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Getting started with PSoC™ 6 MCU on
ModusToolbox™ software

About this document
Scope and purpose

This application note introduces the PSoC™ 6 MCU, a dual-core programmable system-on-chip with Arm®
Cortex®-M4 and Cortex®-MO0+ processors. This application note helps you explore the PSoC™ 6 MCU architecture
and development tools and shows you how to create your first application using ModusToolbox™ software. This
application note also guides you to more resources available online to accelerate your learning about PSoC™ 6
MCU.

Intended audience

This document is intended for the users who are new to PSoC™ 6 MCU and ModusToolbox™ software.
Associated part family

All PSoC" 6 MCU devices
Software version

ModusToolbox™ software 3.0 or above
More code examples? We heard you.

To access an ever-growing list of PSoC™ code examples using ModusToolbox™, please visit the GitHub site. You
can also explore the PSoC™ video library.
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1 Introduction

1 Introduction

PSoC™ 6 MCU is an ultra-low-power PSoC™ device with a dual-core architecture tailored for smart homes, loT
gateways, etc. The PSoC™ 6 MCU is a programmable embedded system-on-chip that integrates the following
features on a single chip:

«  Single-core microcontroller: Arm® Cortex®-M4 (CM4); or dual-core microcontroller: Arm® Cortex®-M4 (CM4)
and Cortex®-M0+ (CM0+)

+  Programmable analog and digital peripherals
+ Upto2MB offlash and 1 MB of SRAM
«  Fourth-generation CAPSENSE™ technology
«  PSoC™6 MCU is suitable for a variety of power-sensitive applications such as:
- Smart home sensors and controllers
- Smart home appliances
- Gaming controllers
- Sports, smart phone, and virtual reality (VR) accessories
- Industrial sensor nodes
- Industrial logic controllers
- Advanced remote controllers
- Wearables

The ModusToolbox™ software environment supports PSoC™ 6 MCU application development with a set of
tools for configuring the device, setting up peripherals, and complementing your projects with world-class
middleware. See the Infineon GitHub repos for BSPs (Board Support Packages) for all kits, libraries for popular
functionality like CAPSENSE™ and emWin, and a comprehensive array of example applications to get you
started.

Figure 1 illustrates an application-level block diagram for a real-world use case using PSoC™ 6 MCU.
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Figure 1 Application-level block diagram using PSoC™ 6 MCU
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1 Introduction

PSoC™ 6 MCU is a highly capable and flexible solution. For example, the real-world use case in Figure 1 takes
advantage of these features:

«  Abuck converter for ultra-low-power operation

+ Ananalog front end (AFE) within the device to condition and measure sensor outputs such as ambient light
sensor

«  Serial Communication Blocks (SCBs) to interface with multiple digital sensors such as motion sensors
«  CAPSENSE" technology for reliable touch and proximity sensing

«  Programmable Digital logic (Smart 1/0) and peripherals (Timer Counter PWM or TCPWM) to drive the
display and LEDs respectively

.« SDIO interface to a Wi-Fi/Bluetooth® device to provide loT cloud connectivity
+  Product security features managed by CM0+ core and application features executed by CM4 core

There are four product lines in PSoC" 6 which cater to different application needs. Table 1 provides overview of
different product lines:

Table 1 PSoC” 6 MCU product lines
Product line |Security |Device Details Applications
firmware |series
Programmable | No CY8C61x | Single core: 150-MHz Arm’ Cortex -M4 loT gateways,
Performance No CY8C62x | Dual-core architecture: 150-MHz Arm’ smalr_t homel,_:;/lolme
Cortex’-M4 and 100-MHz Cortex’-M0+ apprances, Hil,
audio processing,
and industrial
concentrators
Connectivity No CY8C63x | Dual-core architecture: 150-MHz Arm’ Wearables, portable
Cortex -M4 and 100-MHz Cortex -MO+ medical, industrial IoT,
Bluetooth’ low energy (LE) 5.0 radio with 2- | and smart home
Mbps data throughput
Security “Secure | CYB064x |150-MHz Arm’ Cortex -M4 for the user
Boot” application
Hardware isolated, 100-MHz Arm” Cortex -
MO+ with privileged access to memory and
peripherals for security functions
Bluetooth” LE 5.0 radio with 2-Mbps data
throughput
Arm’ Platform Security Architecture
Certifications- PSA L1, FIPS 140-2
AWS CYS064x | 150-MHz Arm’ Cortex’-M4 for the user loT gateways,
Standard application smart home, home
“Secure” Hardware isolated, 100-MHz Arm” Cortex’- | @Ppliances, HMI,
MO+ with privileged access to memory and | audio processing,
peripherals for security functions and industrial
Arm’ Platform Security Architecture concentrators
Certifications- PSA L2

Note that not all the features available in all the devices in a product line. See the device datasheets for more
details.
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1 Introduction

This application note introduces you to the capabilities of the PSoC™ 6 MCU, gives an overview of the
development ecosystem, and gets you started with a simple ‘Hello World’ application wherein you learn to
use the PSoC™ 6 MCU. We will show you how to create the application from an empty starter application, but
the completed design is available as a code example for ModusToolbox™ on GitHub.

For hardware design considerations, see AN218241 - PSoC™ 6 MCU hardware design considerations.
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2 Development ecosystem

2 Development ecosystem

2.1 PSoC” resources

A wealth of data available here helps you to select the right PSoC” MCU and quickly and effectively integrate
it into your design. For a comprehensive list of PSoC™ 6 MCU resources, see How to design with PSoC™ 6 MCU -
KBA223067. The following is an abbreviated list of resources for PSoC™ 6 MCU.

«  Overview: PSoC" portfolio

«  PSoC" 6 MCU webpage

+  Product selectors: PSoC" 6 MCU

« Datasheets describe and provide electrical specifications for each device family.

+  Application notes and Code examples cover a broad range of topics, from basic to advanced level. You can
also browse our collection of code examples.

+  Technical reference manuals (TRMs) provide detailed descriptions of the architecture and registers in each
device family.

« PSoC" 6 MCU programming specification provides the information necessary to program the nonvolatile
memory of PSoC” 6 MCU devices.

«  CAPSENSE design guides: Learn how to design capacitive touch-sensing applications with PSoC™ devices.

+  Development tools: Many low-cost kits and shield boards are available for evaluation, design, and
development of different applications using PSoC" 6 MCUs.

«  Training videos: Video training on our products and tools, including a dedicated series on PSoC™ 6 MCUs.

«  Technical Support: PSoC" 6 community forum, Knowledge base articles.

2.2 Firmware/application development

There are two development platforms that you can use for application development with PSoC™ 6 MCU:

«  ModusToolbox™: This software includes configuration tools, low-level drivers, middleware libraries and
other packages that enable you to create MCU and wireless applications. All tools run on Windows,
macOS and Linux. ModusToolbox™ includes an Eclipse IDE, which provides an integrated flow with all the
ModusToolbox™ tools. Other IDEs such as Visual Studio Code, IAR Embedded Workbench and Arm® MDK
(uVision®) are also supported.

ModusToolbox™ software supports stand-alone device and middleware configurators. Use the
configurators to set the configuration of different blocks in the device and generate code that can be

used in firmware development. The software supports all PSoC™ 6 MCUs. It is recommended that you use
ModusToolbox™ software for all application development for PSoC™ 6 MCUs. See the ModusToolbox™ tools
package user guide for more information.

Libraries and enablement software are available at the GitHub site.

Software resources available at GitHub support one or more of the target ecosystems:
- MCU and Bluetooth® SoC ecosystem - a full-featured platform for PSoC™ 6 MCU, Bluetooth®, and
Bluetooth® low energy application development.

- Connectivity ecosystem - a set of libraries providing core functionality of Wi-Fi including connectivity,
security, firmware upgrade support, and application layer protocols for applications.

- Amazon FreeRTOS ecosystem - extends the FreeRTOS kernel with software libraries that make it easy
to securely connect small, low-power Infineon devices to most cloud services.
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2 Development ecosystem

ModusToolbox™ tools and resources can also be used on the command line. See the build system chapter
in theModusToolbox™ tools package user guide for detailed documentation.

« PSoC™ Creator: A proprietary IDE that runs on Windows only. It supports a subset of PSoC™ 6 MCUs, as well
as other PSoC™ families such as PSoC™ 3, PSoC™ 4, and PSoC™ 5LP. See AN221774 - Getting started with
PSoC™ 6 on PSoC™ Creator for more information.

2.2.1 Installing the ModusToolbox™ tools package

Refer to the ModusToolbox™ tools package installation guide for details.

2,2.2 Choosing an IDE

ModusToolbox™ software, the latest-generation toolset, is supported across Windows, Linux, and macOS
platforms. ModusToolbox™ software supports 3rd-party IDEs, including the Eclipse IDE, Visual Studio Code,
Arm® MDK (pVision), and IAR Embedded Workbench. The tools package includes an implementation for
the Eclipse IDE for your convenience. The tools support all PSoC™ 6 MCUs. The associated BSP and library
configurators also work on all three host operating systems.

