[O...7] = define masks for reception of specific messages (IDs) into specific mailboxes (depending on MKR index);
» FIDCR[0..1] = similar to MKR but for FIFO mailboxes;

» MKIVLR - enables or disables masking (via MKR) for message acceptance;

= MIER - enable/disable mailbox interrupts;

= MCTL_TX]0..31] - transmission control for each mailbox;

= MCTL_RX][0..31] = reception control for each mailbox;
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9.3 - REGISTERS - CASE STUDY

= MBJ[0..31] - register groups for each mailbox:

MBJO0..31].ID - received or transmitted message identifiers;

MBJ0..31].DL - data length;

MBJ0..31].D[0..7] = received or transmitted data;

MBJ0..31].TS - timestamp for received messages.
» RFCR, TFCR - receive and transmit FIFO control;
» RFPCR, TFPCR - increment of the CPU-controlled pointer for receive and transmit FIFOs;

= STR - global CAN status register (new data received, receive and transmit FIFO status, CAN mode status and error

status);
» EIER - enable / disable error interrupts;

» EIFR - status of error detection.
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9.3 - REGISTERS - CASE STUDY

= RECR, TECR = receive / transmit error count;
= ECSR - status of CAN bus errors:
» TSR - stores the timestamp;

= TCR - test control.

© 2020 Renesas Electronics Corporation. All rights reserved. Page 349 BIG IDEAS FOR EVERY SPACE W zE N ESAS



9.4 - SOFTWARE STACK - CASE STUDY

Application

Example of CAN stack for Renesas Synergy

microcontroller hardware.

(https://www.renesas.com/en-
us/software/D6001427.html)

HAL Interface

CAN Interface

can_instance t

HAL Driver

CAN
R_CAN

Source: Renesas Synergy CAN HAL Driver Module Guide
r11an0065eu0101-synergy-can-hal-mod-guide
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9.4 - SOFTWARE STACK - CASE STUDY

Example of CAN API for Renesas Synergy microcontroller hardware

Function Name

Example APl Call and Description

.open

lg can@.p api-»open(g can®.p ctrl, g can@.p cfg)
The open API configures CAN Channel 0. This function must be called before any
other CAN functions.

MNote: This call is made automatically during system initialization, prior to entering

the users thread. Unless the user closes the module, open will not need to
be called.

close g can®.p api->close(g can®.p ctrl)
The close API handles the clean-up of internal driver data.
read g can@.p api-»read (g can®.p ctrl, p_args->mailbox,
&receiveFrame)
The read API reads received CAN data.
Write g can®.p api->write (g can®.p ctrl, @, &transmitFrame)
The write APl write data into the CAN transmit frame buffer and send it out.
_control g can®.p api-»control(g can®.p ctrl, CAN COMMAND MODE SWITCH,
&mode) ; with can_mode t mode = CAN MODE_LOOPBACK INTERNAL;
The control API can change the CAN mode of operation.
InfoGet g can®.p_api-»>infoGet(g can®.p ctrl, p_info)
The infoGet API retneves the CAN mode of operation.
versionGet g can®.p_api->»versionGet(version)

The versionGet API refrieves the module version information.

& Basic AP

’ functions

Source: Renesas Synergy CAN HAL
Driver Module Guide
r11an0065eu0101-synergy-can-hal-mod-

quide
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10 - USB

Introduction

Block Diagram

Registers

SW Stack
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10.1 —INTRODUCTION

USB is an acronym for Universal Serial Bus. It has been proposed by a consortium of companies, such as Microsoft, Intel,
IBM, Compaqg and NEC and is designed to support a wide range of applications that require communication with distinct

characteristics (real-time, high or low bandwidth, with or without message delivery guarantee etc.).

Current specification is 3.2 (Sep, 2017).
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10.1 —INTRODUCTION

Examples of devices that make use of USB:

Printers

Cameras - interface for photo and video upload

Smartphones - interface for battery charging and file transfer

Human Interface Devices - keyboard, mouse etc.

Development electronic boards - debug interface (JTAG emulation)
= Game joysticks
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10.1 —INTRODUCTION

Characteristics of USB:

= Four (or five)-wire serial bus with single master (host) and up to 127 slaves (devices);
= Exception 2> USB On-The-Go (OTG) - allows negotiation between two devices (point to point) to be a temporary host;
= Example of OTG use: a camera device connected to a printer device to print photos;

» Defines low speed (1.5 Mbps), full speed (12 Mbps) and high speed (up to 5 Gbps at version 3.0) bandwidth

» Rem: USB 3.0 uses a 9-pin connector (USB-A 3.0 connector) or a 24-pin USB-C connector.
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10.1 —INTRODUCTION

= Four types of data transfers - meet the requirements of different communication types

= Device class identification by the host via enumeration protocol - allows plug-and-play and hot swap capabilities, as well

as instantiation of the proper class driver software by the host
= Bus power capabilities - some USB devices do not need an extra power source

= USB host is able to detect overcurrent conditions, so that power can be removed from the device causing the problem

without affecting the other devices already connected
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USB TOPOLOGY

= USB Host Controller is the master and generates

transactions (via Root Hub). USB Host
Controller Tier 1
= Each Hub is physically connected (by wire) to a Node or
Root Hub
another Hub.
» Nodes are slaves which perform the functions - also Tier 2
known as Devices.
= Each level defines a tier > maximum of 7 as USB 2.0 Tier 3
Specification.
= Nodes can be inserted or removed when necessary - Tier 4

upon insertion, the enumeration process is executed to

identify the device class and configure it.

source: Authors
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USB PHYSICAL INTERFACE JsBll-20 USB 3.0

L S ey I gy S gy N

USB 1.1 and 2.0 - 4 shielded wires. A B A

G HH
= 2 wires for data -> differential

: ini- Mini-B [:]
= 2 wires for power (5 Vdc and GND) Mini-A B
Type A > host. W
Type B = device. Micro-A Micro-B Micro-B
Source: By Milos.bmx (Own work) [CC BY-SA 3.0

Mini and Micro variations use the same electrical interface in (https://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons

https://commons.wikimedia.org/wiki/File%3AUSB3.0_connectors.svg
smaller form factors.

OTG - extra pin to identify the role of the device (A or B). USB-C

The receptacle is called Micro-AB and accepts both Micro-A m

and Micro-B connectors.

CCo
https://commons.wikimedia.org/wiki/File:USB Type-C icon.svqg

USB 3.0 = 5 extra wires.
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USB LOGICAL VIEW Host side Device (function) side

App software | :

Communication flows are performed
via pipes - composed of endpoints
—> unidirectional data paths.

I .
Class driver API Intgrface 1 (pipe bdndle)

Function SW
(Device)

: : Class driver
Endpoint / pipe bundles form an

interface - a view to the function /
device behavior as it is exposed to
the host.

|
|
|
|
|
|
|
|
|
|
|
|
The host side instantiates a class :
|
|
|
|
|
|
|
|
|
|
|
|
|

Buffers
Hre Integface N (pipe bulhdle)

I
Default pipe (endpo!nt 0)

USB USB driver USB Device Ctrl [
System
driver during device enumeration > SW USB Host Ctrl SW

manages the interfaces and provides driver (HCD)

an API to the app level. USB transfers

USB transfers

{1
Transactions

(USB frames)

Default pipe is bidirectional (endpoint
0 in both directions) and is used for
device configuration.

HW

3 | ! |I USB
ransactions HW

(USB frames)

|
|
|
|
|
|
|
|
|
|
|
|
|
Driver (DCD) System,
|
|
|
|
|
|
|
|
|
|
|
|
|

source: Authors
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USB HOST CONTROLLER

= The USB Host Controller hardware layer offers an HCI (Host Controller Interface) to the Host Controller Driver in software

—> standardizes the register access and allows interoperability between the host OS and different hardware

implementations.
» Some HCI standards have been historically defined:

= OHCI (Open Host Controller Interface) - defined for USB 1.1, manages the USB bus mainly in hardware (internal FIFO

descriptors management)

= UHCI (Universal Host Controller Interface) = proprietary interface by Intel, defined for USB 1.1, manages most of the

USB bus operation in software (HCD level)
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USB HOST CONTROLLER

= EHCI (Enhanced Host Controller Interface) - defined for USB 2.0, manages high-speed communication on a USB bus.
EHCI controllers have been usually implemented in PC motherboards in conjunction with UHCI or OHCI drivers (that

managed the low and full-speed devices).

= XHCI (Extensible Host Controller Interface) - defined for USB 3.0, manages all the USB bus speeds. It is meant to
replace the previous UHCI/OHCI/EHCI standards.
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USB PACKETS

USB Transfers are performed by a sequence of

transactions, which are composed of:

= A Token packet, carrying addressing, direction and
packet type information (IN, OUT or SETUP). The
token can be of PID type Start-Of-Frame (SOF),
issued every 1 ms (full-speed) or 125 us (high-

speed) and used for synchronization.

» Frame - interval during which a sequence of
transactions is performed for the endpoints

controlled by the host..

Field |PID___|ADDR _|ENDP_|CRC5 ____
7 4 )

Bits 8

Desc Type of Device
packet address

Endpoint CRC of ADDR and
address ENDP

Token packet

Field | PID___| Frame number | CRC5
11 5

Bits 8

Desc Type of Current frame CRC of Frame
packet Number

SOF packet

© 2020 Renesas Electronics Corporation. All rights reserved.
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USB PACKETS
= A Data packet, carrying the effective data being m

transferred. Data packets are issued either by the Bits 0-8192

host or the device, depending on the endpoint Desc Type of  Data CRC of

direction (identified by the previous Token packet). packet DATA

o ) Data packet
PID indicates type DATAO or DATAL (toggling for

full-speed transfers) or DATA2 (high-speed

transfers). m

Bit 8
» A Handshake packet, used to report the status of a e

Desc Type of
packet

the receiver of the Data packet. PID indicates ACK, Handshake packet

data transaction. Handshake packets are issued by

NACK, a halt condition (STALL) or no response yet
(NYET).
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USB TRANSFERS

USB defines four types of data transfers:
= Control - control commands to configure device, delivery guaranteed, low bandwidth required.
= Control transfers are performed in three stages:

— A Setup stage, starting with a token packet of type SETUP and a data packet containing a USB device request - see

following slides.

— An optional Data stage, starting with a token packet of type IN or OUT (depending on direction) and a data packet

containing the data pertaining to the USB device request.

— A Status stage, starting with a token packet of type IN or OUT (inverse of Data direction) and containing request status

information.
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USB TRANSFERS

= Bulk - large amounts of data, non real-time, delivery guaranteed, variable use of bandwidth - used for reliable data

transfers, such as mass storage data.
» Token packets for bulk transfers are of type IN or OUT, depending on transfer direction.
» [nterrupt - real-time, small and periodic amounts of data - used for event notification (e.g. key typed on a keyboard).

= Token packets for interrupt transfers are of type IN or OUT, depending on transfer direction.
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USB TRANSFERS

» [sochronous > large amounts of data, delivery not guaranteed, steady rate of transmission and reception, bandwidth

depending on sampling characteristics - used for streaming data, such as voice or video.
» Token packets for isochronous transfers are of type IN or OUT, depending on transfer direction.
= |sochronous transfers do not use Handshake packets.

Individual endpoints are configured to a specific type of data transfer, depending on the class driver loaded by the host during

the enumeration process - see following slides.
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USB TRANSFERS SCHEDULING

Rules for transfer scheduling:
» Periodic transfers (isochronous and interrupt) - limited to 90% of the bandwidth of a frame.

= Control - use as much as necessary of the remaining 10% (plus the remaining amount in the 90% of the bandwidth that is

not used for periodic transfers).

= Bulk = use the bandwidth that is left.
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USB ENUMERATION

The USB enumeration protocol is executed whenever a new device is inserted into the bus. This protocol comprises the

following steps:
= USB root hub detects when a device is connected (D- or D+ are pulled up with resistors).
= USB host powers and resets the device.

= USB host issues device requests through the Default Control Pipe (default address 0) to get the Device Descriptor - see

following slides.
= USB host assigns a unique address to the device.

= USB host issues device requests through the Default Control Pipe to get the Configuration Descriptors - see following

slides.

= USB host enables a valid configuration = all corresponding interfaces and endpoints are configured, and the device may

draw the current described in the descriptor for the selected configuration.
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USB ENUMERATION

Some steps of the enumeration protocol require issuing USB device requests to the device being enumerated.

The USB device requests are issued during the Setup stage of a Control transfer. A device request is 8 bytes long and

contains the following fields:

bmRequestType (1 byte) = request direction, type (standard, class, vendor, reserved) and recipient (device, interface,

endpoint, other).

bRequest (1 byte) = specific request (set address, get and set configuration, get and set descriptor, get and set interface

etc.).

wValue (2 bytes), windex (2 bytes) - value and index that depend on request.

wLength (2 bytes) - number of bytes to transfer if there is a data stage.

Refer to USB 2.0 Specification, Section 9.3 for more detailed information.
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USB ENUMERATION

Descriptors sent by the device during enumeration process

(in response to GET_DESCRIPTOR requests):

» Device descriptor - defines the device class, device
subclass, device protocol, max packet size for default
endpoint, vendor, product, release number, indices for

manufacturer, product and serial number strings, and the

number of configurations.

bLength

bDescriptorType
bcdUSB
bDeviceClass
bDeviceSubClass
bDeviceProtocol
bMaxPacketSize0
idVendor
idProduct
bcdDevice
iManufacturer
iProduct
iSerialNumber

bNumConfigurations

1

PR R R, N NN R R R RN R

Device Descriptor

Field Size Descr
(bytes)

Size of descriptor

DEVICE descriptor type

USB Spec Relase Number in BCD
Class code

Subclass code

Protocol code

Max packet size for endp O
Vendor ID

Product ID

Device release number in BCD
Index of string desc for manufacturer
Index of string desc for product
Index of string desc for serial

Number of possible configurations

Source: USB 2.0 Specification, Table 9-8
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USB ENUMERATION

= Configuration descriptor - defines the number of

interfaces for this configuration, the configuration value

Configuration Descriptor

Field Size Descr
(bytes)

and an index for this configuration’s string, if the device is bLength ! Size of descriptor
. ) . bDescriptorType 1 CONFIGURATION descriptor type
self-powered when running that configuration and the max PROTIYP PROTYP
_ _ o wTotalLength 2 Total length of configuration data
power consumption (in case it is bus powered). (includes Interface and Endpoint
descriptor sizes)
» AGET_DESCRIPTOR request to a Configuration bNuminterfaces 1 Number of interfaces
Descriptor returns also the Interface and Endpoint HCEmEEErElnE 1 CErguEien 1D
: . . . . . iConfiguration 1 Index of string desc for this confi
descriptors pertaining to the given Configuration, in o o o
_ _ bmAttributes 1 Configuration characteristics
sequential order - see next slides. o
bMaxPower 1 Max power consumption in mA when
operating on this configuration
Source: USB 2.0 Specification, Table 9-10
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USB ENUMERATION

» |[nterface descriptor - defines the
interface number, the number of endpoints,
the interface class, subclass and protocol,
and an index to a string describing this

interface.

Interface Descriptor

Field Size Descr
(bytes)

bLength

bDescriptorType
binterfaceNumber
bAlternateSetting

bNumEndpoints

binterfaceClass
binterfaceSubClass
binterfaceProtocol

ilnterface

1

[ S S

(S S S

Size of descriptor

INTERFACE descriptor type
Zero-based number of this interface
Value to select this alternate setting

Number of endpoints used by this
interface

Class code for this interface
Subclass code for this interface
Protocol code for this interface

Index of string desc for this interface

Source: USB 2.0 Specification, Table 9-12
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USB ENUMERATION

Endpoint Descriptor
= Endpoint descriptor - defines the

Field Size Descr
(bytes)

endpoint address and direction, the endpoint

bLength 1 Size of descriptor

type (control, isochronous, bulk or interrupt), _ _
bDescriptorType 1 ENDPOINT descriptor type

the max packet size and the pO”mg interval bEndpointAddress 1 Address for this endpoint

for periodic endpoints (isochronous and bmAttributes 1 Endpoint attributes (type etc.)

interru p'[). wMaxPacketSize 2 Max packet size for this endpoint
binterval 1 Polling interval in frames

= Refer to USB 2.0 Specification, Section 9.6

for more detailed information.

Source: USB 2.0 Specification, Table 9-13
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Endpoint
Descriptor

bNumlInterfaces

USB ENUMERATION _

: : | Descriptor
USB Descriptor hierarchy ngl%‘;ﬁg‘:n g

bNumEndpoints Endpoint

I
I
| Descriptor
I Interface
bNumConfigurations : Descriptor Endpoint
: I Descriptor
Device el ey
Descriptor

bNumEndpoints Endpoint

Descriptor
Interface
Descriptor
Configuration - - --------c--D----oco=o
Descriptor !

|
| bNumEndpoints Endpoint
|

Descriptor
Interface and endpoint descriptors are sequentially N Interface
retrieved, right after their corresponding configuration ‘ l  Descriptor Endpoint
|

descriptor, during the same GET_DESCRIPTOR request Descriptor

bNuminterfaces

Source: Authors
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10.2 - BLOCK DIAGRAM - CASE STUDY

The R7FS7G27H3A01CFC Renesas

P

ARM Cortex-M4 MCU implements two LINK core Registers  [4——»
USB modules: L T .
USB Registers [ R i %
t i o P
= USB 2.0 FS - operates only on low ranseeer USB device S 2
USBO DP 1 & controller E =
— Interrupt o a
and full speed modes. Based on USBO_DM >R controlier 8 T
1 . B 5
- Ll il E E
registers and a FIFO controller to >_°l> > = =

_ —D > FIFO buffer [« 3
manage buffers to be received / N ,| | USB protocol controller > FIFO lesp
L_,-"’ » engine controller

transmitted. _ | Memory |« >

- " |controllerf—w < PCLKE
~ 3
Y Y
USB clock (48 MHz) 1-port SRAM | | USB clock (48 MHz)
»| USB clock control ———&———> o in) [ Fouke

Source: Renesas Synergy MCUs User’s Manual: Hardware
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10.2 - BLOCK DIAGRAM - CASE STUDY

s USB 2.0 HS = Operates in h|gh USBHSR interrupt ¢—— USB2.0 host/function controller PCLKA
DOFIFC interrupt s—— LUSB2.0-LINK core ! !
speed mode (480 Mbps). Uses DIFIFO interrupt < ™ -
o VOC_USBHS O— : CPUIUF _| (HPBIPU) master
DMA FIFOs to maximize memor - UTMI-PHY |¢ FIFO buffer || CPU register
y VS51_USBHS O— N *| controller [ | CPU-FIFOUF [——
USBHS DP O—
transfer speed. USBHS_DM O— . Device
VSS2_USBHS O—| g [« > controller
PVSS_USBHS O— PN /L:>
AVSS USBHS O— = Brotocol :Etlﬁglztr DMAO I/F s
USBHS_RREF O— E [“T"|engine block| ™ «—>{ DMAO-FIFO IIF [ —
AVEC_USBHS C HSEB FS controller
UCLK (PCLKB) — 1
DMA1 /F HPB
USBMCLK —eLL >0 «>| DMA1-FIFO I/F K » L] clock
% 1 control
F
CLKSEL
k. L 4 A 4
I:l UTMI clock operation unit  ====» HPB clock 1-port SRAM Local bus I/F

I:I HPB clock operation unit  —— UTMI clock
(8 bits: 60 MHz, 16 bits: 30 MHz)

Source: Renesas Synergy MCUs User’s Manual: Hardware
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10.3 - REGISTERS - CASE STUDY

Implementation for the USB 2.0 FS Module of the R7FS7G27H3A01CFC Renesas ARM Cortex-M4 MCU:
» SYSCFG - enabling/disabling USB, pull up / pull down resistor config

» SYSSTSO - line status, overcurrent status (from an external overcurrent detector), status bits for entering / exiting the

“suspended” mode
= DVSTCTRO -> connection status (reset, low-speed or full-speed), wakeup detection, enable / resume / reset control
» CFIFO, DOFIFO and D1FIFO - read/write from/to FIFOs associated to control pipe and to other communication pipes
» CFIFOSEL - configure control pipe and associate to CFIFO

» DOFIFOSEL, D1FIFOSEL - associate pipes to DOFIFO and D1FIFO, configure DMA
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10.3 - REGISTERS - CASE STUDY

CFIFOCTR, DOFIFOCTR, D1FICOCTR - received data length, status of FIFO read

INTENBO, INTENB1 - enable / disable USB interrupts

BRDYENB - enable / disable BRDY (data transfer successful) interrupt for each USB pipe

NRDYENB - enable / disable NRDY (data transfer not successful) interrupt for each USB pipe

BEMPENB - enable / disable BEMP (buffer empty or incorrect packet size) interrupt for each USB pipe

SOFCFG - configuration for SOF (start-of-frame) and frame timing (LS and FS)

INTSTSO, INTSTS1 - status of several interrupt sources (SOF, resume, BRDY, NRDY, overcurrent, disconnection etc.)
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10.3 - REGISTERS - CASE STUDY

= BRDYSTS - status of BRDY interrupt for each USB pipe

» NRDYSTS - status of NRDY interrupt for each USB pipe

» BEMPSTS - status of BEMP interrupt for each USB pipe

= FRNUM - frame number, status of CRC error and overrun/underrun in isochronous transfers

» DVCHGR - used when device recovers from deep software standby mode due to USB events

= USBADDR - USB device address, configuration for recovery from deep software standby mode
= USBREQ - fields of setup requests used for control transfers.

» USBVAL - stores the wValue field of setup transactions (received and for transmitting)
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10.3 - REGISTERS - CASE STUDY

= USBLENG -> stores the wLengths field of setup transactions (received and for transmitting)
» DCPCFG - enabling and direction of the Default Control Pipe

= DCPMAXP - maximum packet size for the Default Control Pipe

» DCPCTR - controls transfers for the Default Control Pipe

» PIPESEL - select pipe to be configured by PIPECFG, PIPEMAXP etc.

» PIPECFG - configures selected pipe (endp number, direction, transfer type etc.)

= PIPEMAXP - configures maximum packet size for selected pipe

» PIPEPERI - configures error detection interval for isochronous pipes

» PIPECTR[1..9] - controls transfers for the corresponding pipe

» PIPETREJ[1..5] = enables / disables transaction counter
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10.3 - REGISTERS - CASE STUDY

PIPETRNI[1..5] - transaction counters for the corresponding pipes

DEVADDIO0..5] = configures the transfer speed for the device to which the corresponding pipe is communicating

PHYSLEW - adjust the physical driver to host or function operation

DPUSROR - configures pull-up / pull-down resistors, reads status of overcurrent and VBUS inputs

DPUSRI1R - configures and reads status concerning deep software standby mode

USBMC - enables / disables battery charging mode and regulator circuit

USBBCCTRLO - configures parameters for battery charging mode
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10.4 - SOFTWARE STACK - CASE STUDY

Application

Example of USB Host stack for
Renesas microcontroller hardware
(part of SSP — Synergy Sofware
Package):

Uses a Mass Storage Module on

top as class driver.

Uses Thread X RTOS to manage
the threads concerning USB

components.

(https://www.renesas.com/en-

us/software/D6001255.html)

Framework

USBX Host Clas

Framework

Thread X®

UsBX Host Configuration
g_ux_host_0

RTOS

Frameworks

USBX Part HCD on
sf_el_ux for USBFS

LSEX Port HCD on
sf_el_ux for USBHS

LISBX on
ux

HAL Drivers

TX Transfer
Driver

R_DMAC

TX Transfer RX Tramsfer RX Transfer TX Transfer TX Transfer RX Transfer
Driver Driver Driver Driver Driver Drivar
R_DTC R_DMAC R_DTC R_DMAC R_DTC R_DMAC

RX Transfer
Driver

R_DTC

Source: Renesas Synergy USBX Host Class Mass Storage Module Guide
r11an0173eu0100-synergy-ux-host-class-mass-storage-mod-guide
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10.4 - SOFTWARE STACK - CASE STUDY

= The application for the shown
example uses the top-level API
provided by the USBX Host Class

Mass Storage component:

» This component instantiates a file
manager (FileX) when a mass
storage device (e. g. an USB

memory) is inserted.

» The application uses the API
provided by FileX to access the
mass storage device contents -

file open, close, read, write etc.

UINT
UINT

UINT

UINT

UINT
UINT
UINT

UINT
UINT

UINT

UINT
UINT
UINT
UINT
UINT
UINT

fx_file_allocate(FX_FILE *file_ptr, ULONG size);
fx_file_attributes_read(FX_MEDIA *media_ptr, CHAR
*file_name, UINT *attributes_ptr);
fx_file_attributes_set(FX_MEDIA *media_ptr, CHAR
*file_name, UINT attributes);
fx_file_best_effort_allocate(FX_FILE *file_ptr, ULONG
size, ULONG *actual_size_allocated);
fx_file_close(FX_FILE *file_ptr);
fx_file_create(FX_MEDIA *media_ptr, CHAR *file_name);

fx_file_date_time_set(FX_MEDIA *media_ptr, CHAR *file_name,

UINT year, UINT month, UINT day, UINT hour, UINT minute, UINT second);

fx_file_delete(FX_MEDIA *media_ptr, CHAR *file_name);

|fx ﬂle_open(FX MEDIA *media ptr FX_FILE ‘ﬁle_ptr
CHAR *file_name, UINT open_type);

fx_file_read(FX_FILE *file_ptr, VOID *buffer_ptr, ULONG

request size, ULONG *actual size):

fx_file_relative_seek(FX_FILE *file_ptr, ULONG byte_offset, UINT seek_from),

~ Basic API

functions

fx_file_rename(FX_MEDIA *media_ptr, CHAR *old_file_name, CHAR *new_file_name);

fx_file_seek(FX_FILE *file_ptr, ULONG byte_offset);
fx_file_truncate(FX_FILE *file_ptr, ULONG size);
fx_file_truncate release(D( FILE *file _ptr, ULONG size);

Ifx file_write(FX_ FILE *file _ptr VOID *buffer _ptr, ULONG size);

Source: FileX Services

(https://rtos.com/wp-content/uploads/2017/10/EL-filex-programmers-quide.pdf)
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11 - ETHERNET

» |ntroduction
= Block Diagram
= Registers

= S\W Stack
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11.1 - INTRODUCTION

Ethernet is a wired network technology used to interconnect devices in a Local Area Network (LAN). It has been

standardized as IEEE802.3, comprising the physical and data link layers of the OSI model.

Main characteristics:

= Packet-based protocol,

= All messages are broadcast and processed by the nodes only if needed,

» Nodes can transmit at any time - Ethernet provides for automatic collision management (electrical or logical),

= Up to 10 Gbps (10GBASE-SR and further).
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11.1 - INTRODUCTION

Ethernet standard has evolved across different versions:

» Ethernet (IEEE 802.3) standard - makes use of coaxial connections (named 10BASE?2 and 10BASEDS) to achieve
bandwidths up to 10 Mbps;

» Fast Ethernet (IEEE 802.3u) - evolved from 10BASE-T (4-pair unshielded twisted pair) to 100BASE-TX and 100BASE-FX
(fiber-optic cable) to achieve bandwidths up to 100 Mbps;

= Gigabit Ethernet (IEEE 802.3z) - variation of Fast Ethernet (LOO0OBASE-T); that supports full duplex operation to provide
higher data rates (up to 1 Gbps);

= 10 Gigabit Ethernet (IEEE 802.3ae) - entirely based on optical fiber (10GBASE-SR), up to 10 Gbps.
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ETHERNET TOPOLOGY

Earlier Ethernet versions (10BASE2 and 10BASES5) used
coaxial cables to interconnect nodes in a physical and logical

bus topology.

Later versions (10BASE-T) rely on a physical star topology

based on hubs - connected to nodes with twisted pair cabling.

Current versions (100BASE-TX and further) rely on a physical
star topology based on switches - physically isolate the nodes
so that a packet is delivered solely to its destination node -

minimizes the network congestion due to packet collision.

Ethernet is always a bus topology from the logical point-of-view.

Bus

Star

source: Authors
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ETHERNET CONNECTION INFRASTRUCTURE

A Hub acts as a repeater:
» Data received by the hub from an Ethernet node is sent to all other Ethernet nodes connected to the hub.

» Therefore, multiple simultaneous transmissions are mixed and equally propagated to all connected nodes - possibility of

collisions.
A Switch acts as a filtered repeater:
Destination address of every transmitted Ethernet packet (frame) is checked by the switch.
» The frame is forwarded only to the corresponding Ethernet node.

= This allows multiple simultaneous transmissions to succeed, provided that the pair of source-destination nodes for each of

the transmissions is different.

= Packet collisions are avoided, as the switch is able to enqueue and serialize multiple frames addressed to the same

destination node.
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ETHERNET COLLISION MANAGEMENT

Because multiple Ethernet nodes share a logical bus,
it is possible that more than one node try to transmit
at the same time - collision.

To manage collisions, Ethernet uses the Carrier
Sense Multiple Access / Collision Detection
(CSMA/CD) protocol.

» The sender node starts transmitting a packet
(frame) and uses carrier-sensing to detect if other
nodes are trying to transmit at the same time.

= \While no collision is detected, the sender node
keeps on sending the frame bits until the end.

= |f a collision is detected, a jam signal is sent to
warn the other nodes about the collision, a
retransmission counter is incremented, and the
frame transmission is restarted after a random
amount of time.

= |f the retransmission counter reaches the maximum
number of attempts, the transmission is aborted.

