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Renesas Synergy™ Platform 

I/O Port HAL Module Guide  
Introduction  
This module guide will enable the reader to effectively use a module in their own design. Upon completion of this 
guide, the reader will be able to add this module to their own design, configure it correctly for the target application and 
write code, using the included application project code as a reference and an efficient starting point. References to more 
detailed API descriptions and suggestions of other application projects that illustrate more advanced uses of the module 
are available in the Renesas Synergy Knowledge Base (as described in the References section at the end of this 
document), and should be valuable resources for creating more complex designs. 

The I/O Port HAL module is a high-level API for controlling I/O pins and is implemented on r_ioport. The I/O Port 
HAL module configures the board’s pins and provides functions for manipulating them. The operating state of the I/O 
pins can be set via the Synergy configurator. When the Synergy project is built, a pin configuration file is created, and 
when the application runs, the BSP will configure the IO port accordingly, using the same APIs detailed in this 
document. 
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1. I/O Port HAL Module Features 
This module configures one or more I/O pins. The direction of the pin or pins can be configured along with a number of 
other options provided as follows: 

• Pull-up 
• NMOS/PMOS 
• Drive strength 
• Event edge trigger (falling, rising or both) 
• Whether the pin is to be used as an IRQ pin 
• Whether the pin is to be used as an analog pin 
• Whether the pin is to be used as a peripheral pin and which peripheral 
 
The module also provides the following functionality: 

• Changes the direction of one or more pins on a port 
• Writes to one or more pins on a port 
• Reads from one or more pins on a port 
• Sets event output data 
• Reads event input data 
 

 

Figure 1 I/O Port HAL Module Block Diagram 

2. I/O Port HAL Module APIs Overview 
The I/O Port HAL module defines APIs for reading and writing from particular pins and ports. A complete list of the 
available APIs, an example API call, and a short description of each can be found in the following table. A table of 
return status values follows the API summary table. 
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Table 1 I/O Port HAL Module API Summary 
Function Name Example API Call and Description 
.init g_ioport.p_api->init(g_ioport.p_cfg); 

Initialize configuration of multiple pins. 
.pinCfg g_ioport.p_api->pinCfg(IOPORT_PORT_00_PIN_00, 

IOPORT_CFG_IRQ_ENABLE | IOPORT_CFG_PORT_DIRECTION_INPUT); 
Configure settings for an individual pin. 

.pinDirectionSet g_ioport.p_api->pinDirectionSet(IOPORT_PORT_00_PIN_00, 
IOPORT_DIRECTION_INPUT); 
Set the pin direction of a pin. 

.pinEventInputRead g_ioport.p_api->pinEventInputRead(IOPORT_PORT_00_PIN_00, 
&pin_level); 
Read the event (ELC) input data of the specified pin and return the level. 

.pinEventOutputWrite g_ioport.p_api->pinEventOutputWrite(IOPORT_PORT_00_PIN_00, 
IOPORT_PIN_LEVEL_HIGH); 
Write pin event (ELC) data. 

.pinEthernetModeCfg g_ioport.p_api->pinEthernetModeCfg(IOPORT_ETHERNET_CHANNEL_0, 
IOPORT_ETHERNET_MODE_MII); 
Configure the PHY mode of the Ethernet channels. 

.pinRead g_ioport.p_api->pinRead(IOPORT_PORT_00_PIN_00, &pin_level); 
Read level of a pin. 

.pinWrite g_ioport.p_api->pinWrite(IOPORT_PORT_00_PIN_00, 
IOPORT_PIN_LEVEL_HIGH); 
Write specified level to a pin. 

.portDirectionSet g_ioport.p_api->portDirectionSet(IOPORT_PORT_00, 
direction_values, mask); 
Set the direction of one or more pins on a port. 

.portEventInputRead g_ioport.p_api->portEventInputRead(IOPORT_PORT_00, 
&pin_levels); 
Read captured event (ELC) data for a port. 

.portEventOutputWrite g_ioport.p_api->portEventOutputWrite(IOPORT_PORT_00, 
pin_levels, mask); 
Write event (ELC) output data for a port. 

.portRead g_ioport.p_api->portRead(IOPORT_PORT_00, &pin_levels); 
Read states of pins on the specified port. 

.portWrite g_ioport.p_api->portWrite(IOPORT_PORT_00, pin_levels, mask); 
Write to multiple pins on a port. 