ModusToolbox™

Command
Line
Interface

Figure 2 ModusToolbox™ environment

Certain features of the PSoC™ 6 MCU, such as UDBs (Universal Digital Blocks) and USB are not supported in
ModusToolbox™ version 2.x and earlier. Newer versions of ModusToolbox™ support the USB host feature and
improve the user experience with true multi-core debug support.

It is recommended to use ModusToolbox™ if you want to build an loT application using loT devices, or if you are
using a PSoC™ 6 MCU not supported in PSoC™ Creator.

PSoC™ Creator is the long-standing proprietary tool that runs on Windows only. This mature IDE includes a
graphical editor that supports schematic based design entry with the help of Components. PSoC™ Creator
supports all PSoC™ 3, PSoC™ 4, and PSoC™ 5LP devices, and a subset of PSoC™ 6 MCU devices.

Choose PSoC™ Creator if you are inclined towards using a graphical editor for design entry and code generation,
and if the PSoC™ MCU that you are planning to use is supported by the IDE or if you are intending to use the
UDBs on the PSoC™ MCU.

2.2.3 ModusToolbox™ software

ModusToolbox™ software is a set of tools and software that enables an immersive development experience
for creating converged MCU and wireless systems and enables you to integrate our devices into your existing
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development methodology. These include configuration tools, low-level drivers, libraries, and operating system
support, most of which are compatible with Linux-, macOS-, and Windows-hosted environments.

Figure 3 shows a high-level view of what is available as part of ModusToolbox™ software. For a more in-depth
overview of the ModusToolbox™ software, see ModusToolbox™ tools package user guide.

Applications Tools
. Project
Code Examples Reference Designs
Human-Machine : - : Manager
Interface Graphics Connectivity Security
Eclipse and
Voice / Audio Machine Learning Wi-Fi Bluetooth® partner IDEs
Configurators
BSPs and Tuners
™
PSoC XMC™ USB Coﬁl:eociivi ; AIROC Git and Mak
MCU MCU Controllers y Bluetooth® tt and HMake
Processor build system
Figure 3 ModusToolbox™ software

The ModusToolbox™ tools package installer includes the design configurators and tools, and the build system
infrastructure.

The build system infrastructure includes the new project creation wizard that can be run independent of the
Eclipse IDE, the make infrastructure, and other tools. This means you choose your compiler, IDE, RTOS, and
ecosystem without compromising usability or access to our industry-leading CAPSENSE™ (Human-Machine
Interface), AIROC™ Wi-Fi and Bluetooth®, security, and various other features.

One part of the ModusToolbox™ ecosystem is run-time software that helps you rapidly develop Wi-Fi and
Bluetooth® applications using connectivity combo devices, such as AIROC™ CYW43012 and CYW43439 (among
others), with the PSoC™ 6 MCU. See the ModusToolbox™ run-time software reference guide for details.

Design configurators are the tools that help you create the configurable code for your BSP/Middleware. Jump to
Configurators to know more about it.

Figure 4 shows a run-time software diagram to showcase some of the application capabilities of Infineon
devices using ModusToolbox™ software.
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Figure 4 ModusToolbox™ run-time software diagram

All the application-level development flows depend on the provided low-level resources. These include:

+  Board support packages (BSP) - A BSP is the layer of firmware containing board-specific drivers and other
functions. The BSP is a set of libraries that provide APIs to initialize the board and provide access to board
level peripherals. It includes low-level resources such as peripheral driver library (PDL) for PSoC™ 6 MCU
and has macros for board peripherals. It uses the HAL to configure the board. Custom BSPs can be created
to enable support for end-application boards. See BSP Assistant to create your BSP.

« Hardware abstraction layer (HAL) - The hardware abstraction layer (HAL) provides a high-level interface
to configure and use hardware blocks on MCUs. It is a generic interface that can be used across multiple
product families. The focus on ease-of-use and portability means the HAL does not expose all the low-level
peripheral functionality. The HAL wraps the lower level drivers (like PSoC™ 6 PDL) and provides a high-level
interface to the MCU. The interface is abstracted to work on any MCU. This helps you write application
firmware independent of the target MCU.

The HAL can be combined with platform-specific libraries (such as PSoC™ 6 PDL) within a single
application. You can leverage the HAL's simpler and more generic interface for most of an application,
even if one portion requires lower-level control.

«  PSoC™6 peripheral driver library (PDL) - The PDL integrates device header files, start-up code, and
peripheral drivers into a single package. The PDL supports the PSoC™ 6 MCU family. The drivers abstract
the hardware functions into a set of easy-to-use APIs. These are fully documented in the PDL API Reference.

The PDL reduces the need to understand register usage and bit structures, thus easing software
development for the extensive set of peripherals in the PSoC™ 6 MCU series. You configure the driver
for your application, and then use API calls to initialize and use the peripheral.

«  Middleware (MW) - Extensive middleware libraries that provides specific capabilities to an application. The
available middleware spans across connectivity (OTA, Bluetooth®, AWS IoT, Bluetooth® LE, Secure Sockets)
to PSoC™ 6 MCU-specific functionality (CAPSENSE™, USB, device firmware upgrade (DFU), emWin). All the
middleware is delivered as libraries via GitHub repositories.
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2.2.4 ModusToolbox™ applications

With the release of ModusToolbox™ v3.x, multi-core support is introduced, which has altered the folder
structure slightly from the previous version of ModusToolbox™.

ModusToolbox™ has two types of applications:
+  Single-core application
+  Multi-core application

Combined

Single-core application Multi-core application

Figure 5 Application types
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The following shows the new folder structure for an example single-core application:

<root>
ApplicationName
->Makefile (MTB TYPE=COMBINED)
—>deps

libl.mtb (local)
1lib2 .mtbh (shared)
->1ibs
1libl (Infineon Git repo)
—>bsps
TARGET BSP1 (not an Infineon Git repo; completely app—owned)
—>templates
TARGET BSP1
design.modus
design.capsense
->main.c
—>helper.h
—>helper.c
mtb shared
lIb2/... (Infineon Git repo)

Figure 6 Folder structure for single-core applications
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The following shows the new folder structure for an example multi-core application:

<root>
ApplicationName
—>Makefile (MTB TYPE=APPLICATION)
—>common . mk
—>common_app .mk
->bsps
TARGET BSPl (not an Infineon Git repo; completely app—owned)
->templates
TARGET BSP1
design.modus
design.capsense
—->projectl
Makefile (MTB TYPE=PROJECT)
deps
lib3.mtb (local)
lib4d.mtb (shared)
libs
1lib3 (Infineon Git repo)
main.c
projectl helper.h
projectl helper.c
->project?2
Makefile (MTB TYPE=PROJECT)
deps
lib5.mtb (local)
libe.mtb (shared)
libs
1ib5 (Infineon Git repo)
main.c
project2 helper.h
project2 helper.c
mtb shared

lib4/... (Infineon Git repo)
1ib6/... (Infineon Git repo)
Figure 7 Folder Structure for multi-core applications

The new flow using ModusToolbox™ versions 3.x can support multiple projects in an application. For multi-core
applications, there are multiple projects, but only one project per core. The applications have app-owned BSPs,
meaning the BSP will be common to all projects inside a multi-core application.

Going further, section 4 of this document describes creating a new single-core application using
ModusToolbox™ software.
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2.2.5 PSoC" 6 software resources

The software for PSoC™ 6 MCUs includes configurators, drivers, libraries, middleware, as well as various utilities,
makefiles, and scripts. It also includes relevant drivers, middleware, and examples for use with IoT devices and
connectivity solutions. You may use any or all tools in any environment you prefer.

2.2.5.1 Configurators

ModusToolbox™ software provides graphical applications called configurators that make it easier to configure a
hardware block. For example, instead of having to search through all the documentation to configure a serial
communication block as a UART with a desired configuration, open the appropriate configurator and set the
baud rate, parity, and stop bits. Upon saving the hardware configuration, the tool generates the "C" code to
initialize the hardware with the desired configuration.

There are two types of configurators: BSP configurators that configure items that are specific to the MCU
hardware and library configurators that configure options for middleware libraries.

Configurators are independent of each other, but they can be used together to provide flexible configuration
options. They can be used stand alone, in conjunction with other tools, or within a complete IDE. Configurators
are used for:

+  Setting options and generating code to configure drivers

+  Setting up connections such as pins and clocks for a peripheral
+  Setting options and generating code to configure middleware
For PSoC™ 6 MCU applications, the available configurators include:

+  Device configurator: Set up the system (platform) functions, pins, and the basic peripherals (e.g., UART,
Timer, PWM).

CAPSENSE™ configurator and tuner: Configure CAPSENSE™ and generate the required code and tune
CAPSENSE™ applications.

LIN configurator: Configure LIN middleware and generate the required configuration.

+ ML configurator: To fit the pre-trained model of choice to the target device with a set of optimization
parameters (Only available as a part of separate pack)

USB configurator: Configure USB settings and generate the required code.

