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Goal: Play sound effects in space invaders

Lab 5

This chip converts 
digital samples to 
analog voltages

There is a I2S bus 
(Inter-Integrated 
Circuit Sound).

Digital samples need 
to be provided at 
48kHz (20.83us).

Audio Controller

There is a digital circuit on the 
FPGA that has a 1024 sample 

queue.  The queue data will be fed 
out at 48kHz.

How long does it 
take to empty 

the queue?

Not practical to 
keep filling the 

queue from user 
space.



Kernel SpaceUser Space

Read WAV file 
from filesystem

write()
WAV data

Kernel Driver

write 
handler

Audio Controller Interrupt
(When 75% empty)

Interrupt 
handler



• Be notified of hardware in the system (Platform devices)

• Allow user code to talk to the driver (Char device, /dev file)

• Talk to the hardware (Memory reservation, mapping)

• Handle interrupts from the hardware (IRQ registration, handler)

What our driver needs to do:
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Application Code 
(Space Invaders)

Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device Device Device

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

probe(){

 …

 …

}

Audio 
CODEC

Userspace

Kernelspace

irq

platform_driver_register(struct platform_driver *)



• Be notified of hardware in the system (Platform devices)

• Allow user code to talk to the driver (Char device, /dev file)

• Talk to the hardware (Memory reservation, mapping)

• Handle interrupts from the hardware (IRQ registration, handler)

What our driver needs to do:



Goal: Create a device file (/dev/xxx) that we can read() and 
write() to.

The device file (/dev/xxx) is an interface to a character device. 

Steps:
1. Create a character device 

2. Create a device file

User Code Needs to Talk to Driver



Application Code 
(Space Invaders)

Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device Device Device
int major_num;

int minor_num;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

probe(){

 …

 …

}

Audio 
CODEC

Userspace

Kernelspace

alloc_chrdev_region(dev_t * output, minor_start, count, MODULE_NAME)

irq



Application Code 
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Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device Device Device
int major_num;

int minor_num;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

struct cdev cdev;probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

Audio 
CODEC

irq

Userspace

Kernelspace

cdev_init (struct cdev*, fops* {.read, .write})

struct file_operations fops;
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Char.
Device

Char. 
Device

int major_num;

int minor_num;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

Audio 
CODEC

irq

Userspace

Kernelspace

cdev_add (struct cdev*, dev_t, count)

struct cdev cdev;

struct file_operations fops;



Goal: Create a device file (/dev/xxx) that we can read() and 
write() to.

The device file (/dev/xxx) is an interface to a character device. 

Steps:
1. Create a character device 

2. Create a device file

User Code Needs to Talk to Driver
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Kernel Module
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ARM CPU

Switches Buttons
Audio Controller

Character Device
(major, minor)

Device Device Device

Char.
Device

Char. 
Device

int major_num;

int minor_num;struct class * class

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

struct cdev cdev;
probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

Audio 
CODEC

irq

Userspace

Kernelspace

class_create(“my class name”)

struct file_operations fops;
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Char.
Device

Char. 
Device

int major_num;

int minor_num;struct class * class

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

Audio 
CODEC

irq

Userspace

Kernelspace

read()

write()

device_create (struct class*, parent = NULL, dev_t, “your device name”)

Device 
File

Device 
File

struct cdev cdev;
probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

struct file_operations fops;



• Be notified of hardware in the system (Platform devices)

• Allow user code to talk to the driver (Char device, /dev file)

• Talk to the hardware (Memory reservation, mapping)

• Handle interrupts from the hardware (IRQ registration, handler)

What our driver needs to do:
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irq

struct class * class

probe(){
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}

read(){
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write(){
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struct file_operations fops;
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phys_addr_t phys_addr;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

physical addr
Audio 

CODEC

Userspace
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platform_get_resource(struct platform_device * dev, IORESOURCE_MEM, 0);

int major_num;
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phys_addr_t phys_addr;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

physical addr
Audio 
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request_mem_region(phys_addr, size, MODULE_NAME);
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Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

physical addr
Audio 
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virt_addr = ioremap(phys_addr, size);

int major_num;

Device File
(/dev/xxx)

Character Device
(major, minor)

Char.
Device

Char. 
Device

int minor_num;

read()

write()
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struct cdev cdev;

irq

u32* virt_addr;

phys_addr_t phys_addr;

struct class * class

probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

struct file_operations fops;



• Be notified of hardware in the system (Platform devices)

• Allow user code to talk to the driver (Char device, /dev file)

• Talk to the hardware (Memory reservation, mapping)

• Handle interrupts from the hardware (IRQ registration, handler)

What our driver needs to do:
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1. Get IRQ Number

2. Register Interrupt Handler with Linux

Driver Needs to Handle Interrupts



Application Code 
(Space Invaders)

Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device Device Device

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

physical addr
Audio 

CODEC

irq

Userspace

Kernelspace

irq = platform_get_irq(struct platform_device * dev, 0);

int irq;

Device File
(/dev/xxx)

Character Device
(major, minor)

Char.
Device

Char. 
Device

int major_num;

u32* virt_addr;

phys_addr_t phys_addr;

int minor_num;

struct cdev cdev;

read()

write()

Device 
File

Device 
File

struct class * class

probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

struct file_operations fops;



Application Code 
(Space Invaders)

Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device Device Device

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

isr(){

 …

 …

}

physical addr
Audio 

CODEC

irq

Userspace

Kernelspace

request_irq(irq, isr, IRQ_NO_FLAGS, MODULE_NAME, void* dev_id)

Device File
(/dev/xxx)

Character Device
(major, minor)

Char.
Device

Char. 
Device

int major_num;

u32* virt_addr;

phys_addr_t phys_addr;

int minor_num;

struct cdev cdev;

read()

write()

int irq;

Device 
File

Device 
File

struct class * class

probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

struct file_operations fops;



Application Code 
(Space Invaders)

Kernel Module

FPGA

ARM CPU

Switches Buttons
Audio Controller

Device File
(/dev/xxx)

Character Device
(major, minor)

Device Device Device

Char.
Device

Char. 
Device

int major_num;

u32* virt_addr;

phys_addr_t phys_addr;

int minor_num;

Platform Driver (compatible = “byu,ecen427-audio_codec”, .probe, .remove)

struct cdev cdev;
isr(){

 …

 …

}

Audio 
CODEC

irq

Userspace

Kernelspace

read()

write()

int irq;

Device 
File

Device 
File

struct class * class

probe(){

 …

 …

}

read(){

 …

 …

}

write(){

 …

 …

}

struct file_operations fops;


	Slide 1: Lab 5 M1
	Slide 2: Lab 5
	Slide 3
	Slide 4: What our driver needs to do:
	Slide 5
	Slide 6: What our driver needs to do:
	Slide 7
	Slide 8
	Slide 9: What our driver needs to do:
	Slide 10: User Code Needs to Talk to Driver
	Slide 11
	Slide 12
	Slide 13
	Slide 14: User Code Needs to Talk to Driver
	Slide 15
	Slide 16
	Slide 17: What our driver needs to do:
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: What our driver needs to do:
	Slide 23
	Slide 24: Driver Needs to Handle Interrupts
	Slide 25
	Slide 26
	Slide 27