.versionGet g_ioport.p_api->versionGet(&version); 
Retrieve version information using the version pointer. 

Note:  For details on operation and definitions for the function data structures, typedefs, defines, API data, 
API structures and function variables, review the SSP User’s Manual API References for the 
associated module. 

 
Table 2 Status Return Values 

Name Description 
SSP_SUCCESS API Call Successful. 
SSP_ERR_INVALID_ARGUMENT The port/pin/mask/direction/level (etc.) not valid. 
SSP_ERR_ASSERTION Unexpected null pointer. 
SSP_ERR_UNSUPPORTED Feature not supported; for instance, the Ethernet 

configuration is not supported on the device. 
Note:  Lower-level drivers may return common error codes. See SSP User’s Manual API References for the 

associated module for a definition of all relevant status return values. 
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3. I/O Port HAL Module Operational Overview 
The I/O Port HAL module is able to access the I/O ports of a device at the bit and port level. Both the port and the pin 
direction can be changed. Also, there are a number of configuration APIs provided to change the functionality of 
individual pins. 

The I/O Port HAL module provides the following operations for configuring pins: 

• Initializes the driver – performed by calling the init API: 
 Performs parameter checking and processes error conditions. 
 Handles VBATT domain pin configuration. 
 Writes PFS registers for pins. 

• Configures pin – performed by calling the pinCfg API: 
 Performs parameter checking and processes error conditions (checks pin number pin, VBATT support). 
 Writes PFS register for the pin. 

• Reads pin level – performed by calling the pinRead API: 
 Performs parameter checking and processes error conditions (checks pin number pin). 
 Reads PFS register for the pin. 

• Reads all pin levels on a port – performed by calling the portRead API: 
 Performs parameter checking and processes error conditions (checks port number port). 
 Reads current value of PCNTR register value for the specified port. 

• Writes pin level – performed by calling the pinWrite API: 
 Performs parameter checking and processes error conditions (check pin number pin and written level level). 
 Write to PFS register for the pin. 

• Write multiple pin levels on a port – performed by calling the portWrite v: 
 Performs parameter checking and processes error conditions (checks port number port and pin mask mask). 
 Reads current configuration from the PCNTR register for the specified port. 
 Writes the pin levels to the PCNTR register for the specified port accordingly to the mask, preserving pin levels 

out of the scope. 
• Sets the direction of multiple pins on a port – performed by calling   portDirectionSet API: 

 Performs parameter checking and processes error conditions (checks port number port and pin mask mask). 
 Reads current configuration from the PCNTR register for the specified port. 
 Writes the pin levels to the PCNTR register for the specified port accordingly to the mask, preserving pin 

directions out of the scope. 
• Writes pin direction – performed by calling the pinDirectionSet API: 

 Performs parameter checking and processes error conditions (checks pin number pin and written direction 
direction). 

 Writes to the PFS register for the pin. 
• Reads event (ELC) port input – performed by calling the portEventInputRead API: 

 Performs parameter checking and processes error conditions (checks port number port). 
 Reads current value of the PCNTR register value for the specified port. 

• Reads event (ELC) pin input – performed by calling the pinEventInputRead API: 
 Performs parameter checking and processes error conditions (checks pin number pin). 
 Reads current value of the PCNTR register value for the specified pin’s port. 
 Gets the pin level by applying a pin mask to the PCNTR register value. 

• Writes event (ELC) port output – performed by calling the portEventOutputWrite API: 
 Performs parameter checking and processes error conditions (checks port number port and pin mask  

mask_value). 
 Reads current configuration from the PCNTR register for the specified port. 
 Writes the pin levels to the PCNTR register for the specified port accordingly to the mask preserving pin levels 

out of the event scope. 
• Writes event (ELC) pin output – performed by calling the pinEventOutputWrite API: 

 Performs parameter checking and processes error conditions (checks pin number pin and written level 
pin_value). 

 Writes the pin level to the PCNTR register for the specified pin’s port accordingly to the mask that is preserving 
pin levels out of the event scope. 
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• Configures Ethernet channel PHY mode – performed by calling the ethernetModeCfg API: 
 Performs parameter checking and processes error conditions (checks Ethernet channel and mode). 
 Updates the Ethernet Control Register (PFENET). 

 

3.1 I/O Port HAL Module Important Operational Notes and Limitations 
3.1.1 I/O Port HAL Module Operational Notes 

• A bit mask of 16 bits needs to be applied in order to read and write to a specific pin on a port; ports are numbered 
from 0 (LSB) to 15 (MSB). 

