Volume I: Getting Started With MPLAB Harmony What is MPLAB Harmony?

What is MPLAB Harmony?

This section provides an overview of MPLAB Harmony.

Description

Microchip MPLAB® Harmony is the result of a holistic, aggregate approach to creating firmware solutions for embedded systems using Microchip
PIC32 microcontrollers. As shown in the following diagram, MPLAB Harmony consists of portable, modular and compatible libraries provided by
Microchip and third-party ecosystem partners. MPLAB Harmony also includes easy-to-use development utilities like the MPLAB Harmony
Configurator (MHC) plug-in for the MPLAB X IDE, which accelerate development of highly capable and reusable PIC32 embedded firmware
applications.

MPLAB® Harmony Block Diagram
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Designed almost completely in the C language (see Note), MPLAB Harmony takes key elements of modular and object-oriented design, adds in
the flexibility to use a Real-Time Operating System (RTOS) or work without one if you prefer, and provides a framework of software modules that
are easy to use, configurable for your specific needs, and that work together in complete harmony.

& Note: MPLAB Harmony has not been tested with C++; therefore, support for this programming language is not provided.

Portability

Portability is a concern that is often overlooked when a silicon manufacturer provides software. However, breadth of solutions is a hallmark
strength of Microchip, and MPLAB Harmony provides simple libraries to abstract away part-specific details and make a Microchip device easy to
use, regardless of which device you choose. Any time you design a new product or update an existing one, cost must be balanced with
capabilities; however, cost is more than just the bill of materials — it's also the Non-Refundable Engineering (NRE) cost to design and develop your
solution. MPLAB Harmony provides peripheral libraries, device drivers, and other libraries that use clear and consistent interfaces, requiring little or
no change in your application code and minimizing the engineering time and effort for each new design.

Device Drivers

The primary purpose of a MPLAB Harmony device driver (or "driver") is to provide a simple and highly abstracted interface to a peripheral, allowing
your application (or any other module in the system) to interact with a peripheral through a consistent set of functions. A driver is responsible for
managing access to a peripheral, so that requests from different modules do not conflict with each other, and for managing the state of that
peripheral so that it always operates correctly.

Peripheral Libraries

A Peripheral Library (PLIB) is a simple access library that provides a consistent (but very low level) interface to a peripheral that is "on board" the
MCU. PLIBs hide register details, making it easier to write drivers that support multiple microcontroller families, but they are not normally used by
applications directly to interact with peripherals, as they provide little abstraction, and because they require the caller to manage the detailed
operation of a peripheral (including preventing conflicting requests from other modules). Because of the lack of conflict protection in a PLIB, only
one module in a system should directly access the PLIB for a peripheral. Therefore, PLIBs are primarily used to implement device drivers (and
some system services) to make them portable.
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Modularity

MPLAB Harmony libraries are modular software "building blocks" that allow you to divide-and-conquer your firmware design. The interface to each
library consists of a highly cohesive set of functions (not globally accessible variables or shared registers), so that each module can manage its
own resources. If one module needs to use the resources of another module, it calls that module's interface functions to do so. Interfaces between
modules are kept simple with minimal inter-dependencies so that modules are loosely coupled to each other. This approach helps to eliminate
conflicts between modules and allows them to be more easily used together like building blocks to create the solutions you need.

Middleware Libraries

The normal usage models of some of the more complex peripherals, (i.e., USB or network interfaces) require interpreting complex protocols or
may require substantial additional processing to produce useable results, such as drawing graphical images on an LCD screen with an LCD
controller peripheral. Therefore, while a device driver may be completely sufficient for a simple peripheral like a UART, some peripherals require
what is frequently called "middleware" (aptly named because it sits between your application and the hardware abstraction layer or "driver" layer).
MPLAB Harmony provides several middleware library "stacks" to manage these more complex peripherals and provide the functionality you need
and expect.

MPLAB Harmony middleware "stacks" are usually built upon device drivers and system services so that they can be supported on any Microchip
microcontroller for which the required driver or service is supported. However, special purpose implementations may be available that integrate the
driver, certain services, and various modules within the "stack" for efficiency.

System Services

MPLAB Harmony system services are responsible for managing shared resources so that other modules, such as drivers, middleware, and
applications, do not conflict on shared resources. For example, if the TCP/IP, USB, and Graphics stacks attempted to concurrently use the Timer2
peripheral to perform some periodic task, they would very likely interfere with each other. However, if instead they used a timer system service (as
the following image illustrates), it is the responsibility of the system service to keep the separate requests from interfering with each other. The
timer service can be configured as desired for a specific system (for example, you may decide to use Timer3 instead of Timer2) isolating the
necessary changes to the configuration of a single module and preventing potential conflicts.

The use of a system service is very similar the use of a device driver, except that a driver normally requires the caller to "open" it to create a
unique client-to-driver association. A system service does not normally require the caller to open the service before using it because system
services are frequently shared by many clients within the system.
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Compatibility

MPLAB Harmony modules (drivers, system services, and middleware — excluding PLIBs) are "active". This means when an application calls a
module's interface function, the call will usually return immediately (unless a RTOS is in use) and the module will continue working on its own to
complete the operation. Most modules will then provide a notification mechanism so the caller (i.e., client) can determine when the operation has
finished.

