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ABSTRACT
This application report describes the implementation of a general-purpose input/output
(GPIO) and PINMUX driver that can be used from the user space. The idea is to use
the low-level functions provided within the Linux® kernel in the DaVinci devices and to
overwrite them with a driver that can be accessed from the user space.

Project collateral and source code discussed in this application report can be
downloaded from the following URL: http://www-s.ti.com/sc/techlit/sprab39.zip.
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This application report shows how to build a Linux driver to access GPIO and PINMUX modules in the
DaVinci devices. The driver is based on the Linux Kernel 2.6.10, which is available with the Davinci
evaluation module (EVM). The document initially discusses a driver that can be used to access the
peripheral registers of the device. The GPIO and PINMUX drivers are built based on this driver to access
the registers. Source code for the GPIO and PINMUX drivers are provided along with this application
report. A few sample applications are also included to demonstrate the usage of the driver.

A low-level driver exists in the LSP1.20 version of the kernel that is provided with the EVM. This driver is
not accessible from the user space and is used by other driver modules to configure the I/O’s required by
the respective peripherals. The source for the low level GPIO driver is found in the following folders:

KERNEL_FOLDER/arch/arm/mach-davinci/gpio.c file

KERNEL_FOLDER/include/asm-arm/gpio.h

The simplest option is to build a driver based on the existing low-level driver; however, there is no such
low-level driver available for PINMUX. Writing to a GPIO driver alone is not of much use, as PINMUX
registers play an important role in selecting the GPIO function for each pin in the device. This makes the
necessity to move away from the existing low-level GPIO drivers and to use a different method to
configure the respective GPIO and PINMUX registers.

Linux is a registered trademark of Linus Torvalds in the U.S. and other countries.
All other trademarks are the property of their respective owners.
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To directly access the device peripheral registers, the kernel provides the readb, readw, readl, writeb,
writew and writel macros. These macros can be used to access and configure the respective registers in a
device.

The macros are:
• unsigned readb(address) – read a byte
• unsigned readw(address) – read a word
• unsigned readl(address) – read a long word
• void writeb(unsigned value, address) – write a byte
• void writew(unsigned value, address) – write a word
• void writel(unsigned value, address) – write a long word

In DaVinci devices, memory is accessed in 32-bit long words; therefore, in this driver readl and writel
functions are used.

The major number is chosen as 201 for the register access driver, 202 and 203 for the GPIO driver and
204 for the PINMUX driver. This is based on a quick survey of the existing major numbers used in the
LSP 1.20. It is a better practice to verify if these numbers can be used in your system before using these
major numbers in the kernel.
#define REGISTER_ACCESS_MAJOR 201
#define REGISTER_ACCESS_NAME "REGISTER_ACCESS_DRIVER"

The following code is used to load the module in the kernel.
int __init init_module (void) /* Loads a module in the kernel */
{

int status;
printk("Initializing the register access driver \n");
printk("This driver is for DM devices on LSP1.20 \n");

status = register_chrdev(REGISTER_ACCESS_MAJOR,
REGISTER_ACCESS_NAME, &register_access_file_ops);
return status;

}

The following code is used to unload the module from the kernel.
void cleanup_module(void) /* Removes module from kernel */
{

printk("Cleaning up register access driver \n");
unregister_chrdev(REGISTER_ACCESS_MAJOR,
REGISTER_ACCESS_NAME);

}
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The following methods are available in the driver: open, read, and write.
struct file_operations gpio_custom_file_ops = {

.owner = THIS_MODULE,

.read = register_access_read,

.write = register_access_write,

.open = register_access_open,
};

The following code is used to read the registers.
static int register_access_read(int file_handle, unsigned int reg_num, int io_value)
{

return davinci_readl(reg_num);
}

The following code is used to write to a register.
static int register_access_write(int file_handle, unsigned int reg_num, unsigned int reg_val)
{

//printk("REG=0x%X, Val=0x%X\n",reg_num,reg_val);
davinci_writel(reg_val, reg_num);
return 0;

}

The register driver mentioned in Section 4 can be used to read and write to the GPIO drivers and also to
any of the registers in the device. However, many times it may be simpler to directly address individual
pins of the GPIO. Using the readl and writel macros, it is possible to read or write an entire 32-bit register.
Based on the pin number provided, the GPIO driver internally uses a bit mask to read or write to the
correct pins. This is the only difference between the register access driver and the GPIO driver. The GPIO
driver is also divided into two different modules: one to read and write to the pins and the other to set the
direction of the pins. The PINMUX registers need to be set before using the GPIO’s.