QSPI configurator: Configure external memory and generate the required code.

Smart 1/0 configurator: Configure Smart I/O pins.
Bluetooth® configurator: Configure the Bluetooth® settings.

« EZ-PD™ configurator: Configure parameters and select the features of the PD Stack middleware.

+ Secure policy configurator: Open, create or change policy configuration files for the “Secure” MCU
devices.

+  SegLCD configurator: Configure and generate the required structures for SegLCD driver.

Each of the above configurators create their own files (e.g.: design.cycapsense for CAPSENSE™). BSP
configurator files (e.g. design.modus or design.cycapsense) are provided as part of the BSP with default
configurations while library configurators (e.g. design.cybt) are provided by the application. When an
application is created based on Infineon BSP, the application makes use of BSP configurator files from the
Infineon BSP repo. You can customize/create all the configurator files as per your application requirement
using ModusToolbox™ software. See BSP Assistant to create your custom BSP. See ModusToolbox™ help for more
details..
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2.2.5.2 Library management for PSoC™ 6 MCU

The application can have shared/local libraries for the projects. If needed, different projects can use different
versions of the same library. The shared libraries are downloaded under the mtb_shared directory. The
application should use the deps folder to add library dependencies. The deps folder contains files with the .mtb
file extension, which is used by ModusToolbox™ to download its git repository. These libraries are direct
dependencies of the ModusToolbox™ project.

The Library Manager helps to add/remove/update the libraries of your projects. It also identifies whether the
particular library has a direct dependency on any other library using the manifest repository available on
GitHub and fetches all the dependencies of that particular library. These dependency libraries are indirect
dependencies of the ModusToolbox™ project. These dependencies can be seen under the 1ibs folder. For more
information, see the Library Manager user guide located at <install_dir> /ModusToolbox/tools_<version>/
library-manager/docs/library-manager.pdf.

2.2.5.3 Software development for PSoC™ 6 MCU

The ModusToolbox™ ecosystem provides significant source code and tools to enable software development for
PSoC™ 6 MCUs. You use tools to:

+  Specify how you want to configure the hardware
«  Generate code for that purpose, which you use in your firmware

« Include various middleware libraries for additional functionality, like Bluetooth® LE connectivity or
FreeRTOS

This source code makes it easier to develop the firmware for supported devices. It helps you quickly customize
and build firmware without the need to understand the register set.

In the ModusToolbox™ environment, you use configurators to configure either the device, or a middleware
library, like the Bluetooth® LE stack or CAPSENSE™. The BSP configurator files are used to configure device
peripherals, pins, and memory using peripheral driver library code. The middleware is delivered as separate
libraries for each feature/function such that it can be used across multiple platforms. For example, abstraction-
rtos, lwip, usb, etc.

Firmware developers who wish to work at the register level should refer to the driver source code from the PDL.
The PDL includes all the device-specific header files and startup code you need for your project. It also serves
as a reference for each driver. Because the PDL is provided as source code, you can see how it accesses the
hardware at the register level.

Some devices do not support particular peripherals. The PDL is a superset of all the drivers for any supported

device. This superset design means:

+ AllAPI elements needed to initialize, configure, and use a peripheral are available.

«  The PDL is useful across various PSoC™ 6 MCUs, regardless of available peripherals.

+ ThePDL includes error checking to ensure that the targeted peripheral is present on the selected device.

This enables the code to maintain compatibility across members of the PSoC™ 6 MCU family, as long as the

peripherals are available. A device header file specifies the peripherals that are available for a device. If you

write code that attempts to use an unsupported peripheral, you will get an error at compile time. Before writing

code to use a peripheral, consult the datasheet for the particular device to confirm support for that peripheral.

As Figure 8 shows, with the ModusToolbox™ software, you can:

1. Choose a BSP (Project Creator).

2, Create a new application based on a list of starter applications, filtered by the BSPs that each
application supports (Project Creator).

3. Add BSP or middleware libraries (Library Manager).

4, Develop your application firmware using the HAL or PDL for PSoC™ 6 MCU (IDE of choice or command
line).
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2.2.6

ModusToolbox" resources and middleware

ModusToolbox" help

The ModusToolbox™ ecosystem provides documentation and training. One way to access it is launching the
Eclipse IDE for ModusToolbox™ software and navigating to the following Help menu items:

Choose Help > ModusToolbox™ General Documentation:

+  ModusToolbox™ Documentation Index: Provides brief descriptions and links to various types of
documentation included as part the ModusToolbox" software.

«  ModusToolbox™ Installation Guide: Provides instructions for installing the ModusToolbox™ software.

«  ModusToolbox™ User Guide: This guide primarily covers the ModusToolbox™ aspects of building,
programming and debugging applications. It also covers various aspects of the tools installed along with
the IDE.

«  ModusToolbox™ Training Class Material: Links to the training material available at https://github.com/
Infineon/training-modustoolbox.

+ Release Notes

For documentation on Eclipse IDE for ModusToolbox ", choose Help > Eclipse IDE for ModusToolbox™ General

Documentation:

«  Quick Start Guide: Provides you the basics for using Eclipse IDE for ModusToolbox"

+ User Guide: Provides descriptions about creating applications as well as building, programming, and
debugging them using Eclipse IDE
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« Eclipse IDE for ModusToolbox™ Help: Provides description on how to create new applications, update
application code, change middleware settings, and program/debug applications

« Eclipse IDE Survival Guide

2.3 Support for other IDEs

You can develop firmware for PSoC™ 6 MCUs using your favorite IDE such as IAR Embedded Workbench, Keil
pVision 5 or Visual Studio Code.

ModusToolbox™ configurators are stand-alone tools that can be used to set up and configure PSoC™ 6 MCU
resources and other middleware components without using the Eclipse IDE. The Device Configurator and
middleware configurators use the design.x files within the application workspace. You can then point to the
generated source code and continue developing firmware in your IDE.

If there is a change in the device configuration, edit the design.x files using the configurators and regenerate
the code. It is recommended that you generate resource configurations using the configuration tools provided
with ModusToolbox™ software.

See ModusToolbox™ tools package user guide for details.

2.4 FreeRTOS support with ModusToolbox™

Adding native FreeRTOS support to a ModusToolbox™ application project is like adding any middleware library.

You can include the FreeRTOS middleware in your application by using the Library Manager. If using the Eclipse

IDE, select the application project and click the Library Manager link in the Quick Panel. Click Add Library and
select freertos from the Core dialog, as Figure 9 shows.

The .mtb file pointing to the FreeRTOS middleware is added to the application project's deps directory. The
middleware content is also downloaded and placed inside the corresponding folder called freertos. The
default location is in the shared asset repo named mtb_shared. To continue working with FreeRTOS follow the
steps in the Quick Start section of FreeRTOS documentation.
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2.5

Import FreeRTOS middleware in ModusToolbox™ application

Programming/debugging using Eclipse IDE

All PSoC™ 6 Kits have a KitProg3 onboard programmer/debugger. It supports Cortex” Microcontroller Software
Interface Standard - Debug Access Port (CMSIS-DAP). See the KitProg3 user guide for details.

The Eclipse IDE requires KitProg3 and uses the OpenOCD protocol for debugging PSoC™ 6 MCU applications. It
also supports GDB debugging using industry standard probes like the Segger J-Link.

Note:

The PSoC™ 6 Wi-Fi-Bluetooth® pioneer kit (CYS8CKIT-062-WiFi-BT) and PSoC™ 6 Bluetooth® LE

pioneer kit (CYS8CKIT-062-BLE) have the KitProg2 onboard programmer/debugger firmware pre-
installed. To work with ModusToolbox™, upgrade the firmware to KitProg3 using the fw-loader
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command-line tool included in the ModusToolbox™ software. Refer to the PSoC™ 6 Programming/
Debugging - KitProg Firmware Loader section in the Eclipse IDE for ModusToolbox™ user guide for
more details.

For more information on debugging firmware on PSoC™ devices with ModusToolbox™, refer to the Program and
Debug section in the Eclipse IDE for ModusToolbox™ user guide.