(Gtar)
}

I Assemble a frame |

Attempt -+=—— 1
I |

N - -
Attempt++ 2 ¢ wait > 0 2)>+—| wait one slot time
Yes

émeoﬂﬂrstafi;n tmnsmil:l:ing’>J T

I

- Yes .
Transmit 1= bit wait--
of the frame

] f

| < Collision detected? /Yeg < Attempt > rrl.amttempt>ﬁb wait<+——rand(16)

of the frame

t Wo " qransmission finished? >
N

L‘re;

((Transmission successful ) (no transmission possible)

Tlar;smit next bit l No
[‘res

Source: https://upload.wikimedia.org/wikipedia/commons/3/37/CSMACD-
Algorithm.svg
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ETHERNET PACKET

An Ethernet frame encapsulates the data packet.
The frame includes addressing information (MAC) and error detection features.
» CRC checking is performed over all fields (except Preamble and SFD) and compared to FCS.

Dest addr defines special values for broadcast (all nodes receive and process the packet) and multicast (a group of nodes
receives and processes the packet).

Field | Preamble | Start of Length | Data Frame

Frame Check Seq
Delimiter

Bytes 8 1 6 6 2 46 to 1500 4

802.3 packet
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11.2 - BLOCK DIAGRAM - CASE STUDY

Implementation for the Ethernet Controller Module of
the R7TFS7G27H3A01CFC Renesas ARM Cortex-M4
MCU.

Extemnal bus controller

FAM

i

i

Internal bus

¢

EDMAC arbiter

= Two-channel controller > can operate two P { { {
EDMAC channel0 | | S TPEDMAC | eomacchannelt |5 ST M)
independent ETH interfaces. S I EAeD > EINT1 EDMACY)
vt vt VA
o EPTPC
» Depends on a DMA controller (EDMAC) to handle > -~ 1 1 -~
the TX and RX buffers without CPU intervention. ( . Internal peripheral bus = )
MII (Media Independent Interface) and RMII ETHERC (YL 0L =2 o ETHERC
(ETHERCD) | 2 2 - 2 3 2 2 - 2 £ | (ETHERCI)
£ m BT ® 5 B &
(Reduced MMI) are used to connect the ETH woo| |£5E5 E20158| [woo
controller to the PHY hardware that implements the 3 r v {t {
| MIl interface | N | MIl interface |
electrical interface. ] 1 *
1|',r'."IIh'F{I'..n'III channel O "MIIIRMII channel 1
Source: Renesas Synergy MCUs User’s Manual: Hardware
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11.3 - REGISTERS - CASE STUDY

Implementation for the Ethernet Controller Module of the R7TFS7G27H3A01CFC Renesas ARM Cortex-M4 MCU:

ECMR - enable / disable, operation mode configuration

RFLR - maximum frame length (between 1518 and 2048 bytes)
ECSR - detection of line events (e. g. false carrier)

ECSIPR - enable/disable line events interrupt

PIR - access PHY registers

PSR - status of PHY

RDMLR - upper limit for random number generation

IPGR - sets the interpacket gap (in bit times)
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11.3 - REGISTERS - CASE STUDY

APR - set pause time for an automatic PAUSE frame (used for flow control)

MPR - set pause time for a manual PAUSE frame (used for flow control)

RFCF - number of received PAUSE frames

TPAUSER - max number of PAUSE frame retransmission

TPAUSECR - PAUSE retransmit counter

BCFRR = max number of received broadcast frames

MAHR - upper bits of MAC address

MALR - lower bits of MAC address

TROCR - number of frames that failed to be retransmitted
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11.3 - REGISTERS - CASE STUDY

= CDCR - number of late collisions detected

= L CCR - number of losses of carrier detected

= CNDCR = number of times a carrier is not detected

» CEFCR - number of received frames with CRC error

» FRECR - number of times a frame receive error has occurred

» TSFRCR = number of short frames received

» TLFRCR - number of long frames (longer than RFLR value) received

» RFCR - number of frames received with alignment error (not integral number of octets)

= MAFCR - number of multicast frames received
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11.4 - SOFTWARE STACK - CASE STUDY

» Example of Ethernet stack for Renesas

microcontroller hardware (part of the SSP ->

e et
Application

= The Ethernet layer depends on upper layers —
ThreadX®
to manage the network protocols that o S
generate or consume the data encapsulated Sf-ef-m

into Ethernet packets - the “Application” BSP

layer.

= (https://www.renesas.com/en-
us/software/D6001601.html)

Source: Renesas Synergy NetX Port Module Guide
r11an0218eu0101-synergy-sf-el-nx-mod-guide

© 2020 Renesas Electronics Corporation. Al rights reserved. Page 395 BIG IDEAS FOR EVERY SPACE M z E N ESAS



https://www.renesas.com/en-eu/doc/products/renesas-synergy/apn/r11an0218eu0101-synergy-sf-el-nx-mod-guide.pdf

11.4 - SOFTWARE STACK - CASE STUDY

= Example of Ethernet API for Renesas microcontroller hardware [ part of NetX Framework for Renesas Synergy Software
Package (SSP).

void edmac_eint_isr (void)
edmac_eint_isr More...

o sf el nx cfg t*sf el nx cfg ptr)
UINT nx_synergy_ethernet_init (NX_REC *nx_rec_ptr, sf_el_nx_cfg_t - - - 7= - - - =

*sf_el_nx_cfg_ptr, bool hw_padding) nx_ether_driver More...

nx_synergy_ethernet_init More...

void nx_ether_interrupt (NX_REC *nx_rec_ptr)
void nx_driver_ewvent_handler (NX_REC *nx_rec_ptr)

. nx_ether_interrupt More...
nx_driver_event_handler More... - -

void enet_hw_enable_interrupt (NX_REC *nx_rec_ptr) ssp_err_t nx_ethernet version_get (ssp_version_t *const p_version)

enet_hw_enable_interrupt More... Retrieve the API version number. More...

UINT nx_synergy_ethernet_deinit (NX_REC *nx_rec_ptr, sf_el_nx_cfg_t

*sf_el_nx_cfg_ptr) Renesas Synergy Software
nx_synergy_ethernet_deinit More... Package v1.7.5 User’s Manual
r11um0140eu0106-synergy-ssp-
ssp_err_t nx_ether_custom_packet send (NX_PACKET_POOL *pool_ptr, NX_REC v1l75

*nx_record_ptr, UCHAR *data, UINT length, USHORT ether_type,
nx_mac_address_t dest_mac_address)

Basic comm API
nx_ether_custom_packet_send More... _ functlons
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12 - SOFTWARE DEVELOPMENT PROCESS

= Software Process Overview
» UML Class Diagram

» UML State Machine Diagram
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WATERFALL PROCESS

Requirements r:> Product requirements document
DESign |:> Software architecture

\L

Implementationb Softwars

\

Verification

—

Maintenance
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SOFTWARE PROCESS

V-cycle

Project
Definition

Concept of
Operations

Requirements
and
Architecture

Operation
Verification . and
anhd Maintenance
Validation
System
Verification

Integration,

Detailed Test, and
Design Verification

Time

and Validation

Project
Test and
Integration
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UML

Unified Modeling Language

Originally by Grady Booch, James Rumbaugh and lvar Jacobson

Based on the integration of several existing modeling languages

OMG standard (www.omg.orq) in 1998

Language based on visual models

Current version: 2.5 (March 2015)

Non-proprietary language
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MODELING

The basic elements of a structural model are:
= THINGS

» |[nteraction among THINGS
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THINGS

Physical things:
= Coffee bean, processor, equipment , vehicle, planet ...
Logical things:

= Bank account, contract, variable stored in memory ...
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INTERACTION AMONG THINGS

Examples:
processor is connected to memory
personA and personB are married

personX is responsible for bank account 12345
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CLASS / OBJECT

A cohesive entity that has attributes, behavior and (optionally) state.

Characteristics of a Class / Object:

= Data - attributes

Behavior - operations, methods, services, functions

State - memory of its past

Identity - unique identifier

Responsibilities
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CLASS / OBJECT IN PROGRAMMING LANGUAGES

Object

example: a type in C example: a variable in C

Compile time existence runtime existence
Ocupies memory

the design of an object an instance of a class
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CLASS REPRESENTATION

Radar
Radar attributes
methods
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STEREOTYPE

An additional (informal) form of classification.

Notation:

o HW %
Teclado
= text: <<stereotype_name>>
= icon Ticket
» class is represented by an icon
Customer
© 2020 Renesas Electronics Corporation. All rights reserved. Page 407 BIG IDEAS FOR EVERY SPACE W zE N ESAS



ATTRIBUTES / METHODS - VISIBILITY

A typical class representation has: c

= class name (+ stereotype) +  attr_publico: int
# agthr_protegide: int

attr _privado: int

= attributes ~ attr_escopo_pacote: int

+ metocdo_publico(): void
= methOdS # metodo_protegidol): int
-  metocdo p): char
+ metodo escopo pacote(): woid

The visibility of the methods and attributes is indicated by:

Symbol

+ public accessible to all

# protected accessible by derived classes

- private accessible only by this class

= package accessible to the other classes in this
scope package
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INTERACTION AMONG THINGS

Relationships:
= Association
= Aggregation
= Composition
= Generalization

= Dependency
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ASSOCIATION

A and B know of the existence

of each other and may interact: ~
class ExemplosNotacao

= access to public methods

: : A B
= access to public attributes
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NAVIGABILITY

Who has access to whom?

A has access to B, but

B does not have access to A

class ExemplosNotagéo/

A

class A;
class B;

class A {
B * pB;
int a_attr;

}s

class B {
public:

int b_attr;
¥
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MULTIPLICITY

How many objects of each class participate of this relationship?

1 exactly one

* many (0 or more)
n many (0 or more)
1.* 1 or more

3..20 from 3 to 20
4,6,8 4o0r6or8

class ExemplosNotagéo/

A

5..10

class A;
class B;

class A {

s

B * pB[10];
int a_attr;

class B {
public:

s

int b_attr;
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AGGREGATION class ExemplosNot... /

This relationship represents a weak Whole

part-whole or part-of.

The parts lifetime are different from the

lifetime of the whole.

class Whole; 1
Read as: class Part;
Whole has a Part.
> class Whole { *

Part * pP[10];
int a_attr;
b

Part

class Part {
public:
int b _attr;
Y
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COMPOSITION

= Strong whole-part relationship.

» The whole and the parts form

a single entity.

= Same lifespan for the whole

and the parts.

class ExemplosNot... /

Whole

class Part {
public:
int b _attr;

Part
Y

class Whole {
Part obj;

class ExemplosNotagéo/

Whole

Whole::Part

int a_attr;
b
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GENERALIZATION

= Represents inheritance. class ExemplosNot... /

= The derived class inherits all Base

methods and attributes of the

base class.

» Reading:
Derived is-a Base. class Base ({
protected: Derived
int base attr;
void base meth (int);

s

class Derived : public Base {
int der attr;

s
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USING UML TO DESIGN AN EMBEDDED SOLUTION

= Classes may represent: classes (e.g. C++), set of cohesive functions in C, hardware components, ...

Since classes represent such a variety of things, the use of stereotypes is encouraged to inform the type: «<HW», «ISR»,

«device driver»,...

Associations also have several possible interpretations, from actual physical connections to pointers (e.g. in C). The use

of stereotypes is also encouraged.

A common mistake is to consider the navigation adornment as an indication of the direction of flow of data. It is not!
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This is an example of a class diagram representing the components of a very simple digital scope.
Stereotypes are used to document what type of thing is being represented by each class: HW, Device Driver, ISR, ...
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13 - CONCURRENT PROGRAMMING

» Tasks
» Processes vs Threads
= Context Switching
= Scheduling
» |nter-task Communications and Synchronization

= Caveats
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UNDERSTANDING CONCURRENCY

= Consider a single-person company. Suppose you could specify his activities by writing a program-like script. Wouldn't it be

very complex? Full of interleaved chores that would be hard to specify in a single script?

source: pixabay.com
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UNDERSTANDING CONCURRENCY

Now, consider a simple embedded system with:

3 serial ports operating at 115 Kbps (aprox. 1 char every 87us);

USB, requiring processing every 125 us for packets with about 1KBytes;

IHM: touch screen plus LCD;

activities implemented in SW:

= Al: every 2 ms — process data from the touch screen;
= A2: every 7 ms — process USB data;

= A3: every 500 us — manage the USB protocol;

= A4: every 100 ms — manage the menu system.

Wouldn’t it be very hard to program a single sequential code to execute all these tasks, even more if several

possible interleavings could occur?
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UNDERSTANDING CONCURRENCY

As embedded systems increase constantly in complexity and code size, this complexity can be better managed if a single
program (responsible for all activities) could be divided into many smaller programs, each one responsible for a single
activity. Each one of these small programs is called a task. The multiple tasks that compose a concurrent program execute

concurrently and cooperate among them to achieve the desired functionality.

It is TEAM WORK!!
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UNDERSTANDING CONCURRENCY

How can multiple tasks execute concurrently on a single processor?

Answer: each task will execute on a “virtual processor”. The combined performance of all virtual processors is about the

same as the performance of the actual processor, as the virtual processor share the physical resources: processor, memory

and peripherals.
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UNDERSTANDING CONCURRENCY

The sharing of the actual hardware (processor, memory, peripherals) is managed by an embedded operating system (or

RTOS - Real-Time Operating System).

Processor 1

Virtual VP2 ‘ I VPN |

| RTOS ‘
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UNDERSTANDING CONCURRENCY

The storage regions of a single sequential program (e.g a C-program) are:

Flash RAM CPU

© 2020 Renesas Electronics Corporation. All rights reserved. Page 424 BIG IDEAS FOR EVERY SPACE W zE N ESAS



MULTITHREADING

For simplicity and to reduce the usage of computational resources, RTOS for MCUs typically rely on multithreading to

implement concurrency.

Athread is a program segment that executes concurrently to other threads (program segments). Hence, each thread is
characterized by its own PC (program counter), its own set of processor registers and its own stack, while sharing the other

memory regions with the other threads.

On MCUSs, each task (abstract concept) is implement by one thread.
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notation
MULTITHREADING

Exclusive
use

Some sections of RAM (shown in red) are of

exclusive use of a thread. These sections

hold the stacks and a copy of the set of F I aS h C P U

processor registers.

Other sections of Memory (shown in blue)

are shared among all threads. While this
sharing provides efficient access to shared
data, it does not provide means of protection RAM

among threads.

IIE%%HHII

STACK 1

HEAP
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MULTITHREADING

Differences between threads and processes:

= On processors with MMUs (Memory Management Units), it is possible to create an exclusive addressing space for each
task. This type of implementation is called process. In a process, it is possible to host several threads, hence, there are

single-threaded processes and multi-threaded processes.
= On processors without MMUSs, all tasks share the available memory. This type of implementation is called thread.

= Atask is a logical concept that can be implemented by a process or by a thread.
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MULTITHREADING - CONCEPTS

Context Switch
How do multiple threads share a single processor?
= An RTOS manages the physical resources (processor, memory, peripherals).

= A context switch consists of saving the state of the processor when one thread is executing and restoring the state of

another thread:
1. Task Ais executing;
2. All CPU registers are saved onto the stack of Task A;

3. The RTOS executes and selects another task to execute: Task B. The criteria for selecting another task is defined by

the scheduling policy;

4. The state of task B is restored from Task B stack onto the CPU registers. Execution proceeds on Task B’s code and

using Task B’s stack.
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MULTITHREADING - CONCEPTS

Preemptive vs Non-Preemptive RTOS

= A preemptive RTOS has control of the processor during all times. It releases the processor to a thread and at any time

may get back the control of the processor to releases to another thread. This is the case when a higher priority thread

becomes ready to run.

= When a non-preemptive RTOS releases control to a thread, it is unable to regain control of the processor until that thread,

voluntarily, releases the processor back to the RTOS.
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MULTITHREADING - CONCEPTS

Task Priority

= Each task is created with a defined Priority
A

priority level, which typically can be

changed during execution. When a task

Handler Mode

of higher priority than the running task
becomes ready, a priority-based

preemptive scheduler will interrupt the
running task and context switch to the

higher priority task. Once this task

Thread Mode

releases the processor, the preempted

. ) . Time
task can resume its execution. ! 2 3 4 > ® 7 8

source: ARM, CMSIS-RTOS specs
http://www.keil.com/pack/doc/CMSIS_DeVv/RTOS2/html/theory_of operation.html
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MULTITHREADING - CAVEATS

If all tasks in a concurrent program are independent, then the only control that is needed is the allocation of the processor

to the tasks (scheduling).

However, if tasks share resources (memory regions or peripherals) then an adequate control of resource sharing must be

performed to guarantee exclusive access to shared resources and to avoid deadlocks and priority inversion.
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14 - RTOS - REAL-TIME OPERATING SYSTEM

» |ntroduction

» Thread Management

» |nter-thread communication and synchronization
= Timing Services

= Memory Management
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RTOS - INTRODUCTION

= An RTOS is a layer of Software between the hardware and
the application software that allows the implementation of

concurrent tasks implemented by multithreading.

» The RTOS manages the hardware, sharing resources

among multiple “virtual processors”: VP1 to VPn so that

each thread has the illusion of owning a processor and
stack while sharing global data, heap, code area and

peripherals.

» The RTOS implements sharing of the processor via
context switching and provides several important
functionalities for the threads: timing, inter-thread
communication and synchronization, and thread

management.

VP1

VPn

RTOS
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THREAD EXECUTION - LARGE GRAIN VIEW

Observing at a time scale of seconds, one has the

impression that all threads execute in parallel.

Thread 1
Thread 2
Thread 3

to ty +1s t, +2s t, +3s
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THREAD EXECUTION - FINE GRAIN VIEW

Observing on a fine grain scale (milliseconds) it is possible

to realize that the tasks share the processor as the RTOS

switches among them the utilization of the CPU.

| | | |
ty t, +1ms t, +2ms t, +3ms
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TASK STATES

A typical state diagram of a task in a

multithreaded environment:

» Ready: tasks that is willing to use the

processor and is expected to be scheduled.

= Running: the state of the task that is using the

Processor.

» Waiting: tasks whose execution is blocked

Thread SK

Active

~

Time v Signal v Message v Mail v Release
Ready -\‘{ 0 g .r"f_ Waiting j

\\Sch eduling

Delay v Wait

Yield v Scheduling\[ Running

. v
due due to time, synchronization or . ’r J/Termm
reare
communication. —
Fg[ nactive )
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CMSIS (CORTEX MICROCONTROLLER SOFTWARE INTERFACE
STANDARD)

* Vv ]O (2008) Application Code
— Drivers AP P —
e v2.0 Muddlewm-g | —
— DSP Lib PR Soma Pk ' -
e v30 (20] 2) C'ﬁfEDSP CMSI/S\;RTOS CMSIS Driver

V4.0 (2014
— CMSIS-Driver
— CMSIS-Pack

. V 5.0 (2016)
CMSIS-RTOS v?2

As of March,2020, CMSIS is at version 5.6

CMSIS-CORE

" : CMSIS-SV
CoreActess Functons, SIMD Intnnsict foe Cortex™ M4, Peripheral & Interrupt Definitions I
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CMSIS-RTOS DOCUMENTATION

Available online

CMSIS code is available in GITHUB

o
(SIS

ARM® Coroae Mkrocomither
Ealtraare Interfure Slandar

CM SIS' RTOSZ Version 2.1.2

Real-Time Operating System: API and RTX Reference Implementation

General | CMSIS-Core(A) | CMSIS-Core(M) |

Main Page | Usage and Description

¥ CMSIS-RTOS2

Driver | DSP |

Reference

» Revision History

b Generic RTOS Interface

» Function Overview Here is a list of all modules:
P RTOS Validation

v -
» Migration from APl v to API v2 CMSIS-RTOS2 API

» RTX V5 Implementation Kernel Information and Control

Reference

» Data Structures

Thread Management
Thread Flags

Data Structure Index Event Flags

Generic Wait Functions

» Data Fields
Timer Management
Mutex Management
Semaphores
Memory Pool
Message Queue
¥ Definitions
Flags Functions Error Codes
05 Tick API
¥ RTX5 Specific API
Macros
Structs
Functions
¥ Event functions
Memory Functions
Kernel Functions

Theoad Conmckioeme

RTOS vi RTOS v2 Pack | SVD | DAP | Zone

Describes the C function interface of CMSIS-RTOS API v2

Provides version/system information and starts/controls the RTOS Kernel
Define, create, and control thread functions

Synchronize threads using flags

Synchronize threads using event flags

Wait for a certain period of time

Create and control timer and timer callback functions

Synchronize resource access using Mutual Exclusion (Mutex)

Access shared resources simultaneously from different threads

Manage thread-safe fixed-size blocks of dynamic memory

Exchange messages between threads in a FIFO-like operation

Constants and enumerations used by many CMSIS-RTOS functions
Constants used by Thread Flags and Event Flags to return error codes
Provides a low level API between an device agnostic RTOS implementation and specific p
This section describes CMSIS-RTOS RTXS specifics

RTX5 macros

RTX5 structs

RTXS functions

RTX5 Event Recorder functions

Ewvents generated memory functions

Events generated by kernel functions

Events aenerated bv thread functions
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PLANNING A MULTITHREADED APPLICATION

zenumerations
JoystickMovement
«device_fjrwer» Up
Joystick Down
/ Left
Right
«HW» R0 «ISRs» |1 <put> N \ oot
Joystick Joystick:irg 2
«JoysickhMove ments
= Msg
«RQ» ] «gets
PacMan Fantasma
1 4
7 1 1
«Sety
e Labirinto
ControleJogo
o —
1 1

<<mutex>>
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CMSIS-RTOS: OVERVIEW 1/4

Kernel Information and Control

 osKernelSysTickMicroSec $ : Convert microseconds value to RTOS kernel system timer value.

osKernellnitialize : Initialize the RTOS kernel.

osKernelStart : Start the RTOS kernel.

osKernelRunning : Query if the RTOS kernel is running.

osKernelSysTick $ : Get RTOS kernel system timer counter.

osKernelSysTickFrequency $ : RTOS kernel system timer frequency in Hz.

Thread Management

osThreadCreate : Start execution of a thread function.

osThreadTerminate : Stop execution of a thread function.

osThreadYield : Pass execution to next ready thread function.

osThreadGetld : Get the thread identifier to reference this thread.

osThreadSetPriority : Change the execution priority of a thread function.

osThreadGetPriority : Obtain the current execution priority of a thread function.
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CMSIS-RTOS: OVERVIEW 2/4

Generic Wait Functions

 osDelay : Wait for a specified time.

- osWait $ : Wait for any event of the type Signal, Message, or Mail.

Timer Management $

« osTimerCreate : Define attributes of the timer callback function.

« osTimerStart : Start or restart the timer with a time value.

« osTimerStop : Stop the timer.

 osTimerDelete : Delete a timer.
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CMSIS-RTOS: OVERVIEW 3/4

Signal Management

- osSignalSet : Set signal flags of a thread.

- osSignalClear : Reset signal flags of a thread.

- osSignalWait : Suspend execution until specific signal flags are set.

Mutex Management $

« osMutexCreate : Define and initialize a mutex.

« osMutexWait : Obtain a mutex or Wait until it becomes available.

« osMutexRelease : Release a mutex.

* osMutexDelete : Delete a mutex.

Semaphore Management $

« osSemaphoreCreate : Define and initialize a semaphore.

« osSemaphoreWait : Obtain a semaphore token or Wait until it becomes available.

« osSemaphoreRelease : Release a semaphore token.

« osSemaphoreDelete : Delete a semaphore.
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CMSIS-RTOS: OVERVIEW 4/4

Memory Pool Management $

osPoolCreate : Define and initialize a fix-size memory pool.

osPoolAlloc : Allocate a memory block.

osPoolCAlloc : Allocate a memory block and zero-set this block.

osPoolFree : Return a memory block to the memory pool.

Message Queue Management $

« osMessageCreate : Define and initialize a message queue.

« osMessagePut : Put a message into a message queue.

« osMessageGet : Get a message or suspend thread execution until message arrives.

Mail Queue Management $

« osMailCreate : Define and initialize a mail queue with fix-size memory blocks.

« osMailAlloc : Allocate a memory block.

« osMailCAlloc : Allocate a memory block and zero-set this block.

« osMailPut : Put a memory block into a mail queue.
« osMailGet : Get a mail or suspend thread execution until mail arrives.

« osMailFree : Return a memory block to the mail queue.
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CMSIS-RTOS - INTER-TASK COMMUNICATIONS

Mail: Memory Blocks

Message: Integer or Pointer

Message Queue

int / pointer values

get

e®

memaory blocks

Source: ARM, CMSIS documentation
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CMSIS-RTOS - INTER-TASK COMMUNICATIONS

Mutex: Synchronization

Mutex
wait wait
release release
shared resource

Semaphore: Shared Access

Semaphore

: wait 0
release

ﬁ #2
N
% 5
N
© #4
#5
shared resource
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LAB1 - SYNERGY PLATFORM

Objectives:

Execute the e2_studio and SSP installation procedures.

Setup the development environment for the S7G2 kit.

Run a sample program to verify the installation.

Overview of e2_studio.

Overview of SSP.
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LAB1 - SYNERGY PLATFORM

Activities:
1. Create an account on Renesas, Install e2_studio (including SSP and tools);

2. Setup the SK-S7G2 board,;

Run a sample program to verify ISDE setup;
3. Overview of the Synergy Platform;
4. Overview of the e2 studio ISDE;

5. Overview of the SSP (Synergy Software Package).
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LAB1 - SYNERGY PLATFORM

Activity 1 — Create an account on Renesas, Install e2_studio

(including SSP and tools)

1. Register an account at https://www.renesas.com

2. Signin
3. Download Platform Installer
4. Execute the installation

5. Execute e2_studio

© 2020 Renesas Electronics Corporation. All rights reserved. Page 448 BIG IDEAS FOR EVERY SPACE W zE N ESAS


https://www.renesas.com/

LAB 1-ACTIVITY 1 -STEP 1

Renesas Electronics X + = 5 =
RegISter < C @ renesas.com/us/e . W o E

News |+ Investors 3= Parametric Search & Signin @ Americas

' ENESAS Solutions Products Platforms Design & Support About

BIG IDEAS FOR EVERY SPACE

a) create an account with

Renesas Instantly Display Live Backup
Automotive Camera Video
- click on Sign in First full HD LCD video controller with MIPI-CSI2 --

supports the latest generation of automotive ca
application processors and graphics processors

( About RAA278842>

https://www.renesas.com/

Solutions

Find information about recommended products and solutions created by Renesas and our development partners to help you
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LAB 1-ACTIVITY 1 -STEP 1

Register

a) click on Register now

b) follow the registration process

m My Renesas | Login

&«

x 4+

c # updaterenesas.com/S50/login

RENESAS

My Renesas

® Enter your Email Address and password and click "Login" to access your account.

Email Address

Password

[ Stay signed in

= Forgot your password?

« Don't have an account yet?Register here

Registration Process

1.Register MyRenesas

Register
Email
Address

STEP1 STEP2 STEP3 STEP4

Receive Enter user Subscribe Registration
registration information to content/ complete
Email service

‘ Y
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@ My Renesas | Email Address Reg X +

x +
& c 8 update.renesas.com/gur/ssoRegisterUser.do?languageCode=en&orgUrl=https%3A%2F%2Fupdate.renesas.com%2FSSO%2Fauth%3Fwebsit

bsas.com/gur/emailAddressRegister.do

My Renesas

My Renesas

Complete Email Address Registration

Step1 ©| Step2 Step 3 Step 4 Step 5
Step 1 Step2 ©| Step3 Step 4 Step 5
To register, please provide the following information. _ _ _

Your information has been submitted.
* indicates required fields

An email for entering personal information has been sent to the Email
) ‘ Address you provided.
Country / Region s#¢™¢] * | Select Country/Region

Given Name / First Name *
Family Name / Last Name *
Email Address *

Email Address (confirm) *

* | agree to the Site Policy, Privacy Policy, and
any applicable export control law or regulation.

click on the link sent to your mail address

Note: If your region is not listed above, this service is not available yet for your region. Sorry for the to aCtlvate the accou nt

inconvenience
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by clicking on the link sent by mail,
the registration process proceeds

My Renesas

Please enter a password

Country / Region
Language

Title

Given Name / First Name
Family Name / Last

Name
Nickname

Email Address

“indicates required fields

Password *

Password (confirm) *
Company
Department/Facuity
Job Title

Postal Code

New Account Registration

Step 1 Step 2 Step3 O Step4 Step 5

English

Dr

Doug

Password must be 8 to 16 characters
Piease use a mixture of letters, numbers, and symbols

My Renesas

Step 1 Step 2 Step 3

Boards and Kits

Tools

Renesas Synergy™

Power Management
Discrete & Power Devices
Audio & Video

Interface

Optoelectronics

Space & Harsh Environment
Timing & Diagital Logic ICs
LS| for Factory Automation
ICs for Motor Driver/Actuator Driver

RF Devices

New Account Registration

Please select the products for which you would like to see update notifications.

Subscribe All Unsubscribe All

Step4 O Step5

Software (OS/Middleware/Driver)
MPU and MCU

Intersil MCU Product

Automotive

Amplifiers & Buffers

Data Converters

Memory

Other Analog

Switches, MUXs & Crosspoints

LS! for Communications and Mobile Devices
Smart Analog

Renesas USB Power Delivery Family

[Boards & Kits

Sensors

Step 1

Next

New Account Registration

Thank you. Your registration is complete.

If you would like to edit your profile, log in to My Renesas and click "Edit your profile™.

Step 2 Step 3 Step 4 Step5 ©
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LAB 1-ACTIVITY 1 - STEP 2 \ caca s

News |+ Investors 2= Parametric Search & Signin @ Americas

Design & Support

Sign In:

return to renesas.com and sign in with your

ickup

mail address and the password you defined

My Renesas

@ Enter your Email Address and password and click "Login" to access your account.