Most MPLAB Harmony modules are implemented as cooperative state machines. The following image shows the basic idea of how this works.
Each module has an "Initialize" function and each module has one (or more) "Tasks" function(s) to maintain its state machine(s). The state
machines of all modules are initialized, shortly after the system comes out of reset in "main". After that (in a polled configuration, with no OS), the
system drops into a "super loop" where each module's state machine function is repeatedly called, one after the other, to allow it to do the next
"task" necessary to keep its state machine running. This allows the system to keep all modules running using a cooperative or shared
"multi-tasking" technique. Modules (under control of your application) interact with each other by calling the interface functions of other modules
(as illustrated in the following figure) and the system-wide "super loop" keeps all modules in the system running so they stay "active" and do their
jobs.
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This method is not suitable for all needs; therefore, other configurations are possible. However, a polled configuration is the simplest to understand
and it best illustrates the basic concept of how MPLAB Harmony allows independent modules to operate cooperatively within an embedded
system. To interact with each other, otherwise independent library and application modules make calls to each other's Application Program
Interface (API) functions, as shown in the following diagram. Calls into a library are made through well-defined API functions and calls back to the

client may be made through callback functions, statically linked (at build time) or dynamically registered at run-time and called using a function
pointer.
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Flexibility

The basic MPLAB Harmony model of cooperating state machine driven modules, when combined with a little configurability, becomes flexible
enough to meet the needs of almost any embedded system. For example, if you are using multiple identical peripherals, MPLAB Harmony has
"dynamic" driver implementations that can manage all instances of a peripheral with a single instance of the driver code. You might also have a
need for multiple "client" modules to use the same instance of a peripheral at the same time (such as the timer example, described previously). To
manage this need, MPLAB Harmony has driver implementations that are intelligent enough to manage requests from multiple clients. On the other
hand, your needs may be simpler than that. So, static and single client implementations are also available for key libraries to help reduce the
amount of code and data storage needed for your system.
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Or, your system may need to combine several middleware stacks and multiple, potentially independent, applications. If that is the case, the simple
polling operation, using the "super loop" method frequently seen in simple embedded systems may not be sufficient. Wwhen you start adding more
modules, it becomes more and more difficult to meet the timing requirements of all peripherals using a simple polled super loop.

Fortunately, MPLAB Harmony modules are written so that (where appropriate) their state machines can be run directly from an Interrupt Service
Routine (ISR) or a RTOS thread. Using an ISR allows you to eliminate the latency of waiting for the execution of other modules in the loop to finish
before a time-critical event is serviced, and it allows you to use the interrupt prioritization capabilities available on Microchip devices to ensure that
your system responds to events in the real world in real-time.
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Additionally, the ability to schedule and prioritize different tasks for different modules can be obtained for modules that are not associated with a
specific processor interrupt (such as many middleware modules and your application) using a RTOS. In fact, that is one of the main reasons to use

a RTOS. When your system becomes complex enough that you start struggling to meet your timing requirements using the super loop method, it's
time to use a RTOS.

Fortunately, MPLAB Harmony module state machine functions can be called from a loop in a RTOS thread just as easily as they can be called
from a polled "super loop" in a system without a RTOS. To allow this, modules are designed to be "thread safe" by calling semaphore, mutex, and
critical section operations through an Operating System Abstraction Layer (OSAL). The OSAL provides a consistent set of functions to call,
regardless of which RTOS is being used (or even if no RTOS is used). This method makes the choice of RTOS to use, if any, into a configuration
option. MPLAB Harmony supports several OS and non-OS configurations and support for more operating systems is possible. All that is required
is to implement the OSAL functions appropriately for the desired OS.
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Configurability

Most MPLAB Harmony libraries support a variety of build-time configuration options:

« Selection of the supported Microchip microcontroller

* Interrupt-driven or polled execution

« Static or Dynamic peripheral instance selection

« Single-client or Multi-client support

» Other library-specific options

MPLAB Harmony libraries are designed to allow you to select a variety of configuration options to tailor them to your specific usage. For example,
you may be able to select buffer sizes for data transfer modules or clock sources for timer modules. The set of configuration options for each
library is identified and explained in the Help documentation (along with the interface and usage information) and the MPLAB Harmony
Configurator (MHC) utility is provided to help simplify the process of configuring your system exactly the way you want and to get you started with
a set of initial source files for your project.

Project Structure

To facilitate configurability, MPLAB Harmony projects are normally structured in a way that isolates the code necessary to configure a "system"
from the library code and from your application code, as shown in the following figure.

Configuration Libraries Application
Static Configuration Peripheral ivati
I Options | Initialization e
|_System Initialization | Peripheral Control Primary Logic
item Control Log Logic

The next figure shows how application, library, and configuration files are organized within the MPLAB X IDE project.
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In a MPLAB Harmony project, the main.c file is kept very simple and consistent (containing primarily, just the super loop previously discussed).
The application files (app. ¢ and app. h in the previous figure) are separate from configuration files in the syst em conf i g sub-folders, so it is
possible for a single application to have more than one configuration. (Usage of this capability can be seen in example and demonstration projects
included with the installation of MPLAB Harmony.) The library modules that make up the MPLAB Harmony framework (in the framework folder)
use the definitions provided in the selected configuration header (syst em confi g. h, highlighted with a gray background in the previous figure)
to specify the configuration options you selected when you configured the project. Finally the processor-specific peripheral libraries are provided as
both a prebuilt binary (. a linker file) and as in-line source code to allow for maximum build efficiency for your firmware projects.

Summary

MPLAB Harmony provides a complete framework for developing your firmware solutions using Microchip microcontrollers and development tools.
The firmware libraries and tools that make up the MPLAB Harmony framework are modular and compatible, making them simple to use. They're
flexible and configurable, making them easy to tailor to your specific needs. And, they're portable across the full range of Microchip PIC32
microcontrollers, so you are sure to find a supported device that meets your needs.