• Ethernet configuration may not be supported on some devices. 

3.1.2 I/O Port HAL Module Limitations 
• Refer to the latest SSP Release Notes for any additional operational limitations for this module. 

4. Including the I/O Port HAL Module in an Application 
The e2 studio Integrated Solution Developer Environment (ISDE) automatically adds the necessary I/O Port stack to the 
HAL/Common thread in the project and the stack is ready by default to operate. If the I/O Port Driver was inadvertently 
removed, the following process is available to add the driver to the HAL/Common Thread. 

Note:  It is assumed you are familiar with creating a project, adding threads, adding a stack to a thread,and configuring 
a block within the stack. If you are unfamiliar with any of these items, refer to the first few chapters of the SSP 
User’s Manual to learn how to manage each of these important steps in creating SSP-based applications. 

 
To add the I/O Port HAL Driver to your application, simply add it to a project thread using the stacks selection 
sequence given in the following table. (The default name for the I/O Port is g_ioport.) 

Table 3 I/O Port HAL Module Selection Sequence 

Resource ISDE Tab Stacks Selection Sequence 
g_ioport I/O Port driver on 
r_ioport 

Threads Highlight HAL/Common and select New > Driver > 
System > I/O Port Driver on r_ioport 

 

 

Figure 2 I/O Port HAL Module Stack 
No additional lower-level modules need to be added or configured. 

5. Configuring the I/O Port HAL Module 
The module does not need any additional configuration. All the pin configuration is generated in the 
src/synergy_gen/pin_data.c file according to the BSP. 

6. Using the I/O Port HAL Module in an Application  
The typical steps in using the I/O Port HAL module in an application are: 

1. Initialize the driver using the init API. 
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2. Configure the pins using the pinCfg API. 
3. Read from specified pins and ports using the pinRead or portRead API. 
4. Write to specified pins and ports using the pinWrite or portWrite API. 
 
These common steps are illustrated in a typical operational flow diagram in the following figure: 

 

Figure 3 Flow Diagram of a Typical I/O Port HAL Module Application 

7. The I/O Port HAL Module Application Project  
The application project associated with this module guide demonstrates the aforementioned steps in a full design. You 
may want to import and open the application project within the ISDE and view the configuration settings for the I/O 
Port HAL module. You can also read over the code (in hal_entry.c) which is used to illustrate the I/O Port module 
APIs in a complete design.  

The application project demonstrates the typical use of the I/O Port APIs. The application project main thread entry 
initializes the I/O Port HAL Framework, periodically reads S4 and S5 user buttons’ pins and writes to LED1, LED2 and 
LED3 pins. The following table identifies the target versions for the associated software and hardware used by the 
application project: 

Table 4 Software and Hardware Resources Used by the Application Project 

Resource Revision Description 
e2 studio 5.3.1 or later Integrated Solution Development Environment 
SSP 1.2.0 or later Synergy Software Platform 

IAR EW for Synergy 7.71.2 or later IAR Embedded Workbench® for Renesas 
Synergy™ 

SSC 5.3.1 or later Synergy Standalone Configurator 
SK-S7G2 v3.0 to v3.1 or later Starter Kit 

 

The following figure shows a simple flow diagram of the application project: 
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Figure 4 I/O Port HAL Module Application Project Flow Diagram 

The ioport_hal.c file is located in the project once it has been imported into the ISDE. You can open this file within 
the ISDE and follow along with the description provided to help identify key uses of APIs.  

The code file contains the API calls for pin configuration, reading (individual pins and whole ports) and writing pin 
levels.  

LEDs (1 and 2) are illuminated based on “S” user buttons. S4 controls LED1 and S5 controls LED2 in such a way that 
pressing a button lights a corresponding LED. These pins are illuminated based on the output of the pinRead function.  
Additionally, S4 and S5 pin levels are using the portRead() functions. The output of this function illuminates LED3. 
If the values of S4 & S5 match, then LED3 is illuminated; if there is a mismatch, LED3 remains off. The operation is 
repeated every 100ms. 

8. Customizing the I/O Port HAL Module for a Target Application  
A target application has I/O Port requirements specific to the application. The Synergy configurator allows the I/O ports 
of the target device to be configured via a graphical interface. The board support package (BSP) configures the I/O 
ports as specified as the target application starts. The I/O Port HAL module provides all the functionality to customize 
the I/O ports during run time, if required. 