Email Address

Password

Stay signed in

= Forgot your password?
« Don't have an account yet?Register here
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LAB 1-ACTIVITY 1 - STEP 3

: = O X
B Renesas Electronics X +
Download platform
& C & renesas.com/us/en.html Q & 6B =
installer ‘ —
B News o Investors 3= ParametricSearch & DougRenaux v Q@ Americas
further registration info
( g A{ENIE ISAS Solutions Products Platforms Design & Support
may be
requested) Simplify Power Supply Design

for Surround View Camera Systems

multiple features an rgensiy 1o m
ever-shrinking HD camera modules

RENESAS

ISL78083 |

Solutions

Find information about recommended products and solutions created bv Renesas and our develooment nartners to help vou
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LAB 1-ACTIVITY 1 - STEP 3

Download platform
installer

(further registration info
may be

requested)

Renesas Electronics x -+
& C & renesas.com/br/en/

RENESAS

Solutions Products

BIG IDEAS FOR EVERY SPACE

Microcontrollers & Microprocessors

RA MCUs

RZ MPUs

RL78 MCUs

RX MCUs

RH850 MCUs

Renesas Synergy™ MCUs
Other MCUs / MPUs

Automotive
Automotive MCUs (RH850)
Systems-on-Chip (SOC)
Power Devices

Battery Management
Video & Display

Software & Tools

Boards & Kits

Design & Support

l#* Investors %= Parametric Search

Embedded System Platforms

Renesas autonomy™ Platform for Automotive
R-IN Platform for Industrial
RZ/G Platform for HMI

Renesas Synergy™ Platform for IoT

Analog & Power

Analog Products

Interface

Memory

Optoelectronics

Power Devices

Sensors

Space & Harsh Environment

Timing & Digital Logic
All Products >

Find Products

@

Search

¢

& Sample Student Course v

N CRBR 5

a

@ Brazil
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@ renesas.com/br/en/products/synergy.html Q W o m N

LAB1-ACTIVITY1-STEP 3 e o

ES News |2 Investors 3= Parametric Search @ Sample Student Course v Q Braz

RENESAS

Solutions Products Design & Support

Download platform

Renesas Electronics > All Products

installer Renesas Synergy™ Platform
(further registration info
START AHEAD
m ay be with the first fully qualified embedded microcontroller software and hardware platform.
We help you reach more people, sooner.
requested)
Why Synergy?
(5) @ 2
Z244)
Lower Cost Accelerate Development Eliminate Barriers

Renesas Synergy™ Platform

%‘&,’3 Solutions Gallery

1
‘ A Software ii% Hardware

Development Tools &% Synergy Kits

© 2020 Renesas Electronics Corporation. All rights reserved. Page 456 BIG IDEAS FOR EVERY SPACE W zE N ESAS



LAB 1-ACTIVITY1-STEP 3 = - o

renesas.com/br/en/products/synergy/software.ntm Q W o H N

ES News 2 Investors 3= Parametric Search & Sample Student Course - Q Brazil

Products Platforms Design & Support

Download platform
Synergy Software

Commercially qualified software developed and optimized for the Synergy Platform.

installer
(further registration info
may be

requested)

Overview

Software and tools are included in the Synergy Platform with no fees or royalties. The Synergy Software Package (SSP) integrates all the functionality needed
to build loT applicat
support packages f V cat < sing the SSP, developers can choose their preferred development envir

lication framework

both Renesas e2studio and IAR Embedded Workbench® for Renesas Syn:

y™ are supported.

Explore Synergy Microcontrollers >

Synergy Software

‘ ; Development Tools

AR Embedded Workbench for Synergy e* studio
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n Development Tools | Renesas Ele X + - = s
| |
“ c f renesas.com/br/en/products/synergy/software/tools.html Q % 6 R N :

ES News |2 Investors 3= Parametric Search @ Sample Student Course v Q 2razil

Solutions Products Platforms Design & Support

RENESAS

DOW n I 0 ad p I atfo r m Renesas Electronics > All Products > Renesas Synergy™ Platform > Synergy Software
_ Development Tools

installer

(further registration info
may be

requested)

Overview

Designed to accelerate time to market through rapid code development, Synergy Tools facilitate file management, software and MCU configuration, code
generation, compilation, debugging, and intuitive graphic interface design. All Synergy Tools, support, development seats, and maintenance are included with
the Synergy Platform.

IAR Embedded Workbench® for Renesas Synergy™ (EW for Synergy)

Fully integrated with the Synergy Platform, EW for Synergy includes an optimized compiler, code analysis tools such as C-STAT® and C-RUN®, and deep RTOS-
aware debugging with C-SpY=.

Explore IAR EW for Synergy

e? studio ISDE

An Eclipse-based development environment with a comprehensive set of tools and plug-in features such as intuitive configuration, error and format

checking, and code generation to accelerate development.

Explore ¢ studio

TraceX® by Express Logic
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®

LAB1-ACTIVITY1=STEP 3 < ¢ oo 5D 8 /5 0

ES News &2 Investors 3= Parametric Search @ Sample Student Course Q Brazil

RENES

AS FOR EVE ¥

Solutions Products Platforms Design & Support

Renesas Electronics > All Products > Renesas Synergy™ Platform > Synergy Software > Development Tools

Download platform =
e* studio

installer

Renesas

Details

(further registration info

2 .
e St u d I O The e? studio ISDE is specifically designed for the Synergy Platform and offers tools for three phases of the software
design process: preparation phase, build phase, and debug phase.

For the preparation phase, e? studio features graphical configurators for hardware options, including MCU pin
assignments, and software options such as RTOS thread assignments. Built-in error checking ensures valid
selections are made, notifying the user of any conflicts or violations.

req u ested) & studio also includes features designed to streamline the build phase, such as automatic code generation, built-in

code templates, and automated code constructs. Keyword color-coding, jump-to declarations, variable
autocomplete, and context-aware manuals save developers additional time and effort.

may be

For the debug phase, e? studio provides multiple ways to gain deep visibility into code execution. Debug tools enable
dynamic tracking of thread execution times and interrupt service routines, as well as visualization of overall system
behavior. Comprehensive debug and analysis capabilities simplify troubleshooting of real-time system events.

Download

Current Public Release

Release Date: 2019-09-10

MCUs Supported: S7G2, S3A7, 5124, S3A3, 5128, S5D9,
S5D5, S5D3, S3A6, S3A1, S1JA

& Upgrade Account

What's New?
New Features in e2Studio 7.5.1

Enabled Stack Analysis Feature The Stack Analysis feature has been enabled to analyze stack information file output by GNU
Arm Embedded toolchain. This feature can be used to check the function call structure and stack size, used by each function.
Memory Usage View Shows Load Addresses When using GCC toolchains for Arm®, the memory usage view can now show load
addresses. When a section is copied from Load Memory Address to Virtual Memory Address, the Load Memory Address is
displayed as the Load address in the view (Virtual Memory Address is the Start address).

Expressions View Real-time refresh states of expressions being monitored in the Expression view are now saved between

- 1KY 2 = TMHA1
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LAB 1-ACTIVITY 1 - STEP 3

Download platform
installer

(further registration info
may be

requested)

sas Electronics x m Renesas Synergy Gallery x +
I synergygallery.renesas.com/sso/register Q % 6 E
RENESAS Renesas Syng[g?‘
Signup

User Registration

Welcome to the Renesas Synergy™ Gallery

The Renesas Synergy Gallery offers all the software libraries and tools that you need to get your Synergy project up
and running. Simply create a User Account, with no fee, and you can immediately download the latest versions of
the Synergy Software Package (SSP), the e? studio Integrated Solution Development Environment (ISDE),
documentation, and a variety of software development tools for graphics, deep debugging and more after
completing simple click-through license agreements. Additionally you can browse and select from a variety of
demonstration applications, and Verified Software Add-on (VSA) software add-on components. This allows you to
use the SSP for your investigation and assessment with broad access to the Synergy Platform and the SSP.

As the next step, when it's time for extensive software development and even eventual production of your Synergy
Platform-based product, you can quickly sign up and obtain a SSP Development/Production license.

If you are experiencing problems creating your user account, please contact us.

Disable fields only can be changed at MyRenesas, edit now.

Language Required fields are marked with an asterisk (*)

Select your Language | Enalish

Account Information

© 2020 Renesas Electronics Corporation. All rights reserved.
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LAB 1-ACTIVITY 1 - STEP 3

Download platform
installer

(further registration info
may be

requested)

E &* studio | Renesas Electronics X E ¥ studio | Renesas Electronics X E Synergy Software | Renesas Elect X | +

&«

= (]

(& 8 renesas.com/br/en/products/synergy/software/tools/e2-studio.html a « &6 R ad

E= News |+ Investors 3= Parametric Search & Sample Student Course @ Zrazil

Solutions Products Design & Support [search
Renesas Electronics » All Products > Renesas Synergy™ Platform * Synergy Software » Development Tools
e studio
Renesas

Details

e St u d | O The e? studio ISDE is specifically designed for the Synergy Platform and offers tools for three phases of the software
design process: preparation phase, build phase, and debug phase.

For the preparation phase, €? studio featres graphical configurators for hardware options, induding MCU pin
assignments, and software options such as RTOS thread assignments. Built-in error checking ensures valid
selections are made, notifying the user of any conflicts or violations.

e* studio also includes features designed to streamline the build phase, such as automatic code generation, built-in
code templates, and automated code constructs. Keyword color-ceding, jump-to declarations, variable
autocomplete, and context-aware manuals save developers additional time and effort.

For the debug phase, e? studio provides multiple ways to gain deep visibility into code execution. Debug tools enable
dynamic tracking of thread execution times and interrupt service routines, as well as visualization of overall system
behavior. Comprehensive debug and analysis capabilities simplify troubleshooting of real-time system events.

Download

Version 7.5.1

Current Public Release
Release Date: 2019-09-10 Download Stendslone Insia ler
MCUs Supported: 57G2, 53A7, 5124, 53A3, 5128, 55D9,

S5D5, 55D3, 53A6, S3A1, 51)A

What's New?
New Features in e25tudio 7.5.1

Enabled Stack Analysis Feature The Stack Analysis feature has been enabled to analyze stack information file output by GNU
Arm Embedded toolchain. This feature can be used to check the function call structure and stack size, used by each function.

Memory Usage View Shows Load Addresses When using GCC toolchains for Armi®, the memory usage view can now show load
addresses. When a section is copied from Load Memaory Address to Virtual Memory Address, the Load Memory Address is
displayed as the Load address in the view (Virtual Memory Address is the Start address).

Expressions View Real-time refresh states of expressions being monitored in the Expression view are now saved between
€2 studio sessions. When users open e2 studio, the real-time refresh state of each expression is in its prior state when e2 studio

© 2020 Renesas Electronics Corporation. All rights reserved.
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LAB 1-ACTIVITY 1 - STEP 3

Download platform
e* studio | Renesas Electronics x & studio | Renesas Electronics x Synergy Software | Renesas Ele X +

InSta”er <« C & renesas.com/t N T Qa « 6 R 5

(further registration info

License Agreement

may be

requested) llcense Terms and condltmns for RENESAS e? studm

d belor ou a;;,,c
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LAB 1-ACTIVITY 1 - STEP 3

Download these two PDFs:

getting started and release notes

they contain important information about
the tools and their installation.

platform installer download in progress

. i — 5 =
n e studio | Renesas Electronics x +
&« C 8 renesas.com/us/en/products/synergy/software/tools/e2-studiohtm| Q ¥ 68 = g
Download -

Current Public Release

Release Dote: 2015-09-10 SO
MCUs Supported: 57G2, S3A7, $124, S3A3, 5128, SS05,

SSD5, 5503, 5345, 5341, S1)A

What's New?
New Features in e2Studio 7.5.1

Start address)

1aveC Dot

201 Of @XDre11IONS Daing ™

Expressions View Real-ume ne Expression vaw ace

te when o2 studio

© 1eszions. When uters 2 studic. the reaktime refr ach expression i in it

JLink Debug Configuration The uter can choose the J-Uink Dedbug Configuration type as ether P or USE
10 Register View 10 Register 1rad view now 8040003 MUiDe S016C000S 31 Tha Same Dme Multole 00000S CAN B4 146t 2

follows

o Toselectall zems: Hold down Ctrl DUston and press A on the keydoard

o To select @ group of Keme Hol down ShIft Butien and ciick 1o ¢

o To select multipie Tems that are anmywhece in the view: Mold down Cerl

Perceplo Tracealyzer Integration Percepio Tracealyze

ool inzegration has been acded for Symergy. This option iz

availadie from the Run meny

Synergy Dedbug Configuration When debugging Symergy Thn
cenugEag by e RTOS Debugging - Large Number of Threads

cation notes and 3o forth for any device wit

Releaze Now

setup_sspvl1_7 5 e..2p A Show all b 4
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LAB 1-ACTIVITY 1 - STEP 4

Installation process

Unzip the downloaded file to obtain the installation executable,

run it.

Manage v13_downloads
Application Tools

4 [B X =F

-

ith
Move Copy Delete Rename Mew

tortcut to- to- - folder

Organize

auglM (C:) » Renesas » w13_downloads »

sl

i Mame

r20utd20deul120-synergy-ed-studio-gett...
r20utd620eul101-synergy-e2-studic-v7s...
@ setup_sspwl_7_5_eds w7 5 l.exe

; setup_sspvl_7_5_eds w7 3 l.zip

'-1__‘|'_L|New item ~

ﬂ Easy access =

MNew

Date modified

14-Mar-20 11:37
14-Mar-20 11:37
16-Mar-20 21:26
14-Mar-20 11:54

Properties

[ms] Open - Hﬂ select all

Edit 10 Select none

Open

Type

Adobe Acrobat D...

Adobe Acrobat D...

Application

Compressed (zipp.

+7) History DD Inwert selection

Select

Size

L
(=]

27T KB

634 KE
1,441 867 KB
1,441,867 KB
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LAB 1-ACTIVITY 1 - STEP 4

Installation process

NOte |n red Whel’e the user mUSt make apprOprIa'[e =1 Renesas Synergy Software Package (55P) v1.7.5 with ed studic 7.5.1 Setup O >

SeleCtionS Renesas Synergy Software Package (55P) v1.7.5 with e2 studio 7.5.1 Setup

Install Type
Select Install Type:

() Quick Install
L= 4 Default installation of e2 studio, 55P & GCC ARM Embedded

¢ Iil\'l Custom Install
=/ Installation of e2 studic & 55P along with optional components

v202001072111 < Back Mext » Install Cancel

Page 465 BIG IDEAS FOR EVERY SPACE W z E N ESAS
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LAB 1-ACTIVITY 1 - STEP 4

EM Renesas Synergy Software Package (55P) v1.7.5 with €2 studie 7.5.1 Setup O ot
Renesas Synergy Software Package (55P) v1.7.5 with e2 studio 7.5.1 Setup FI‘.
Install directory ready =
@ Welcome —eAL
Install Location: C:\Renesas\Synergy\e2studio_v7.5.1_ssp v1.7.5 [Change...]
Optiona
Components
Licenses Prerequisite software already installed
Results RE\BII!' to install
Software to install:
= Renesas e studic v7.5.1.R20190813-1458
= Renesas Synergy v7.5.1.w201%0812-1543
= Renesas Synergy 55P v1.7.5
= User Manual for Renesas 55P v1.7.5
= GCC ARM Embedded v7.2 2017g4
= Segger J-Link USE Driver
Additional components can be selected on the next page v
v202001072111 < Back Install e
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LAB 1-ACTIVITY 1 - STEP 4

ER Renesas Synergy Software Package (55P) v1.7.5 with €2 studio 7.5.1 Setup g X

Renesas Synergy Software Package (55P) v1.7.5 with e2 studio 7.5.1 Setup

ﬂi
Select the components you wish to install "

Welcome P User Manual for Renesas SSP v1.7.5
| Q ]
Dptic}nal p— Renesas 55P User Manual
Components
P GCC ARM Embedded v7.2 2017g4
Licenses | I;l )
i GCC ARM Embedded toolchain - w7.2 2017g4
B B P GUIX 5tudio
=taliing ‘ (G )
A

0 e pal GUIX Studic provides a complete GUI application design environment

Select All

V202001072111 < Back Install T
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LAB 1-ACTIVITY 1 - STEP 4

[EN Renesas Synergy Software Package (S5P) v1.7.5 with &2 studio 7.5.1 Setup O x

@

Renesas Synergy Software Package (SSP) v1.7.5 with e2 studio 7.5.1 Setup

Welcome Please read and accept the following Software Agreements
Opticnal Renesas e2 studic License Terms and Conditions for RENESAS e2 studio A
Compenents Renesas Synergy 55P v1.7.

This Renesas e2 studic license agreement ("Agreement”) is between
User Manual for Renesas &

GCC ARM Embedded v7.2

@ Licenses

the entity on whose behalf you are entering into this Agreement
("Client") and Renesas Electronics Corporation, a Japanese company
with its registered office at 3-2-24 Toyosu Koto-ku Tokyo, 135-0061,
Japan ("Renesas"). YOU SHOULD READ THIS AGREEMEMNT
CAREFULLY, AS IT COMSTITUTES A BINDING CONTRACT BETWEEN
CLIENT AMD RENESAS.

The Renesas IDE Software (defined below) is intended for
commercial use by a company or cerporation only and is not
designed, developed or preduced for any private use or purpose. |f
wou are an individual, or you intend to install the Renesas IDE
Software on behalf of an individual, or the Renezas IDE Software is
expected to be used for a private purpose directly or indirectly, you
should click "Mo" on the installer,

M Renesas Synergy Software Package (55P) v1.7.5 with &2 studic 7.5.1 Setup O x

Renesas Synergy Software Package (55P) v1.7.5 with e2 studio 7.5.1 Setup

Welcome Ready to install

Optional Software to install:

Components » Renecas e studio v7.53.1.R20190813-1458
. = Renesas Synergy v7.5.1.v20190812-1543

Licenses

= Renesas Synergy SSP v1.7.5

= User Manual for Renesas 55P v1.7.5
= GCC ARM Embedded v7.2 2017g4
= GUIX Studio

= Segger J-Link USE Driver

@ Summary

Size of install: 1.2 GB
Temporary space required: 1.7 GB
Available: 375 GB

* | |Otherwise, by clicking the "l accept” button or other button or v
[“1il accefl the terms of the Software Agreements Print all...
V202001072111 < Back Install Cancel ¥202001072111 Next > Cancel
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LAB 1-ACTIVITY 1 - STEP 4

E8 Renesas Synergy Software Package (S5P) v1.7.5 with €2 studio 7.5.1 Setup O >
Renesas Synergy Software Package (S5P) v1.7.5 with e2 studio 7.5.1 Setup Fi
Welcome Please wait while Renesas Synergy Software Package (S5FP) v1.7.5 with e2 studio 7.5.1 is installed.
Optional
Compenents " Installing org.apache.commons.codec
Licenses =
Summary

v202001072111 < Back Next > Install
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LAB 1-ACTIVITY 1 - STEP 4

|G| Setup - GUIX Studio

Welcome to the GUIX Studio
Setup Wizard
This will install GUIX Studio version 5.6.0.0 on your computer,

It iz recommended that you dose all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

Cancel

|G| Setup - GUIX Studio —
License Agreement

Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

Express Logic, Inc.
GUIX Studio™ PRODUCT LICENSE AGREEMENT

In accordance with this Agreement, Express Logic, Inc., ("EL") with
headquarters located at 11423 West Bernardo Court, San Diego,

CA 92127 grants you ("LICENSEE") a non-exclusive license to use

all of the contents of the GUIX Studio™ computer program files and

(01 do not accept the agreement

< Back Cancel

JG| Setup - GUIX Studio —

Select Destination Location
Where should GUIX Studio be installed?

Setup will install GUIX Studio into the following folder,

To continue, dick Next. If you would like to select a different folder, dick Browse.

Browse...

At least 118.5 MB of free disk space is required.

< Back Cancel

% '|t_';1 Setup - GUIX Studio _

JGJ Setup - GUIX Studio _
Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing GUIX Studio,
then dlick Next.

jgional icons:

ate & desktop icon

77 Install User's Guides

< Back Cancel

X |G| Setup - GUIX Studio — b4

Select Start Menu Folder
Where should Setup place the program's shortcuts?

———
To continue, dick Mext. If you would like to select a different folder, dick Browse.

==

Setup will create the program's shortcuts in the following Start Menu folder.,

Browse...

Cancel

< Back

Ready to Install
Setup is now ready to begin installing GUIX Studio on your computer,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\Express_Logic\GUIX_Studio_5.6

Start Menu folder:
Express Logic

Additional tasks:
Additional icons:
Create a desktop icon
Other tasks
Associate the GUIX Studio application with the .gxp file extension
Install User's Guides

Cancel

: Install

< Back

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 470

)Gl Setup - GUIX Studio _

Installing
FPlease wait while Setup installs GUIX Studio on your computer.

Extracting files. ..
C:\Express_Logic\GUIX_Studio_5.6fontskochi-mincho-subst., tH

[ Cancel |

)Gl Setup - GUIX Studio _

Completing the GUIX Studio Setup
Wizard

Setup has finished installing GUIX Studio on your computer,
The application may be launched by selecting the installed
icons.

Click Finish to exit Setup.

w GUIX Studio Quick Start Guid
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LAB 1-ACTIVITY 1 - STEP 4

ER Renesas Synergy Software Package (55P) v1.7.5 with €2 studio 7.5.1 Setup O >
Renesas Synergy Software Package (55P) v1.7.5 with e2 studio 7.5.1 Setup ﬂ'-‘
Welcome Installation of Renesas Synergy Software Package (S5F) v1.7.5 with e2 studio 7.5.1 is complete.
Optional Please click OK to close.
Components
Licenzes [] Run e studio?
Summary [+] View Renesas 55P User Manual?
Installing...

@ Results Useful Links:

Renesas Synergy 55F: Ch\RenesashSynergytelstudio v7.5.1 ssp v1.7.5

Renesas 55P User Manual: Ch\Renesas\Synergy'edstudio v7.5.1 ssp w1.7.5455P Documentation

GCC ARM Embedded:
ChRenesash Synergyhedstudio w7.3.1 ssp wl.7.5\toolchainsigoce armi7.2.1 201704

v202001072111 < Back Next > Cancel
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LAB 1-ACTIVITY 1 -STEP 5

. Renesas Synergy v1.7.5

INEW

e2 studio 7.5.1

New

]

execute e2studio: C:\Renesas\Synergy\e2studio_v7.5.1_ssp_v1.7.5\eclipse\e2studio.exe

E Eclipse Launcher *

Select a directory as workspace

&° studio uses the workspace directory to store its preferences and developrment artifacts,

2 t : I UL o E Ll C:\Users\ Douglas\e2_studio\workspace v Browse...

v7.5.1

[] Use this as the default and do not ask again

Loading org.eclipse.comph.setup.ui
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LAB 1-ACTIVITY 1 -STEP 5

SE_course_v12 - & studio
File Edit 5Source Refactor Navigate Search Project Renesas Views Run  Window Help

&

(ea) Welcome 53

Welcome to e2 studio

Create a new e2 studio C/C++ project

Import existing e? studio projects from the filesystem
or archive

Review the IDE's most fiercely contested preferences

Open a file from the filesystem

Get an overview of the features

Go through tutorials

Try out the samples

Find out what is new

M Abways show Welcome at start up

Smart Browser Notification Startup

||

© 2020 Renesas Electronics Corporation. All rights reserved.
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LAB 1 -ACTIVITY 1 - LEARN YOUR CONFIGURATION!

From e2studio | Help | About - get the version of e2studio: 7.5.1

In C:\Renesas\Synergy\e2studio_v7.5.1 ssp v1.7.5 the folder name indicates the version of the SSP: 1.7.5

In C:\Renesas\Synergy\e2studio_v7.5.1 ssp_vl1.7.5\toolchains\gcc_arm see the version of the GCC tools: 7.2.1.2017

From the microcontroller chip on the development board: S7TG27H3CFC

B8 About € studio O bd ChRenesast Synergyedstudio_v7.5.1_ssp_v1.7.00toolchains\gcoo_arm
R  studi - £ '
Friesas & Sude + " Mame Date modified Type Size
Version: 7.3.1
Build Id: R20190813-1458 * 7.2.1_2017g4 16-0ct-19 10:00 File folder

Parts Copyright (C) 2010-2018 Renesas Electronics Corp. dre
All rights reserved.

e studio IDE is an extension of software developed for
eclipse.org.

. %%

e2 studio |DE is based on Eclipse 5DK 4.7.3 (Cxygen.3)
and COT version 3.4.3,

Source code for the Eclipse Foundation plug-ins is available
from www.eclipse.org, under the Eclipse Public License "EPL",
see http://www.eclipse.crg/org/decuments/epl-v10.php

repeHoOOON S

® Installation Details Close
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LAB1 - SYNERGY PLATFORM

Activity 2 — Setup the SK-S7G2 board
1. Verify the position of the jumpers on the board.

2. Connect the micro-USB cable to the

DEBUG_USB port on the board and to your PC.

3. Verify the setup of the board and e2Studio by

running a sample demo (Blinky).

source: Renesas.com
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SK-S7G2 BOARD FEATURES

1. Usesa 176-pin LQFP MCU
240 MHz S7G2 Cortex-M4 based microcontroller.

2. All pins of the MCU are accessible via header pins
(access to CAN, SPI, UART, 12C).

3. Resistive touch TFT colour LCD ( 320 x 240 pixels).
Capacitive touch slider.
5. Connectors:
USB Host - High speed
USB Device - Full speed.
Ethernet 10/100
2 PMOD type 2A
audio connector
CAN, RS-232/RS-485
Arduino shields compatible connector
Wireless connectivity: on-board Bluetooth Low Energy (BLE) device
QSPI flash memory (8 MBytes).
USB - JTAG (on-board Segger JLink).
3 user leds and 2 push buttons.
10 WiFi connectivity using add-on boards (e.g. AE-CLOUD1).

>

No ok wnNE

© 0N

SK-S7G2 board block diagram

USB USB . UsB
J-Link
(AN Fs Device| | Hs Host | | PMod A n Device
DC-DC |—— Power
USE USB
CAN FS S 5P| ITAG
RS-232/
UART
485 UART Pmod B
™
Renesas Synergy
LCD LCD $7G2 MCU aQspl — —| 8-MB QSPI
Starter Kit
Audio )
Out Audio UART Bluetooth
User
IRQY GPID ETHERC

Buttons

User
LEDs Ethernet

source: Renesas Starter Kit SK-S7G2 User’s Manual
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LAB 1-ACTIVITY 2 - STEP 1 -

~E33FZ3333333E55:258s !
. g . =% 23323322332 b4
Verify the position of the jumpers on the board: SNy it -
! 2 P410 141}
B W VC ZZTEZEZEZZ SERLELBRLEMu M
d BT
. P12 2] Hintee PAL4 PEs
J1 1-2: normal boot 5 M3 s IS e
= o W
J2 open (reset released) -+ o m mo
m N P53 P§10
J8 1-2: signals a GPIO pin that RS-232 | w i
. pa1 PAS P56 P13
should be selected instead of RS-485 | < 5
i P34 psi2 5
J9  1-3and 2-4: use RS-232 driver | 5w
W srheseas eesenelaEl
JILES 1-2: output 3V3 to PMODA connector 1 F s
1 sEIZZIZR3Z3I333RI38.
J15 1-2: output 3V3 to PMODB connector | PR m Il
| SO0 ZEE EUMOMEIZEII A"
J31 closed - used for current 2 gl ] @ et
measurement to MCU || @ o
pin 1 is marked by a triangle next to the connector 3 @
J9 (double row of pins is numberedas: 2 4 6 i
135

Suggested reading: Renesas Synergy Starter Kit SK-S7G2 User’s Manual (r12um0004eu0100)
(https://www.renesas.com/us/en/doc/products/renesas-synergy/doc/r12um0004euOlOO_synergy_sk_s?gZ.pdf)
this manual has detailed explanation on the board functionality, schematics and configuration
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https://www.renesas.com/us/en/doc/products/renesas-synergy/doc/r12um0004eu0100_synergy_sk_s7g2.pdf

LAB 1-ACTIVITY 2 - STEP 2

111

Connect the micro-USB cable to the

DEBUG_USB port on the board and to your PC.

LED 4 should light up to indicate that the board

powered up.

5 MM

& -9

‘ DEBUG_USB port

source: Renesas Starter Kit SK-S7G2 User’s Manual
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LAB 1-ACTIVITY 2 - STEP 3

1. Run e2studio

(StartMenu | Renesas Synergy v1.7.5 | e2 studio

7.5.1)

if the welcome screen shows up then click on

Workbench.

2. File | New | Synergy C/C++ Project
Renesas Synergy C Executable Project

Project name: Blinky

E Eclipse Launcher

Select a directory as workspace

€ studio uses the workspace directory to store its preferences and development artifacts.

e2 studio - Project Configuration (Synergy C Executable Project)
Specify the new project details.

E e studio - Project Configuration (Synergy C Executable Project) O

Workspace: | C\Renesas\RenesasDrRepo\SE_course_v12 v

[] Use this as the default and do not ask again
+ Recent Workspaces

SE course v12

workspace

Browse...

Cancel

B new Synergy C/C++ Praject O

Templates for New Synergy C/C++ Project

:

Renesas Synergy C Executable Project
C/C++

nesas A C Executable Project for Renesas Synergy.

Renesas Synergy C Library Project
aemesas A C Library Project for Renesas Synergy.

Renesas Synergy C Project Using Synergy Library
Renesas Creates a C application project which uses an

LS R 1 S

<

Project Toolchains

Project name | Blinky{ GCC ARM Embedded

Uze default location
Location: | C\Users\Douglas\e2_studic\workspace_tst2\Blinky | | Browse...

Choose file systern: |default

License

License file: Change license file

C\Renesas\Synergye2studio_v7.3.1_ssp_v1.7.5\internal\projectgeniarmilicenses\55P_License_Example_Evallicense

License Details:

CUSTOMER INFORMATION: ~
Company: Renesas Electronics America Inc.