Project Layout
This topic explains how a MPLAB Harmony project is organized.

Description

A sample project has been created to show you the structure of a MPLAB Harmony project. The "sample" project is available in the following
folder, within your MPLAB Harmony installation root folder:

<i nstall-dir>/apps/exanpl es/ sanpl e/ fi rmvar e/ sanpl e. X

You should open this project in MPLAB X IDE and follow along with this guide.

A MPLAB Harmony project is organized within MPLAB X IDE, as shown in the following figure.
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This organization consists of a few key "logical" folders and C language files, as follows.

The Header Files and Source Files Folders

The MPLAB X IDE separates C-language files into header (. h) files and source (. ¢) files by placing the header files in a top-level Header Fil es
logical folder and the source files in a top-level Sour ce Fi | es logical folder. This distinction is for display only within the MPLAB X IDE and these
folders do not appear on disk. Also, in most cases, logical folders that appear as sub-folders of these top-level folders are duplicated in both the
Header Fil es and Source Fi | es top-level logical folders because header and source files are kept together on disk.

The app Folder

This folder contains the mai n. ¢ and app. ¢ source files and the app. h header file.

The app (i.e., application) folder and its sub-folders contain all of the project-specfic source and header files (but not the shared files stored in the
framework folder, which are discussed later). In a simple project, the app folder contains the mai n. ¢, app. ¢, and app. h files and a

syst em confi g sub-folder. More complex projects will very likely contain additional files, as needed. In a MPLAB Harmony project, the nai n. ¢
file normally contains the C language main function and little or nothing else. The logic of the nmai n function is consistent across all MPLAB
Harmony projects and should not need to be changed. The app. ¢ file normally contains the logic of the application itself. This is where the desired
overall behavior of your system is usually implemented (although complex systems may have multiple applications).

The app. h file defines data types and other definitions required by the application or interface prototypes for functions the application wants to
share with other applications or the system.

The system_config Folder

The syst em confi g folder contains one or more subdirectories, each of which corresponds to an individual configuration of your project. MPLAB
Harmony projects may have multiple configurations. Each project configuration creates a different variation of your embedded system with
potentially different hardware or features. In each configuration, you can select a different set of libraries or modules, select different build
parameters for each module and even select different source files for your application(s). A configuration consists of a specific set of properties
(tools settings) in MPLAB X IDE, a set of source files that define the build parameters, and a set of source and header files that control which
modules are initialized and maintained in your system.
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In MPLAB X IDE, the project configuration can be selected by using a pull-down menu in the tool bar at the top of the window or by right-clicking
the project name and selecting Properties. In most example and demonstration projects distributed with MPLAB Harmony, the name of each
MPLAB X IDE configuration will match the name of the associated folder within the syst em conf i g folder in the project (the 795_pim_e16 folder
in the sample project). When a specific MPLAB X IDE configuration is selected, the configuration files for that configuration are included in the
build and the configuration files in other configuration folders are excluded from the build.

(= Note: This is the project convention used by the example and demonstration projects provided with MPLAB Harmony. You, of course,
may organize your own projects any way you desire. However, it is recommended to follow this convention if you use multiple
configurations in your projects. We think you'll appreciate the power and flexibility it provides.

Configuration Files:

« systemconfig.h

e systeminit.c

» systemtasks.c

e systeminterrupt.c

e systemexceptions.c
« systemdefinitions.h

This set of files define a configuration of the system. The purpose of each of these files is described in more detail in the following sections. But,
the basic idea is that you may want different configurations of your application for different hardware boards, different Microchip microcontrollers,
or different feature sets, depending on your specific needs.

Allowing different configurations of the same application logic makes your application more flexible and provides a well-organized way to deal with
the sort of variation that usually occurs in any project of sufficient size and complexity. This technique helps to eliminate the duplication of code
(and labor) that would otherwise be necessary to manage multiple related projects. Of course, if you don't need or want that flexibility, all of these
files are specifically created for your project and you can make any modifications to them that you like. The choice is always yours.

(& Note: The relative path, from the MPLAB X IDE project folder to the configuration folder (containing the syst em confi g. h file)
for each project configuration is automatically placed in the "Includes directories" list in the compiler properties for each
configuration of the MPLAB X IDE project by the MHC.

The framework Folder

The f r amewor k logical folder contains the source files for the MPLAB Harmony framework and libraries. Depending on your project configuration,
there can be many, many files and sub-folders within this folder. These files are for MPLAB Harmony libraries that you should not need to edit. In
fact, the framework source files are not normally located in your project. Instead, these files are included in your project directly from the MPLAB
Harmony installation (using relative directory paths). All of the actual files stay in the MPLAB Harmony installation folder, out of the way.
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[ Notes: 1. You always have the option of copying the framework files directly into your project's source folder, if desired. In fact, doing
so is a good idea if you plan to move or distribute your project separately from the MPLAB Harmony installation.

2. In most cases, the "logical folder" organization within the MPLAB X IDE project matches exactly with the physical directory
organization within the MPLAB Harmony installation (and within your project directory) on your disk drive. This is done to
keep things simple and consistent so you only need to learn a single layout. But, there are a couple of notable exceptions.

* MPLAB X IDE has a convention of splitting out "Header Files" (. h) and "Source Files" (. ¢), so that the virtual folder
organization in project separates the files in to these two groups and the physical directories on disk do not

* Ina MPLAB Harmony example or demonstration project, the app folder will correspond to the sr ¢ directory on disk within
the f i r mnar e folder of the project

The Main File
This topic describes the logic of the mai n. ¢ file and the C language nai n function in a MPLAB Harmony project.