2.6 PSoC” 6 MCU development kits

Table 2 Development kits

Product line Development kits

Performance PSoC™ 6 WiFi-Bluetooth® pioneer kit (CYSCKIT-062-WiFi-BT)

PSoC™ 6 Wi-Fi Bluetooth® prototyping kit (CYSCPROTO-062-4343W)
PSoC™ 6252 Wi-Fi Bluetooth® pioneer kit (CYS8CKIT-06252-43012)

PSoC™ 6253 Wi-Fi Bluetooth® prototyping kit (CYSCPROTO-06253-4343W)
PSoC™ 6251 Wi-Fi Bluetooth® pioneer kit (CYW9P62S1-43438EVB-01)

PSoC™ 62S1 Wi-Fi Bluetooth® pioneer kit (CYW9P62S1-43012EVB-01)
PSoC™ 6254 pioneer kit (CYSCKIT-06254)

Connectivity PSoC™ 6 Bluetooth® LE pioneer kit (CYS8CKIT-062-BLE)
PSoC™ 6 Bluetooth® LE prototyping kit (CYSCPROTO-063-BLE)
Security PSoC™ 64 “Secure Boot” Wi-Fi Bluetooth® pioneer kit (CYSCKIT-064B0S2-4343W)

PSoC™ 64 Standard “Secure” - AWS Wi-Fi Bluetooth® pioneer kit (CYS8CKIT-06450S2-4343W)

For the complete list of kits for the PSoC™ 6 MCU along with the shield modules, see the Microcontroller (MCUs)
kits page.
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3 Device features
PSoC™ 6 MCUs have extensive features as shown in Figure 10. The following is a list of major features. For more
information, see the device datasheet, the technical reference manual (TRM), and the section on References.
+  MCU Subsystem
- 150-MHz Arm® Cortex®-M4 and 100-MHz Arm® Cortex®-M0+
- Upto 2 MB of flash with additional 32 KB for EEPROM emulation and 32-KB supervisory flash
- Upto 1l MB of SRAM with selectable Deep Sleep retention granularity at 32-KB retention boundaries
- Inter-processor communication supported in hardware
- DMA controllers
+  Security features
- Cryptography accelerators and true random number generator function
- One-time programmable eFUSE for secure key storage
- “Secure Boot” with hardware hash-based authentication
« 1/O subsystem
- Upto 104 GPIOs with programmable drive modes, drive strength, slew rates
- Two ports with Smart I/O that can implement Boolean operations
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Figure 10 PSoC” 6 MCU block diagram
«  Programmable digital blocks, communication interfaces
- Upto 12 UDBs for custom digital peripherals
- Upto 32 TCPWM blocks configurable as 16-bit/ 32-bit timer, counter, PWM, or quadrature decoder
- Upto 13 SCBs configurable as 12C Master or Slave, SPI Master or Slave, or UART
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- Controller Area Network interface with Flexible Data-Rate
- Uptotwo “Secure” Digital Host Controllers with support for SD, SDIO, and eMMC interfaces
- Audio subsystem with up to two 12S interface and two PDM channels

- SMIF interface with support for execute-in-place from external quad SPI flash memory and on-the-fly
encryption and decryption

- USB full-speed device interface
«  Programmable analog blocks
- Upto two opamps that can operate in system deep sleep mode

- Upto two 12-bit SAR ADCs with maximum of 2-Msps sample rate and capability to function in system
deep sleep mode in some of the PSoC™ 6 MCUs

- One 12-bit, 500 ksps voltage-mode DAC

- Up to two low-power comparators which can be used to wake up the device from all the low-power
modes

- 1.2-V bandgap reference with 1% tolerance for use with SAR ADCs and the DAC
«  CAPSENSE" with SmartSense auto-tuning
- Supports both CAPSENSE" Sigma-Delta (CSD) and CAPSENSE " Transmit/Receive (CSX) controllers
- Provides best-in-class SNR, liquid tolerance, and proximity sensing
«  Operating voltage range, power domains, and low-power modes
- Device operating voltage: 1.71V to 3.6 V with user-selectable core logic operation at either 1.1V or 0.9V
- Multiple on-chip regulators: low-drop out (LDO for Active, Deep Sleep modes), buck converter
- Six power modes for fine-grained power management

- An"Always ON" backup power domain with built-in RTC, power management integrated circuit (PMIC)
control, and limited SRAM backup
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4 My first PSoC™ 6 MCU design using Eclipse IDE for
ModusToolbox software

This section does the following:
«  Demonstrate how to build a simple PSoC™ 6 MCU-based design and program it on to the development kit

«  Makes it easy to learn PSoC™ 6 MCU design techniques and how to use the Eclipse IDE for ModusToolbox™
software

4.1 Prerequisites

Before you get started, make sure that you have the appropriate development kit for your PSoC™ 6 MCU
product line, and have installed the required software. You also need internet access to the GitHub repositories
during project creation.

4.1.1 Hardware

The example design shown below is developed for the PSoC™ 6 Wi-Fi Bluetooth® prototyping kit
(CYSCPROTO-062-4343W). However, you can build the application for other development kits. See the Using
these instructions section.

4.1.2 Software

«  ModusToolbox™ 3.0 or above

After installing the software, refer to the ModusToolbox™ tools package user guide to get an overview of the
software.

4.2 Using these instructions

These instructions are grouped into several sections. Each section is devoted to a phase of the application
development workflow. The major sections are:

«  Part 1: Create a new application

+  Part2:View and modify the design configuration

+  Part 3: Write firmware

«  Part4:Build the application

+  Part5: Program the device

+ Part6: Test your design

This design is developed for the PSoC™ 6 Wi-Fi Bluetooth® prototyping kit (CYSCPROTO-062-4343W). You can use
other supported kits to test this example by selecting the appropriate kit while creating the application. The
code described in the sections that follow has been tested on the following additional kits.

«  PSoC™ 6 Wi-Fi Bluetooth® pioneer kit (CYSCKIT-062-WiFi-BT)

«  PSoC™6 Bluetooth® LE pioneer kit (CYS8CKIT-062-BLE)

«  PSoC™ 6 Bluetooth® LE prototyping kit (CYSCPROTO-063-BLE)

«  PSoC™62S2 Wi-Fi Bluetooth® pioneer kit (CYS8CKIT-06252-43012)

«  PSoC™62S1 Wi-Fi Bluetooth® pioneer kit (CYW9P62S1-43438EVB-01)

«  PSoC™62S1 Wi-Fi Bluetooth® pioneer kit (CYW9P62S1-43012EVB-01)

«  PSoC™62S3 Wi-Fi Bluetooth® prototyping kit (CYSCPROTO-06253-4343W)

«  PSoC™64 “Secure Boot” Wi-Fi Bluetooth® pioneer kit (CYS8CKIT-064B0S2-4343W)
«  PSoC™ 6254 pioneer kit (CYSCKIT-06254)
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4.3 About the design

This design uses the CM4 core of the PSoC™ 6 MCU to execute two tasks: UART communication and LED control.

At device reset, the Infineon-supplied pre-built CM0O+ application image enables the CM4 core and configures
the CMO+ core to go to sleep. The CM4 core uses the UART to print a “Hello World” message to the serial port

stream, and starts blinking the user LED on the kit. When the user presses the enter key on the serial console,
the blinking is paused or resumed.

4.4 Part 1: Create a new application

This section takes you on a step-by-step guided tour of the new application process. It uses the Empty App
starter application and manually adds the functionality from the Hello World starter application. The Eclipse
IDE for ModusToolbox™ is used in the instructions, but you can use any IDE or the command line if you prefer.

If you are familiar with developing projects with ModusToolbox™ software, you can use the Hello World starter
application directly. It is a complete design, with all the firmware written for the supported kits. You can walk
through the instructions and observe how the steps are implemented in the code example.

If you start from scratch and follow all the instructions in this application note, you can use the Hello World
code example as a reference while following the instructions.

Launch the Eclipse IDE for ModusToolbox™ to get started. Please note that ModusToolbox™ software needs
access to the internet to successfully clone the starter application onto your machine.

1. Select a new workspace.

At launch, Eclipse IDE for ModusToolbox™ presents a dialog to choose a directory for use as the
workspace directory. The workspace directory is used to store workspace preferences and development
artifacts. You can choose an existing empty directory by clicking the Browse button, as Figure 11 shows.
Alternatively, you can type in a directory name to be used as the workspace directory along with the
complete path, and the Eclipse IDE will create the directory for you.

E Edlipse IDE for ModusToolbox™ Launcher X

Select a directory as workspace

Eclipse IDE for ModusToolbox™ uses the workspace directory to store its preferences and development artifacts.

Workspace: b Browse...

[_] Use this as the default and do not ask again
» Recent Workspaces

Figure 11 Select a directory as the workspace
2. Create a new ModusToolbox" application.
a. Click New Application in the Start group of the Quick Panel.
b. Alternatively, you can choose File > New > ModusToolbox™ Application, as Figure 12 shows.
The Project Creator opens.
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Eclipse IDE for
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@ Training Material
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mtw - Eclipse IDE for ModusToolbox™
B File Edit Navigate Search Project Run Window Help

New Alt£Shift+N > 7 Project...
Open File... T Other... Ctrl+N
&2 Open Projects from File System... kel ModusToolbox™ Application ~ Ctrl+7
Recent Files >
Close Editor Ctrl+W
Close All Editors Ctrl+Shift+W
Save Ctrl+S
Save As...
Save All Ctrl+Shift+S
Revert
Move...
Figure 12 Create a new ModusToolbox™ application

3. Select a target PSoC™ 6 development kit

ModusToolbox™ speeds up the development process by providing BSPs that set various workspace/
project options for the specified development kit in the new application dialog.

a. In the Choose Board Support Package (BSP) dialog, choose the Kit Name that you have. The
steps that follow use CYBCPROTO-062-4343W. See Figure 13 for help with this step
b. Click Next
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C.

e.

infineon

[ Choose Board Support Package (BSP) - Project Creator 20
Settings  Help

Source Template

Enter filter tex Browse...