UserMame: Renesas Synergy Evaluation User

Email: noreply@renesas.com

LICENSE INFORMATION:
Issued: 25/07/2019

Visit the Apps Gallery for license file and Pack file downloads

@ < Back

Cancel

® < Back Finish Cancel

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 479

BIG IDEAS FOR EVERY SPACE M z E N ESAS




LAB 1-ACTIVITY 2 - STEP 3

3. Select board: S7G2 SK
Select the MCU that is used in your board
Select the toolchain version that was installed
during Activity 1 of this Lab
Select J-Link ARM as the debugger interface

E ed studio - Project Configuration (Synergy C Executable Project) O x

e2 studio - Project Configuration (Synergy C Executable Project) —
Select the board support that you require.

Device Selection

SSP version: | 1.7.5 w Board Details
Board: 5762 SK o
Device: RTFSTG2THIADTCFC
Select Tools HAyailable Tools
Toolchain: GCC ARM Embedded v GCCARM Embedded
Toolchain version: | 7.2.1.20170904 o 7.2.1.2017
w Debuggers
Debugger: J-Link ARM ~ J-Link ARM
w RTOS

Express Logic ThreadX

w Smart Manual
|0 Registers Supported
Software Manual Supported

® < Back Finish Cancel

© 2020 Renesas Electronics Corporation. All rights reserved.
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E e? studio - Project Configuration (Synergy C Executable Project) O hd

e2 studio - Project Configuration (Synergy C Executable Project) —
Select the type of project you wish to create,

LAB 1-ACTIVITY 2 - STEP 3

Project Template Selection

O " BSP
g Base Board Support Package for the chosen Synergy family.
4. Select Blinky as the Template [Renesas Synergy 1,73 peckd
- - - - @ - Blinky
Finish (press Finish button) gy | Sinkey
[Renesas.Synergy.1.7.5.pack]
accept the suggested perspective O[ 2" Blinky with ThreadX

Threaded version of Blinky project.
[Renesas.Synergy.1.7.5.pack]

Code Generation Settings
Use Synergy Code Formatter

® < Back MNext = Cancel

E Open Associated Perspective? *

This kind of project is associated with the Synergy Configuration perspective. Do you
want to open this perspective now?

[ ]Remember my decision

Egpen P Erspectivei Mo
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LAB 1 -ACTIVITY 2-STEP 3
—

5. On the Project Explorer
right click on the Blinky project
Build Project

(should compile without errors or warnings).

Right click again on Blinky project
Debug As | Debug Configurations...

On the Debug Configurations Window
expand Renesas GDB Hardware Debugging
select Blinky Debug.

Debug (press Debug button)
if offered to upgrade the J-Link firmware, accept
if offered to change perspective, accept.

0 I IR B - il S

B8 SE_course_v12 - Blinky/configuratienxml - € studic

File Edit MNavigate Search Project Renesas Views Run

(8] [ ][ @ ][4 oebug

O X

Window Help
v | | & Blinky Debug

W

| ®~-/R-B OB -
= | % C/C++ {91‘} Synergy Configuration

| img~

v

li5 Project Explorer 33 8 @ Notifications in the Smart Brow... {85 [Blinky] Synergy Configuration 32 = = B & Package % = 0
B %|s Summary IR Rk

v 1= Blinky ~

[al Includes

& src Project Summary

£ synergy

(= script

(= synergy_cfg Boalrd: 57G2 SK

| Blinky Debug.launch Device: RVFSTG2TH3IANMCFC

i configuration.xml Toolchain: GCC ARM Embedded

£ RTFSTGZTH3AOICFC.pincfg Toolchain Version: 7.2.1.20170904

£l 57G2-3Kpincfg SSP Version: 175

{7) Developer Assistance

Selected software components

Board support package for RTFSTG27TH3A01CFC vi75h
Board support package for S7G2 vi75h
-Board sunnort nackaae for 762 vizh
Renesas
Symergy @
You([lif = e S5p
» Al Support i}, =
Surmmary BSP| Clocks| PinslThreads| Messagingl Components
< > < >
ertie Problems @ Smart Browser 532 = B  [E3 Pin Conflicts 2 D Y= B8
SR D P DHRK| v v Ltems =
Device: - Description Module Pin Le
Context Help  User's Manual Technical Update Application Notes  Tool Mews | * | "
Total: 20
Received Date Category Contents 2
UNREAD 2019/10/16 Tool Topics FAQ) Update related to IDE (e studio
UNREAD 2019/10/16 Tool Topics FAC) Update related to IDE (e2 studic
UNREAD 2019/10/16 Tool Topics FAC Update related to IDE (22 studio
UNREAD 2019/10/16 Tool Topics FACQ) Update related to IDE (e studio
< >
£ >

el
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Debug - Blinky/src/synergy_gen/main.c - £2 studio m} x
[ ] — File Edit 5Source Refactor Mavigate Search Project Renesas Views Run Window Help

i RRASACRFERNT RN SR SRS R St a B R RAT R ah- N RIS SR SR CR AT
1= | Hg C/C++ {5} Synergy Configuration 45 Debug
#5 Debug &2 O, ~ % D0 00 E%@W|l‘9|@@ ¥ = B | ®=Verda.. }{ @ Brea Reg Mod Expr Even OR Per = g

. ~ [c7] Blinky Debug [Renesas GDB Hardware Debugging] - = | @@ g9 B ‘ e
v 12 Blinky.elff [1]
8 ' Th e debug perspeCtlve Sh Ou I d be w o Thread #1 1 (single core) (Suspended : Breakpoint) Name Trpe Value

presented at this time 18 /e g/ non-sai-gd (752
(see 4spebug ON upper right)

w GDB server

9. Press Resume ( /i» ) and the code
IS executed up to the start of the
main function - green line

er [€] main.c 2 = g - Outline [ Project Explorer 73 = g
. 1 ge:e:at:,e:l main an:::-:e_f'_'_e - do not edit *f = <§> -
10. Press Resume again and the code T ot e S (vt By
executes: three leds blink near the e B
7 00003lce  } ’ 2 synergy
LCD of the board. : & oebug

= script

You succeeded in the installation & synergy cfg

= Blinky Debug,jlink

Of eZStUdiO! |=| Blinky Debug.launch

{O:} configuration.xml
|5 RTFS7G2TH3ADTCFC.pincfg
|5 57G2-5K.pincfg

Bl Console i | 42| Tasks = Renesas.. Memory.. (- Performa.. (¥ Profile RZREaI—ﬁme... @ Trace () Visual Ex.. [ ARM Cor.. @ SmartBr... l-‘f Problems {3 Executabl.. [J Memory = B

B EE R e~
Blinky Debug [Renesas GDB Hardware Debugging] C:/Renesas/ed_studic/DebugComp/arm-none-eabi-gdb (7.8.2)
Program received signal SIGTRAP, Trace/breakpoint trap. A
Reset_Handler () at ../synergy/ssp/src/bsp/cmsis/Device/RENESAS/S57GZ/Source/startup 57GZ.c:60
&0 {
Temporary breakpoint 1, main () at ../src/synergy gen/main.c:5
5 hal_entry ():

v

£ >
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LAB1 - SYNERGY PLATFORM

Activity 3 — Overview of the Synergy Platform
1. How platform is defined in this context
2. What is included in the Synergy Platform

3. Effect on the development process
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LAB1 - ACTIVITY 3

Concept of the Synergy Platform

In this context, Platform is defined as a complete set of hardware and software components that can be easily combined
to form the foundation upon which a solution is built. Furthermore, the Platform also provides the infrastructure for
development (development tools, example of end-product design, technology building-block examples, web accessible

repository of tools and software).
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LAB1 - ACTIVITY 3

What is included in the Synergy Platform?
1. A family of Microcontrollers (S1, S3, S5, S7)

2. SSP (Synergy Software Package)

complete package of qualified software

3. Development tools

(e.g. the e2studio ISDE)

Advanced
Scheduler

Inter-process and
Inter-thread
Communication

Memory
Management

4. Development Boards (e.g. SK-S7G2) S
5. Product examples
6. Application examples

7. Synergy Gallery

RTOS

FAT12/16/32,
exFAT, 3D,
microSD, CF, and
MemoryStick

Complete Flash
Management with
Wear Leveling

Very Fast
Performance and
Low Footprint

Ethemet MAC
Controller

USBHS
USBFS

Ultra-Low

Power

B

Core Frequency

Up to 32 MHz

High
Efficiency

Synergy Software Package (SSP)

Host Classes
(Storage, CDC,
HID)

Host Stack
Host Controller
Device Classes
(Storage, CDC,

Audio, HID,

Printer, Hub)
Device Stack
Device Controller

CAN
UART
SDHI
QSPI

SPI
e
SSI

RTC

UsSBX™ GUIX™

GUIX Studio
Run Time Library
Canvas
Drawing
Screen
System
Widget
Window

ADC12
ADC14
DAC12

Safety

NetX™ and
Net)(“‘ Duo
SNTP
TI—_l'F-‘ MNAT
Telnet TCP
PPP =
SMTP UDP
POP3 ICMP
HTTP IGMP
DNS ARP
SNMP RARP
DHCP

Data Transfer
Controller

DMA Controller
Timing & Control

Integration

To 200 MHz

Audio
Console
JPEG

Touch Panel

External
IRQ

Messaging

Hardware Abstraction Layer (HAL) Drivers

Clock
Management
Security &
Encryption

Application Functional
Framework Libraries

SPI
12C
UART

Thread
Monitor

Power
Profile

Graphics LCD
Controller

2D Drawing

Engine

Performance
.

Core Frequency Core Frequency Core Frequency

To 100 MHz To 300 MHz

Security &
Encryption

CMSIS DSP
Captouch

Segment LCD

Controller

Parallel Data
Capture Unit

(web accessible repository)

Board Support Package (BSP)

source: Renesas, Synergy Platform Architecture

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 486

BIG IDEAS FOR EVERY SPACE M zEN ESAS



LAB1 - ACTIVITY 3

Traditional Development

Hardware ' Middleware Integration Cloud Application

Design ' w/ RTOS Connect Code

Development Using Integrated Platform

Application Additional System
Code Innovation Test

WA A
il Product
Essential Building Differentiated Diffe:gn’t:;tion
Code Code

source: Renesas, Synergy Platform Architecture
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LAB1 - SYNERGY PLATFORM

Activity 4 — Overview of e2studio

1. Understanding the organization of e2studio

2. Common tasks in e2studio

~ '15 Blinky
g;? Binaries
[ Includes
(= sre

52 synergy
(7= Debug

(= script

(= synergy_cfg

|= 57G2-5K.pincfg

[ Properties £2 Problems

Properties are not available.

Blinky Debug.jlink

|Z| Blinky Debug.launch

& configurationxml

=| RTFSTG2TH3AD1CFC pincfg

Synergy Configuration - Blinky/configurationaeml - e2 studio
File Edit MNavigate Search Project RenesasViews Run  Window Help
A [ & - Qe

[ Project Explorer 53

Summary

Time to Market

R A R R e

= B {5 [Blinky] Synergy Configuration 3% | [g] startup_S7G2.c [ mainc = O | ff]Package 2

- m} x

- [ | B C/C++ & Synergy Configuration %5 Debug
v| R R

Generate Project Content

Barriers to E

ST Series

Project Summary

Board: S7G2 SK

Device: R7FSTG2TH3A01CFC
Toolchain; GCC ARM Embedded
Toolchain Version: 4.9.3.20150529

SSP Version: 121

Sel d software

p

Board support package for R7TFS7G27H3AQ1CFC
Board support package for S7G2

—

i

RTFSTGZ oo
176LQFP
(Top View)

vss

P23 g

P22

vee |

avccusshs —

USBHSRREF —T]

AvsssaHs —]

PussISBHS ]

ssUsBHS ]

usarsoM —

usBrsDe ]

ss1USBHS ]

w121 veeusss —
55

v1.2.1 P—
Fé14 5|
F413 5|
Fe12 5|
> Patt | -

LR EEEE L RN

Summary | BSP | Clock;‘ Pm;‘ Threads| Messagmg‘ \CU‘ Compenents < >

o5

%; Pin Conflicts | E) Console 53 -] x&l%gﬁ B ‘ '—El @@l =EB-f-= 0
<terminated> Blinky Debug [Renesas GDB Hardware Debugging] GDEB server

Target power 1 off A
Starting target connection
Finished target connection
Target connection status - OK
Starting download
Option Function Select, writing to address 0x00000400 with data ffffffffi
SECHPUxxx, writing to address 0x00000408 with data fffffffffffffffffffff]
Finished download
Disconnected from the Target Debugger. v
< >
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LAB1 - ACTIVITY 4

The e2studio ISDE

(Integrated Solutions Development Environment)
Features:

1. Built on the Eclipse Framework

2. Compiler/Linker - GNU or IAR

3. Editor (with syntax highlighting and auto-

complete)
4. Configuration tools (pin, clock, interrupt, ...)
5. SSP module selector and configurator
6. RTOS awareness, execution profiler, tracing

7. JTAG debugger interface (J-Link)

..

e Rl = RENESAS
E 0N synéngy
e2studio ==

= |ISDE
e & ecipse ‘
Integrated
IDE Solution-oriented Solutions
D'e"v‘:g':;f:m components Development
Environment Environment

© 2020 Renesas Electronics Corporation. All rights reserved.
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LAB1 - ACTIVITY 4

E‘ C/C++ - Blinky/synergy/ssp/src/bsp/cmsis/Device/RENESAS/S7G2/ Source/startup_57G2.c - ed studio — m} X

File Edit Source Refactor MNavigate Search Project Renesas Views Run  Window Help

Eclipse is a framework upon which el B R R BN G A @ e G @it OGP @ TR G v GO (et rcces || 2 | TG Sersy Coniution. 45 Debug

|
[ Project Explorer 23 2% v =08 b7 [Blinky] Synergy Configuration A8 startup_S7G2.c 32 | [€] main.c = O == Outline 32 Make Target = B8
many Open Source development v [ Blinky [Debug] 2 @ * Copyright [2015-2017] Renesas Elsctronics Corporation and/or its licensorsa A E s e
¥ Binaries 20 @* File Name : startup_S57G2.c[] 8 bsp_apih
[ Includes ) @ exc_ptr_t: void(*){void)
. . 2 src @ Includes <System Includes> , "Project Includes"[] £+  Reset_Handlerfvoid) : void
environments are built. 2 ey L et pndid i
= Debug - i id) v
= script 25 /* Only build this file if this board is chosen. */ = ;nm;(‘sld)dl o d) : void
P S #if defined(BSP MCU GROUP S7G2) ©  Reset Handler(void) : void
(= synergy_cfg - - - @ Default_Handler{void) : void
H M =| Bl Debug,jlink . § :
Some important concepts of eclipse 1 By D Otincro detinrions) o & st
%‘ Blinky Debug.launch f?’s g_process_stack : uint8_t[]
i._°,s" cenfiguration.xml @ Typedef definitions(] ¥ d 8 g_heap : uint3_t[]
&5l RTFSTG2TH3ADICFC.pincfg 35 /* Defines function pointers to be I;se:l with vector table. */ # WEAK REF_ATTRIBUTE
are: 2/ 5762-5K.pincfg o typedef void (* exc ptr_t) (veid): # WEAK_REF ATTRIBUTE
. a1 ++  NMI_Handler(void) : void
3 @ Exported global variables (to be accessed by other files)[] ++ HardFault_Handler{void) : void
45 ++ MemManage Handler(void) : void
. 47 @ Private global variables and functions[] ++ BusFault_Handler{void) : void
49 void Reset Handler (void); - id) voi
= The workbench window 10 Reset Bamaier (1) £ U el
5c void Default Han er (void): 4+ SVC_Handler(void) : void
:J: vold main(void); ++ DebugMon_Handler(void) : void
. . e :‘j . ) ) . . ++ PendSV_Handler{void) : void
(|dent|f|ed by an orange border) - ) Funerion Neme: Reser fandier] 4 SysTick Handlertvoid) - o'
59 ~“wvoid Reset Handler (void) s
- t - ®© _Vectors: const exc_ptr_t[]
&0
6l [f* Initialize system using BSP. */
. . 62 SystemInit();
= Several areas in the workbench, in .
65 main();
EE

this example the areas are ® -

identified in red

User's Manual  Technical Update Application Notes  Tool News

Title Document ... Rev. Issue Date Remarks

» |n each area, several parts can be

superimposed, selectable by a tab o ——
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LAB1 - ACTIVITY 4

A part IS elther an edltor ora VIeW' [Blinky] Synergy Configuration Ag] startup_S7G2.c i3 main.c = O
:; @ Exported global wvariabkles (to ke accessed bv other files)[d
:E ® Private global variables and functions[]

. 49 void Reset Handler (void);
An editor area (shown here) may have many - void Defenlt Handier (void);
. . - 52

open files, selectable by a tab (in red). In this o1 ®+ Function Name: Reset_Handlex[]
£g “void Reset Handler (void)

example the flle Startup_S7GZC IS ShOWﬂ On the Z_I { /* Imitialize system using BSP. */
62 SystemInit ()

edltor panel- z; /* Call user application. */
65 main();

i I 1 1 1 ZC = while (1)
The eclipse editor uses syntax highlighting, {
. . # Imnfinite Loop. */f

hence, comments are in green, types are In , }

magenta, function names in bold, header blocks 74 ®+ Function Name: Default Handler[]
T4 “wvoid Defanlt Handler (void)

. 80 {

are In blue, g1 @ /** B error has occurred. The user will need to investigate the cause. Cc
84 BSP_CFG_HAWNDLE UNRECOVERABLE ERRCR(0):
85 }
;E = f* Stacks. */ y
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LAB1 - ACTIVITY 4

A view is used mainly to present information.

The project explorer view presents the files that

compose the Blinky project.

The outline view presents the elements (variable,
constants, functions, ...) that compose the file that is
open in the currently active editor pane (in this

example the startup_S7G2.c file of the previous slide).

Each view may have its own menu. Accessible by the

icon identified in a red box.

There are hundreds of views available in the submenu

of Window | ShowView.

E‘:, Project Explorer &3

~ % Blinky [Debug]
g-_';h Binaries
@]'.l Includes
[ src
&2 synergy
= Debug
= seript
(= synergy_cfg
= Blinky Debug.jlink
=l Blinky Debug.launch
{5 configuration.xml
= RTFSTG27TH3ADTCFC.pincfg
=l 57G2-5K.pincfg

i

=

wiReootTT@E

et tttIttTEe

EE Qutline % (@ Make Target = B8

SN
bsp_api.h
exc_ptr_t : void(*) (void)
Reset_Handler{void) : void
Default_Handler{void) : void
main{void) : void
Reset_Handler{void) : void
Default_Handler{void) : void
g_main_stack: uint2 t[]
g_process_stack: uint®_t[]
g_heap : uintd_t[]
WEAK_REF_ATTRIBUTE
WEAK_REF_ATTRIBUTE
MNMI_Handler{void) : void
HardFault_Handler(void) : void
MemManage_Handler{void) : void
BusFault_Handler(void) : void
UsageFault_Handler(void) : void
SVC_Handler{veoid) : void
DebugMon_Handler(void) : void
Pend5V_Handler{void] : void
SysTick_Handler(void) : void

€ Vectors: const exc_ptr_t[]
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LAB1 - ACTIVITY 4

Parts (editors and views) can be freely rearranged and

grouped to fit the user needs.

A given organization of parts is called a perspective.
Some are predefined, but the user can create his own

perspectives.

Perspectives are selected by buttons on the upper right
(C/C++ perspective identified in red). Each perspective
Is conceived to fit a given activity, such as source file

editing, synergy platform configuration, debugging, ...

Choose Window | Perspective | Reset Perspective...

to restore a perspective back to its default organization.

{§} [Blinky] Synergy Configuration

\5/57G2/Source/startup_57G2.c - 2 studio

Renesas Views Run  Window Help
Erei- -G t-0-Q-im e B e

A8 startup_57G2c 37 | [g] main.c

CEpreea s | mee pwa wy oy

@ Exported global variables (to be accessed by other files)[]

@®Private global variables and functions[]

void Reset Handler (void):
void Defaunlt Handler (void);
void main(veid):

@®* Function Name: Reset Handler|]
~wvoid Reset Handler (void)

{

f* Initialize system using BSP. */

SystemInict ()

/* Call user application. *

main();

while (1)
{

/% Infinite Loop. */

}
}

% * Function Name: Default_Handler[]

~wvoid Defaunlt Handler (wvoid)
{

=

}

= f* Stacks. */

L5

=mory Usage @ Smart Browser 52

User's Manual  Technical Update Application Notes  Tool News

Peee o T LTEHE

S e R 1Y

®

f*%* B error has occurred. The user will need to investigate the cause. Ct
BSP_CFG_HANDLE UNRECCVERABLE ERRCR (0);

- [m] >

: E | B@ C/C++ {5F Synergy Configuration #5 Debug

EE Outline 5 (®) Make Target = O

Bl R o % ¥
bsp_api.h
exc_ptr_t: void(*){void)
Reset_Handler{void) : void
Default_Handler(void] : void
main(void) : void
Reset_Handler(void) : void
Default_Handler(void) : void
g_main_stack : uint?_t[]
g_process_stack: uint8_t[]
g_heap: uintd_t[]
WEAK_REF_ATTRIBUTE
WEAK_REF_ATTRIBUTE
MNMI_Handler(void) : void
HardFault_Handler{void) : void
MemManage Handler{veid) : void
BusFault_Handler{void) : void
UsageFault_Handler(void) : void
SVC_Handler{void) : void
DebugMen_Handler{vaid) : void
PendSV_Handler{void) : void
SysTick_Handler(void) : void

€ _Vectors: const exc_ptr_t[]

Title
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LAB1 - ACTIVITY 4

A project consists of a set of inputs files
(source files and configuration files) as well
as the output files generated during the
compile/link process.

A project is presented in the Project
Explorer window in the form of a tree with
files and folders.

The user can create folders to better
organize the files of a project

A project generates a single binary
executable or a library.

Several configurations of a project may be
stored for easy access. Such as: a
configuration that generates debug info vs
one that does not.

Here shown is the Blinky project in its
Debug configuration.

v =% Blinky [Debug]

[&7] C/C++ - Blinky/3Beqy/ssp/src/bsp/crmsis/Device/RENESAS/STG2/Source/startup_STG2.c - €2 studio
Eile Edit Source

Tt

actor DMavigate Search Project Renesas Views Run  Window Help

[ Project Explorer

$5% [Blinky] Synergy Configuration
~ [ Blinky [Debug] 2

=] 57G2-5K pincfg

void Reset Handler (void);
void Default Handler (void);
void main(void);

~wvoid Reset Handler (void)
1{

SystemInit ()

| SR - & o S A e [ @ AR O & e W

@ Exported global wvariables (to be

* Initialize system usi

=

A8 startup_S7TG2.c &% | [£] main.c

@ * Copyright [2015-2017] Rgnesas Electronics Corporation and/or its licensor:a

typedef void (* exc_ptr_t) (void);

@ Private global variables and functions[]

@ * Function Name: Reset_Handler[]

ng BSP. *

-

- [m] X

| 2% | R cices | Synergy Configuration %5 Debug

3 Binaries @* File Hame : startup_S7G2.c[]
[l Includ
(2 sre @®Includes <System Includes> , "Project Includes"[]
2 synergy #include "bsp_api.h"
(= Debug
(&= script /* Only build this file if this board is chosen. */
= synergy_cfg < #if defined(BSE_MCU_GROUE_STG2)
=| Bli Debug.jlink
3 Stk Dbk Sttecze asinseions
onfiguration xm) @ Typedef definitions[]
I RTFSTGTHIADICRC.pincly /* Defines function pointers to be |ased with wector table. */

accessed by other files)[]

= 0

0= Qutline £ | (@ Maks Target = B8
RS e %7

bsp_api.h

exc_ptr_t : void(*)fvoid)

Reset_Handler(void) : void

Default_Handler(vaid) : void

g_heap: uint?_t[]
WEAK_REF_ATTRIBUTE
WEAK_REF_ATTRIBUTE
NMI_Handler{void) : void
HardFault_Handler(veid) : void
oi

MemManage_Han

ettt ittt eI Res o b L AE

_Vectors : const exc_ptr_t[]

Call user application. */
main();
while (1) v
>
Problems lemory Usage @8 Smart Browser 52 $H I v =8
Device: -
User's Ma Technical Update Application Notes  Tool News
Titl Documen t.. Rewv. Issue Daty Remark:
‘Writable Smart Insert 39:36
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LAB1 - ACTIVITY 4

Aworkspace is a set of projects.

Typically, projects in the same workspace share common features such

as libraries and hardware platforms.

For instance, you can create a single workspace for all projects of this
Embedded Systems course, since they all will be running on the SK-

S7G2 board and may share libraries.

On the file system a workspace corresponds to a folder and each of its

projects is a folder therein.

(figure shows two projects in the same workspace)

[7 Project Bxplorer 52 = E Ov =
[ Froj P =

~ =% Blinky [Debug] —

f;f' Binaries
@-.I Includes

w [ src

(= synergy_gen
[€] hal_entry.c

v 2 synergy

= board
= sEp
== Debug
[-= script
(= synergy_cfg
|=| Blinky Debug.jlink
|=| Blinky Debug.launch
{55 configuration.xml
= R7FSTG27H3ANCFC pincfy
= 57G2-5K.pincfg

v 35 Intro_to_SSP_gpt S —

[l Includes

2 sre

[-== script

{5k configuration.xml

= Intro_to_S55P Debug.jlink

|=| Intro_to_S55P Debug.launch
|=| Intro_to_S5P_gpt Debug,jlink
|=| 57G2-5K_BSP.pincfg
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LAB1 -ACTIVITY4 ... L

esas Views Bun  Window Help

ﬁ;‘:ﬁ;voqu;g"‘v;{ VAl e - ﬁ‘%({(ﬂ— fé'}SynergyConfiguration #Debug

¥ = O |{8 [Blinky] Synergy Configuration &% | [¢] startup S7G2.c [ main.c = 0O | {&]Package i3

Pins

. . o
The Synergy Configuration

Select pin configuration

. all
perspectlve $7G2-SK.pincfg v | [ Generate data:
Pin Selection Pin Configuration
Select this perspective when ilmeg by
v« Ports ol Module name: P200
. ~ PO .
using the Synergy o |
v v P2 Comment:
P200
H H H P201 Port Capabilities: IRQO: NMI
Configuration Tool to configure -+ o Coplies
. P03 P200 Cenfiguration
. . . » P24 Mode: Disabled ~ \C"SL'_ g;" S ———
the SSP, deflne pln functlons, M gig: Full up: None Pffgi 176LQFP
v
~ P207 IR MNone Pﬁé g: ey
e =
create threads, ... - pan ——
v P3 P2oc: None :ﬁ:gg;
v P4 usarsCH
v b5 vt =
v P& wCeusats —=
vs =
“en v =
43 =
< > P2 = w
Summary|BSP |Clock5 MThread;‘ Messaging | \CU| Compunent;| < T 3
4 =8 % Pin Conflicts Bl Console 5 :Euaﬁi‘."'.E'FJ': =]
Synergy
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LAB1 - ACTIVITY 4

SSP Configuration Tool
(Synergy Configuration)

The user selects the desired
configuration of a module of the
SSP (in this example the clock)

using a graphical tool.

Generate Project Content will
produce the corresponding C

code.

Synergy Project Editor — Clock Configurator 1

& 'Synergy Ccmfig“ﬁaiion [WSyﬁergybroj:f.‘tE X1

Clocks Generate Project Content
7 Restore Defaults .
T SovA o ik Configure the
= PCLKADV/2 v —> PCLKAL20MH: clock tree on
PLLDiv /2 - >{PCLKB Div /4 vl—> PCLKB 60MHz the CIOCk
PLL Mul 200 vl Hs{pcLkc Div /4 vl PCLKC 60MHz Configurator
PLL 240MHz —>]{Clock Sre: PLL ~ H>{Pcikp Div 2 v [—> PCLKD 120MHz Ta b
HOCO 16MHz ! SDCLKout On +1— SDCLKout 120MHz
LOCO 32768Hz BCLK Div /2 +— BCLK120MHz
T
MOCO 8MHz BCK2 }— BClKout 60MHz
SUBCLK 32768Hz H{UCLK Div /5 v} UCLK 48MHz
LFckDiva <} FCLK6OMH:
Summary ’ BSP ‘ Clocks ’ Pins | Threads ‘ ICU| Components ‘

source: Renesas Synergy ISDE Tour
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£ *Synergy Configuration [MySynergyProject] 52 = O §lPackage 3 QRe-a-@-

i 0 y l4 i3 is 5 . ’
Elos Generate Project Content A RS —— ; 5. ‘ - [“ ‘ :I e
A Voo Voo, _ | ”
n | w0z | e || ves || vss |[Paos | oous || 55| o vau | e | ez | (| o P | A
Select pin configuration =t 1 1 1 " T — 1 3
8 2 | ooz . ||Uss. 8
RIFSTG2TH2A01CBD pincfg v i Jioog ‘v’lf b i bl b i i s [fm | s [ ow |8
( 2] ! : S
Clan ‘;uo ‘Pm P304 || P309 || P310 | P311 || P201 || PS04 || VSS ;ns ltm ‘;zov ) ﬁllo ¢
Pin Selection Pin Configuration ol 1 Tl ol il 1o
— vee || vas ‘m) v30s || 9306 || 307 | p30s || peso |[9903 || vec | p2oe ln-n a2 |[Buas | poe
type filter text B B © | Usetag: typenewtag « 1 I | v v v v ~
€ | P10 || P11 ‘ms P14 || P934 | Poas | Po0s || Po0s | Ps00 || P313 | Pesd ‘wu P05 | Peas ‘ vss | E
L J L J L | J
4 Periphenis Module name: Ethernet_Controller_1_RMI 2 ™o M Mo o | e [ane Mg o, [ves_|[ver. |hesusiusend.
AGT - Ea ¥ | oa || mes2 | pers |[7uon o300 ([Poos |Pa07 || mes |[mse om0 o2 (| gt MO0 B0 T
8US Ethernet_Controller_1_RMI Configuration — — o= T
— — G | 813 || oass | pase || 2609 || oasz | pass |[ooos [ Pets |e20s [[oma3 ffeeo |\ A o
CACAD Operation Mode: Enabled v | ‘ | e | | Ko | NSBHS | RREF LSBHSIUSBHS
( ) : = ; — :
CAM 3 H va || vss | vac ([eos | Paso |[aca | onss | oe13 || ‘Sau";aos‘vcc ocs w3 [z [
CLKOUT_COMPRTC  |% Input/Output [P [
. n o I == T
th I f th f th cTsu ET1_EXOUT: v P13 > () 9407 || Ba08 | padS || Bao4 a3 [P [Poco |m"m ) ‘\’ms vss |xooutxan | )
Another example o e usage o e ored T— [ [ o g o ,
p g ETHER_MI ETL_LINKSTA: v |B8oz M) () 7605 || Peos ‘vw [%eo | Pecs | 7o | Peos | Fais [eos [[7m2 Fw Yeor vearivao | K
4 ETHERRME ET1.MOC: «[pa03 - = 1 s | o [
Ethernet_Controller ! = -4 St et - - S5 || 007 || P0O3 | VSS ‘vm ||p70s | P26 | P07 | L
H . I + Etheret_Controller_ ET1_MDIO: v [Paos - e iai'v
- - p1s || P04 || 010 | P04 ‘m‘ P35 rww Y
Synergy Configuration Too @ = 5 Re-map, Re [ o [ [
KEY REFSOCKI: [P B f . e avsso | ous | poos ‘100_‘ oo | sz fouoa |
LCD_GRAPHICS RMTI_CRS NV- -~ [oms = Con |g u re p' nS :I‘ “Bm’m Féeen r-o" e |Fona 1 ey | P
il « |

v Vv Trem T v
R | 100 m:\m P500 || PS04 vm‘vsvusm ° m‘mlm‘m 2 [psu | R

The graphlcal tool is used to define the Summary ’ BSP ICIockslPins| Threads‘ ICU| Components

function of each pin.