Description

The C language entry point for a MPLAB Harmony embedded application is the main function. This function is defined in the mai n. c file,
generated in the project's app folder (or sr ¢ directory on disk) by the MHC. The nai n function (see the following example) implements a simple
"super loop", commonly used in embedded applications that do not make use of an operating system.

Example main Function Logic
int main ( void)

{
/* Initialize all MPLAB Harnony nodul es, including application(s). */
SYS Initialize ( NULL );
while ( true )
{
/* Maintain state machines of all polled MPLAB Harnmony nodul es. */
SYS Tasks ( );
}
/* Execution should not cone here during nornal operation */
return ( EXIT_FAILURE );
}

The SYS_|Initialize Function

The first thing the main function does is to call a function named SYS_Initialize. The purpose of the SYS_Initialize function is to initialize every
software module in the system. MPLAB Harmony is based upon a model of cooperating state machines. Therefore, this function must ensure that
every module's state machine is placed in a valid initial state. The implementation of this function is one of the things generated by the MHC to
configure a MPLAB Harmony system. This function's definition is generated in the syst em_i ni t . c file, described in the system_init.c section.

(& Note: The SYS_lInitialize function signature has a "voi d *" input parameter. This is so that it may later be implemented in a library and
an arbitrary initialization data structure may be passed into it. However, for a statically implemented SYS_Initialize function (which
will normally be the case if you implement it yourself), this parameter is unnecessary and can be passed as "NULL".

The "Super Loop"

After all of the modules in the system have been initialized, the main function executes an infinite loop to keep the system running. This is
commonly called a "super loop" as it is the outer-most loop, within which the entire system operates. This loop never exits. So, the code that exists
after the end of that loop should never be executed and is only included there for safety, clarity, and syntactical completeness.

The SYS_Tasks File and the SYS_Tasks Function

Inside of the "super loop", the mai n function calls the SYS_Tasks function. The purpose of the SYS_Tasks function is to poll every module in the
system to ensure that it continues to operate. This is how the system maintains the state machines of all polled modules. (Note that some modules
may be interrupt driven and thus, not called from the SYS_Tasks function.) The implementation of the SYS_Tasks function is generated by the
MHC in the syst em t asks. c file, which is described in the system_tasks.c section.

The Application File(s)
This topic describes the normal structure of MPLAB Harmony application files.

Description

From the point of view of a MPLAB Harmony system, an application consists of two basic functions:
* APP_lInitialize
e APP_Tasks
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The application's initialization function (APP_Initialize) is normally called from the SYS_Initialize function, which is called from mai n before
entering the top-level loop. The application's "tasks" function (APP_Tasks) is normally called from the SYS_Tasks function, which is called from
mai n from inside the top-level loop. This is how the application's state machine is initialized and "polled” so that it can do its job. The
SYS_Initialize function is normally implemented in the syst em_ i ni t. ¢ file and the SYS_Tasks function is normally implemented in the

syst em t asks. c file. That is the convention for example and demonstration projects distributed with MPLAB Harmony and that is the case for
projects generated by the MHC. You may do as you choose in your own projects, but it is recommended to follow this convention as it will make it
easier to manage multiple configurations if you need them and it will be consistent with the MHC and other tools.

Application Initialization

An application's initialization function places the application's state machine in its initial state and may perform additional initialization if necessary.
This function must not block and it should not call the routines of any other modules that may block. If something needs to be initialized that may
take time to complete, that initialization should be done in the application's state machine (i.e., in its "Tasks" function).

Sample Application Initialization Function:
void APP_Initialize ( void)

{
/* Place the App state machine in its initial state. */
appDat a. state = APP_STATE_INIT;
appDat a. usart Handl e = DRV_HANDLE | NVALI D;

}

The sample project's initialization function initializes an internal variable and places the application's state machine in its initial state by assigning
the APP_STATE_INIT enumeration value into the "state” member of the data structure that contains all of the data required by the application
(appData). This structure is defined globally, but is only ever accessed by the application itself. The application's initialization function is called
from the SYS_Initialize function (defined in syst em_i ni t . c¢), which is called from nai n after a system Reset. Using this technique, the
application is initialized (along with the rest of the system) whenever the system comes out of Reset.

Application Tasks

The application's state machine breaks up the job that the application must do into several short "tasks" that it can complete quickly, but between
which it must wait for some other module to complete some tasks of its own. (In this case the other module is the USART driver.) Once each short
task has completed successfully, the application transitions to another state to perform the next short task.

Example Application Tasks Function:

voi d APP_Tasks ( void )

{
/* Handl e returned by USART for buffer submtted */
DRV_HANDLE usart Buf f er Handl e;

/* Check the application's current state. */

switch ( appData.state )

{
/* Keep trying to open the driver until we succeed. */
case APP_STATE_INT:

{
/* open an instance of USART driver */
appDat a. usart Handl e = DRV_USART_QOpen( APP_UART_DRI VER_| NDEX,
DRV_I O_| NTENT_WRI TE) ;
if (appData.usartHandl e != DRV_HANDLE | NVALI D )
{
/* Update the state */
appDat a. state = APP_STATE_SEND MESSAGE;
}
br eak;
}

/* Send the message when the driver is ready. */
case APP_STATE SEND MESSAGE:
{
/* Submit message to USART */
DRV_USART_Buf f er AddW i t e(appDat a. usart Handl e, &usart Buf f er Handl e,
APP_HELLO STRING strlen(APP_HELLO STRING);
if ( usartBufferHandl e != DRV_HANDLE | NVALID )

{
/* Message is accepted. Driver will transmt. */
appDat a. state = APP_STATE | DLE;

}

br eak;
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}

/* Idle state */
case APP_STATE_| DLE:
defaul t:
{
/* Do nothing. */
br eak;

}

Sample Application States

The sample application's "tasks" function breaks the operation of the application down in to the following states using a "switch" statement with the
following "cases".