B ®

AIROC™ Bluetooth ® BSPs
AIROC™ Connectivity BSPs
expedition™ BSPs
PSoC™ 4 BSPs

v PSoC™ 6 BSPs

CY8CPROTO-063-BLE

CY8CPROTO-064B051-BLE
CYBCPROTO-064B0S1-S5A CYB064478Z1-D54 <nonex
CYBCPROTO-064B051-555 CYB064478ZI-D54 <none>
CY8CPROTO-064B053 CYBOG445LQI-53D42 <none>

Kit Name MCU/S0C/sIP Connectivity

-

‘CYBCEVAL-06252 CYBCE24AB71-52044 <nane>
CYBCEVAL-06252-CYW943439M2IPAT CVBC6244B71-52D44 LBEESKLTYN (€.
CY8CEVAL-06252-LAI-4372M2 CYSCH24ABZI-52D44 Sterling-LWB5+
CYBCEVAL-06252-MUR-43430M2 CYBCE24ABZI-52D44 LBEESKLIYN (C.

CVBCKIT-D62-BLE CV8C6347BZ1-BLD53 <nones>
CY8CKIT-06252-42012 CYSCH24ABZI-52D44 LBEES9BILV (C'

CYBCKIT-08254 CY8C6244101-54D082 <nonex
CYBCKIT-D62-WIFI-BT CV8C6247BZ1-D54. LBEESKL1DX (C
@CVECK\TDMEUSZJM%W CYBOG44AR7I-S2D44 LBEESKL1DX (C
CYBCKIT-0645052-4343W CYS0844AB71-52D44 LBEESKL1DX (C
[_cveceroto-62-4343w CYBC624ABZ1-52D44 LBEESKLIDX (C
CYBCPROTO-062-4343W-NEW CYBCH24AB71-52D44 CYW4343WKUI
CYBCPROTO-06253-4343W CY8C62451Q1-53D72 LBEESKL1DX (C

CYBLE-416045-02 (CY8C634TBZI-BLD33) CYBLE-416045-
CYBLE-416070-02 (CYBOG447BZI-BLD53) CYBLE-416070-

CYBCPROTO-062-4343W

The CYECPROTO-062-4343W PSoC™ 6 Wi-Fi BT Prototyping Kit is a low-cost hardware platform that enables
design and debugof PSeC™ 6 MCUs. It comes with a Murata LBEESKL1DX module, based on the CYW4343W
combo device, industry-leadingCAPSENSE™ for touch buttans and slider, on-baard debugger/programmer
with KitProg3, microSD card interface, 512-Mb Quad-SPI NOR flash, PDM-PCM microphone, and &
thermistor. This kit is designed with a snap-away form-factor, allowing theuser to separate the different
components and features that come with this kit and use independently. In addition,support for Digilent's

Pmod interface is also provided with this kit.

Kit Features:

* Support of up to 2MB Flash and 1MB SRAM

© Dedicated SDHC to interface with WICED wireless devices.

® Delivers dual-cores, with a 150-MHz Arm Cortex-Md as the primary application processor and 2 100-
MHz ArmCortex-MO+ a5 the secondary processor for low-power operations,

© Supports Full-Speed USE, capacitive-sensing with CAPSENSE, a PDM-PCM digital microphone
interface, a Quad-SP| interface, 13 serial communication blacks, 7 programmable analog blocks, and

56 programmabie digitel blocks.
Kit Contents:

* PSoC™ 6 Wi-Fi BT Prototyping Board
* USE Type-A to Micro-B cable
* Quick Start Guide

Summary:
BSP: CYBCPROTO-062-4343W

Press “Next" to select application.

©

Close

Figure 13

Choose target hardware
In the Select Application dialog, select Empty App starter application, as Figure 14 shows.

In the Name field, type in a name for the application, such as Hello_World. You can choose to
leave the default name if you prefer.

Click Create to create the application, as Figure 14 shows, wait for the Project Creator to
automatically close once the project is successfully created.

[ Select Application - Project Creator 2.0 - o X
Settings  Help

Application(s) Root Path: |C:/mtw | | Browse.
Target IDE: [Eciipse IDE for ModusToolbax™ v

Browse.. | T B2

B This empty application provides a template for creating applications.

Template Application
Bluetooth®

New Application Name

Hello_World

[ Hello World

[ security App.

[ Switching Power Modes
Machine Learning
Manufacturing
Peripherals
Sensing
Wi-Fi

For more details, see the README on GitHub,

Summary:
BSP: CYBCPROTO-062-4343W
Template Application(s): Empty App
Application(s) Root Path: C:/mtw

Press "Create” to create the selected application(s).

)

©

< Back I Create I Close

Figure 14

Choose starter application

You have successfully created a new ModusToolbox™ application for a PSoC" 6 MCU.

The BSP uses CY8C624ABZI-D54 as the default device that is mounted on the PSoC™ 6 Wi-Fi-Bluetooth®
prototyping kit (CYSCPROTO0-062-4343W) along with the CYW4343WKUBG Wi-Fi/Bluetooth® radio.
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If you are using custom hardware based on PSoC™ 6 MCU, or a different PSoC™ 6 MCU part number, please refer
to the Custom BSP App Note or the BSP Assistant user guide.

4.5 Part 2: View and modify the design configuration

Figure 15 shows the Eclipse IDE Project Explorer interface displaying the structure of the application project.

A PSoC™ 6 MCU application consists of a project to develop code for the CM4 core. A project folder consists of
various subfolders - each denoting a specific aspect of the project.
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0 Project Explorer |4 Debug ' Registers = Peripherals

v 1= Hello World
¥ Binaries
& Includes
= bsps
= TARGET APP_CY8CPROTO-062-4343W

]
v = deps

= retarget-io.mtb

= images 4.
= libs -r_
i main.c

= LICENSE .
L& Makefile
¥ README.md 6.
v = mtb_shared

= abstraction-rtos
= catlemOp

= clib-support
= cmsis

= core-lib

= core-make
= mtb-hal-cat1
= mtb-pd|-cat1

= recipe-make-catla

= retarget-io

Figure 15 Project Explorer view

1. The files provided by the BSP are in the bsps folder and are listed under TARGET_<bsp name> sub-folders.
All the input files for the device and peripheral configurators are in the config folder inside the BSP.
The GeneratedSource folder in the BSP contains the files that are generated by the configurators and
are prefixed with cycfg_. These files contain the design configuration as defined by the BSP. From
ModusToolbox™ 3.x or later, you can directly customize configurator files of BSP for your application
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rather than overriding the default design configurator files with custom design configurator files since
BSPs are completely owned by the application.

The BSP folder also contains the linker scripts and the start-up code for the PSoC™ 6 MCU used on the
board.

2, The build folder contains all the artifacts resulting from a build of the project. The output files are
organized by target BSPs.

3. The deps folder contains .mtb files, which provide the locations from which ModusToolbox™ pulls the
libraries that are directly referenced by the application. These files typically each contain the GitHub
location of a library. The .mtb files also contain a git Commit Hash or Tag that tells which version of the
library is to be fetched and a path as to where the library should be stored locally.

For example, Here, retarget-io.mtb points to mtb://retarget-io#latest-vl.X#$$ASSET_REPO$$/retarget-
io/latest-v1.X. The variable $$ASSET_REPO$$ points to the root of the shared location which defaults to
mtb_shared. If the library must be local to the application instead of shared, use $$LocAL$$ instead of
$$ASSET_REPO$$.

4, The 1ibs folder also contains .mtb files. In this case, they point to libraries that are included indirectly
as a dependency of a BSP or another library. For each indirect dependency, the Library Manager places
an .mtb file in this folder. These files have been populated based on the targets available in deps folder.

For example, using BSP CY8CPROTO-062-4343W populates 1ibs folder with the following .mtb files:
cmsis.mtb, core-lib.mtb, core-make.mtb, mtb-hal-catl.mtb, mtb-pdl-catl.mtb, catlcmOp.mtb, recipe-
make-catla.mtb.

The 1ibs folder contains the file mtb.mk, which stores the relative paths of the all the libraries required by
the application. The build system uses this file to find all the libraries required by the application.

Everything in the 1ibs folder is generated by the Library Manager so you should not manually edit
anything in that folder.

5. An application contains a Makefile which is at the application's root folder. This file contains the set of
directives that the make tool uses to compile and link the application project. There can be more than
one project in an application. In that case there is a Makefile at the application level and one inside
each project. See AN215656 - PSoC™ 6 MCU dual-core system design for details related to multi-project
applications.

6. By default, when creating a new application or adding a library to an existing application and specifying
it as shared, all libraries are placed in an mtb_shareddirectory adjacent to the application directories.

The mtb_shared folder is shared between different applications within a workspace. Different
applications may use different versions of shared libraries if necessary.