{5} *Synergy Configuration [MySynergyProject] &2 = O §]Package (% Pin Conflicts 23
Pi 2 errors, 0 warnings, 0 others
. . . . e Generate Project Content Description = Module Pin
Configuration errors (e.g. pin conflicts) are S © Dunging comcion 1P Option A 5114
Select pin configuration © Dangling connection IC1_Pin_Option A  SDAL_A

|R7FS7G27H2A01CBD pincfg  ~

identified and can be corrected.

type filter text P B i Usetag: typenewtag v
Again, Generate Project Content will generate qw ey
] :I:EE:EH Opertion Mode: [Enabled -
the corresponding C code. - [ ] .
GPTL SCLLA: o |*P205 - @
:z:)_cmvmcs T soma o [-p26 - (=]

Do Identify and resolve pin conflicts

TCO_Pin_Option A

In the Pin Conflicts View

TICO__Pin_Option_B

@ [C1_Pin_Option_A
TIC1_Pin_Option_B
| (@] -

»

Summary ’ BSP “Clocks ‘ LX) Pins’mThreads‘ ICU| Components’

source: Renesas Synergy ISDE Tour
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LAB1 - ACTIVITY 4

Use the Synergy
Configuration tool to chose
HAL modules, to create
threads and configure

them.

HAL =

Hardware Abstraction Layer

see Embedded Systems Architecture

starting on slide arch

0k *Synergy Configuration [MySynergyProject] &3

Threads

Threads
EFfHAL/Common
g_rtc RTC Driver on r_rtc
g_cgc CGC Driver on r_cgc
| g_elc ELC Driveronr_elc ...
& System Thread
g_sf_external_irq External IRQ Framework on sf_external_ir
g_external_irq External IRQ Driver on r_icu
g_sf_audio_playback Audio Playback Framework on sf_aL
& Error Log Thread
g_ux USBX on ux
g_sf_el_ux USBX Port HS and FS on sf_el_ux

g_sf_comms Communications Framework on sf_el_ux_co

& Temperature Thread
g_adc ADC Driver on r_adc

N\

2 Create multiple

RTOS threads

L New ]

Remove

HAL/Common Modules

& g_rtc RTC Driver on r_rtc

@ g_cgc CGC Driver on r_cgc

& g_elc ELC Driver on r_elc

@ g_ioport /O Port Driver on r_ioport

< | i

Choose HAL/Common
Modules

([ News ]

Remove

HAL/Common Objects

Remove

Summary | BSP ‘ Clocks ‘ Pins ‘_Threads_‘ ICU ‘ Components

source: Renesas Synergy ISDE Tour
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LAB1 - ACTIVITY 4

\5/57G2/Source/startup_S7G2.c - &2 studio - O X

Renesas Views Run  Window Help

[GRAARAGLENCESE RN RS I =|£||E|§§|'1}|'“. (= ep i @| [ C/C++ {5} Synergy Configuration %5 Debug

To start a debug session use the debug icon. B8 Byl Smery Confguestion. | [ siarup 72 52 | I3 maine. S0 | & oine 5 ©vakeToset = B
41 ~ ERCR R T
43 ®Exported glokal variables (to be accessed by other filesi[] bsp_apih

R . . . 45 exc_ptr_t: void (") (void)

47 @®Privat lobal variabl and functions[] Reset_Handler(veid) : void

A debug configuration window is used to setup the void Reosat Handlor (voidy: Deti Hondlrte)
50 void Defanlt Handler (void): main(veid) : void
51 vold main(void): Reset_Handler(void) : void

Default_Handler(void) : void
g_main_stack : uint2_t[]

debug configuration

@+* Function Name: Reset_Handler[]
~wvolid Reset Handler (void)

u

o
&
+
+H
=
@
@
(]
y g_process_stack: uint8_t[]
! /* Initialize system using BSP. */ » ’ g_he,a_p: il
SystemTniz () : F3 AK_REF_ATTRIBUTE
# WEAK_REF_ATTRIBUTE
/* Call user application. %/ H- MNMI_Handler{void) : void
Debug Configurations X main(): H- HardFault_Handler(void] : void
++  MemManage Handler{void) : void
Create. manage, and run configurations o while (1) ++  BusFault_Handler(void) : void
{ ++  UsageFault_Handler(void) : void
/* Infinite Loop. */ ++  SVC_Handler{veid) : void
= = ED 1 ++ DebugMon_Handler{veid) : void
@ ‘ s Hame: | Blinky Debug } H PendS?V_Handler{void) : void
type filter text Main | %3 Debugger = Startupw =] Qommon} He Sourcﬂ ++  SysTick Handler(veid) : void
[T] C/C++ Application ~ @* Function Name: Default Handler[] @ _Vectors: const exc_ptr ]
[E] C/C++ Remate Application Debug hardware: |J-Link ARM ~ | Target Device: | R7TFS7G27H ~wvoid Default Handler (void)
[£7 Debug-only {
=/ EASE Script GDB Settings Connection Settings  Debug Tool Settings 81 @ /** B error has occurred. The user will need to investigate the cause. Ct
[£] GDB Hardware Debugging . i 54 BSP_CFG_HANDLE_UNRECOVERABLE_ERROR (0) ;
[£] GDB OpenOCD Debugging B =SS 85 }
[£7 GDB Simulator Debugging (SH, RHA50) (®) Autostart local GDB server Host name or IP address:  localhost 86
j::: ﬁs;::ie;tim () Connect to remote GDB server GDE port numben =7 Ji ) ) o
= Launch Group ADM port number: < >
Remote Java Application Problems =N e Properties [ @ Smart Browser 2 Q§° ‘4’: = = 7
~ [£7 Renesas GDB Hardware Debugging
[c7 Blinky Debug Device: -
7 Renesas Simulator Debugging (RX, RL7E) GDB Command: User's Manual  Technical Update  Application Notes  Tool News
${eclipse_home}../DebugComp/arm-none-eabi-gdb Browse... | Variables...
w
< > Title Document ... Rev. Issue Date Remarks
Filter matched 14 of 16 items Reyert Apply

® Close Writable Smart Insert 64:33
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LAB1 - ACTIVITY 4

When entering a debug
session,
the current perspective

changes to Debug.

Several debug buttons become

available.

debug perspective

o | Download Reset Restart | | Disconnect Step Into (F5) Step Over (F6) =@
Y 3\ | ~ -
File Edit Soutwgce Refactor avigate Sgarch Project Renesag Views Run ndow p
== CHRNE QR Y m N E N B O 0@ C P
: ‘ - - Quick Access I s | E‘,CJ’C++ lm
45 Debug 53 EREL LI LCE EEEIEFE] N -~
4 Tuteorial [Renesas GDB Hardware Debugging] View Management...
4 12 Tutorialx [1] )
4 # Thread #1 1 (single core) (Suspendgd : Signal : SIGINT:terrupt) Theeads Update Policy g
= PuwerﬂN_Réetﬂatr_cg_res prg.c:71 OfffeD000 | . Layout »
,,,.; E:/Software/ed_studio_4.0.0.16/DebugComp/ne-g¢if-gdb --nc-forbe-64bit-double (7.7.1) I Show Debug Toolbar ]l
p GDB server ——
z_’—‘mﬁjln‘-:w's
Terminate Check here to show debug
Resume (F8) Suspend (Clirl+F2) operation icons

source (also for some other figures in this section):

e? studio Integrated Development Environment User's Manual: Getting Started Guide
r20ut2771ej0400_e2_start_s.pdf

https://www.renesas.com/us/en/doc/products/tool/doc/006/r20ut2771ej0400 e2 start s.pdf
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https://www.renesas.com/us/en/doc/products/tool/doc/006/r20ut2771ej0400_e2_start_s.pdf
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LAB1 - SYNERGY PLATFORM

Activity 5 — Overview of the SSP
1. Synergy Software Package

2. How to use the SSP
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LAB1 - ACTIVITY 5 - STEP 1

The Synergy Software Package (SSP) internal

structure is presented inside the red box; the grey

The Hardware Abstraction Layer provides
an abstraction of the internal peripherals
of the MCU: timer, communication
interfaces, gpio, ADC, DAC, ...

BSP - Board Support Package

IS the part of SSP that provides an
abstraction to the functionality
implemented on a board, outside the
MCU. Such as: leds, push-buttons, ...

10) IIIQIIUI IcVvcel IUIIbLIUIIdIILy, SUULIT AdS. LUOUCUTI
screen, audio, block media, ...

alning.

Renesas
e

ftware API
Stacks I Application |
ThreadX® Framework u

The ThreadX RTOS, and the aggregated
FileX, USBX, GUIX, NetX are part of the
SSP providing multitasking,
communication, file system and user
interface.

y ™ Software Package (SSP)

L
o
(=)
]
c
]
=
w
o
o
<

HAL Peripheral
Drivers

BSP

@ Renesas Synergy™ MCU

Software API
Makes application
development easy and
makes it portable

J Application Framework
Provides system level
- -
- services used in most
applications

BSP & HAL
Abstract application from
hardware - portability

source: Renesas
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LAB1 - ACTIVITY 5 - STEP 1

% Synergy Software Package (SSP)

Application Programming Interface (API)

® P ) .
Th S S f P k SSP ThreadX Application Middleware Fu_nctlo_nal
e ynergy 0] tware acC age RTOS Framework Libraries
. . . Fully Preemptive Audio Wi-Fi Filex™ USBX™ GUIX™ Netx™ and NetX Dug™ Era'csm“‘i?bar:d
internal structure is further detailed here: Sheduler - el memmermed| el [y
—_— Console FAT 12/16/32 (Storage, CDC Y SHA1/256, ARCA,
Intf.r;protlcwess gnd Cellular Formats HID, Hub) || Image Processing TFTP NAT 3TDES, MDS, TRNG
nter-threa :
o JPEG (NB-1OT, . .
Communication CAT1/3/M1) SDSC, SDHC, Host Stack Widget Library Telnet TCP CMSIS DSP Library
|| eMMCSupport |1 yoo controller || Event Processing PPP IPvd/v6 —
Memory Touch Panel ADC Software Safety
Management — || simultaneous Device Classes Canvas Processing SMTP uDP Library
Capacitive | read Media Support || (Storage, CDC, Sl
Touch Monitor PP HID, UVC) Rotation, Scaling POP3 ICMP Signature Generation
| - and Verification
nterrupt Power Fault tolerant, Device Stack Blend, Anti-alias TLS MQTT
Management Cryptographic  Profile Journal-Based - Wrapped Key
oo || Device Controller SDSC, SDHC, DNS ARP Generation
External LevelX Flash Tremepees || €MMC Support
X-Ware Interrupt > Isochronous DHCP RARP Key Installation
Execution Profiling Interface Wear Leveling Transfer _— -
——— MassStorage HTTP/A.1T SNMP Public Key Encryption
SPI, 12C,  (SDMMC, USB, HTTPS BSD Socket
UART QSPI, RAM) g Private Key Decryption
Picokeme|™ Loy
Architecture . .
Hardware Abstraction Layer (HAL) Drivers
Event-Chaining™
Technology UART SPI ADC 12/14/16 Code Flash Data Flash QsPI SDHI CRC
USBHS 12C Sigma Delta ADC CAN GPIO RTC JPEG Codec PDC
Preemption-
Threshold™ USBFS S5l DAC 8 Timer Watchdog Timer DMA Controller AGT 16-BitTimer GPT 32-BitTimer
Scheduling
Ethernet MAC  Factory MCU DAC 12 Independent 2D Drawing Low Voltage Low Power Segment LCD
Controller Information Watchdog Tmr Engine Detection Modes Controller
Clock Functional Data Tranfer  Capacitive Touch Event Link Interrupt Control  Security and Graphics LCD
Management Safety Controller Sensing Unit Controller Unit Encryption Controller
Analog OPAMP
Comparators
Board Support Package (BSP)
source: Renesas SSP v 1.7.5 documentation
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LAB1 - ACTIVITY 5 - STEP 1

RENESAS Synergy Software Package User's Manual

The Synergy Software Package (SSP) is downloadable from the momnl o omen]

! |

= Renesas Synergy™ Software Package Introduction

Renesas website (see Lab 1, Activity 1, Step 5).

It is installed in C:\Renesas\Synergy\e2studio_v7.5.1 ssp v1.7.5.
The ISDE e2studio will access the SSP directly from there.

The HTML documentation for SSP is installed in
C:\Renesas\Synergy\e2studio _v7.5.1 ssp v1.7.5\SSP_Documentation.
By opening in a browser the file
ssp-user-manual-html-v1.00-sspv1.7.5.html

the doxygen generated documentation is presented.

SSP documentation is also available in pdf from the Renesas website

Introduction to the SSP User's Manual

Renesas Synergy Gallery |

User applications I
|
|
| Synergy Software
} Package
] (SSP)

Framework (ThreadX-aware
drivers)

t e (BSP)
Board Mcu
n Configuration I

Configuratior

. wa

source: Renesas Synergy ISDE Tour
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Using the Synergy Software Package
(SSP)

The SSP is made available as a large set of
source files that implement its functionality.

The SSP is also highly configurable to the
application needs.

The task of configuring the SSP is
significantly simplified by the use of the
Synergy Configuration Tool available in
e2studio.

This tool provides a graphical interface for
the programmer to select the proper
configuration. Once selected, the button
Generate Project Contents will generate the
appropriate C files that match the selected
configuration.

Synergy Configuration - Intro35P/configurationxml - e2 studic

Eile Edit Mavigate ©5earch Project Renesas Views Run Wi w o Help
O L R R P e - O - Q)

LAB1 - ACTIVITY 5-STEP 2 —~ __

5% ¥  Pins

v Eir7 IntroSSP
f;b Binaries
! Includes
v 2 src
= synergy_gen
[ hal_entry.c
v 5 synergy
= board
i ssp
= Debug
(= script
v [ synergy_cfg
(= ssp_cfg
‘{é} configuration.xm|
|Z| Intro55P Debug.jlink
|Z| Intro55P Debug.launch
|2 RTFSTGZTHIADCFC.pincfg
|2| 57G2-5K.pincfg
synergy_cfg.td

<

[ Properties &3

Properties are not available.

Select pin configuration

S7G2-5K.pincfg

Pin Selection

type filter text | /7 | =

Input:KINT ~
+ Graphics:GLCDC

18} [IntroSSP] Synergy Configuration

Generate data:

Pin Configuration

Meodule name:

B RS
Py = O

Generate Project Content

i='g | He c/C++ {5 Synergy Configuration 4% Debug

g_bsp_pin_cfg

DEBUGD

Usage: When switching betv
Graphics:PDC
v Storage:Q5PI Operation Mode: ITAG
Storage:5DHI
System:BUS Input/Output
v Systern:CGC TCK: P300
v+ System:DEBUG
~ DEBUGD TDI: P110
TimerAGT TD0: P109
TimenGPT
Timer:0P5 ThAS: Ut
TimenPOEG LK None
TimerRTC v
< > <
< >
> Summary | BSP |Clocks Pins Threads| Messagingl ICU| Componentsl
M = 8 43 Pin Conflicts | & Console 32

{31 Package 2 = 0

BUEBBERASBSE
po
k

= 08

X% SR HEE B0

<terminated IntroS5P Debug [Renesas GDB Hardware Debugging] GDB server

GDBServer for Renesas targets.

~
Version 5.4.0.012 (Mar 16

Starting server with the following options:

Raw options

i C:\Renesashel_studiohe

Connecting to RTFSTGZTH, ABRM Target

<

GDBServer endian
Tarmet nower

: litctle
: nff v
>

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 506

BIG IDEAS FOR EVERY SPACE M z E N ESAS



LAB2 - SAMPLE C PROGRAM

Objectives:

» |[n Lab 2, the student will develop a simple game. The game’s objective is simply to respond as fast as possible to a visual
stimulus. A led goes on after a random time and the player has to press a button. The current response time is presented.

= The main objective of this Lab is to guide the student through a proposed development process that should be used in

the following labs.
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LAB2 - SAMPLE C PROGRAM

Learning Objectives:

Project planning

Problem definition, specification, hardware platform study, software framework study, design

Project generation

SSP Configuration

Threads configuration

Source code editing

Compile/Link

Debug
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LAB2 - SAMPLE C PROGRAM

Activities:

Plan the phases of the development process
Problem definition

Specification

Hardware platform study

Software framework study

Design

Use the Wizard to generate a Synergy C Project
Configure the SSP

Use the Editor

10. Compile and link the project

11. Debug on the SK-S7G2 board further reading for this Lab:

e? studio Integrated Development Environment User's Manual: Getting Started Guide
r20ut2771ej0400_e2_start_s.pdf
https://www.renesas.com/us/en/doc/products/tool/doc/006/r20ut2771ej0400_e2_start_s.pdf
(it is also the source of some figures of this section)

© 0 N o 0 bk wDdhRE
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LAB2 - ACTIVITY 1

Activity 1 — Plan the phases of the development process

In Lab2, the student is faced with a simple problem to be implemented in C, using many of the functionalities made
available in e2studio. The objectives in this lab are not limited to understanding the functionality of the tool, but also to
follow a planned approach to a software development activity.

1. Problem definition: the problem statement should clearly define the scope of the problem.

2. Specification: a clear and precise set of statements that define the functionality of the resulting software as well as its
non-functional characteristics (performance, ...)

3. Study of the hardware platform: one must have a clear understanding of the features of the MCU and of the board that
will be used in this development

4. Software framework study: some of the functionality needed for the solution is available in the form of software
components in the SSP, these must be identified and understood

5. Design: identification of the SW components that need to be developed, their interfaces, algorithms and interfaces to
other software components.

6. Tool usage: project generation, SSP configuration, source code editing, compilation, linkage, debug
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LAB2 - ACTIVITY 2

Activity 2 — Problem Definition
Game objective: to respond as fast as possible to a visual stimulus

Game operation: once the game is turned on, after 1 second an LED is turned on, the player must respond by pressing a

button.
Game cycle repeats indefinitely.

Game presents the player response time.

Basic solution: response times are saved in variables and can be visualized in the debugger
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LAB2 - ACTIVITY 3

Activity 3 — Specification

S1 - The ResponseTimeGame console shall provide an LED, a push-button and an LCD.
S2 - The operation of the ResponseTimeGame, after power up, is:
1. wait for 1 second
turn on LED
start measuring time
wait for player to press the push-button
stop measuring time, save measure as current response time
turn off LED
a variable should hold the current response time

8.gotostep 1l
S3 - discard response time measurements above 3 seconds

NOo Ok wDD
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LAB2 - ACTIVITY 4

Activity 4 — Study the Hardware platform (SK-S7G2 board and S7G2 MCU)

The first manual to be studied is the Starter Kit SK-S7G2 User’s Manual.pdf

Relevant information in this manual concerning the current project is:
» Block diagram

» LEDs

= push-button

= LCD
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LAB2 - ACTIVITY 4 PvoDA P08 —
can Epi uart uart QsPI
Relevant blocks of the SK-S7G2 board irq spi F%BH
are marked in red
Renesas Synergy™
S71G2 MCU
LCD led uart BLUETOOTH
ASB'ITO audio usb usb mac ETHERNET
jtag device host
power
JLINK
DC-DC
usB usB uUsB
DEVICE DEVICE HOST

Figure 2: SK-S7G2 block diagram

source: Starter Kit SK-S7G2 User’s Manual
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LAB2 - ACTIVITY 4

There are two push-buttons on the SK-S7G2: S4 and S5.

*3v3
e
They are directly connected to GPIO pins: P0.6 and P0.5
respectively. There is no debounce circuit between the R75 R76
push-buttons and the MCU pins. j po o
D S R

P0.6 (PO06) can generate interrupts at IRQ11.
P0.5 (P0O05) can generate interrupts at IRQ10

fl -
L

source: Starter Kit SK-S7G2 User’s Manual
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LAB2 - ACTIVITY 4

There are three LEDs on the SK-S7G2 that are
controllable by GPIO pins: LED1 (green), LED2
(red), and LEDS3 (yellow).

They are connected to GPIO pins P6.0, P6.1 and
P6.2 respectively.

The LEDs turn on when a logic level 0O is written to

the pin and they turn off writing a logic level 1.

GPIO (pin 122) P6_0))

GPIO (pin 121) P6_1))

GPIO (pin 120) P6_2))

+3V3
LED1 GRN
R77 470R
RN //l‘
LED2 RED
R78 1K50
xiel
L ¢
LED3  YLW
R79 470R
AAA — /H

source: Starter Kit SK-S7G2 User’s Manual
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LAB2 - ACTIVITY 4

Activity 4 — Study the Hardware platform (SK-S7G2 board and S7G2 MCU)

The next manual to be studied is the Renesas S7 Series Microcontrollers User’s Manual.pdf

Relevant information in this manual concerning the current project is:
= Overview
= CPU

Clock Generation

Event Link Controller
I/O Ports

Timers
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Memories Interrupt Control ARM Cortex-M4 System

|4MEI Code Flash | I Icu | DSP |I FPU | FORILVD |
|
|34 KB Data Flash |

Bus MPU | | Reset |

G640 KB SRAM External
SRAM

S7G2 microcontroller’s block diagram [orav | \\ syem tmer | fff [rowerconve

NVIC | I Mode Control

PLL/USBPLL

Battery Backup

|
. . . . . DMA MFU Testand DBG IfF Register Write
with indication of blocks of interest. | | (] \\//[ [

S|nce the user’s manual of the 8762 Timers Communication Interfaces Human Machine Interfaces
sC1 x - R P Graphi
GGF':T_I_GEZQEED-:: I_ITrEIA ,]10 | asel I I UseHs I I cTsu | GTZDIZS

has more than 2000 pages, it is

RN | IETIEEN | P
important to keep focus on what is spinz || canx2 |
relevant to this project. oz || veers |
N/
Data Processing Analogs
I CcRC | | SRC | | Aggf:’;h Il TSN I
Security DocC | DAC12 I | ACMPHS x 6 I
Figure 1.1 Block diagram source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 4

PLSRCSEL PLIDIVIID]  PLLMULIS:0)

j

SCKDIVCR | FCK[2:0)

L'I U Q FlashiF clook{FGLE)
i|j % Frequancy PLL ; To FlashiF
dvider [ | Cirout CKEEL[20]
_"'3; —| SCKSCR qullnmy ——
__*-l-'__] shvider ICKE24]
The S7G2 microcontroller’s clock o e miig ik "; )
e — B L i To c"‘E":."pi"‘":L“
. . P . . = wait contral - = ]
generation circuit is very flexible and N - — e .
_ _ 11 sgzsﬁa
can provide several different clock o ootz
_ _ woour o] e == T (L] s
frequencies to different parts of the T, 3 | o rousteve
] —3= PCLEDIGFT)
MCU. Following limits must be _ .
g acm:z;n]
o E EECLK
observed: = .» }'
§ -y
Fﬂdrag?dm:rrdﬁip :::‘w — - Ta SDR;;;h I
16/ 18,/20 MHz »—I wait contral TRCK[3A
Flash clock (FCLOCK) - 60 MHz ] ||| }
Ceioter I S
Core clock (ICLOCK) - 240 MHz - =
-scnm-.nmz UCLK[2:0]
PCLKA - 120 MHz ’_E
§ e (g ew
PCLKB - 60 MHz 3]
PCLKC - 60 MHz Fig 9.1 (partial)
PCLKD - 120 MHz
source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 4

Table 9.2 Clock generation circuit specifications (internal clock) (1/3)

Item

Clock Source

Clock Supply

Specification

System clock (ICLK)

MOSC/SOSC/HOCOMMOCOY
LOCO/PLL

CPU, DTC, DMAC, ROM, RAM

Up to 240 MH=z
Division ratio:
1/2/4/8/16/32/64

Peripheral module clock A
(PCLEKA)

MOSC/SOSC/HOCOMMOC O/
LOCO/PLL

Peripheral module (ETHERC,
EDMAC, USB2.0 HS, QSPI, SPI,
SCIF, TSIP, Graphics LCD,
SDHI, CRC, JPEG Engine,
DRW, IrDA, GPT Bus-clock,
Standby SRAM)

Up to 120 MH=z
Division ratio:
1/2/4/8/16/32/64

FPeripheral module clock B
(PCLKB)

MOSC/SOSC/HOCOMMOC O/
LOCO/PLL

Peripheral module (WDT, IWDT,
RTC, lIC, SSI1, SRC, DOC, CAC,
CAN, ADC12, DAC12, POEG,
AMI, TSN, SCI)

Up to 60 MHz
Division ratio:
1/2/4/8/16/32/64

Peripheral module clock C
(PCLKC)

MOSC/SOSC/HOCOMMOC O/
LOCO/PLL

Peripheral module (ADC unit O,
unit 1 {(onky HM))

Up to 60 MHz
Division ratio:
1/2/4/8/16/32/64

Perpheral module clock D
(PCLKD)

MOSC/SOSC/HOCOMMOCOY
LOCO/PLL

Penpheral module
{(GPT Count-clock)

Up to 120 MH=
Division ratio:
1/2/4/8/16/32/64

FlashlF clock (FCLK) MOSC/SOSC/HOCO/MOC O/ FlashlF 4 MHz to 60 MHz (P/E)
LOCO/PLL Up to 60 MHz (Read) *1
Division ratio:
1/2/4/8/16/32/64
source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 4 ( — )
ELC
The ELC (Event Link Controller) p— e -
I I DMAC
connects events generated by __¥_ L o
peripheral modules to other
bt > oo
peripheral modules. This direct
DMAC * ¥ ADCA2
communication among modules does o . T ome
not require intervention from the o Port 124
CPU SYSTEM_SNZREQ > * CTsU
MOSC_STOP +
Penpheral module -+
The ELC is not required in this For 125 ”
pI‘OjeCt, however, |t iS a CompUISory ELSEGR: Event link software event generation register
ELCR: Event link control register
. . . ELSRN: Event link setting register n
module in the configuration of the

Figure 19.1  ELC block diagram (n =0 to 18)

SSP.

source: Renesas S7 Series Microcontrollers User’s Manual
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™ _ g
LAB2 — ACTIVITY 4 ) L [
I'—‘er'iphera::tbpl:t | .
-+ > PDR }
. . DSCR, NCODR
The block diagram of a GPIO pin. Pesipheral output .
' pe—————©

4mJ 2

Among the configurable features of a pin are: - o
- PORR
% EORR
» |[nput or output, ac— o {E —— [
3

= Enable a pull-up on input, £ o= .