« APP_STATE_INIT
« APP_STATE_SEND_MESSAGE
« APP_STATE_IDLE

The sample application is placed into the APP_STATE_INIT state by the application's initialization function before the "tasks" function is ever
called. So, the first time the APP_Tasks function is called, the switch statement executes the code under this case and the first short "task" the
sample application attempts to do is open the USART driver to obtain a handle so that it can transfer data over the USART. Notice that the
application checks the value of the handle returned from the DRV_USART_Open function to ensure that it is valid before it transitions to the
APP_STATE_SEND_MESSAGE state. If the value of the handle retuned be the driver's "open" function is invalid (equal to
DRV_HANDLE_INVALID), the application stays in the APP_STATE_INIT state and continues trying to open the USART driver every time its
"tasks" function is called. his technique allows a polled state machine to wait for something that it requires before continuing to avoid making
inappropriate transitions to new states.

Once the application has a valid handle to the USART driver, it executes the code under the APP_STATE_SEND_MESSAGE case the next time
its APP_Tasks function is called. In this state, the application calls a USART driver data transfer routine (DRV_USART_BufferAdd) to send the
data data buffer string defined by the syst em confi g. h header. Then, it checks the handle returned by the DRV_USART_BufferAddWrite
function to see if it is valid. If the buffer handle is valid, it indicates that the USART driver has accepted the buffer and will take responsibility for the
data transfer from that point forward. The application does not have to do anything else to cause the data transfer to occur. However, if the buffer
is not accepted by the driver (in which case the handle returned by the DRV_USART_BufferAddWrite function would be invalid), the application
stays in the APP_STATE_SEND_MESSAGE and tries again the next time the APP_Tasks function is called.

Once the application has successfully passed the buffer to the USART driver, it transitions to the APP_STATE_IDLE state where it stays and does
nothing any time its "tasks" function is called. Its job is done! A more complex application would go on to some other task or potentially begin the
process again. But, this is a simple "Hello World" sample application.

(2 Note: The application is normally initialized last, after all other modules in the system have been initialized. But, it should never assume
that any other module has completed its initialization when the application is initialized or when its "tasks" function is first called.
Instead, it should always check the return value or status from any other module it calls to ensure that the call succeeded before
moving on to the next state. Following this rule makes applications more robust and allows them to handle errors more effectively.

System Configurations
This section describes the files that make up a system configuration.

Description

In MPLAB Harmony, a system configuration consists of a set of files that define the build options, how the system is initialized, and how it runs
after it has been initialized. The purpose of each of these files is described in the topics in this section.

system_config.h
This topic describes the purpose of system configuration header file.

Description

System Configuration

In MPLAB Harmony, most library modules require a set of build time configuration options that define a variety of parameters (such as buffer sizes,
maximum or minimum limits, and default behavior). To configure a library for your specific needs, its configuration options can be defined using C
language preprocessor #def i ne statements. The set of configuration options supported is described for each library in the "Configuring the
Library" section of its help document and most libraries provide a template and example configuration header files in a conf i g sub-folder within
their sr c folder.

To obtain its build configuration options, every library includes the same common top-level configuration file that is named syst em confi g. h,
and it is generated by the MHC as part of your system configuration. The relative directory path to configuration directory that contains this file is
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defined in the build properties of your project configuration by the MHC so that the compiler can find it in its include file search path.

Example Configuration syst em confi g. h Header

// IR R R R SRS EEEEEEEEEEE SR SRR EREEEEEEREEEEEREEREEREREREEEEEREEREEEEEEESEEREEEREEEEEEEEERES]
// khkkhkkhkkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhrhhhhhhhhhhhhhhdxk
/] Section: System Service Configuration

// EEEEE R SR SRR EEEEEEEEEEREEREEEEEEREEEEREEEEEREREEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEESE]
// EEEEE RS EEEEEEEEEEEEEEREEEEEEEREREEREREEREREEEREREEREEEEEEEREEEEREEEEEREEEESEEEEEEEEEEE]
// khkkhkkhkkhkkhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdhhhhhrhhhhhhhhhhxk
/* Common System Service Configuration Options

*/

#define SYS_VERSI ON_STR "1.07"

#define SYS_VERSI ON 10700

// R I S R R R R
/* C ock System Service Configuration Options

*/

#define SYS_CLK FREQ 80000000ul

#def i ne SYS_CLK BUS_PERI PHERAL_1 80000000ul

#define SYS CLK_UPLL_BEFORE_DI V2_FREQ 7999992ul

#defi ne SYS_CLK_CONFI G_PRI MARY_XTAL 8000000ul

#define SYS_CLK_CONFI G_SECONDARY_XTAL 32768ul

/*** Ports System Service Configuration ***/

#defi ne SYS_PORT_AD1PCFG ~Oxffff

#defi ne SYS_PORT_CNPUE 0x0

#def i ne SYS_PORT_CNEN 0x0

// R I S R R I R I R R
// EEEEE R SR SRR EEEEEEEEEEREEREEEEEEREEEEREEEEEREREEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESE]
/'l Section: Driver Configuration