4,5.1 Opening the Device Configurator

BSP configurator files are in the bsps/TARGET_<BSP-name>/config folder. For example, click <Application-name>
from Project Explorer then click Device Configurator link in the Quick Panel to open the file design.modus in
the Device Configurator as shown in Figure 16. You can also open other configuration files in their respective
configurators or click the corresponding links in the Quick Panel.
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CYWA343WKUBG: BT [Host-Wake-Up Signal]
CYWA343WKURG: BT [Device-Wake-Up Signall

Figure 16 Device Configurator

The DeviceConfigurator provides a set of Resources Categories tabs. Here you can choose between different
resources available in the device such as peripherals, pins, and clocks from the List of Resources.

You can choose how a resource behaves by choosing a Personality for the resource. For example, a Serial
Communication Block (SCB) resource can have EZI2C, 12C, SPI, or UART personalities. The Alias is your name
for the resource, which is used in firmware development. One or more aliases can be specified by using a
comma to separate them (with no spaces).

The Parameters pane is where you enter the configuration parameters for each enabled resource and the
selected personality. The Code Preview pane shows the configuration code generated per the configuration
parameters selected. This code is populated in the cycfg_files in the Generatedsource folder. The Parameters
pane and Code Preview pane may be displayed as tabs instead of separate windows but the contents will be
the same.

Any errors, warnings, and information messages arising out of the configuration are displayed in the Notices
pane.

Currently, the device configurator supports configurations using PDL source. If you choose to use HAL libraries
in your application then you do not need to do any device configurations changes in here. The application
project contains source files that help you create an application for the CM4 core (for example, main.c), while
the CMO+ application is supplied as a default c file (psoc6_02_cmep_sleep.c for the cYsc624ABZI-D44 device). See
the catlcmOp library. This c file is compiled and linked with the CM4 image as part of the normal build process.

At this point in the development process, we are ready to add the required middleware to the design. The only
middleware required for the Hello World application is the retarget-io library.

4.5.2 Add retarget-io middleware

In this step, you will add the retarget-io middleware to redirect standard input and output streams to the UART
configured by the BSP. The initialization of the middleware will be done in main.c.

1. In the Quick Panel, click the Library Manager link.
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2, In the subsequent dialog, click Add Libraries.
3. Under Peripherals, select and enable retarget-io.
4, Click OK and then Update.

The files necessary to use the retarget-io middleware are added in the mtb_shared > retarget_io folder, and
the .mtb file is added to the deps folder, as Figure 17 shows.

[ Quick Panel (¥ Variables & Expressions ®g Breakpoints
Eclipse IDE for
ModusToolbox™

» Start £ Project Explorer 52 %5 Debug ¥ Registers 2, Peripherals

» Hello_World (APP_CYBCPROTO-064B0S3)

| lm s v 125 Hello_World
+ Tools 45 Binaries
& BSP Assistant 1.0 il Includes
[ Device Firmware Update Host Tool 1.60 (=4 ESPZ
= buil
@ Library Manager 2.0 | ¢ B
v (= deps
~ BSP Configurators (APP_CYBCPROTO-064B053) [ retarget-io.mtb
[ CAPSENSE™ Configurator 5.0 (new configurator) & images
& Device Configurator 4.0 & libs
(& 0%PI Corfigurstor 40 e mcaIEnl;lcSE
5 Ll
[ Segment LCD Configurator 150 (new configurater) Makefile
® i
& Smart /O Cenfigurator 4.0 % README.md
~ Hello_World Library Configurators =% mtb_shared
e ne e -
Application Directory: C:/mtw/Hello_World fral Browse...
Enter filter text B B
| Target Project: | Hello_World v
Name Update Available  Remove
- BSPs Enter filter text | F E® |retorgetio
o) -062- =
¢! APP_CYSCPROTO-062-4343W (ACTIVEY X Neme Version || The Retarget [0 library provides APIs for transmitting messages to or from the board
¥ Hello World Libraries ; Blustooth® via standard printf/scanf functions using a UART connection which is generally
emsis & Core connected to a host machine.
core-lib @
core-make = ';""dd:fwa"e Version details: 1.3.0 release
~ Periphera
device-db -
met‘;‘f:alrcaﬂ j [ audio-codec-aka9s4a 101 refease
o olat] a [ sudio-codec-wm8360 1.0.0 refease
m : Sa a [ bmes80 3,59 release
socbem
P C " 5 [ bmit50 301 release
fecipe-make-catia [ bmm150 2,00 release
[ display-eink-e2271cs021 110 release
[] display-oled-ssd 1306 1,01 release
display-tft-st7789¢ 101 refease
multi-half-bridge 5.00 release
| L1 retarget-io 120 release |
[Trgo-lea T2 release
[ sensor-atmo-bme680 1,00 refease
[ sensor-light 1.1.0 release
[ sensor-motion-bmi160  1.1.1 release
[] sensor-orientation-bmx160 1.0.1 release
[ sensor-xensiv-bgt60tncc  0.63 release
[ sensor-xensiv-dps3xx 1.0.0 release
[ sensor-xensiv-pasco2 1.0.0 release
[] serial-flash 140 release
E [ thermistor 2.1.0 release
- [ xensiv-radar-sensing 1.0.0 release
o 4]
Add o Import BSP| | Add Library H4,..|
Cancel
Changelog for project "Hello_World™:
freertos version release-v10.4.303 removed
abstraction-rtos version release-v1.5.0 removed
clib-support version release-v12.0 removed
retarget-io version release-v1.3.0 removed
Click "Update” to commit the changes D“

| Update | Close

Figure 17 Add the retarget-io middleware

4.5.3 Configuration of UART, timer peripherals, pins, and system clocks

The configuration of the debug UART peripheral, timer peripheral, pins and system clocks can be done directly
in the code using the function APIs provided by the BSP and HAL. Therefore, it is not necessary to configure
them with the Device Configurator. See Part 3: Write firmware.
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4.6 Part 3: Write firmware

At this point in the development process, you have created an application with the assistance of an application
template and modified it to add the retarget-io middleware. In this part, you write the firmware that
implements the design functionality.

If you are working from scratch using the Empty PSoC™ 6 starter application, you can copy the respective source

code to the main.c of the application project from the code snippet provided in this section. If you are using the
Hello World code example, all the required files are already in the application.

Firmware flow

We now examine the code in the main. c file of the application. Figure 18 shows the firmware flowchart.

The CM0+ core comes out of reset and enables the CM4 core. The CM0+ core is then configured to go to sleep
by the provided CM0+ application. Resource initialization for this example is performed by the CM4 core. It
configures the system clocks, pins, clock to peripheral connections, and other platform resources.

When the CM4 core is enabled, the clocks and system resources are initialized by the BSP initialization
function. The retarget-io middleware is configured to use the debug UART, and the user LED is initialized.
The debug UART prints a “Hello World!” message on the terminal emulator - the on-board KitProg3 acts the
USB-UART bridge to create the virtual COM port. A timer object is configured to generate an interrupt every
1000 milliseconds. At each Timer interrupt, the CM4 core toggles the LED state on the kit.

The firmware is designed to accept the 'Enter' key as an input and on every press of the 'Enter' key the firmware
starts or stops the blinking of the LED.

Note that the application code uses BSP/HAL/middleware functions to execute the intended functionality.

cybsp_init()- This BSP function sets up the HAL hardware manager and initializes all the system resources of
the device including but not limited to the system clocks and power regulators.

cy_retarget_io_init()- This function from the retarget-io middleware uses the aliases set up in the BSP for
the debug UART pins to configure the debug UART with a standard baud rate of 115200 and also redirects the
input/output stream to the debug UART.

Note: You can open the Device Configurator to view the aliases that are set up in the BSP.

cyhal_gpio_init()- This function from the GPIO HAL initializes the physical pin to drive the LED. The LED used is
derived from the alias for the pin set up in the BSP.

timer_init()- This function wraps a set of timer HAL function calls to instantiate and configure a hardware
timer. It also sets up a callback for the timer interrupt.

Copy the following code snippet to main.c of your application project.
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Code listing 1: main.c file

infineon

#include "cyhal.h"
#tinclude "cybsp.h"
#tinclude "cy retarget_io.h"

/*******************************************************************************

* Macros
*******************************************************************************/

/* LED blink timer clock value in Hz */
#define LED_BLINK_TIMER_CLOCK_HZ (10000)

/* LED blink timer period value */
#define LED_BLINK_TIMER_PERIOD (9999)

/*******************************************************************************

* Function Prototypes
*******************************************************************************/
void timer_init(void);

static void isr_timer(void *callback_arg, cyhal_timer_event_t event);

/*******************************************************************************

* Global Variables
*******************************************************************************/
bool timer_interrupt_flag = false;

bool led_blink_active_flag = true;

/* Variable for storing character read from terminal */
uint8_t uart_read_value;

/* Timer object used for blinking the LED */
cyhal_timer_t led_blink_timer;

/*******************************************************************************

* Function Name: main

3k 3k 3k 3k 3k 3k sk sk sk sk 3k 3k 3k 5k ok 3k 3k 3k 3k 5k 5k %k 3k 3k 3k sk sk sk 3k 3k 3k sk ok sk 3k 3k 3k 3k 5k 5k 3k 3k 3k 3k sk sk sk 3k 3k 3k sk ok sk 3k 3k 3k sk 5k %k 3k 3k 3k sk sk ok sk 3k 3k %k ok ok ok ok ok ok sk sk k k ok
* Summary:

* This is the main function for CM4 core. It sets up a timer to trigger a

* periodic interrupt. The main while loop checks for the status of a flag set

* by the interrupt and toggles an LED at 1Hz to create an LED blinky. The

* while loop also checks whether the 'Enter' key was pressed and

* stops/restarts LED blinking.