-+ L"I PMR

. . . . ELC - B Edge detect —— =1

= Qutput drive capability: low, medium, high

+ EOF, EOR
= Use pin for analog function (ADC or DAC); et . El_l

. . . -+ FIDR I—
= Use pin for peripheral function (e.g. SPI); Read conro .,
= Some inputs are 5V tolerant; «
Analog s
. . . input or output
» Pins can generate interrupt on edges of input
Figure 20.1 I/O Port registers connection diagram
signal. source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 4

GPT32EHD |
) Control registers — Intermrupt request signals |
The block diagram of GPT GTWP  GTICASR GTDTCR
Clock source GTSTR GTICBSR  GTDVU
- GTSTP  GTCR GTDVD
(General PWM Timer). 23:&4 Cycle setting! GTCLR  GTUDDTYC GTDBU
PCLKD/15 Cycle setting buffer registers SR SR o eroen
Egtﬁgﬁﬁ GTFDBR GTCSR  GTST GTSOTR
PCLKD/1024 GTPER GTUPSR GTBER
o — GTDNSR GTITC
GPT characteristics: U \}
= 32-bit counter External d Counter (GTCHT) f— | —p Ouiput disable request
trigger (after noize filterin I Cutput disable signals
G'?ETF'I.:GA 9) U Output compare ./ <— Output disable signa
= Counts up or down GTETRGB 1O pins
GTETRGC Comparator Comparator » (%) GTIoCA
GTETRGD —h}{
= Can generate interrupts A {} S/ Inputcapture &%) eriocs
GTADTRA GTCCRA
_ GTADTBRA GTCCRB
= Can start an ADC conversion GTADTDBRA ETCORC £Lc svent out
GTADTRA GTCCRD
= Counts PCLKD pulses GTADTBRA GTCERE
GTADTDBRA GTCCRF
.. . A/D converter start request timing/ Qutput compare/input capture registers A/D converter
= Periodic or S|ng|e'5h0t AID converter start reguest timing buffer registers start request
T
= 14 channels, each is a 32-bit counter source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 4

The 14 timer channels are grouped into:

» 4x EH — enhanced high resolution

= 4x E — enhanced

" 6X — conventional CH13|CH12 | CH11 | CH10| CH9 | CH8 | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO
l e | ~
| GPT3213 | | GPT3212 | | GPT3211 | | GPT3210 | | GPT329 | | GPT328 | | GPT32ET | | GPT32E6 | | GPT3I2ES | | GPT3ZE4 |GPT£EH3| |GPT32EH2| |GPT32EH1| |GPT32EHU|

GPT32 GPT32E GPT32EH
- A A A

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB2 - ACTIVITY 5

Activity 5 — Software Framework Study

Study the Renesas Synergy Software Package v1.7.5 (link) available in the Synergy Gallery; specifically Section 4.2.21
about the HAL GPT (General PWM Timer).

https://synergygallery.renesas.com/media/products/1/384/en-US/r11um0140eu0106-synergy-ssp-v175.pdf

Also, study the Module Guide for the GPT HAL (link).

https://www.renesas.com/us/en/doc/products/renesas-synerqy/apn/r11an0091eu0101-synergy-gpt-hal-mod-quide.pdf
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LAB2 - ACTIVITY 6

Activity 6 — Design

(identification of the SW components that need to be developed, their interfaces, algorithms and interfaces to other

software components)

Components of the SSP to be used:

= Timer Driver on r_gpt. This component uses one of the 14 channels of the General PWM Timer. We selected channel 8

for no particular reason.

= External IRQ Driver on r_icu. This component manages the interrupt generated by one of the GPIO lines. Here we select

IRQ 11 because on the SK-S7G2 board, the S5 push-button is connected to the IRQ11 pin.
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LAB2 - ACTIVITY 6

Timer Driver

on r_gpt

E SE_course_v12 - Lab2_Game/configurationxml - & studio
File Edit Mavigate Search Project RenesasViews Run Window Help

(& ][] [ @] 4 vebug | [ Lab2,Gome Debug v iNTEHR B R-BIFOIH U S A LRI DS

[ Project Explorer 52 12 G, | @ ¥ = B (@ Notifications in the Smart Browser [ startup_STG2.c [€] main.c {5} *[Lab2_Game] Syn{l Configuration 52 = B8

~ 5 Lab1_Blinky

> 45 Binaries
[ Includes
2 sre Threads &) New Thread ) Rernove [

&2 synergy
(= Debug v & HAL/Common

(& scnpt 4 g_ioport I/0 Port Driver on r_ioport
(= synergy_cfg 4 g_cge CGC Driver on r_cgc
= Blinky D-ehug.jlink 42 g_fmi FMI Driver on r_fmi

Threads Configuration

v

Y

Generate Project Content

HAL/Common Stacks &) New Stack > % Extend Stack > &% | Remove

Jeron 48 g_fmi FMI Driver on 42 g_elc ELC Driver on  g_timerD Timer Driver
r_fmi r_elc onr_gpt

® O] (O]

| Blinky Debug.launch 47 g_elc ELC Driver on r_elc

{‘é} configurationaxml @ g_timer0 Timer Driver on r_gpt

|5 RTFSTG2TH3ADICFC.pincfg
= 57G2-SK.pincfg

(7) Developer Assistance
Lab2_Game

) Includes

2 sre

(2 synergy g

(= script B

v

<
5

vvvyvl

(= synergy_cfg
configuration.xml
= Lab2_Game Debug.launch

< >

| RTFS7TG2TH3A01CFC.pincfg
& 57G2-SK.pincfg

[ Properties 22 7 Pro

g_timer0 Timer Driver on r_gpt

Settings  Property
APlInfo | ¥ Commoen
— Parameter Checking
w Module g_timer0 Timer Driver on r_gpt

Name
Channel
Mode
Duty Cycle Range (only applicable in PWM mode)
Period Value
Period Unit
Duty Cycle Value
Duty Cycle Unit
Auto Start
GTIOCA Output Enabled
GTIOCA Stop Level
GTIOCB Output Enabled
GTIOCB Stop Level
Callback
Overflow Interrupt Priority

v Summary‘_ BSP | Clocks | Pins ‘lhreadsj Messaging' Cornponents'

Value

Default (BSP)

g_timer)

P -

One sht F
Shortest: 2 PCLI 2 (Period ¥ 1) PCLK

e

Seconds _
50

Unit Raw Counts

True

False

Pin Level Low

False
Pin Level Low

. - =

5]
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LAB2 - ACTIVITY 6

Algorithm:

1. Initialize the components for the Timer Driver and the External IRQ Driver by calling their open API functions. This also

starts the timer on its 1 second period as configured in the Synergy Configuration Tool.
2. Turn off the LEDs
3. Wait for the timer to expire. Its callback function informs via a flag (shared volatile global variable).
4. Reprogram the timer for 3 seconds and restart count (APl functions reset, periodSet, restart).
5. Wait for the push-button to be pressed. Again, its callback function informs via another flag.

6. Get the current count of the timer (API functions counterGet) and save this value to a variable (this variable will be

examined with the debugger).

This algorithm is to be implemented by modifying the function hal entry, adding two callback functions and the required

global variables.
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LAB2 - ACTIVITIES 7 TO 11

Based on the previous study:

= After creating a new Synergy C project (lab2) based on the Blinky template, on the Threads tab of Synergy Configuration,
add a Timer Driver (on r_gpt) and configure its properties to: channel 8, single shot, period of 1 second, callback cb0,
interrupt priority 4.

= Modify the file hal_entry.c to:

= Turn off all three LEDs, a LED is turned off by writing IOPORT_LEVEL_HIGH to the GPIO pin.

= Call the GPT API function open(g timerO.p ctrl,g timer0.p cfg) to configure and start the timer. The two
parameters of this function are created by the Synergy Configuration tool when the button “Generate Project Content” is

pressed.

= Create a callback function named cb0. This function must inform the hal entry function that the timer expired by
setting a flag. This flag must be a volatile global variable. Reminder: volatile informs the compiler that its value changes

outside the control of the hal entry function.
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LAB2 - ACTIVITIES 7 TO 11

Modify the file hal_entry.c to (cont.):

In function hal entry, wait for the flag to change value, meaning 1 second has passed,

Turn LEDs on;

Reset the timer (API function reset);

Set a new period of 3 seconds (API function periodSet);

Start the timer again (API function start);

= Make sure the timer is operating by making successive calls to API function counterGet;

Test if the program is operating correctly up to this point.
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LAB2 - ACTIVITIES 7 TO 11

» |[n the Synergy Configuration tab, add an input driver of type external IRQ driver on r_icu. Configure its properties to:
channel 11, callback function switch callback, interrupt priority 5. Recall that, from the study of the board manual, we

learned that push-button S4 is connected to IRQ 11.
= Modify the file hal_entry.c to:
= Inthe hal entry function, call the open API function of the g external irgO to configure this component;

= Create a callback function named switch callback. This function also informs the hal entry function that the

timer expired by setting another volatile flag;

= Inthe hal entry function, wait for this flag to change then get the number of ticks from the counter up to this point.

Save it to a variable;

= Put a breakpoint right after the variable is updated and play the game.
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LAB3 - ASSEMBLY PROGRAMMING AND ATPCS

Objectives:
= Develop an assembly routine that is callable from a C program. The assembly routine must follow the ATPCS standard.

» The function to be implemented in assembly generates the histogram of an 8-bit grayscale image.
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LAB3 - ASSEMBLY PROGRAMMING AND ATPCS

Learning Objectives:

= Apply the embedded software development process presented in Lab 2

» Define the interface between the C program (caller) and the Assembly function (callee)
» Plan the data structures to be used

= Devise an algorithm to generate a histogram

» Implement, Test, Debug
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LAB3 - ASSEMBLY PROGRAMMING AND ATPCS

Activities:

1. Understanding the Problem Domain

2. Problem definition

3. Designing the Data Structures

4. Parameter passing and return of the result
5. Algorithm

6. Implementation

/. Testcases
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LAB3 - ACTIVITY 1

Activity 1 — Understanding the Problem Domain

= Araster image or bitmap is composed of dots, or pixels, lay out as a matrix. On a grayscale image, each pixel is

represented by a number indicating the level of lighting of that pixel.

= On an 8-bit grayscale image, each pixel is represented by an 8-bit value. Hence, there are 256 levels of gray, ranging
from O (black) to 255 (white).

= Shown below is a 3 x 3 8-bit grayscale image (9 pixels in total)

and the corresponding 9-pixel image.

0 16 32
64 96 128
160 224 255
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LAB3 - ACTIVITY 1

Activity 1 — Understanding the Problem Domain

A histogram is a graphical representation of the tonal distribution of an image. On the horizontal axis there are the possible
values that a pixel can have (0-255 in this example) and the vertical axis presents the quantities of pixels with a given

luminosity level.

An image with N pixels were half of them are white and half of them are black would have a histogram like this:

pixel A
. . .. . . . count
Histograms are very useful in digital image processing, to determine
: : : : N/2
thresholds, to adjust brightness and contrast, to identify problems,
and many more.
To construct a histogram, all pixels of an image have to be processed, | >
hence, it is desirable to have efficient algorithms and implementations 0 128 235 pi>iel
value

for better performance.
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LAB3 - ACTIVITY 2

Activity 2 — Problem Definition 1/2

Develop a function, to be implemented in assembly, that constructs the histogram of an

8-bit grayscale bitmap image.

Input parameters:

» [mage width - number of pixels across the image.
» [mage height - height of image in pixels

» Starting address - address of the first pixel in memory. Each pixel occupies one byte. The image is represented by a
matrix were image[0][0] is the upper left pixel of the image. The matrix is stored by rows, hence, the next address holds
image[0][1] (next pixel on the upper row).

» Histogram - address of a 256-position vector holding 16-bit unsigned integers that hold the pixel counts. The histogram
has invalid data when the function is called.

Output: 16-bit unsigned integer indicating the total number of pixels processed.
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LAB3 - ACTIVITY 2

Activity 2 — Problem Definition 2/2

Restrictions:
The total number of pixels in the image (i.e. width x height) must be less than 64K (65,536)

Error codes:
Function returns O to indicate an error (e.g. image too large)
Function prototype

uintlé_t EightBitHistogram(uintl6é t width, uintlé_t height, uint8 t * p image, uintlé_t *

p_histogram) ;
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LAB3 - ACTIVITY 3

Activity 3 — Designing the Data Structures

The two important data structures for this problem are the matrix that holds the bitmap and the vector that stores the

histogram.

The bitmap matrix has its number of columns equal to the width of the image and its number of rows equal to the height of
the image. Each element stored in the matrix is an 8-bit unsigned integer (uint8_t) that represents the gray level of the

corresponding pixel, 0 being black and 255 being white.

The histogram vector has size 256, hence, its
indexes run from 0 to 255. The iy, element of the /_\

vector stores the count of pixels at value i. For a 2-pixel high by 3-pixel wide
image the magfix would be:
histogram[i] = number of pixels whose value is i. uint8 t bifmapl2]1[3] = {
{64,96,128},
Hence, adding up all elements of the vector must {160,224,255}};

result in a number equal to width x height. \
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LAB3 - ACTIVITY 4

Activity 4 — Parameter passing and return of the result

Considering that the function prototype is:
uintlé_t EightBitHistogram(uintl6é_t width, uintlé_t height, uintlé_t * p image, uint8 t *

p_histogram) ;

By ATPCS the parameters are in registers RO to R3:
width - in RO (upper half of RO is 0)

height -in R1 (upper half of R1 is 0)
p image -inR2

p _histogram -in R3

The result is passed by RO (upper half is 0)
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LAB3 - ACTIVITY 5

Activity 5 - Algorithm

One possible solution design is presented here using the

UML 2.5 Activity diagram notation.

If the implementation requires registers other than R0O..R3
and R12 then there is the need to push these registers at

the start and restore them at the end.

Note that the histogram is constructed in a very efficient
way by simply using the value of each pixel as an index

to the position in the histogram that must be incremented.

image_size =width * height

image_size
> 64K

// clear histogram
fori=0..255

histogram[i] = 0;

// calculate histogram
fori=0..image_size-1
++histogram[imageli]];

return
image_size
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LAB3 - ACTIVITY 6

Activity 6 — Implementation

A possible organization of the source files is:

= hal_entry.c this is the C program that calls the assembly function
hal entry is executed after initialization;
it calls EightBitHistogram

then presents the results on the virtual console.

» histogram.asm this is the assembly source file where

EightBitHistogram is defined.

" images.c holds the matrices with the test images.

Tips on how to use the Renesas Virtual Console are in slide: LAB 5 - Activity 3

[ Project Explorer &3

: > Lab1_Blinky:
v [ Lab3_Histogram
ﬁ_ﬁ' Binaries
@]ﬁ Includes
v 5 src
(= synergy_gen
4| hal_entry.c
|5] histogram.asm
€] images.c
i synergy
== Debug
= script
(= synergy_cfg
'113:} cenfiguration.xml
hist1.txt
B histl.xlsx
= Lab3_Histogram Debug.jlink
Lab3_Histogram Debug.launch
R7FSTG2TH3IADTCFC.pincfg
57G2-5K.pincfg
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LAB3 - ACTIVITY 6

Activity 6 — Implementation

The assembly source file reqUireS €] images.c €] startup_S7G2.c L] hal_entry.c [5] histogram.asm EZ | [g] main.c [£] system_S7G2.c

: : 1 e
assembler directives at the start, - i togram. =
as ShOWﬂ hel‘e. 4 Created on: Hov 5, 2017
L] futhor: Douglas
& xf
7 f#define VALUE 64K 0x10000
8 #define HIST STZE 256
] .Byntax unified
10 Ltext
11 align 2
12 .global EightBitHistogram
13 thumk func
14
15 EightBitHistogram:
l& push {1r} ffreturn address is saved so lr can ke used for scratch
17 mial rd,r0,rl
18 Ccomp r0, #VALUE 64K
19 itt h=
20 movhs rd, #0
21 bhs ret
22 add rl,r3,# (HIST SIZE << Z) //rl = address of last slement of histogram[] + 2
23 mov rlZ, %0
4 ff
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LAB3 - ACTIVITY 7

Activity 7 — Test Cases

Two test cases are provided. The first is matrix imageO that has only
3 lines and 4 columns. Such a small test case is important to debug

the implementation on a step-by-step execution.

Shown here is the contents of imageO and the corresponding

histogram.

image0 Histogram

2
1‘ II

0
omMmooNLMO-AsT~OMNMOOONWMO AT ~FOMWOLUONUNOOAdST~SEOMWD
T A NN NS NUONMO WO O~~~ D

102
105
108
111
114
117
120
123
126
129
132
135
138

#define WIDTHO 4

#define HEIGTHO 3

const uint8 t imageO[HEIGTHO] [WIDTHO]
{ 20, 16, 16, 18},
{255, 255, 0, 0},
{ 32, 32, 32, 32}

} s

141
144
147
150
153
156

159
162
165
168
171
174
177
180
183
186
189
192
195
198
201
204
207
210
213
216
219
222
225
228
231
234
237
240
243
246

249
252
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450
400
350
300
250
200
150
100

50

LAB3 - ACTIVITY 7

Activity 7 — Test Cases

The second test case is the test image presented here. Its pixels are

encoded in the matrix imagel. Its size is 160 x 120 pixels.

The corresponding histogram is presented below:

imagel Histogram

wil. ||||I_|I.|I. _.._||...I|I|_I|||||_|||||| I|||||_|I||||I.I||I|| ||||H||HH 1 H|||IHHH.||||“||||H|H IHH”' | | I Hl”h”l““”||||||||l|||||||” ‘l””l.l”lll |I|||||_._ .
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240
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LAB4 - TIMER DEVICE DRIVER

Objectives:

Use a GPT (General PWM Timer) to generate a 100 Hz rectangular waveform with a 25% duty cycle. The SSP components

for the GPT are NOT to be used. Here, the student is to exercise the direct interaction with the GPT hardware.
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LAB4 - TIMER DEVICE DRIVER

Learning Objectives:

Study a hardware peripheral with the objective to develop its device driver

Identify the relevant registers of a peripheral for a given application

Design an algorithm of a device driver

Evaluate alternatives of means to interact with the registers of hardware peripheral
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LAB4 - TIMER DEVICE DRIVER

Activities:

1. Study the GPT (General PWM Timer of the S7G2 MCU)

2. Determine the sequence that the GPT registers must be programmed and the respective values
3. Design an algorithm to achieve the purpose

4. Implement and test

further reading for this Lab:

Renesas Synergy Software Package v1.7.5 User’s Manual
r11um0140eu0106-synergy-ssp-v1i75

GPT HAL Module Guide
r11an0091eu0101-synerqgy-gpt-hal-mod-quide.pdf
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Memories Interrupt Control ARM Cortex-M4 \ System

LAB4 — ACTIVITY 1 = [

Bus MPU | | Reset |

8 KB Standby
. ", . SRAM
ACtIVItIeS: I SDRAM | \ System Timer | IPowerControl

PLL/USBPLL

| NVIC | I Mode Control

. y DMA I MPU | \Tesland DBG IiF A IRePgri:tt:ch';':;ite Battery Backup
= S7G2 microcontroller’s block \/
diagram with indication of blocks of
IntereSt Timers Communication Interfaces Human Machine Interfaces

s Graphi
Sclx10 | asPl I I USBHS I I CTSU | el

GPT3IZEH x 4 [oas1] -
GPT32E x 4 A xt GLCDC
GPT32 x 6 = ETHERC * 2 __wNT

e x 3 | | SDHIx 2 IIwithIEEE]EBEI DRW

. , SFlx 2 CAN 2 JPEG Codec
= Since the user’s manual of the S7G2 : : :

has more than 2000 pages, it is

WDT/IWDT

important to keep focus on what is

relevant to this project. Data Processing Analogs
I cRC | | SRC | | Agg:qz:’zith I | TSN I
Security Doc | DAC1Z I | ACMPHS = 8 I

I SCE7 |

Figure 1.1 Block diagram g rce: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 1

GPT32EHD |
: Control registers — Intermupt request signals |G
The block diagram of GPT GTWP  GTICASR GTDTCR
Clock source GTSTR GTICBSR  GTDVU
[ PCLKD GTSTP  GTCR GTDVD
(General PWM Timer). PCLKD/4 Cycle setting! GTCLR GTUDDTYC GTDBU
PCLKDI16 Cvele satting buffer recisters GTSSR GTIOR GTDED
PCLKD/G4 yele STIng DUTET regiEErE GTPSR GTINTAD GTSOS
PCLKD/256 GTPDER GTCSR  GTST GTSOTR
ictica: PCLKD/1024 GTPBR GTUPSR GTBER
= GPT characteristics: —— GTDNSR GTITC

= 32-bit counter U \}

- I d Counter (GTCNT) li——— | —= Cutput disable request
xtemal ——

= counts Up or down tgggﬁ_régfrr noise filtering) U Output compare ‘\;L -+f— Cutput disable signals
GTETRGEB IO pins
_ GTETRGC Comparator Comparator » (23 cTioca
= can generate Iinterrupts GTETRGD ;‘r{
{} f’} =,/ Input capture _.'\:Qp' GTIOCE
) GTADTRA GTCCRA
= can start an ADC conversion GTADTBRA GTCCRB
GTADTDBRA GTCCRC _
ELC event input
= counts PCLKD pulses GTADTRA z:z:g
GTADTBRA
. . . GTADTDBRA GTCCRF
. perIOdIC or Slngle_ShOt AMD converter start request timing/ Output compare/input capture registers p A0 converter

AMD converter start request timing buffer registers start request

= 14 channels, each is a 32-bit counter _ _
source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 1

The 14 timer channels are grouped

Into:

» 4x EH — enhanced high resolution

= 4x E — enhanced CH13|CH12|CH11|CH10| CH9 | CHB | CH7 | CH6 | CH5 | CH4 | CH3 | CH2 | CH1 | CHO
= 6X — conventional ) T 1) ]
| GPT3213 | | GPT3212 | | GPT3211 | | GPT3210 | | GPT329 | | GPT328 | | GPT32ET | | GPT32EE | | GPT32ES | | GPT32E4 | |GPT32EH3| |GF'T32EH2| |GF'T32EH1| |GF'T32EHU|
GPT32 GPT32E GPT32EH
b A M A

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 1

GTWP

GTSTR
GTSTP
GTCLR
GTSSR
GTPSR

GTCSR
GTUPSR
GTDNSR

GTICASR
GTICBSR
GTCR
GTUDDTYC
GTIOR
GTINTAD
GTST
GTBER
GTITC
GTCNT
GTCCRA
GTCCRB
GTCCRC
GTCCRD
GTCCRE
GTCCRF

- General PWM Timer Write-Protection Register

- General PWM Timer Software Start Register

- General PWM Timer Software Stop Register

- General PWM Timer Software Clear Register

- General PWM Timer Start Source Select Register
- General PWM Timer Stop Source Select Reqister

- General PWM Timer Clear Source Select Register
- General PWM Timer Up Count Source Select Register
- General PWM Timer Down Count Source Select Register

- General PWM Timer Input Capture Source Select Register A
- General PWM Timer Input Capture Source Select Register B
- General PWM Timer Control Register
- General PWM Timer Count Direction and Duty Setting Register
- General PWM Timer /O Control Register
: General PWM Timer Interrupt Output Setting Register
- General PWM Timer Status Register

- General PWM Timer Buffer Enable Register
- General PWM Timer Interrupt and A/D Converter Start Request Skipping Setting Register
- General PWM Timer Counter

- General PWM Timer Compare Capture Register A
- General PWM Timer Compare Capture Register B
- General PWM Timer Compare Capture Register C
- General PWM Timer Compare Capture Register D
- General PWM Timer Compare Capture Register E
- General PWM Timer Compare Capture Register F

Registers of the GPT

GTPR
GTPBR
GTPDBR

- General PWM Timer Cycle Setting Register
- General PWM Timer Cycle Setting Buffer Register
- General PWM Timer Cycle Setting Double-Buffer Reqgister

GTADTRA - General PWM Timer A/D Converter Start Request Timing Register A
GTADTBRA  : General PWM Timer A/D Converter Start Request Timing Buffer Register A
GTADTDBRA : General PWM Timer A/D Converter Start Request Timing Double-Buffer

Register A

GTADTRB - General PWM Timer A/D Converter Start Request Timing Register B
GTADTBRE  : General PWM Timer A/D Converter Start Request Timing Buffer Register B
GTADTDBREB : General PWM Timer A/D Converter Start Request Timing Double-Buffer

GTDTCR
GTDVU
GTDVD
GTDBU
GTDBD
GTS0S
GTSOTR

OPSCR

Reqgister B

- General PWM Timer Dead Time Control Register

- General PWM Timer Dead Time Value Register U

- General PWM Timer Dead Time Value Reqgister D

- General PWM Timer Dead Time Buffer Register U

- General PWM Timer Dead Time Buffer Register D

- General PWM Timer Output Protection Function Status Register

- General PWM Timer Output Protection Function Temporary Release Register

- Output Phase Switching Control Register

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

Some registers outside GPT must be configured first:

» PWPR must be set to 0 and then to 0x40 to write-enable the register P107PFS
(PWPR is a byte-wide register at 0x4004085C).

» P107PFS must have its field PMR set to 1 and its field PSEL set to 00011b to enable the output signal GTIOCA to be
available on P107. Hence, P107 is no longer a GPIO pin but it became a pin connected to the GPT channel 8 peripheral.

(P107PFS is a word-wide register at 0x4004085C).

= bit-6 of MSTPCRD must be reset to 0 to enable GPT channel 8, otherwise it remains in low power state, hence, not
operational

(MSTPCRD is a word-wide register at 0x40047008);

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTWP - General PWM Timer Write-Protection Register

Most registers of the GPT are protected against accidental modification, these can only be written to after write-enabled by

GTWP. After reset the registers are write-enabled.
To write-enable, GTWP must be written with (0xA5 << 8 | 0)

The affected registers are: GTSSR, GTPSR, GTCSR, GTUPSR, GTDNSR, GTICASR, GTIBCSR, GTCR, GTUDDTYC,
GTIOR, GTINTAD,GTST, GTBER, GTITC, GTCNT, GTCCRA, GTCCRB, GTCCRC, GTCCRD, GTCCRE, GTCCRF, GTPR,
GTPBR, GTPDBR, GTADTRA, GTADTBRA, GTADTDBRA, GTADTRB, GTADTBRB, GTADTDBRB, GTDTCR, GTDVU,
GTDVD, GTDBU, GTDBD, GTSOS, GTSOTR

Since the default value of GTWP is write-enable, there is no need to change this register.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTSTR - General PWM Timer Software Start Register

One bhit for each channel.
Write 1 to start that channel.

Write O has no effect.

Bit i controls channel i

A channel may be started by GTCR as well.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTUDDTYC - General PWM Timer Count Direction and Duty Setting Register
bit 0 - UD - set to count UP
bits 17,16 - OADTY - 00 = GTIOCA duty cycle depends on compare match

other bits must remain O

GTUDDTYC is a word-wide register at 0x40078830.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTIOR - General PWM Timer 1/O Control Register

bits 4..0 - 11001b - Initial output is high, low output at GTCCRA compare match,
high output at cycle end.

bit 8 - OAE - set to 1 to enable the GTIOCA pin output

other bhits must remain at O.

GTIOR is a word-wide register at 0x40078834.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTCCRA - General PWM Timer Compare Capture Register A

Holds the number of PCLKD ticks at the moment when the PWM signal changes to low, this is, after 25% of the cycle,

considering that the cycle starts at high (configured in GTIOR) and remains high for the first 25% of the cycle.

When PCLKD is configured for 120 MHz, and the desired PWM cycle is 10 ms, 25% corresponds to 7.5ms. It is required
300,000 PCLKD cycles for the high time and 1,200,000 PCLKD cycles for the PWM cycle. Since the counting starts at zero,
the actual value programmed to GTCCRA is 299,999 (or 0x493DF).

GTCCRA is a word-wide register at 0x4007884C.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTPR - General PWM Timer Cycle Setting Register

Considering the calculation presented for GTCCRA, GTPR must be configured with the value 1.200,000 -1 (or Ox124F7F).

GTPR is a word-wide register at 0x40078864.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 2

GTCR - General PWM Timer Control Register
Bits 0 - CST - 1 means count in progress
Bits 18..16 - MD - 000 means saw-wave PWM

Bits 26..24 - TPCS - Timer Prescaler - 000 means PCLKD/1

GTCR is a word-wide register at 0x4007882C.

source: Renesas S7 Series Microcontrollers User’s Manual
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LAB4 - ACTIVITY 3

Algorithm

1. Program PWPR to write-enable P107PFS. Write O then 0x40 to PWPR.

2. Program P107PFS to put P107 into GTIOCA mode. PSEL = 3, PMR =1

3. Program MSTPCRD bit 6 to enable the power to GPT channel 8. MSTPD6 = 0.

4. Program GTUDDTYC so that the timer counts up and GTIOCA duty cycle depends on compare match to GTCCRA.
GTUDDTYC =1.

5. Program GTIOR so that the cycle starts high and changes to low when a match to GTCCRA occurs. Also, enable
GTIOCA output. GTIOR = 0x119.

6. Program GTCCRA to 25% of the cycle (300,000 -1).
7. Program GTPR to the cycle period (1,200,000-1).

8. Start the timer in saw-wave mode with PCLKD/1.
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LAB4 - ACTIVITY 4

Verify the operation of the PWM ' I Trig'd M Pos: —20.00ns ~ CURSOR
i . : . : ; ; ; . s
off
Connect a scope to pin P107 (labeled P17 on the : : : : : : : : Source
board) and verify that a 100 Hz rectangular : : : c CH1

waveform with a 25% duty cycle is present.

CH1 200 b 2.50ms CH1 . 1.60v
2o—-Moy=-17 2313
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LABS — SERIAL COMMUNICATIONS

Objectives:

In the Serial Communications lab, the objective is to utilize the software components of the SSP to build a simple

application to transmit and receive via an UART. The actual communication signals are monitored with a scope.
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LABS — SERIAL COMMUNICATIONS

Learning Objectives:

» Selecting software components in the SSP
= Planning a solution

= SSP Configuration

» Threads configuration

» |mplementation/Test/Debug

= Checking serial comm signals with a scope
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LABS — SERIAL COMMUNICATIONS

Activities:

1. Problem definition

2. Hardware platform study
3. Software framework study
4. Configure the SSP

5. Build/Test/Debug

6. Check signals with scope

further reading for this Lab:

Renesas Synergy Software Package v1.7.5 User’s Manual
r11um0140eu0106-synergy-ssp-v175

UART Communications Framework Module Guide
r11an0192eu0100-synergy-uart-comms-fw-mod-quide.pdf
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LABS - ACTIVITY 1

Activity 1 — Problem Definition
Transmit the string “Lab%: Serial Comm over RS-232" using the SCI3 TX channel of S7G2
Receive bytes over the RX channel of the same SCI3 port.