// LR R R SRS EEEEEEEREEEE SR SRR EEEEEEEREEEEEREEREEREREEEEREERREEREEREEEEEEEREEEREEEESEEEESERESES]
// khkkhkkhkkhkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhxk
// EEEEE R SR SRR EEEEEEEEEEREREEEEEEREEEEREEEEEREREEEEEEEEEEEEREESEEEEEEEEEEEEEEEEEEEEESE]
/* USART Driver Configuration Options

*/

#defi ne DRV_USART_| NTERRUPT_MODE fal se

#def i ne DRV_USART_BYTE_MODEL_SUPPORT fal se

#def i ne DRV_USART_READ V\RI TE_MODEL_SUPPORT true

#def i ne DRV_USART_BUFFER_QUEUE_SUPPORT true

#def i ne DRV_USART_QUEUE_DEPTH_COMBI NED 16

#def i ne DRV_USART_CLI ENTS_NUVBER 1

#def i ne DRV_USART_SUPPORT_TRANSM T_DNVA fal se

#def i ne DRV_USART_SUPPORT_RECEI VE_DNVA fal se

#def i ne DRV_USART_| NSTANCES_NUVBER 1

#def i ne DRV_USART_PERI PHERAL_I D_| DX0 USART_I D 2

#def i ne DRV_USART_OPER_MODE_| DX0 DRV_USART_OPERATI ON_MODE_NORVAL
#def i ne DRV_USART_OPER_MODE_DATA_| DX0 0x00

#def i ne DRV_USART_I NI T_FLAG WAKE_ON_START_| DX0 fal se

#def i ne DRV_USART_I NI T_FLAG _AUTO_BAUD | DX0 fal se

#defi ne DRV_USART_I NI T_FLAG STOP_I N_I DLE_| DX0 fal se

#def i ne DRV_USART_I NI T_FLAGS_I| DX0 0

#def i ne DRV_USART_BRG _CLOCK_I| DX0 80000000

#def i ne DRV_USART_BAUD_RATE_| DX0 9600

#def i ne DRV_USART_LI NE_CNTRL_I DX0 DRV_USART_LI NE_CONTROL_8NONE1
#def i ne DRV_USART_HANDSHAKE_MODE_| DX0 DRV_USART_HANDSHAKE _NONE
#def i ne DRV_USART_XM T_| NT_SRC_| DX0 | NT_SOURCE_USART_2_TRANSM T
#def i ne DRV_USART_RCV_| NT_SRC_| DX0 | NT_SOURCE_USART_2_RECEI VE
#def i ne DRV_USART_ERR | NT_SRC_| DX0 | NT_SOURCE_USART_2_ERROR
#def i ne DRV_USART_XM T_QUEUE_SI ZE_| DX0 10

#def i ne DRV_USART_RCV_QUEUE_SI ZE_| DX0 10

#def i ne DRV_USART_POWER_STATE_| DX0 SYS_MODULE_PONER_RUN_FULL
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What is MPLAB Harmony?

/1 Section: Application Configuration

[ ] KK KRRk Kk kKRR KKk kAR AR KKK KA AR KKK KRR KKK KA AR K I KA AR K I I AR AR I I I KRR R Ik ok kA h Kk k ko k

// khkkhkkhkkhkkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhdhhdhhhhdhdhhdhhdhhhhhhhhhhhhdxk

#define APP_UART DRI VER | NDEX DRV_USART_| NDEX_0

#defi ne APP_HELLO STRI NG

"Hello World\r\n"

Project Layout

The previous example defines configuration options for the application, system services, and USART driver used in the "pic32mx795_pim_e16"

configuration of the sample project.

system_init.c

This topic describes the purpose of the system initialization file.

Description

In a MPLAB Harmony project, the SYS_Initialization function is called from the mai n function in order to initialize all modules in the system. This
function is implemented as part of a system configuration by the MHC in a file named syst em_i ni t . c. This file may also include other necessary
global system items that must be implemented in order to initialize a system such as processor configuration bits and module initialization global

data structures.
Example system.init. c File

[ ] KK KRR KK Kk kAR KKK K KA AR K K KA AR KK A AR AR KK IR AR KKK AR AR I KA AR IR I KK AR R KKk F A ARk Kk ko k

// LR R I S

/| Section: Configuration Bits

IV R R R EE R EEEEEEEEEEEREEEEEEEEEEEEEEEEEEEREEEEEEREEEEEEEE R

[ KRR Rk Kk ke kR K K Rk kR R K Kk K R R R R kK R R R Rk R R R R R R R R R R R R R R R R R R ok R R R Rk Rk R R R Rk ok kR kK

[ *** DEVCFGD ***/

#pragma confi g DEBUG =
#pragma config | CESEL =
#pragma config PWP =
#pragma config BWP =
#pragma config CP =

/*** DEVCFGL ***/

#pragma config FNOSC =
#pragma confi g FSOSCEN
#pragma config | ESO =
#pragma config POSCMOD =
#pragma config OSCI OFNC
#pragma config FPBDIV =
#pragma config FCKSM =
#pragma config WTPS =
#pragma config FWDTEN =

[ *** DEVCFG2 ***/

#pragma config FPLLIDIV
#pragma config FPLLMJL =
#pragma config FPLLODI V
#pragma config UPLLIDIV
#pragma config UPLLEN =

[ *** DEVCFG3 ***/

#pragma config USERID =
#pragma config FSRSSEL =
#pragma config FMIEN =
#pragma config FETH O =
#pragma config FCANI O =
#pragma config FUSBIDI O =
#pragma config FVBUSONI O =