The following code snippet shows the bit mask pattern generated and used to return the status of a GPIO
pin.
if ( 0 <= reg_num <= 31 )
{
io_value = davinci_readl(DAVINCI_GPIO_BASE+0x20);
x = x << (reg_num);
io_value = io_value & x;
return (io_value >> (reg_num));
}

Likewise, this piece of code is used to generate the bit mask and to set or clear a pin.
if ( 0 <= reg_num <= 31 )
{
io_value = davinci_readl(DAVINCI_GPIO_BASE+0x14);
if (reg_val) io_value = io_value | (x << (reg_num));
else io_value = io_value & (~(x << reg_num));
return davinci_writel(io_value,DAVINCI_GPIO_BASE+0x14);
}
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The two cases above can only be used to read or write to one pin at a time. However, if it is required to
read and write to multiple pins, the entire register needs to be read and/or written. You should take care of
the bitmask required in this case. To allow this 32-bit read and write, at the end of the read and write
functions, the following code is added:
if ( (reg_num == DAVINCI_GPIO_BASE+0x20) ||

(reg_num == DAVINCI_GPIO_BASE+0x48) ||
(reg_num == DAVINCI_GPIO_BASE+0x70) ||
(reg_num == DAVINCI_GPIO_BASE+0x98) )

return davinci_readl(reg_num);

The GPIO direction driver uses the same code except for the change in register address required;
therefore, it is not discussed here.

A simple make file is provided along with the drivers that can be used to build the modules. The path for
the ARM GCC is assumed to be set in the shell. Set KDIR in the make file to point to the kernel folder.

Executing make in the respective folders should build the modules.

This application report includes an example code to demonstrate the usage of the GPIO and PINMUX
drivers. This sample code is tested on the TMS320DM355 device to toggle pin 16, which was verified with
an oscilloscope.

The first step to test the driver is to insert the GPIO and PINMUX drivers (kernel objects) to the kernel as
mentioned below.
• insmod gpio_custom.ko
• insmod gpio_custom_dir.ko
• insmod pinmux_custom.ko

Next, create a virtual file to access these drivers, assuming that the GPIO driver is assigned the Major
Number 201,202 and PINMUX driver is assigned 203.
• mknod /dev/gpiocustom c 202 0
• mknod /dev/gpiocustom_dir c 203 0
• mknod /dev/pinmuxcustom c 204 0

The steps above make the GPIO and PINMUX drivers available to the user space via the virtual files
/dev/gpiocustom, /dev/gpiocustom_dir and /dev/pinmuxcustom.
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The following c code demonstrates the usage of the drivers.

Step 1:
Open the drivers and get the file handlers

fdg=open("/dev/gpiocustom",O_RDWR);
if(fdg==-1)
{
printf("Failed to open the driver\n");
return 0;
}

fdgd=open("/dev/gpiocustomdir",O_RDWR);
if(fdgd==-1)
{
printf("Failed to open the driver\n");
return 0;
}

fdp=open("/dev/pinmuxcustom",O_RDWR);
if(fdp==-1)
{
printf("Failed to open the driver\n");
return 0;

Step 2:
Use the read function to read the PINMUX value and the write function to set or clear the desired pin.
Using a bit mask can be useful as it can leave the rest of the pins untouched. To set a pin to GPIO, the
corresponding bit needs to be cleared in the PINMUX register. The following code sets pin 16 and 17 as
GPIO’s.
val=read(fdp,PINMUX3,0);
val=val & 0xFFF9FFFF;
write(fdp,PINMUX3,val)}

Step 3:
Use the write function on the GPIO direction driver to set a particular pin as input or output. The following
code sets the pin as output:
write(fdgd,17,0);

Alternately, the direction of the pin can be set by writing to the entire register.
val=read(fdgd,DIR01,0);
val=val & 0xFFF0FFFF;
write(fdgd,DIR01,val);

Use the write function on the GPIO driver to set or clear a particular pin. The following code is used to
toggle the pin:
While(1){
write(fdg,17,0);
usleep(500000);
write(fdg,17,1);
usleep(500000);}
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