Present the received chars on the virtual comm console of e2studio

Non-functional requirements:

make use of the SSP components for UART communication
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LABS - ACTIVITY 2

Activity 2 - Hardware Platform Study (SK-S7G2 board and S7G2 MCU)

Information obtained from the Starter Kit SK-S7G2 User’s Manual.pdf

= Block diagram

» RS-232 interface and related jumpers
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LABS - ACTIVITY 2 o N
USER _can spi uart uart QSPl
relevant blocks of the SK-S7G2 board BUTTONS " P ELAGH
are marked in red
SUTTONS i gpios =
Renesas Synergy™
S7TG2 MCU
LCD lcd uart BLUETOOTH
T audio ush usb mac ETHERNET
ftag device host
power
JLINK
DC-DC
UsB usB UsB
DEVICE DEVICE HOST

Figure 2: SK-S7G2 block diagram
source: Starter Kit SK-S7G2 User’s Manual
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LABS - ACTIVITY 2

RS232/R5485 TxD Selection RS232/R5485 RxD Selecticon
1-3 RE23Z-TXD(Default) 2-4 REZ3Z-RXD(Default)
3-5 FER5485-TXD Jo 4-& FRE485-RXD
. TXD-RS232 1 o0 2 RXD-RS232
U7 converts TTL signals to RS-232, these URRT_TXD (pin 15) PT Tyeso 3 99 4 orsgEs<CP7 6 UART_RXD (pin 14)
signals are available on J7, pins 5 (TX) and
6 (RX).
J9 must have jumpers on 1-3 and 2-4 so that
the board is configured for RS-232. *?3
@ r11
The UART_RXD and UART_TXD signals Lm 2| e s227EIAZA T
Iﬂ.mF i e g 3 c46 ||0.1uF
W+
are connected to P7_6 and P7_7 of the = Tour 1., > Lol -
C2» 7 C48 | |0.4uF Layout Note: J7 must adjoin with J10
MCU. = v- Inmml 7
0.1uF i = AN ; _g égnu
TXD-RS232 11 T1IN T10UT 13 CANL i g %L
RXD-RS232 9 | cour i e — : O lo
READY " ceany g
IWALTD (pin 134) P 1 INVALID FORCEOFF 6] CONG
( | 12 10 INVALID 1
r FORCEO% INVALID ————— —

TPi2

.|”_ii

source: Starter Kit SK-S7G2 User’s Manual
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P7 6 and P7_7 are RX and TX for
SCI 3 of the MCU

LABS - ACTIVITY 2

Table 20.18 Register settings for input/output pin function (Port 7)
Pin
PSEL[4:0]
settings Function P700 P701 P702 P703 P704 P705 P706 P707
00000b (value | Hi-iZWTAGISWD | Hi-Z
after reset)
00011b GPT GTIOCS5A B | GTIOC5B_B | GTIOCEA B | GTIOCEB B | — _ _ _
00101b SCl — — _ _ —_ _ PRXD3 B, TXD3 B,
SSCL3 B, SSDA3 B,
SMISO3_B SMOSI3 B
10100b USBHS — — — — — — USBHS_OVRC | USBHS_OVRC
URB URA
10110b ETHERC ET1_ETXD1 |ET1_ETXDO |ETi_ERXD1 |ET1_ERXDO |ETi_RX_CLK |ET1_CRS _ _
10111b ETHERC RMII1_TXDO | REF50CK1 RMII1_RXDO |RMII1_RXD1 |RMII1_RX ER | RMII1_CRS D | — _
Vv
11000k PDC PIXD3 PIXD2 PIXD1 PIXDO HSYNC PIXCLK _ _
ASEL bit
ISEL bit IRQ7 IRQS
DSCR[1:0] bits | Drive capacity L/M/H LIM/MH L/M/H L/IM/H L/IM/H L/MMH L/IM/H L/M/H
control
NCODR bit M-ch open-drain v v v v v v v v
PCR bit Pull-up v v v v v v v v
source: Renesas S7 Series Microcontrollers User’s Manual
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LABS - ACTIVITY 2

One of the operating modes of an SCI is asynchronous communications (UART).

Among the possible interrupt sources of the SCI are end of transmission and char received (receive data full).

Table 34.1 SCI specifications (1/2)

Item Description

Asynchronous
Clock synchronous
Smart card interface
Simple 1IC

Simple SPI

Interrupt sources Transmit end, transmit data empty, receive data full, receive error, receive
data ready, and address match
Completion of generation of a start condition, restart condition, or stop
condition (for simple 11C mode)

Senal communication modes

source: Renesas S7 Series Microcontrollers User’s Manual
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Table1 UART Communications Framework Module APl Summary

Function Name Example API Call and Description

.open g_sf comms0O.p api->open(g_sf commsO.p ctrl,

LABS - ACTIVITY 3 - STUDY o st comnso.p_ctq)

Initialize communications driver.

close g 3f comms0.p api->close(g sf commsO0.p ctrl);:
These are the SeI’VICGS avallable II’] Clean up communications driver.

read g_sf commsO.p api->read(g_sf commsO.p_ctrl, &destination,
the UART Framework of the SSP. bytes, timeout);

Read data from communications driver. This call will return after the number of
bytes requested is read or if a timeout occurs while waiting for access to the
driver.

write g 3f comms0.p api->write(g sf commsO.p ctrl, &source, bytes,
timeout);

Write data to communications driver. This call will return after all bytes are written
or if a timeout occurs while waiting for access to the driver.

Jock g 3f comms0.p api->lock(g sf commsO.p ctrl, lock type,
timeout) ;

Lock the communications driver. Reserve exclusive access to the communications
driver.

.unlock g sf commsO0.p api->unlock(g sf commsO.p ctrl, lock type):

Unlock the communications driver. Release exclusive access to the
communications driver.

.versionGet g sf comms0.p api->version(&version);

Store the driver version in the provided version.

source: UART Communications Framework Module Guide Note: For details on operation and definitions for the function data structures, typedefs, defines, API data,

r11an0192eu0100-synergy-uart-comms-fw-mod-guide.pdf API structures and function variables, review the SSP User’s Manual AP| References for the
) associated module.
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LABS - ACTIVITY 3

How to use the Renesas Debug Virtual Console so that printf() messages appear onto a console of e2studio?

= follow instructions from the Renesas Knowledge Base link

= pbasically:
" #include <stdio.h>
" call 1initialise monitor handles(); during thread iniclalization
= confirm that --specs=rdimon.specs 1s part of the linker flags

= open a Renesas Debug Virtual Console during debugging and pin it (so that it is always visible).
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LABS - ACTIVITY 4 - CONFIGURATION

«ml - & studio

H w5 Run  Window Help
1. Create new Synergy C project, use i Do ] BB 8 % B+ 6 00 10 5 0 0 G A i
Blinky with ThreadX as template. 5 lieosserelners Configuston
Pins Configuration
Build and run to verify it is operational. —
57G2-SK.pincfg v Generate data: | g_bsp_pin_cfg
2. In the Synergy Configuration tab, . o
in Selection in Configuration
add to the Blinky Thread a ypefitertex || ® &
L. v P2 ~ Module name: PT06
Connect|V|ty Framework called y Ei Symbolic Name: 5C13_RXD3_SCL3_MISO3
v P5 Comment:
Sf_uart_comms v : ::2 Port Capabilities: L@Cﬁ;:&%ﬁ;lso
: i;ﬁ? SCI3:SCL
USBHS0: OVRCURE
3. Configure g_uart0 to Channel 3 and L s 108 Conigration
v P704 Mode: Peripheral mode
all four interrupt priorities to Priority 3 - s Pulug =
v P07 IRC: MNone
v P8
. . v P8 Drive Capacity: Medium
4. Verify that the Pins for SCI3 are x —— o
v Peripherals ip input/output
P7O7 (TXD) and P706 (RXD) Other Pins e E:nz: P v [SC13 RXD MISO
Summary | BSP |Clocks M Threads| Messaging | Components
M ~v=0
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LABS - ACTIVITY 4

The Module Guide has
important configuration
information for each SSP

component

E SE_course_v12_upgrade - Lab5_Serial/configurationxml - € studio
File Edit MNavigate Search Project RenesasViews Run Window Help

45 Debug

4 Project Bxplorer 22 E 5 | )
1% Lab1_Blinky
'_,§ Lab2_Game
'_,§ Lab3_Histogram
1= Labd_PWM
w {35 Lab3_Serial

~ | [ Laba_PWM Debug v | irg -

48% [Lab5_Serial] Synergy Configuration 53

| O~ KR-@Bik- I DS F i~ Qo F-id~§-0

v = "

Threads Configuration

Threads 47 New Thread %] Remove [ Blinky Thread Stacks

v g HAL/Common

Includes 4 -
! 42 g_ioport /0 Port Driver on r_ioport e g_sf_comms0 Communications Framework on
0 = -8 Ic ELC Dri | sf_uart_comms
= Debug g_elc river on 1_elc
(= script & g_cge CGC Driver on r_cgc @

4 g_fmi FMI Driver on r_fmi
v Blinky Thread

(= synergy_cfg
%% configurationaml
= Lab53_Serial Debug.jlink
= Lab53_Serial Debug.launch
=| R7FS7TG27TH3ADTCFC. pincfg
S7G2-5K.pincfg
synergy_cfg.tet

(%) Developer Assistance
=% Lab6_LCD

[ [y [ [ [

Blinky Thread Objects

e g_sf_comms0 Communications Framework on sf_uart_comms

ry

e g_uart) UART Driver on r_:

sci_uart

® <= click to access Module Guide

e g_transferD Transfer

sl R Driver on r_dtc 5CI3

(=% Lab7_RTOS

(25 Lab8_USB_Activd
(25 Lab8_USB_Activs
(25 Lah9_loT_S5P120

TxI

e g_transfer] Transfer
Driver on r_dtc SCI3
R

@

Commeon

< > Summary|BSP|CIocks|Pins Threads | Messaging | Components

[ Properties 52 | Problems @& Smart Browser " v =

g_uart0 UART Driver on r_sci_uart

Settings Property Value

m w Common

—_— External RTS Operation Disable
Reception Enable
Transmission Enable
Parameter Checking Default (BSP)

w Module g_uartd UART Driver on r_sci_uart
MName g_uartl
Channel 3
Baud Rate 9600
Data Bits Bhits
Parity MNone
Stop Bits 1hit
CTS/RTS Selection RTS (CTS is disabled)
Mame of UART callback function to be defined by user (5 NULL
MName of UART callback function for the RTS external pin contrel to be defined by « NULL
Clock Source Internal Clock
Baudrate Clock Output from SCK pin Disable
Start bit detection Falling Edge
MNoise Cancel Disable
Bit Rate Modulation Enable Enable
Receive FIFO Trigger Level Max
< E
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LABS - ACTIVITY 4

5. Inblinky thread entry.c make the changes required for the Renesas Debug Virtual Console

6. Modify blinky thread entry to include the appropriate calls to the APl of g sf commsO:

write to send the string and read to receive it.

7. Useprintf () toshow the transmitted and received strings in the virtual console
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LABS - ACTIVITIES 5 AND 6

Code running

= Offfffffe

4% [Lab5_Serial] Synergy Configuration [€) blinky_thread_entry.c 53 | [c] startup_S7G2.c [¢] main.c
04 =
level = IOPORT_LEVEL_LOW;

v

_tx_port_wait_thread_ready() at tx_thread_schedule.c:382 0x6874

}
. . . /* Update all board LEDs */
V”'tua' Console Ta Operat|on 0e00dbea - for(uint32_t ii = @; ii < leds.led_count; ii++)
{
20004bf4 g_ioport.p_api->pinWrite(leds.p_leds[ii], level);
20004bd4 sprintf((char*)tx_data,"¥s %41ld\r\n",tx_uart_data,i++);
00004c18 ssp_err_t err = g_sf_comms@.p_api->write(g_sf_comms@.p_ctrl, tx_data, strlen((char*)tx_data)+1l, TX_WAIT_FOREVER);
20004c32 if (err == @) { str = suc; } else if (err == 20) { str = to; } else {str = sp; }
20004c40 printf("TX: ¥d ¥s ¥s",err,str,tx_data);
20004bde err = g sf_comms@.p_api->read(g_sf_comms@.p_ctrl, in_buffer, 14, 30); //sizeof (in_buffer)
00004c56 if (err == @) { str = suc; } else if (err == 20) { str = to; } else {str = sp; }
20004c64 printf("RX: ¥d ¥s ¥s\r\n",err,str,in_buffer);
/* Delay */
902004c6e tx_thread_sleep (delay);
}
}
88
Bcx AT fpr QO BD @S = B B Renesas Debug Virtual Console 53
® X %|BBlR &| ™ B v g~ Lab5 - Serial Communications Lab
Lab5_Serial Debug [Renesas GDB Hardware Debugging] Renesa: . 9
. - : ° RX: @ SUCCESS Labs: ]
Starting target connection ~
Fxm..shed target connection TX: @ SUCCESS Labs: 1
Wo: 385 RX: @ SUCCESS Labs: 1
Target connection status - OK
Targe? connection status - OK TX: © SUCCESS LabS: 2
Starting download . RX: @ SUCCESS Labs: 2
Option Function Select, writing to address @x
S!.SCPjIPUxxx, writing to address ©0x@0000408 with TX: © SUCCESS Labs: 3
EAVI o ; ; . RX: @ SUCCESS Lab5: 3
GDB action 'read memory', has failed with err
v
< >
0x00006550 @ 189737 ms @ owr of 456088787
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LABS - ACTIVITIES 5 AND 6

8. With a scope examine the transmitted signal on J9-pin 3

P Pos: 730,005 CURZ0R

Type
Tinne

The first transmitted char is shown

between the two cursor lines. Takes

SOuUrce

CH1

1.04ms to transmit 10 bits: start, 8 data

bits and the stop bit. S
: ot 1.040ms
||||i||||: ﬁEIEd’-HI

Cursar 1
0.00s

Cursar 2
1.04ms
) : ; j D : ; ) 000
CHT 2.00% T CH1 ™ 1.60Y
19-Mow-17 2101 =10Hz
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LABS - ACTIVITIES 5 AND 6

9. With a scope examine the transmitted signal on J7-pin 5
A Pos: 7300005 TRIGGER
On this pin the signal is at RS-232 : S : : : : : Type

levels. Logic 1 is represented by -6V

and Logic O is represented by +6V.

o i) pe

IIIIIIIIIIEIIIIIIIIIIIIIIIIIEIIIIIIIIIIIIIIII m

rode
Marral

Coupling

CHY Sy A 950 s ERA S 150

© 2020 Renesas Electronics Corporation. All rights reserved. Page 580 BIG IDEAS FOR EVERY SPACE M z E N ESAS



LABS - ACTIVITIES 5 AND 6

10. Place a jumper on pins 5 and 6 of J7 so that the transmitted signal is received back.
11. The Virtual Console must present the same strings being transmitted and received

12. Include a counter in the transmitted string to verify that every transmitted message is different from the previous
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LAB6 - DISPLAY AND TOUCH

Objectives:
Perform the process of creating a two screen Graphical User Interface making use of the graphical LCD and Touch Screen

available on the SK-S7G2 bhoard.
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LAB6 - DISPLAY AND TOUCH

Activities:
1. Study the physical connection of the LCD and Touch Screen to the MCU
2. Study the SSP API for graphical interfaces and input via touch screen

3. Perform the experiment described in the Renesas Application Note: GUIX “Hello World” for the SK-S7G2.
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ADDITIONAL READING FOR LAB6

» Renesas Synergy Starter Kit SK-S7G2 User’s Manual (r12um0004eu0100) (https://www.renesas.com/en-
eu/doc/products/renesas-synergy/doc/r12um0004eu0100_synergy_ sk s7g2.pdf)

» Renesas S7 Series Microcontrollers User’'s Manual

» Renesas Synergy Software Package v1.7.5 Manual (link) available in the Synergy Gallery
(https://synergygallery.renesas.com/media/products/1/384/en-US/r11um0140eu0106-synergy-ssp-v175.pdf)

= Renesas Application Note R12AN0021EU0118 (link)
(https://www.renesas.com/us/en/doc/products/renesas-synergy/apn/r12an0021eu0118-synergy-sk-s7g2-pk-s5d9-quix-
hello-world.pdf)

= Sample Software for GUIX “Hello World” from:
https://www.renesas.com/us/en/doc/products/renesas-synergy/apn/r12an0021eu0119-synergy-sk-s7g2-pk-s5d9-quix-
hello-world.pdf
https://www.renesas.com/us/en/software/D6003641.html
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https://www.renesas.com/us/en/doc/products/renesas-synergy/apn/r12an0021eu0118-synergy-sk-s7g2-pk-s5d9-guix-hello-world.pdf
https://www.renesas.com/us/en/doc/products/renesas-synergy/apn/r12an0021eu0119-synergy-sk-s7g2-pk-s5d9-guix-hello-world.pdf
https://www.renesas.com/us/en/software/D6003641.html

LAB6 - ACTIVITY 1

S7G2 microcontroller’s block diagram

with indication of blocks of interest.

Since the user’s manual of the S7G2
has more than 2000 pages, it is
important to keep focus on what is

relevant to this project.

DMAC x B

Memaries Interrupt Control ARM Cortex-M4 \ System
|4MEI Code Flash | I 1cu | y DSP |I FPU | PORILVD |
G4 KB Data Flash
| | Bus MPU | | Reset |
640 KB SRAM External
| NVIC | IMode Control -
B KB Standby PLL/USBPLL
SRAM ‘
I SORAM | \ System Timer | IF'ower Control
Register Writ
DMA I MPU | | \Tesland DBG IVF A I =gi= Er_. rite Battery Backup
Protection
DTG

“ |

WDT/IWDT

Timers munication Interfaces Human Machiyfe Interfaces
GPT32EH x 4 — asel I I YSEHS I I cTsu |
= x
GPT32E x 4 oA
e x 3 SDHIx 2 I IwithIEEE1SBSI
3 | CAN x 2 I
AGT x 2
SS1x 2 | | USBFS I

Security

Data Processing

Analogs

CRC | |

SRC | |

ADC12 with

FGA x 2 I | TSN

Doc

I SCET |

DAC1Z2

Figure 1.1

Block diagram

source: Renesas S7 Series Microcontrollers User’s Manual
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https://www.renesas.com/us/en/doc/products/renesas-synergy/doc/r01um0001eu0140-synergy-s7g2.pdf

LAB6 - ACTIVITY 1 A00A wos | | msosouss
USER _can Spi uart uart QsPI
Relevant blocks of the SK-S7G2 board BUTTONS i - 5%
are marked in red
Renesas Synergy™
S7G2 MCU
Leb ed uart BLUETOOTH
AgB-II.O EUdIO I..ISb ugb mac EI‘HERNEI-
power
JLINK
DC-DC
DEVICE DEVICE HOST

Figure 2: SK-S7G2 block diagram
source: Starter Kit SK-S7G2 User’s Manual

© 2020 Renesas Electronics Corporation. All rights reserved. Page 586 BIG IDEAS FOR EVERY SPACE W zE N ESAS




LAB6 - ACTIVITY 1

The LCD is connected
directly to the
LCD Interface of the MCU

-
e
)

+3V3 +3V3
] I ‘s
J3
__C34 C35 _:CSE C37 LCD
TPE 0.1uF TuF TP5 0.1uF 1uF 50 i
.’—' r a0 GMD GMD o
= = = = g | loveet GNOD 73 LCD N3
a7 IOVCC2 M3 4 R 104
3] VeI LEDK4 [ R2m1 o0
LCD_Mo 35 | Vo2 LEDK3 175 R24.7,7A100 +3V3
LCO_M1 44 | MDAD LEDK2 7 RZ5.”..100
LCO_IMZ 43 | M1 LEDET 73
) iz Mz LEDA 0 TE
LD RESET (pin 101) Pa_10 RESET YU -
LCD VEYNC (pdn 56) F3_14 {{: :é VEYNE ®L :? FE —_
i s (pin se)  FEOS N i i 2 X '
LCD Data Emable (pin 57) P3_1 2 37| DE cs T $ PE_11 LD OS5 {pin 102}
LCD D15 (pin 59) Pa_1 ¢ 55| DB17/RE RS (= 5 P1_2 LD SCK (pin 130)
LCD D14 (pin 70} F'E_E-{ 55| DB1ER4 WR 5 5 P1_15 LD WR {pim 3&)
LoD D13 (pin 71} Po_7 ¢ 54| DB1S/R3 BD = S P1_14 LD RO {pim 95}
LoD D12 (pin 72} F'E_E|< 55| DB14/R2  DIN_SDA =g S P1_1 LD MOSI {pin 131}
LCD D11 (pdn 73] PE_E 35| DB13/R1 TED0 5 P1_D LCD_MISD {pin 133}
LCD D10 (pin 106) Pa_1 31 gg}ﬁgg Dgﬁg‘g 20
) - = 30 21 e .
LCD D9 (pim 107} PA_ 2 55| DB10/G4 DEVEl [=3 b P2 4 LD D0 {pin 137}
LD DB (pin 10B} PA_| 2 CBOMG3 DEZET 5 Pa_3 LD D1 {pin 136}
LD D7 (pim 1089} PA_1 % 28 DBRG? DE3E 23 5 Pa_2 LD 02 {pin 135}
LD D6 (pim 113} PA_ 2 27 DBT/G1 DE4/24 24 ;S PE_B& LD 03 {pin 116}
LD D5 (pim 114} Fa_D 26 DB&RGO DE5ES 23 PE_7 LD D4 {pin 115}

source: Starter Kit SK-S7G2 User’s Manual

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 587

BIG IDEAS FOR EVERY SPACE M z E N ESAS



LAB6 - ACTIVITY 1

The LCD uses an llitek driver connected to an SCI (Serial

R

J3
Communications Interface) of the MCU. The serial LCD
. . . . . . a0 1
communication is configured to 4-wire 8 bits. ag | GND GND ™5
a8 IOWCC GMD 3 LCD M3
a7 | OWCC2 IM3 a = 100
WOTE: {IMO,IM1,IMZ, IM3}-{0,1,1,1}, 82t the LD mode to aF | WVCI LEDK4 5 REE'\,/\.;’“‘DD
4-wire a-bit dz:z_ serial 1nte:ffzce_. B i ¥ e e LEDK3 w
Please refer to the ILI®341V datasheet for more information. 45 E HEW‘EH] +3l'illﬂ'
—a4| MonD LEDK2 | Foe 0
+3V3 +3V3 +ava e —33 | IM1 LEDK1 g i T
—a5| M2 LEDA [ 7B
—37 | RESET YU [5p il
—4g | VSYNC AL 37 VN =
é R22 g R23 g RIO 2 R20 =R Egt'::ﬂ ;E 17 WP -
OROD DRO0 OROO DOROD % DE Cc5 ::i 4 PE_11 LD CE {pin 102}
oNe —35| DB17/RS RS 5 QP12 LCD_SCK (pin 130)
T WR P1_15 LD WR {pin 96)
3—33 gg}gg; % ::g i P1_14 LCD RO (pin a5)
LCD IM3 —33 | DB14/R2  DIN_SDA [3g P11 LCD MOSI (pin 131}
LCD M2 i T o 1
LD M 55| DB13/R1 SDO [ P1_0 LCD_MISC (pin 132
) LCD IMO —37 | DB12/RD GMND E
T Gros  wmm g m
LCD D1 {pin 13&]
é{IRDD DROD OROD é DROD 28 | et et I b, - 2 inin '
DBE8/G2 DE3B3 Pe_2 LD 02 {plm 135}
DNP DNP DNP % DET/G1 DB4/B4 3‘; g PE_B LCD D3 {pin 116]
. — 1 DB&/=0 DB5SBS Pa_7 LD D4 {pln 115)
—r

source: Starter Kit SK-S7G2 User’s Manual
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LAB6 - ACTIVITY 1

The Touch Screen is connected to the MCU via an 12C interface.

R30 , R3t R3z
u3
4KTD *5 4KTOD S 4KTO0 SXE856IWLTRT
RESET (pin 100) PB_O 2y NRST vop (2
IRD3E (pin 165} PO_4 = MIRQ GHD 5
. ¥ ADR VREG 17 -
SCLZ (pim 175) P"—.Eg{ g7 SCL X+BR g F
DRz (pim 176} PE_11 sDa ¥+TR g WM
H-TL :
13 20 I
T3 MVDD YBL
¥——=— MOUTF
R125 cios | cioo 3 2
2 S *—37% MOUTN AUX1WIPER [—5—X cae cas
100K 0.1uF | 10uFHBY 15 1| MIN AUXZ e L= L
4 4 MGND — Q  AUX3 X - -
0.1uF 1uF

source: Starter Kit SK-S7G2 User’s Manual
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LAB6 - ACTIVITY 1

The GLCD (Graphics LCD
Controller) of the MCU is
configurable to many different
LCDs. Its physical interface may

be up to 24 data bits plus several

synchronization and clock signals.

GPX bus

Graphics data

Vertical/Horizontal

Graphics data

Output control block Synchronization
signal

——» LCD_TCONO

TCON block [ LCD_TCON!

— LCD_TCON2
IF block IF block —» | CD TCON3
Data format |, LCD_DATA23 1o
Graphics 1 Graphics 2 conversion LCD_DATAQ
Background screen + v block
generation block
Screen VS HS A| h b| d VS HS Al h b| d V5,HS
VEHE pha blen VE HE pha bien VEHE MB -
: anel-oriented
generation |—> block - block ) correction
block | | image image mage | Process block
data data data
Registers Registers Registers Registers
block Updating block block block
controd
F Y r - r
I r h k N
Internal

peripheral bus 8

LCD_EXTCLK

"

Clock generator
r

Registers
block

PLL output

Selector and
divider block

—» PXCLK (pixel clock)

— LCD_CLK (panel clock)

Figure 57.1

GLCDC block diagram

source: Renesas S7 Series Microcontrollers User’'s Manual
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LAB6 - ACTIVITY 2

The Renesas Synergy Software Package v1.7.5 Manual (link), available in the Synergy Gallery, describes the API for:
» The Graphics Display, on section 4.2.14

= The Touch Panel, on section 4.1.19
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LAB6 - ACTIVITY 3

= Download the zip file available at:

https://www.renesas.com/us/en/software/D6004128.html

this zip includes the pdf with the application note R12AN0021EU0118 and the source files for the corresponding lab
experiment.

The pdf is also available at: link

The sample code may be also obtained by accessing page:

https://www.renesas.com/us/en/products/synergy/hardware/microcontrollers.html#productinfo

and searching for r12an0021
= The aim here is to go through the 48 pages describing in detail how to build a very simple Graphical User Interface.

» This lab requires the GUIX Studio, a tool that was installed as part of Lab1.
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https://www.renesas.com/us/en/products/synergy/hardware/microcontrollers.html#productinfo

LAB7 - RTOS

Objectives:

Create a simple multithreaded application that uses mutex and message queue. Make use of RTOS-aware debugging.
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LAB7 - RTOS

The diagram (next slide) presents the desired application.

Thread Senderl - sends messages to RX_Thread via queueO, workload is simulated by 40 ticks delay and green led on.

Thread Sender2 - sends messages to RX_Thread via queueO, workload is simulated by 60 ticks delay and yellow led on.

Thread RX_Thread - receives messages from both sender threads

mutexO0 - prevents simultaneous execution of Sender 1 and Sender 2 (while LEDs are on)

red led - indicates one of the sender threads is blocked on the mutex
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LAB7 - RTOS

Diagram presenting the architecture
of Lab 7 (UML class diagram

notation).
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Threads £ &

&‘%HAUCommon
g_ioport /0 Port Driver on r_ioport
g_cgc CGC Driver on r_cgc

g_frni FMI Driver on r_fmi ...
— Blinky Thread
g_mutex Mutex

g_queuel Queue

Senderl Thread

Adding additional threads and

Sender2 Thread
ThreadX object (Mutex and Queue)
using the Synergy Configuration tab. e
Blinky Thread Objects @ |D

@ g_rmutex) Mutex
@ g_gueuel Queue

surmmary | BSP | Clocks | Pins | Threads Messaging| ICU | Components|
*| Problems J=| Tasks [ Console | [T] Properties &f Memory Usage &2 Smart Br
g_new_queueld Queue

|
Settinas | Property
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LAB7 - RTOS

The Partner OS | RTOS
Resources view allows the
visualization of the state of
the threads and of the

objects (Queue and Mutex).

Renesas Views FRun  Window Help

Debug » ;@'ﬁ;#vﬂvq‘r
e solution toolkit » _ B R
Partner 0% ¥ E' RTOS Resources
Renezas 0% >
Tracing *
b~ G| & | B 9
MessageCueue | CountingSemaphore | Mutex | EventFlag | MemoryBlockPool | MemoryBytePool | Timer | Systern | ReadyCueue(Mo.=Priority)
Mo Mame Entry Status SuspendedFactor{ControlBlock™)  Owned TX_MUTEX*(top)  Pricrity RunCount
1 Blinky T... blinky_t.. SLEEP 2 1
2 Senderl .. senderl_.. RUMMING g_mutexD g_mutexD 3 38
3 Sender? ... senderZ_.. SLEEP g_mutex 3 28
4 RXThread R¥_threa.. QUEUE g_gueuel 3 45
5 Mot crea...
] Mot crea...
T Mot crea...
] Mot crea...
05 : Threadx

-::% Run: sender1_thread_func (Mo.:2)

GG | S| B G

Profile | Thread | Stack | MessageCueue | CountingSemaphore | Mutex | EventFlag | MemeryBlockPool | MemoryBytePool | Tirner | System | ReadyCueue(MNo.=Pricrity)

UsedCount FreeCount TotalCount MessageSize SuspendedTi _THREAD*(top) SuspendedCount  Startfddress  EndAddress
i _thread 1 1ffel130 1ffeli4s

Mo, Mame
1 Cueued 0 3 3 2

52 S| | EH| G

|Profi|e Thread | Stack | MessageCueue | CountingSernaphore | Mutex | EBventFlag | MemoryBlockPool | MemoryBytePool | Timer | System | ReadyCQueue(Mo.=Priority)

Mo, Mame OwnerTX_THREAD* OwnerCount  SuspendedTX_THREAD*(top) SuspendedCount

1 MutexD
2

sender]_thread 1 0
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LAB7 - RTOS

Observe that due to the Mutex, it never happens that the green LED and the yellow LED are on at the same time.