© 2013-2017 Microchip Technology Inc.
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Il
11
11
11
Il

R R SR SR SRR RS SRR R EEEE SRR EEEEEE R EEEREERERERRRRERER R R EREREREREREREEEREEEEEEEESESESES]
ER R R R I I I R I I R I I I I
Section: Driver Initialization Data

R R R R R RS SRR E R R SRR R RS E R R EREE R R R R R R R R REEERRR R R R R ERRERREREREEREEEEEEEEEEEEESESESSES]

L R R R R R R R R

const DRV_USART_INIT drvUsartOlnitData =

{

b

11
Il
Il
11
11

.nmodul el nit.val ue = DRV_USART_PONER_STATE_| DXO0,
.usart| D = DRV_USART_PERI PHERAL_I D_| DX0,

. nmode = DRV_USART_OPER_MODE_| DXO,

. nodeDat a. Addr essedMbdel ni t . address = DRV_USART_OPER_MODE_DATA | DXO0,
.flags = DRV_USART_I NI T_FLAGS_I DX0,

. brgd ock = DRV_USART_BRG_CLOCK_ | DX0,

.lineControl = DRV_USART_LI NE_CNTRL_I DX0,

. baud = DRV_USART_BAUD_RATE_| DXO,

. handshake = DRV_USART_HANDSHAKE_MODE | DXO,
.interruptTransmit = DRV_USART_XM T_I NT_SRC_| DXO,
.interruptRecei ve = DRV_USART_RCV_I NT_SRC | DX0,
.queueSi zeTransmt = DRV_USART_XM T_QUEUE_SI ZE_| DXO0,
. queueSi zeRecei ve = DRV_USART_RCV_QUEUE_SI ZE_| DX0,

R R E R R RS SRR E RS SRR R R R R E R R EREE R R R R R R R REEERRR R R R R ERRERREREREEREEEEEEEEEEEEESEESESSES]
IR R R E R R R R EE R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEEEREEREEEREEEEEEEREEEREEEEEEESEEEESE]
Section: Mdule Initialization Data

ER R I I I R R I I I R R I I I I

ER R R R R e R R R R R

const SYS DEVCON INIT sysDevconlnit =

{
}s

Il
11
11
11
Il

/*

.nmodulelnit = {0},

khkkhkkhkkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhhdhhhhhhhhdhdhhdhhdhrhrhhhhhhhhhhxk

B R R R R R R R R R R

Section: System Data

E R R R R R

L R R R R R R

Structure to hold the object handles for the nodules in the system */

SYSTEM OBJECTS sysOvj ;

Il
11
11
11
Il

IR R E R R R SRS EE SR SRS EE SR SRR R R R R R R R ERER SRR REREERERERRERERERRERREREREEREEEEREEESEESESSES.]
EE R I R R R R I I R R I I
Section: SystemlInitialization

R R EE R RS S S E SRR RS EE SRR SRR R EREEE R R R R R R R R R R R R EERRRERR R R R R EREEEEEEEEEEEESEESSESESE]

L R R R R R R R R

void SYS Initialize ( void* data )

{

}

/* Core Processor Initialization */
SYS CLK Initialize( NULL );

Project Layout

sysObj . sysDevcon = SYS_DEVCON | nitial i ze( SYS_DEVCON | NDEX 0, (SYS_MODULE_I NI T*) &ysDevconlnit);

SYS_DEVCON_Per f or manceConfi g( SYS_CLK_Syst enfrequencyGet ());
SYS PORTS Initialize();

/* Initialize Drivers */

sysQbj . drvUsart0 = DRV_USART I nitialize(DRV_USART | NDEX 0, (SYS_MODULE INIT *)&drvUsart Ol nitData);

/* Initialize the Application */
APP_I nitialize();

In addition to the SYS_Initialize function implementation, the previous example, the syst em_i ni t . c file from the "pic32mx_795_ pim_el6"
configuration of the "sample" project, defines the processor configuration bits, data structures used to initialize the USART driver and device
control service, and a global sysObj data structure used for the USART driver Device Control System Service returned by their initialization

functions.
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Note the SYSTEM_OBJECTS data type for the sysObj date structure is defined in the system_definitions.h section.

system_tasks.c
This topic describes the purpose of the system tasks file.

Description

Since MPLAB Harmony modules are state machine driven, they each have a "Tasks" function that must be called repeatedly (from the
system-wide "super loop" in mai n or from an ISR or OS thread). The "Tasks" functions are all called from the top-level SYS_Initialize function that
is normally implemented in a file called syst em t asks. c that is generated by the MHC as part of a system configuration.

Example syst em t asks. c File

voi d SYS Tasks ( void )

{
/* Maintain system services */
SYS_DEVCON_Tasks(sysQbj . sysDevcon);

/* Maintain Device Drivers */
DRV_USART_TasksTransmi t (sysQbj . drvUsart0);
DRV_USART_TasksRecei ve(sysObj . drvUsart0);
DRV_USART_TasksError (sysObj.drvUsartO0);

/* Maintain the application's state machine. */
APP_Tasks();
}

The syst em t asks. c file for the "pic32mx_795_pim_e16" configuration of the "sample" project, contains only the implementation of the
SYS_Tasks function for that configuration. This function calls the tasks function of the Device Control System Service, the USART driver's tasks
functions (it has three, one each for transmitter, receiver, and error-handling tasks), passing in the object handle returned from the driver's
initialization routine, and it calls the application's tasks function APP_Tasks to keep the state machines of all three modules running.

system_interrupt.c
This topic describes the purpose of the system interrupts file.