* Parameters:
*  none

* Return:
* int
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*
*******************************************************************************/
int main(void)

{
cy_rslt_t result;
/* Initialize the device and board peripherals */
result = cybsp_init();
/* Board init failed. Stop program execution */
if (result != CY_RSLT_SUCCESS)
{
CY_ASSERT(9);
¥
/* Enable global interrupts */
__enable_irq();
/* Initialize retarget-io to use the debug UART port */
result = cy retarget_io_init(CYBSP_DEBUG_UART_TX, CYBSP_DEBUG_UART_RX,
CY_RETARGET_IO_BAUDRATE);
/* retarget-io init failed. Stop program execution */
if (result != CY_RSLT_SUCCESS)
{
CY_ASSERT(0);
}
/* Initialize the User LED */
result = cyhal_gpio_init(CYBSP_USER_LED, CYHAL_GPIO_DIR_OUTPUT,
CYHAL_GPIO_DRIVE_STRONG, CYBSP_LED_STATE_OFF);
/* GPIO init failed. Stop program execution */
if (result != CY_RSLT_SUCCESS)
{
CY_ASSERT(9);
}
/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf("\x1b[2J\x1b[;H");
printf("EEEREEkk Rk kR k v
"PSoC 6 MCU: Hello World! Example "
1 3k 3k sk 3k 3k ok sk ok 3k ok 3k ok ok ok ok %k k ok \r\\n\n");
printf("Hello World!!!\r\n\n");
printf("For more PSoC 6 MCU projects, "
"visit our code examples repositories:\r\n\n");
printf("https://github.com/Infineon/"
"Code-Examples-for-ModusToolbox-Software\r\n\n");
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/* Initialize timer to toggle the LED */
timer_init();

printf("Press 'Enter' key to pause or "

"resume blinking the user LED \r\n\r\n");

for (53)
{
/* Check if 'Enter' key was pressed */

if (cyhal_uart_getc(&cy_retarget_io_uart_obj, &uart_read_value, 1)
== CY_RSLT_SUCCESS)

if (uart_read_value == '\r')

{
/* Pause LED blinking by stopping the timer */

if (led_blink_active_flag)
{
cyhal_timer_stop(&led_blink_timer);

printf("LED blinking paused \r\n");

}
else /* Resume LED blinking by starting the timer */

{
cyhal_timer_start(&led_blink_timer);
printf("LED blinking resumed\r\n");
/* Move cursor to previous line */

printf("\x1b[1F");

led_blink_active_flag ~= 1;

/* Check if timer elapsed (interrupt fired) and toggle the LED */
if (timer_interrupt_flag)

{
/* Clear the flag */
timer_interrupt_flag = false;
/* Invert the USER LED state */
cyhal_gpio_toggle(CYBSP_USER_LED);
}

/*******************************************************************************

* Function Name: timer_init
3k 3k 3k 3k sk 3k sk sk 3k sk 3k ok 3k ok 3k sk 3k sk 3k sk 3k sk sk sk sk 3k sk 3k sk 3k sk 3k sk sk sk 3k sk sk 3k sk 3k sk 3k sk 3k sk 3k sk sk sk sk sk sk 3k ok 3k ok 3k sk 3k sk 3k sk sk sk ok 3k ok 3k ok 3k ok ok ok ok sk sk ok ke k

* Summary:
* This function creates and configures a Timer object. The timer ticks
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* continuously and produces a periodic interrupt on every terminal count

* event. The period is defined by the 'period' and 'compare_value' of the
* timer configuration structure 'led_blink_timer_cfg'. Without any changes,
* this application is designed to produce an interrupt every 1 second.

* Parameters:

*  none
*

*******************************************************************************/
void timer_init(void)

{
cy_rslt_t result;

const cyhal_timer_cfg t led_blink_timer_cfg =

{
.compare_value = 0, /* Timer compare value, not used */
.period = LED_BLINK_TIMER_PERIOD, /* Defines the timer period */
.direction = CYHAL_TIMER_DIR_UP, /* Timer counts up */
.is_compare = false, /* Don't use compare mode */
.is_continuous = true, /* Run timer indefinitely */
.value = 0 /* Initial value of counter */

}s

/* Initialize the timer object. Does not use input pin ('pin' is NC) and
* does not use a pre-configured clock source ('clk' is NULL). */
result = cyhal_timer_init(&led_blink_timer, NC, NULL);

/* timer init failed. Stop program execution */
if (result != CY_RSLT_SUCCESS)

{
CY_ASSERT(0);

/* Configure timer period and operation mode such as count direction,
duration */
cyhal_timer_configure(&led_blink_timer, &led_blink_timer_cfg);

/* Set the frequency of timer's clock source */
cyhal_timer_set_frequency(&led_blink_timer, LED_BLINK_TIMER_CLOCK_HZ);

/* Assign the ISR to execute on timer interrupt */
cyhal_timer_register_callback(&led_blink_timer, isr_timer, NULL);

/* Set the event on which timer interrupt occurs and enable it */
cyhal_timer_enable_event(&led_blink_timer, CYHAL_TIMER_IRQ_TERMINAL_COUNT,
7, true);

/* Start the timer with the configured settings */
cyhal_timer_start(&led_blink_timer);

/*******************************************************************************
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* Function Name: isr_timer
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* Summary:

* This is the interrupt handler function for the timer interrupt.

*

* Parameters:

* callback_arg Arguments passed to the interrupt callback

* event Timer/counter interrupt triggers
*

*******************************************************************************/

static void isr_timer(void *callback_arg, cyhal_timer_event_t event)

{
(void) callback_arg;
(void) event;
/* Set the interrupt flag and process it from the main while(1) loop */
timer_interrupt_flag = true;
}
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Figure 18 Firmware flowchart

This completes the summary of how the firmware works in the code example. Feel free to explore the source
files for a deeper understanding.
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4.7 Part 4: Build the application

This section shows how to build the application.
1. Select the application project in the Project Explorer view.
2. Click Build Application shortcut under the <name> group in the Quick Panel.

It selects the build configuration from Makefile and compiles/links all projects that constitute the
application. By default, Debug configurations are selected.

3. The Console view lists the results of the build operation, as Figure 19 shows.

s p6 - Hello_ World/Makefile - Eclipse IDE for ModusToolbox™ X
File Edit Navigate Search Project Run Window Help
O B-{-®ib ? -0~ Q- O V- RE TG OD O Qi
(5 Project Explorer 53 %3 Debug ifi{ Registers %, Peripherals = 0 b Makefile 53 = B g% Outline 2 = 0
— = S [C:
= Vv +Z ¢
v 15 Hello_World A @ MTB_TYPE ~
4 Binaries ® TARGET
[ Includes @ APPNAME
(& bsps & TOOLCHAIN
= build @® CONFIG
& deps @ VERBOSE
(= images ® COMPONENTS
& libs @ DISABLE_COMPONE
[ main.c N @ SOURCES
library-manager.log ® INCLUDES
LICENSE ® DEFINES
& Makefile - ® VFP_SELECT
= ® CFLAGS
[ Quick Panel ()= Variables &' Expressions @ Breakpoints = @ CXXFLAGS
. " ® ASFLAGS
Eclipse IDE for o inhics
ModusToolbox™ # for your IDE. ® LDLBS
CONFIG=Debug| v @ LINKER_SCRIPT v
» Start oS 2
v Hello_World (APP_CY8CPROTO-064B0S2 B Console 52 [2] Problems &g Progress [J Memory & Terminal v U | GB Al x| ®B~-fy= 0O
| T - I CDT Build Console [Hello_World]
Build Applicatio
p
@ Clean Application Total Internal Flash (Available) 2697152
Total Internal Flash (Utilized) 53704
» Launches
» Tools
» BSP Configurators (APP_CYSCPROTO-064B053) ©2:15:58 Build Finished. @ errors, 8 warnings. (took 47s.915ms)
+ Hello_World Library Configurators v N
Writable Smart Insert 70:13:2712
! o ’ ) o o, 2
E A Type here to search 17 08-09-2022 B

Figure 19 Build the application

If you encounter errors, revisit prior steps to ensure that you completed all the required tasks.

Note: You can also use the command line interface (CLI) to build the application. Please refer to the Build
system chapter in the ModusToolbox™ tools package user guide. This document is located in the /
docs_<version>/ folder in the ModusToolbox™ installation.

4.8 Part 5: Program the device

This section shows how to program the PSoC™ 6 MCU.