If, however, you disable (comment out) the calls to the Mutex, then the behavior is quite different.
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LAB8 - USB DEVICE

Objectives:

In Lab 8, the student will be presented to an e2 Studio project which uses the USBX and related components of the SSP to

implement an USB Device.

The SK-S7G2 board is configured by this application to respond to USB requests as a Communication Device. That means,
the OS installed in a PC, to which the SK-S7G2 board is connected, will handle the device as a virtual COM port, allowing a

terminal application running on the PC to send and receive bytes to/from the device.
To do this lab you will need the following materials:
» SK-S7G2 kit with the USB Micro-B debug cable.

= An extra USB Micro-B cable to connect the kit to a PC.
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LAB8 - USB DEVICE

Activities:

1. Tool setup and new project creation.

2. Setup of Synergy Configuration to use the Communications Framework on USB.
3. Low-level function prototyping.

4. Application requirements, coding and testing.

5. Challenge: multi-threaded version.
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LAB8 - ACTIVITY 1

Activity 1 — Tool setup and new project creation

1. Ensure that the e2 Studio and the SSP are properly installed. If necessary, (re)run the activities 1 to 5 of Lab 1 to do so.
2. Create a new Renesas Synergy Project for the SK-S7G2 board and name it "Lab8 USB".

» This project can be based on the “Blinky” template project

BIG IDEAS FOR EVERY SPACE M z E N ESAS
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LAB8 - ACTIVITY 2

Activity 2 — Setup of Synergy
Configuration to use the

Communications Framework on

L&) hal_entry.c &) common_data.c [H common_datah ¢l hal_data.c [l hal_data.h ¢ Lab8_Thread.c [ Lab8 Threadth &% [Lab8_USB_sc.. 2 | ™ O | & Package =g
] R R
U S B Threads Generate Project Content
Threads ) %  Lab8 Thread Stacks &
Driver > b
H #HAUCommon Analo > Framework il
1. Create a new Thread using the 9.c5c CGC Drver on.cgc e
g_elc ELC Driver on r_elc e 2 dRkdE ¢ | Rl
g _fmi [MI Driver on r_fmi .. 4 Communications Framework on sf_el_nx_comms Cannectivity >
f- . @ | ab8 Thread Ii ¥ Communications Framework on sf_el_ux_comms File System >
Syn e rgy CO n Ig U ratl O n an d ad d % Communications Framework on sf_uart_comms Graphics 5
@ 12C Framework Device on sf_i2c Input N
@ 12C Framework Shared Bus on sf_i2c .
I 1 - - Networking >
th e CO m m u n |Cat| O nS % SPI Framework Device on sf_spi ——— N
@  SPI Framework Shared Bus on sf_spi N
# [DEPRECATED] Communications Framework on sf_el_ux_comms ESE
F ram eWO rk 0 n # [SUPERSEDED] I12C Framework Device on sf_i2c
Lah8 Thread Objects 8a 4 [SUPERSEDED] 12C Framework Shared Bus on sf i2¢
@ [SUPERSEDED] SPI Framework Device on sf_spi
# [SUPERSEDED] SPI Framework Shared Bus on sf_spi

sf el ux_comms (New Stack

- Framework - Connectivity).

2. Rename the thread to

n n
Lab8_Thread . Summary|BSP|CIocks|Pins Threads Messaging|ICU|Components

Source: Authors
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LAB8 - ACTIVITY 2

3 . C I I Ck On "Add U S Bx Port DC DII [¢ hal_entry.c [¢ common_data.c [h common_data.h hal_data.c [hl hal_data.h [ Lab8 Thread.c [ Lab8 Thread.h % *[labB_USB_.. =2 = 0
and select the "USBX Port Bt ot o
Threads &| | Lab8 Thread Stacks & )

DC D On Sf_el_ux for U S B FS" . #Hitg[cogargogrwer on r_cgc & g_sf_comms0 Communications Framework on sf_el_ux_comms

g_elc ELC Driver on r_elc
. . g_fri FMI Driver on r_fmi ...

This will select the Full-Speed 4 Lab Thread §

g_sf_comms0 Communications Framewaork on sf_el| [

¥ g_ux_device_class_cdc_acmO USBX Device Class CDC-ACM

Device Controller Driver for the
R7FS7G27H3A01CFC : 3 :

%9 Add USBX Device 4 USBX Device Configuration & g_usb_interface_desc_c
< > Class CDC-ACM dcacm_0 USBX

Renesas ARM Cortex-M4 MCU 208 Thread Objects . || sourceOptional interface

Configuration

Y
I I

Device Controller. % Add USBXPort DD || # USEX on ux

See Section 10, “USB Logical New—E; BiEi:gﬁ?ﬁz:iijzttii‘;iﬂi:zi

View”, to review the exact role of & ﬁ?;.—ﬁiif% Source ‘
each of the component blocks

included by Synergy Configuration.

Summary|BSP|CIock5|Pins Threads Messaging|ICU|Componems

Source: Authors
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LAB8 - ACTIVITY 2

4. Setthe USBX Port DCD
Property “Full Speed Interrupt
Priority" to a priority level
compatible with Cortex-M4 (e.

g. Priority 3).

Lab8_Thread_entry.c ¢ hal_entry.c L& common_data.c [ common_data.h l¢ hal_data.c v hal_data.h [ Lab8_Thread.c [n Lab8_Thread.h  &F *[LabB_USB_screenshots] Synergy Configuration &2 =
(]
Threads Generate Project Content
Threads £] %1 Lab8 Thread Stacks & 5
lf?HAU(ommon S . 2
g_cgc CGC Driver on r_cge g_sf_comms0 Communications Framework on sf_el_ux_comms
g_elc ELC Driver on r_elc
g_fmi FMI Driver on r_fmi ...
 Lab8 Thread -
g_sf comms0 Communications Framework on sf_el_ux_comms T
& g_ux_device_class_cdc_acm0 USBX Device Class CDC-ACM
Y
I I I
Lab8 Thread Objects 80 &9 Add USBX Device % USBX Device Configuration # g_usb_interface_desc_c
Class CDC-ACM dcacm_0 USBX
Source [Optional] Interface
Configuration
Y
I
¥ g_sf_el_ux_dcd_fs_0 USBX Port DCD onsf_el_ux for || %
USBFS
a a
1 1 |
% Add Transfer Module | | &7 Add Transfer Module | | %7 Add USBX Source
A

for TX [Recommended for RX [Recommended

[Cptianall

N
Settings

Summary‘BSP|Clocks|Piﬂs Threads Messagiﬂg|ICU‘Compoﬂents
%3 Pin Conflicts Console Search Problems [ Properties 2
g_sf_el_ux_dcd_fs_0 USBX Port DCD on sf_el_ux for USBFS

Property Value
~

Information
_ ' Full Speed Interrupt Priorii Priority 3 (CM4: valid, CMO+: lowest - not vali... I

~ Module g_sT_el_ux_dcd_fs_U1

Name g_sf_el_ux_dcd_fs_0

USB Controller Selection  USBFS

Source: Authors
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LAB8 - ACTIVITY 2

. . . R:quject Explorer B v=0 common_data.c lal commaon_data.h hal_data.c ) hal_data.h [ Lab8_Thread.c ¥ [n Lab8 Thread.h [Lah8_USB_sc "2 = a
5. Build the project. Verify that the & Communications USEXFWMGAP 112 ) ~
» * Lab8_USB 113
ng:bS:USB_screenshots ll% - static void Lab8_Thread func (ULONG thread_input)
. o 115 {
f||eS Lab8 Thread.c and > % Binaries 116 /* Not currently using thread input. */
— » & Includes 117 SSP_PARAMETER NOT USED (thread_input);
~ 48 src 118
~ = synergy_gen 119 /* First thread will take care of common initialization. */
Lab8 Thread.h were created e atac 120
5 [ common_datah 121 err = tx semaphore get (&g ssp common initialized semaphore, TX WAIT FOREVER);
. > [8 hal_data.c lE: . _
into the src/synergy_gen folder. i o °  vhile (TK SUCCESS != er)
{ 2 Lab8 Thread.c 155 /* Check err, problem occurrad. */
These f||es Contam the { 5 Lab8_Thread.h 126 BSP_CFG_HANDLE UNRECOVERABLE ERROR (0);
> b mainc 127 }
> [ pin_data. 128
' B half);r;tr;.ca( 129 /* only perform common initialization if this is the first thread to execute. */
Inltlal |Zat|0n for the s B Lab8_Thread_entry.c iinl = .';.f (false == g_ssp common initialized)
> & synergy 152 /* Later threads will not run this code. */
. . » BDEPUQ 133 g_ssp_common_initialized = true;
Communications Framework e o . R
> & synergy_cfg 135 /* Perform common module initialization. */
# configurationxml 135 g_hal_init ();
=l Lab8_USB___screeshots Debug.launch li I e~ initializati i i 1 r read r *f
and the other common HAL El RTFSTG2TH3A01CFC pincfg i;: P Ehi:;xig paatasiEaTion oo deme of other threads through. *
- i 39 /* Firs Cre! v 1 since 1 thread has already come through. */
? S$7G2-5K.pincfg 140 g ssp common thread count--;
El synergy_cfg.txt 141 = while (g ssp common thread count > 0)
mOdUIeS L NetXPortETHER_SF_EL_NX_MG_AP 142 { -7 - -
1 testel W 143 err = tx_semaphore put (&g_ssp common_initialized semaphore); W
< > < >
= Pin Conflicts B Console 2 Search Problems Properties

CDT Build Console [Lab8_USB_screenshots]

11:32:38 Build Finished. 0 errors, 0 warnings. (took 37s.58%ms)

Source: Authors
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LAB8 - ACTIVITY 3

Activity 3 — Low-level function prototyping

Our Lab8 application will make use of the SK_S7G2

onboard LEDs and communication port via USB.

The next step for this lab consists on prototyping the
low-level functions to control the LEDs and USB and
doing basic tests before dealing with the application

requirements and full coding.

Source: Authors
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LAB8 - ACTIVITY 3

@ Project Explorer 2 & ¥ = O Lab8_Thread.c 5 Lab8_Thread.h [Lab8_USB_sc 5 r_ioport.h [8 r_joport_apih & Ve =
~ % synergy_gen ~ ud } ioport_port_t; ~
f i h / ﬁ 8 common_data.c ol
1. Create a function to turn the LEDs on/off at § ommen ceae 02 /%% Superset list of all possible I0 port pins. */
@ hal dataE ' 03 = typedef enum e ioport port pin t
-data 04 {
Lab8 Thread en’[l‘y.C. B hal_datah 05 IOPORT PORT 00 PIN 00 = 0x0000, /!
— - l¢ Lab8_Thread.c 06 IOPORT PORT 00 PIN 01 = 0x0001, /f
. [6) Lab8_Thread.h 0 IOPORT PORT 00 PIN 02 = 0x0002, //
H|nts: [@ main.c IOPORT PORT 00 PIN 03 = 0x0003, /f
@ pin_datac 109 IOPORT PORT 00 PIN 04 = 0x0004, /1
- 110 IOPORT PORT 00 _PIN 05 = 0x0005 /!
H [¢ hal_entry.c _ " 00_PIN B
111 IOPORT PORT 00 FIN 06 = 0x0006, /!
The hardware mapping for each LED can be [ Lab8 Thread_entryc o O "
~ & synergy 113 IOPORT PORT 00 PIN 08 = 0x0008, /!
i . & board 114 IOPORT PORT 00 PIN 09 = 0x0009, /1
done in two ways. v (= ssp 115 IOPORT PORT 00 PIN 10 = 0x000a, /1
v & inc 116 IOPORT PORT 00 PIN 11 = 0x000B, //
& bsp 117 IOPORT PORT 00 PIN 12 = 0x000C, /!
i X 118 IOPORT PORT 00 PIN 13 = 0x000D, /!
a) The GPIO pin for each LED can be v & driver 119 TOPORT PORT 00 PIN 14 = 0x000E, 7
v E’é@“' 120 IOPORT PORT (0 PIN 15 = 0x000F, /!
.. r_cgc_apih 121 -
eXpIICItIy mapped to constants. Refer to B r_elc_apih 122 TOPORT PORT 01_PIN 00 = 0x0100, 7
SR —— 123 IOPORT PORT 01 PIN 01 = 0x0101, //
.. . 124 IOPORT PORT 01 PIN 02 = 0x0102, /7
Lab 2, ACt|V|ty 4, '[O Iearn hOW '[0 dISCOVGI‘ 125 IOPORT PORT 01 PIN 03 = 0x0103, /f
& instances 128 IOPORT PORT 01 PIN 04 = 0x0104, /!
. . 127 IOPORT PORT 01 FIN 05 = 0x0105, /1
which of the GPIO pins are mapped to the B rgeh 128 10PORT_PORT 01 PIN 05 = 0x0106, »
I r_elch 100 TATATT mAnm AT nTAT AT Aeendns I
I r_fmih < >
LEDS on the SK'S?GZ board Constant [H r_ioporth #! Problems | Tasks & Console & [ Properties [ Memory Usage @ Smart Browser " Search -2* Call Hierarchy
= framework 4 4% G868
L H |9 ssp_common_apih CDT Build Console [Lab8_USB_screenshots]
definitions for the GPIO can be found in B ssp.featuresh
[H ssp_version.h
the r_ioport_api.h file o
— — - - 7= Nehiin v
< >

Source: Authors
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LAB8 - ACTIVITY 3

b) The BSP function R_BSP_LedsGet ()

#include "Lab8 Thread.h"
(defined in bsp_common_leds.c) can be
/* Lab8 Thread entry function */
called to fill an instance of bps_leds_t with ~void Lab8_Thread entry (void)

{
the LED information.

/* LED information structure */

bsp leds t leds;

‘ /* Variable to handle S5SP function errors */
ssp_err t err;

/* Acquire LED information */

err = R BSP LedsGet (&leds);

/* TODO: add your own code here */

= while (1)
i

'Il. 'Ill = = m
i

Source: Authors
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LAB8 - ACTIVITY 3

= The g_ioport instance of the I/O port driver \
. . Threads | %) HAL/Common Stacks 4 K]
(included as a HAL component into the TR
: L/Common o i 43 . _ am .
) ] g_cge CGC Driver on r_cgc & g_elc ELC Driver on & g_fml FMI Driver on & g_l_opor‘t I,ft? Port
Synergy Configuration) should be used to . g_elc EIC Driver on r_elc relc rfmi Driver on r_foport
. g_fmi FMI Driver on r_fmi ...
command the GPIO pins concerning the % Lab8 Thread
g_sf_comms0 Communications Fr
LEDs.
Reference the p_api field to access the API : ’

HAL/Commaon Objects AR A

and then the pinWrite() function to write to
the LED pin.

Source: Authors
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LAB8 - ACTIVITY 3

# pinWrite

- ssp_err _t(* ioport_api_t::pinWrite) (ioport_port_pin_t pin, ioport_level t level)

Write specified |level to a pin.

Implemented as

e R_IOPORT_PinWrite()

Parameters
[im] pin Pin to be written to.
[im] level State to be written to the
Reference the p_api field to access the API pin.

and then the pinWrite() function to write to

Source: Renesas Synergy Software Package v1.7

the LED pin.
//turn the LED on or off, depending on the hardware
//configuration.
//Change the TARGET IO PORT to the de ed port.
//Change the TARGET LEVEL to IOPORT PIN LOW or IOPORT PIN HIGH,
//depending on the desired level.
g _loport.p api->pinWrite (TARGET IO PORT, TARGET LEVEL);
Source: Authors
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LAB8 - ACTIVITY 3

2.

Insert at Lab8 Thread_entry() the
API calls to send and receive data
through the Communications port.

Hints:

» use the instance g_sf _commsO0 of the

Threads & Wl

Lab8 Thread Stacks

)"

lg:‘éHALfCommon
g_cgc CGC Driver on r_cgc
g_elc ELC Driver onr_elc
g_fmi FMI Driver on r_fmi ...
Lab8 Thread
g_sf_comms0 Communications Frame

P g_sf_comms0 Communications Framework on sf_el_ux_comms

& g_ux_device_class_cdc_acm0 USBX Device Class CDC-ACM

Communications Framework < > | =
. ] . Lab8 Thread Objects €] &% Add USBX Device % USBX Device Configuration
component that is configured in the Class CDC-ACM
Source [Optional]
Synergy Configuration Tool _
|
% g_sf el_ux_dcd_fs_0 USBX Port DCD on sf_el_ux for | | % USBX
USBFS
{ I 1T 1T )
Source: Authors
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LAB8 - ACTIVITY 3

Reference the p_api field and then the
functions read() and write() to receive
and send data to the PC, respectively.
The first parameter for the read() and
write() functions is a pointer to a

sf _comms_ctrl_t structure, which is a
device control block previously initialized
for communication. This pointer can be
obtained from the p_ctrl member of the

g_sf commsO0 instance

& Write

ssp_err_t(* sf_comms_api_t::write) (sf_comms_ctrl_t *const p_ctrl, uintd_t const *const p_src,
uint32_t const bytes, UINT const timeout)

Write data to communications driver. This call will return after all bytes are written or if a timeout
occurs while waiting for access to the driver.

Parameters

[in] p_ctrl Pointer to device control
block initialized in Open call
for communications driver.

[in] p_src Source address to read data
out from

[in] bytes Write data length

[in] timeout ThreadX timeout. Options
include TX_NO_WAIT
{0x00000000),
T¥_WAIT_FOREVER
(0xFFFFFFFF), and timeout
value (0x00000001 through
0xFFFFFFFE) in ThreadX tick
counts.

Source: Renesas Synergy Software Package v1.7

//check 1f the user has pressed something

char carac;

ssp err t usb err = g sf comms0.p api->read(g sf comms0.p ctrl,
&carac, 1, TX NC WAIT):

Source: Authors
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& Write

ssp_err_t(* sf_comms_api_t::write) (sf_comms_ctrl_t *const p_ctrl, uintd_t const *const p_src,
LAB8 — ACTIVITY 3 uint32_t const bytes, UINT const timeout)

Write data to communications driver. This call will return after all bytes are written or if a timeout
occurs while waiting for access to the driver.

The last parameter for the read() and Parameters
. . . ] [in] p_ctrl Pointer to device control
write() functions defines the timeout for block initialized in Open call
for communications driver.
the read and write operations. To [in] p_src Source address to read data
. . out from
command a transmission and wait as - -
[in] bytes Write data length
long as necessary for the driver access to [in] timeout ThreadX timeout. Options
include TX_NO_WAIT
be scheduled, use TX WAIT_FOREVER. (0x00000000),
- - T¥_WAIT_FOREVER
; (0xFFFFFFFF), and timeout
In case of reception, use TX_NO_WAIT value (000000001 through
. . 0xFFFFFFFE) in ThreadX tick
to return immediately regardless of the counts. ]

number of received bytes.
Source: Renesas Synergy Software Package v1.7

//check 1f the user has pressed something
char carac;
ssp err t usb err = g sf comms0.p api->read(g sf comms0.p ctrl,

Lcarac, 1, |TX_NG_WAIT] ;I

a Source: Authors
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LAB8 - ACTIVITY 3

3. Start a debug session. Refer to Lab 1, Activity 4 for details on debugging.

4. Connect the SK-S7G2 board to the PC via USB interface (connector J5). This will allow the OS installed on the PC to

enumerate the board as an USB Communication Device.

= |f the installed OS is Windows 10, the Device Manager will show a new “Communication Device” under “Ports (COM &
LPT)”, after the proper USB enumeration and driver installation that follows the first execution of debugging

application.

= In this case, there is a driver issue that may prevent the USB COM port to be opened by a terminal application on the
PC. To fix it, select the driver for the enumerated COM port, right-click on "Update driver", search for drivers installed

on the computer, uncheck the “Show compatible hardware” option and select SEGGER [ JLink CDC UART Port.
5. Open a Terminal Application on the PC and connect it to the enumerated COM port.

6. Testthe LED control and USB communications prototype functions.
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LAB8 - ACTIVITY 4

Activity 4 — Application requirements, coding and testing

Use the prototyped low-level functions, implemented to control the LEDs and access the USB communications port, to

implement an application logic that performs the following operations:

1. Turn on the LEDs in a binary pattern given by a counter (0 to 7 — 0b00O to Ob111)
Increment the counter and sleep for an interval of N ticks (hint: use tx_thread_sleep(N)).

3. For every increment of the counter, send the current counter value to the terminal application running on PC via the USB
communications port.

4. Repeat steps 1 to 3in 16 iterations.

Check if the user has typed and sent a character from the PC via the terminal application connected to the USB
communications port. If so, test the character and increase or decrease the number N of ticks of the sleep interval,
depending on the typed character.

6. Repeat this process (steps 1 to 5) in an infinite loop.

Test the application and check the resulting behavior.
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LAB8 - ACTIVITY 4

HINTS:

If an error condition occur, such as arriving on error_callback function, or on a call to

BSP_CFG_HANDLE_UNRECOVERABLE_ERROR (0); or if nothings shows up on the terminal, then:

= both micro-USB ports of the S7G2 must be connected to the PC,

one for debugging and the other for USB communications

» check is the COM port was correctly enumerated by the PC and if the driver in use is actually the SEGGER JLink CDC
Uart.

» check if the terminal is configured for 115K baud and 8N1 frame format

» reset the terminal, possibly closing and reopening the terminal application
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LAB8 - ACTIVITY 4

B Tera Term Web 3.1 - VT — -
Example of output on a File Edit Setup Web Control Window Help
2 ~
terminal emulator. :
g
3
H 7
In th|S example’ When the g Tera Term: Serial port setup >
1a
second USB cable was 11 Port: [coms | -
12
connected and the software i1 Bosirate: [11520 ]
15 Data: Is bit < I Cancel
1l
executed on the 5762, Press 'a' to decrease. 's' to increase speed Parity: II'IDI'IE "I
1 ) Help
. . . stop: |1bt vI -
Windows identified the board 3 i '
4 Elow control: Innne - I
g
as COM5 g Transmit delay
g |V II] msec/char ID msec/line
1a
11
12
13
14
15
1l

Pres=s 'a' to decrea=ze. 's' to ilncrease speed
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LAB8 - ACTIVITY 5

Activity 5 — Challenge: multi-threaded version
Modify the application structure to separate the logic into two different threads:
» Thread #1 - increments the counter and sends its current value via the USB Communications port.
= Remove the limit of 16 iterations, allowing the counter to increase limited only by the size of the counter variable.
» Thread #2 - waits for user input and changes the sleep interval (counting period).
The sleep interval will be able to be changed while the counter is still running.

Hint: the g_sf comms0 instance is defined in one of the threads (depending on Synergy Configuration). To access this
instance in the other thread, use the #include preprocessor directive to include the header file of the thread where the

instance has been created and initialized.
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LAB8 - ACTIVITY 5

Activity 5 — Challenge: multi-threaded version

B Tera Term Web 3.1 - VT — >
File Edit Setup Web Control Window Help
Lab 8 — Multithreaded || Pres= a to decrease and = to ihcrease spesd -

[ SN R T SR S L Ll ol el el el Sl el el el N e [ R I SRR S )
=1 O e LS D D 00 ] O A e LD RO
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LAB9 - 10T

Objectives:

In Lab 9, the student will be presented to an e2 Studio project that makes use of the Renesas Synergy Wi-Fi Framework to

implement an example of I0T (Internet-Of-Things) application.

The SK-S7G2 board is configured to act as an loT node that reads some sensors (internal CPU temperature) and writes to
an actuator (a LED). The commands to read / write are sent to the node by a Remote Client application running on a PC or
a smartphone, by means of the network infrastructure (LAN) to which both the 10T node and the Remote Client are

connected.

To do this lab you will need the following materials / resources:
» SK-S7G2 kit with the USB Micro-B debug cable

» A GT202 Wi-Fi module with a PMOD plug-in

= A Local Area Network (LAN) with an accessible (i. e. known SSID and password) Wi-Fi AP/Router
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LAB9 - 10T

Activities:
1. Hardware setup.
2. Follow Renesas application note R12ANOO55EUO0106 to build a thermostat application.

3. Based on Renesas application note R12AN0034EU0105, modify this project to include WiFi and access the
temperature sensor and the LEDs from a web page.

Note: LAN SSID and password shall be set in the file src\wifi_app_thread_entry.c

© 2020 Renesas Electronics Corporation. All rights reserved. Page 621 BIG IDEAS FOR EVERY SPACE W zE N ESAS



LAB9 - ACTIVITY 1

Activity 1 — Hardware Setup:

1. Connect the GT202 Module to SK-S7G2 PMOD B

interface.

2. Make sure that jumper J15 is at 3V3 position [J
provides the correct voltage level (3.3V) to the

module.

Caution! If J15 is not properly configured, the Wi-Fi

module can be damaged!

Source: Synergy Wi-Fi Application Project for SK-S7G2
r11an0082eu0101-synergy-wifi-framework-app-note.pdf

© 2020 Renesas Electronics Corporation. All rights reserved.

Page 622

BIG IDEAS FOR EVERY SPACE M z E N ESAS



LAB9 - ACTIVITY 2

Activity 2 —

1. The application note R12ANO055EU0106 is provided as part of the lab files for this course in pdf format. Follow the
instructions therein.

Note: this AN is applicable to four different boards. Make sure to target it to the SK-S7G2.
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LAB9 - ACTIVITY 3

Activity 3 —

1. The application note R12ANO034EUO0105 is provided as part of the lab files for this course in pdf format. Based on its
contents, modify your project to include a WiFi framework and the functionality of remote accessing a sensor and an

actuator (LEDs).
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LAB9

The Wi-Fi Framework is designed as a
layered architecture that is integrated to other

SSP components as shown in the figure.

Notice that it can provide a low-level network
layer to NetX protocol stack, as well as be
directly accessed by an application via its APIs

(including on-chip stack implementations).

The IoT Example Project makes use of the
NetX Protocol Stack, as shown in the next

slides.

Source: Renesas Synergy
Software Package v1.7 Manual
(link)

Application

| BSD Socket using GT202 On_Chip Stack an GT202 Wi-Fi Framewark ‘

| On-Chip Stack on GTZ0Z Wi-Fi Framework |

Frampwork
BRI GT202 Wi-Fi Devica Dri
. -Fi river
RTOS | sf_wifi_gt202 |
HAL Drivers
51 Driver 5P1 Driver External IRCL
R_RS5F| R_SCI_SP1 R_ICU
HAL Drivers
Transfer Driver Transfer Ciriver Transfer Driver Transfer Orives
F_DTC Exerit SP0 TN R_DTC Esent SPI0 A3 F_OTE Even SO0 THI R_DTC Event SCK) RX
BSP
Application
Framewark
| etk Port using Wi-Fi Framework on sf_wifi nsal_n= |
Framnework
GT202 Wi-Fi Dewice Driver
st_wifi_gizo2
ThreadX®
RTOS HAL Drivers
5P| Driver 5P| Driver External IRQ
A_RSF| R_SCI 5P R_ICU
HAL Drivers
Transfar Drhear Transfar Driser Transfar Drivar Transfar Driver
R_DOTC Eusnt SPI0 T R_DTC Bvant SPI0 XD R_OTC Event SO0 TXI R_DTC Ewait ST RXD
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LAB9

Build and run the application. Verify that
the SK-S7G2 kit shows information on
the display. If the kit is successfully
connected to the Wi-Fi AP, the IP address
leased by the DHCP server can be
identified in the settings | Network menu

entry.

The temperature sensor and the LEDs
are configured as a “sensor” and an
“actuator” that can be accessed /
controlled by the Remote Client via Wi-Fi

interface.

......

......

.....

27.0°C 12:00 AM

settings

Source: Authors
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LAB9

The 10T Node can be remotely accessed
by the Remote Client, via HTTP, by

browsing its IP address.

Use the web page to control the 10T
"actuator" (the LED) and check the status
of the "sensor" (thermostat).

The web page also shows date/time as

provided by the 10T Node.

a8 — O b4
[ NetX HTTP Server x ,

&« C [P192168.1.106 | 4

Renesas Synergy

Wi-Fi Framework Application Demo

TOF
00:00 AM
021022000

Source: Authors
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LAB9

F [Wi_Fi_Appli.. [¢ http_server.c 2 | [c audio_playba.. [¢| audio_sample.c [¢ *wifi_app_t.. ! = g
14 #include "blink thread.h" PN
15
H H 16 UINT authentication check (struct NX HTTP SERVER STRUCT *server ptr, -
The HTTP Server thread Conflgured |nt0 & 17 UINT get notify(NX HTTP SERVEE *server ptr, UINT request type, CHER
18
the WiFI Application Project 19 e g g él)
20 extern void brightdown (void) ;
21
(http_server_thread_entry.c) sends the 22
23 static char buff[Z2048];
H H 24 tati h buff d[Z048];
contents defined in http_server.c as an - static chax butf_sendl2048]
26
HTML page to the Web browser_ 27 /* here is my local HTML contents */
28 char my get contents updated[] =
29 "<html>"
" . 30 "<head><title>NetX HTTP Server</title></head>"
Try editing the HTML contents in 3 "body bacolor=\"$0080FF\" >"
3z "<font color=\"Gold\">"
- . . o
http_server.c, rebuilding and running the . I
) 35 "<hr>\r\n" -
project, and check the results. "<br>\r\n"
50 "<Hl RLIGN=\"center\">" ’
39 "<meta http-equiv=\"refresh\" content=\"IZ\">"
40 " Renesas Synerqgy "
41 "< /H1>\r\n"
42
43 "<H1 ALIGN=\"center\">" =
44 " Wi-Fi Framework Application Demo "
5 "< /H1>\r\n" =
46
.-1:’ Mot =TT~ AT TroaT—= Mmoo T el AT =% T A, T d s s 1 =
L >
Source: Authors
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