Description

In an interrupt-driven configuration, any modules (such as drivers or system services) that can be driven from an interrupt must have their
interrupt-capable tasks function(s) called from an Interrupt Service Routine (ISR) "vector" function instead of from the SYS_Tasks function. The
form of the definition of the ISR vector function is dependent on what type of PIC32 microcontroller on which the system is running. So, any vector
functions required are normally implemented as part of the a specific system configuration in a file normally named system i nterrupt. c.

Since the sample application is entirely polled, its syst em_ i nt er r upt . c file does not contain any ISR vector functions. Refer to any
interrupt-driven demonstration or example application to see how vector functions are implemented.

system_definitions.h
This topic describes the purpose of the system definitions header file.

Description

The system configuration source files (system_ i nit. c, system t asks. c, and syst em i nt errupt . c) all require a definition of the system
objects data structure and an ext er n declaration of it. The MHC generates these items in the syst em defi ni ti ons. h header file and the
system source files all include that header file.

For example, the sample application defines the following structure definition and extern declaration.

typedef struct

{

SYS_MODULE_OBJ sysDevcon;

SYS_MODULE_OBJ drvUsartO;

} SYSTEM OBJECTS;

extern SYSTEM OBJECTS sysQvj ;

This structure holds the object handles returned by the Initialize functions for the device control and USART modules (in system i ni t. c)
because they must be passed into the associated Tasks functions (called in syst em t asks. c), which is why the system global sysObj structure
requires an ext er n declaration. The MHC generates object handle variables in this structure for every instance of an active module in the system.

Additionally, the system configuration source files require the interface headers for all libraries and applications included in the system so that they
have prototypes for their Initialize and Tasks functions. In the sample application, the syst em def i ni ti ons. h file includes the following
interface headers (and standard C headers).
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"
i
i
i
p
4

ncl ude <stdint. h>

ncl ude <stddef. h>

ncl ude <stdbool . h>

ncl ude "systeni cormon/sys_conmon. h"
ncl ude "systenl cormon/sys_nodul e. h"
ncl ude "systeni cl k/sys_cl k. h"

#i ncl ude "systenicl k/sys_clk_static.h"
#i ncl ude "systen devcon/sys_devcon. h"
#include "driver/usart/drv_usart.h"

#i ncl ude "systeni ports/sys_ports.h"

& Note: The system confi guration. h header file should not be included by the application (app. c, app. h , or other) source files
because it provides direct ext er n access to system objects and these objects should not be utilized by the application directly.
The application (or other modules) should only interact with a module through its defined Application Program Interface (API), or
client interface, not through the system objects or system functions that require that object.

system_exceptions.c
This topic describes the purpose of the system exceptions source file.

Description

The syst em excepti ons. ¢ source file provides a skeletal implementation of the general exception handler function (shown below), overriding
the weak function implementation provide by the MPLAB XC32 C/C++ Compiler that simply hangs in an endless loop.
void _general _exception_handler ( void)

{
/* Mask off the ExcCode Field fromthe Cause Register.
Refer to the MPs Software User's manual . */
_excep_code = (_CPO_GET_CAUSE() & 0x0000007C) >> 2;
_excep_addr = _CPO_GET_EPC();
_cause_str = cause[ _excep_code];
SYS_DEBUG PRI NT( SYS_ERROR_ERROR,
"\'nGeneral Exception % (cause=%l, addr=%).\n",
_cause_str, _excep_code, _excep_addr);
while (1)
{
SYS_DEBUG Br eakPoi nt () ;
}
}

If a general exception occurs, this implementation will capture the address of the instruction that caused the exception in the _excep_addr
variable, the cause code in the _excep_code variable and use a look-up table indexed by the cause to provide a debug message describing the
exception if debug message support is enabled. Then, the function will hit a hard-coded debug breakpoint (in Debug mode) and hang in a loop to
prevent runaway execution.

This implementation is provided to assist with development and debugging. The user is encouraged to modify this implementation to suit the needs
of their system.

The Configuration-specific "framework" Folder
This topic describes the configuration-specific f r amewor k folder.

Description

The interface (i.e., API) headers and the source files for the dynamic implementations of all MPLAB Harmony libraries are contained in the main
framework folder (<i nst al | - di r >\ f r amewor k). However, the MHC generates any static implementations of the MPLAB Harmony libraries.
These generated source files are all configuration specific because they are generated with knowledge of the configuration selections. Thus, they
are placed in a configuration-specific framework folder. For consistency, the organization of the sub-folder tree of the configuration-specific
framework folder matches the organization of the main framework folder.

For example, the configuration-specific f r amewor k folder for the pic32mx795_pim_e16 configuration of the sample project contains the source
files for the static, MHC-generated implementations of the Clock System Service and the Ports System Service, as shown in the following figure.
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pic32mx795_pim_e16
ﬁ framework
= Gﬁ system
=g ok
3-(gg) sre
E‘] sys_clk_static.c
E-(gg ports
= E] src

@ sys_ports_static.c

Other Configuration-specific Files
This topic describes two other (non C-language) configuration-specific files.

Description

There are two additional (non-C language) files generated by the MHC and placed into the configuration-specific folder. The first file,

<confi g- name>. mhc, captures the configuration selections made by the user. The second file, which is always named confi gurati on. xm ,
captures the various checksums and additional information required by the MHC to identify which generated files have been edited externally and
to store miscellaneous other information it requires (such as the path to the MPLAB Harmony installation).
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