9. Running the I/O Port HAL Module Application Project 
To run the I/O Port HAL application project and to see it executed on a target kit, you can simply import it into your 
ISDE, compile and run debug. 

To implement the I/O Port HAL application in a new project, follow the steps for defining, configuring, auto-generating 
files, adding code, compiling and debugging on the target kit. Following these steps is a hands-on approach that can 
help make the development process with SSP more practical, while just reading over this guide will tend to be more 
theoretical. 
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Note:  The following steps are described in sufficient detail for someone experienced with the basic flow through the 
Synergy development process. If these steps are not familiar, refer to the first few chapters of the SSP User’s 
Manual for a description of how to accomplish these steps. 

 
Use the following steps to create and run the I/O Port HAL module application project: 

1. Create a new Renesas Synergy project for the SK-S7G2 board (S7G2-BSP) called “IO_PORT_HAL_MG_AP.” 
2. Select the S7G2-SK with no RTOS project template and create project. 
3. Open Configuration.xml from the generated project and select the Threads tab. 
4. Configure/check the I/O Port driver instance name. 
5. Click on the Generate Project Content button. 
6. Add the code from the supplied project files ioport_hal.c & “hal_entry.c”. 
7. Connect to the host PC via a micro USB cable to J19 on SK-S7G2. 
8. Start to debug the application. 
9. Press and release buttons S4 and S5 and watch the LEDs being lit. 
 

10. I/O Port HAL Module Conclusion  
This module guide has provided all the background information needed to select, add, configure and use the module in 
an example project. Many of these steps were time consuming and error-prone activities in previous generations of 
embedded systems. The Renesas Synergy Platform makes these steps much less time consuming and removes the 
common errors, like conflicting configuration settings or the incorrect selection of lower-level drivers. The use of high-
level APIs (as demonstrated in the application project) illustrates additional development time savings by allowing work 
to begin at a high level and avoiding the time required in older development environments to use or, in some cases, 
create, lower-level drivers. 

11. I/O Port HAL Module Next Steps 
The Synergy Configurator sets pins automatically by the BSP initialization process. The configurator allows for 
multiple pin configurations to be set and these configurations can be set by the following API:  

g_ioport.p_api->pinsCfg( & <My Pin Configuration Name> );  

The pin configuration feature can be useful if a large number of pin states need to be changed. For example, when 
switching in and out of a power-saving mode. The following steps detail how to create an additional pin configuration 
and make calls: 

1. In the root directory of your project, there is a .pincfg file (for example: S7G2-SK.pincfg).  
Make a copy of the pincfg file in the route directory and give it a new name, such as LowPowerSetting.pincfg). 

2. In the Pins tab of the Synergy Configuration tool, select this pin configuration. 

 

3. Click the Generate data box and specify a symbolic name. 
4. Make the new I/O port settings specific to this profile, and then click Generate Project Content. 
5. If you open the source file \src\synergy_gen\pin_data.c, you see that the new pin configuration structure 

has been created. 
6. To set this new pin configuration, use the API call with the symbolic name given in step 3: g_ioport.p_api-

>pinsCfg(&LowPowerSetting); 
It is likely you will need to include the header file include "bsp_pin_cfg.h" in the file you use for the API, so 
that the compiler can resolve the structure name. 
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12. I/O Port HAL Module Reference Information  
SSP User Manual: Available in html format in the SSP distribution package and also as pdf from the Synergy Gallery. 

Links to all the most up-to-date r_ioport module reference materials and resources are available on the Synergy 
Knowledge Base: https://en-
us.knowledgebase.renesas.com/English_Content/Renesas_Synergy%E2%84%A2_Platform/Renesas_Synergy_Knowle
dge_Base/r_ioport_Module_Guide_Resources. 

 
 
 

 

 

 

https://en-us.knowledgebase.renesas.com/English_Content/Renesas_Synergy%E2%84%A2_Platform/Renesas_Synergy_Knowledge_Base/r_ioport_Module_Guide_Resources
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Website and Support 
Support:  https://synergygallery.renesas.com/support 

Technical Contact Details: 

• America: https://renesas.zendesk.com/anonymous_requests/new   
• Europe: https://www.renesas.com/en-eu/support/contact.html  
• Japan: https://www.renesas.com/ja-jp/support/contact.html 
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