ModusToolbox™ software uses the OpenOCD protocol to program and debug applications on PSoC™ 6 MCUs.
The kit must be running KitProg3. Some kits are shipped with KitProg2 firmware instead of KitProg3. See
Programming/debugging using Eclipse IDE for details. The ModusToolbox™ tools package includes the fw-
loader command-line tool to switch the KitProg firmware from KitProg2 to KitProg3. See the PSoC™ 6 MCU
KitProg Firmware Loader section in the Eclipse IDE for ModusToolbox™ user guide for more details.

If you are using a development kit with a built-in programmer (the CYSCPROTO-062-4343W, for example),
connect the board to your computer using the USB cable.

If you are developing on your own hardware, you can use a hardware programmer/debugger; for example, a
CY8CKIT-005 MiniProg4, J-Link, or ULINKpro.
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Select the application project and click the <application name> Program (KitProg3_MiniProg4) shortcut
under the Launches group in the Quick Panel, as Figure 20 shows. The IDE will select and run the appropriate
run configuration.

Note: This step also performs a build if any files have been modified since the last build.
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Figure 20 Programming an application to a device

The Console view lists the results of the programming operation, as Figure 21 shows.

Application Note 39 002-28571 Rev. *G
2022-09-12



Getting started with PSoC™ 6 MCU on ModusToolbox™ software

4 My first PSoC™ 6 MCU design using Eclipse IDE for ModusToolbox™ software

infineon

<terminated> Hello_World Pragram (KitProg3) [GDB OpenOCD Debugging] openocd.exe
[ 79%] 11 Eras1ng
2% [ Erasin g ]

0wwo o
SR E D
EREES

100%

78% Programming
Programmin g
Programming

Programming

Eiii |

]
1
1
1
]
]
1
1
1

@ oo~
g er]
LR

95% g ng

199%] Programming
ote 44832 bytes from fi 1 C:/mtw/Hello_world/build/CYS8CPROTO-B62-4343W/Debug/mth-example-psocé-empty-app.hex in 1.873642s (22.95@ KiB/s
= programming F1n1shed

** program operatis (nmpl eted successfully **

srst_only separate srst_gates_ jtag srst_upen_drain connect_deassert_srst

Info : SHD DPIDR @x6bag2477

shutdown command invoked

1
]
1
]
1
]
]
1
]
1
)

1
1
1L0E
10 ®E
1
11
1
1
1
1
1
110

B Console 52 % % | B BE

Ef ma-g-=8

Figure 21 Programming an application to a device

4.9 Part 6: Test your design

This section describes how to test your design.

Follow the steps below to observe the output of your design. This note uses Tera Term as the UART terminal

emulator to view the results. You can use any terminal of your choice to view the output.
1. Select the serial port

Launch Tera Term and select the USB-UART COM port as Figure 22 shows. Note that your COM port

number may be different.

T
File  Edit  5&f orz Term: New connection *
L]
O TCPAIP myhost.example.com
History
Telnet 22
55H S5H2
Other
AUTO
® Serial Port: ICDMZE: KitProg3 USB-UART [COM25] vI
Cancel Help
L

Figure 22 Selecting the KitProg3 COM port in Tera Term
2. Set the baud rate

Set the baud rate to 115200 under Setup > Serial port as Figure 23 shows.
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YT
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Tera Terrn: Serial port setup and connection
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Data:
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Stop bits:

Flow control:

Transmit delay

Device Friendly Name: KitProg3 USB-UART [COM25]

Device Instance |D: USBWID_04B48PID_F155&8MI_0247&3B64
Device Manufacturer: Cypress

Provider Name: Cypress

Driver Date: 6-12-2018

Driver Yersion: 1.9.0.0

Figure 23
3. Reset the device

Configuring the baud rate in Tera Term

Press the reset switch (SW1) on the kit. A message appears on the terminal as Figure 24 shows. The user
LED on the kit will start blinking.
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M COM25 - Tera Term VT —

File Edit Setup Control Window Help
PSoC 6 MCU:= Hello World? Excomynle  6eee s s s s s s e e e e u

Hello Yorld?**?
For more PSoC & MCU projects, vizit our code examples repositories:

https:/7github.cons/Inf ineon/Code—Examplez—for—ModusToolhox—Sof tware

Press ’Enter’ key to pause or resume hlinking the user LED

Figure 24 UART message printed from CM4 core
4, Pause/resume LED blinking functionality

Press the Enter key to pause/resume blinking the LED. When the LED blinking is paused, a corresponding

message will be displayed on the terminal as Figure 25 shows.

M COM25 - Tera Term VT —

File Edit Setup Control Window Help
FSo0C 6 MCU: Hello World?! Example e s s s s s s s s

Hello Worldttt

For more PSoC 6 MCU projects, visit our code examples repositories:
https:/#github.com/Inf ineon/Code—Examples—for—ModusToolbox—Softuare
Press ’Enter’ key to pause or resume hlinking the user LED

HED blinking paused

Figure 25 UART message from CM4 core
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5 Summary

This application note explored the PSoC™ 6 MCU device architecture and the associated development tools.
PSoC™ 6 MCU is a truly programmable embedded system-on-chip with configurable analog and digital
peripheral functions, memory, and a dual-core system on a single chip. The integrated features and low-power
modes make PSoC™ 6 MCU an ideal choice for smart home, loT gateways, and other related applications.
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For a complete and updated list of PSoC™ 6 MCU code examples, please visit our GitHub. For more PSoC™ 6

MCU-related docume

nts, please visit our PSoC™ 6 MCU product web page.

Table 3 lists the system-level and general application notes that are recommended for the next steps in learning
about PSoC™ 6 MCU and ModusToolbox™.

Table 3 General and system-level application notes

Document Document name

AN221774 Getting started with PSoC™ 6 MCU on PSoC" Creator

AN210781 Getting started with PSoC" 6 MCU with Bluetooth” Low Energy (BLE) connectivity on
PSoC Creator

AN218241 PSoC" 6 MCU hardware design considerations

AN219528 PSoC" 6 MCU low-power modes and power reduction techniques

Table 4 lists the application notes (AN) for specific peripherals and applications.

Table 4

Documents related to PSoC" 6 MCU features

Document

Document name

System resources, C

PU, and interrupts

AN215656

PSoC™ 6 MCU dual-core system design

AN217666 PSoC" 6 MCU interrupts

AN235279 Performing ETM and ITM Trace on PSoC 6 MCU
CAPSENSE"

AN92239 Proximity sensing with CAPSENSE™

AN85951 PSoC” 4 and PSoC" 6 MCU CAPSENSE" design guide

Device Firmware Up

date

AN213924

PSoC" 6 MCU device firmware update software development kit guide

Low-power analog

AN230938

PSoC” 6 MCU low-power analog
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Glossary

This section lists the most commonly used terms that you might encounter while working with PSoC™ family of
devices.

« Board support package (BSP): A BSP is the layer of firmware containing board-specific drivers and other
functions. The board support package is a set of libraries that provide firmware APIs to initialize the board
and provide access to board level peripherals.

+  Cypress Programmer: Cypress Programmer is a flexible, cross-platform application for programming
Cypress devices. It can Program, Erase, Verify, and Read the flash of the target device.

«  Hardware abstraction layer (HAL): The HAL wraps the lower level drivers (like MTB-PDL-CAT1) and provides
a high-level interface to the MCU. The interface is abstracted to work on any MCU.

+  KitProg: The KitProg is an onboard programmer/debugger with USB-12C and USB-UART bridge
functionality. The KitProg is integrated onto most PSoC™ development kits.

«  MiniProg3/MiniProg4: Programming hardware for development that is used to program PSoC™ devices on
your custom board or PSoC™ development kits that do not support a built-in programmer.

+  Personality: A personality expresses the configurability of a resource for a functionality. For example, the
SCB resource can be configured to be an UART, SPI or 12C personalities.

«  PSoC™: A programmable, embedded design platform that includes a CPU, such as the 32-bit Arm® Cortex°-
MO, with both analog and digital programmable blocks. It accelerates embedded system design with
reliable, easy-to-use solutions, such as touch sensing, and enables low-power designs.

«  Middleware: Middleware is a set of firmware modules that provide specific capabilities to an application.
Some middleware may provide network protocols (e.g. MQTT), and some may provide high level software
interfaces to device features (e.g. USB, audio).

«  ModusToolbox™: An Eclipse based embedded design platform for loT designers that provides a single,
coherent, and familiar design experience combining the industry’s most deployed Wi-Fi and Bluetooth®
technologies, and the lowest power, most flexible MCUs with best-in-class sensing.

+  Peripheral driver library (PDL): The peripheral driver library (PDL) simplifies software development for the
PSoC™ 6 MCU architecture. The PDL reduces the need to understand register usage and bit structures, thus
easing software development for the extensive set of peripherals available.

«  WICED: WICED (Wireless Internet Connectivity for Embedded Devices) is a full-featured platform with
proven Software Development Kits (SDKs) and turnkey hardware solutions from partners to readily enable
Wi-Fi and Bluetooth® connectivity in system design.
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