EE14 Lab 6: Interrupts

Have you ever stopped to notice the digits displayed on the analogue clock on your bedside table or the ones appearing on a

calculator and wondered how they were generated? Whether we notice them or not, these displays are a huge part of our daily lives
and allow us to do calculations electronically, read values from a meter, and so much more. For this lab, I generated these displays and
programmed in C to create a timer which can be reset using a button. So what exactly is a seven segment display and how did I
configure it to display digits? As described from the name, each digit of the display has seven segments, one corresponding to a
certain letter (A through D).
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(the pins allow the segments to
(each letter segment corresponds be powered and controlled)
point) to a pin sticking out of the

display)

Since the two digits will only light up when they are connected to a power source, there are two pins on the display which

connect to a small computer chip called Nucleo L432KC which acts as a power supply when plugged into a laptop.
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(This is the Nucleo L432 KC
microcontroller which is a small

(there are pins (yellow labels)
which are called GPIOs
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(General Purpose Inputs or
Outputs) which can be used to

means the pins sticking out the
control the LED segments)

display are all hooked up to one
common power supply)

(This display is a Common
Anode display which essentially

Before we dive into how to program the display, it is essential to understand the concept of voltage which
reaches beyond just a number on a battery. It is the pressure that “pushes” electricity and can be associated with a
logic high (1) or logic low (0) which correspond to the max voltage or pressure and ground which is the minimum
voltage or pressure. As shown to the left, I created a simple table that shows which segments should be on (logic
high) and which should be off (logic low) in order to display the digit in the left column. Not too hard!

Using a 2D array in C which stores items corresponding to a column and row, I translated the table to the
left into accessible 1s and Os for each segment and corresponding digit (using hexadecimal which is base 16, A-F
represents 10-15). As mentioned above, the LED segments are outputs and I must specify that to the mini
computer so that it knows that. In the below screenshot of my code, I configured the two power pins which I chose
to be D6 and A4 as outputs in order to power the two digits. For the other segments which match up to the letters
(A to G), I mapped them to their correct value of a 0 (off) or 1 (on) depending on the desired digit.

gpio_config_direction(D6, @b01);
gpio_config_direction(A4, @bol);

gpio_write(D6, 1);
delay_ms(1);

gpio_write(A4, 1);
delay_ms(2);

gpio_config_direction(D13, digits[upper_hex_digit][0]);

gpio_config_direction(Al,
gpio_config_direction(A6,
gpio_config_direction(A@,
gpio_config_direction(D9,
gpio_config_direction(A3,
gpio_config_direction(A2,

digits [upper_hex_digit]
digits[upper_hex_digit]
digits [upper_hex_digit]
digits [upper_hex_digit]
digits[upper_hex_digit]
digits[upper_hex_digit]

gpio_write(A4, 0);

gpio_write(D6, 0);




(the first two lines of code tell the Nucleo that the line connection, only one can be turned on at a time.
Power pins are outputs. The other lines tell the This means to display both, you have to turn one on
Nucleo the seven segments are also outputs and get and then quickly turn it off and switch to the other)
them ready to be powered)
(The power pins can be turned on by setting them to a

value of 1. Since the two

digits share the same power

Now that the display works, how did I create the timer? Here’s where SysTick comes into play which is just a timer inside the
Nucleo which counts down from a value that you can specify and then triggers something called an interrupt. Interrupts are useful
because they tell the Nucleo to stop a task to complete something else and then come back to what it was doing previously. In order to
determine what value to load the SysTick with, you can divide the frequency of Nucleo’s internal timer which is 4MHz by the
frequency of the timer you would like and then subtract one.

Peripherals

1O pins

System Timer

Microcontroller

inside of the Nucleo

Microcontroller which can be

used to create interrupts)

2{:2:: SysTick_LOAD = 6 SysTick_initialize( ) {

~>CTRL = 0;
~>LOAD = 3999;

(SysTick_IRQn, (l<<_NVIC.|
VAL = 0;
~>CTRL |=
—>CTRL |=
~>CTRL |=

SRk i i P ik D 3 ek o oo P (For example,
. . . 4MHz/1kHz-1=3999 which you
(The SysTick is just a timer (This example has a load value can set the SysTick timer to as
of 6 and as you can see the shown. This will generate an
cou.nt.er counts down fr.om 6 interrupt every 1/1000 Hz =1ms.
}mtﬂ it reaches 0 and triggers an This function initializes the
interrupt) SysTickand tells the Nucleo to
start using it)

while(1){
set_Display(count/1000);

Switch

N

gpiofconfifdirection A7, 0b00);
gpio_config_pullup(A7, -

(Above is a button switch with pins that can be wired to
the Nucleo. It is initialized as an input which means
configuring it to 0 instead of 1 like I did for the LEDs.)

To the right is a picture of my finished circuit with the seven segment display and
button all wired up! Although it looks intimidating, the circuit is actually very simple to wire

up if you just follow the methods

create a timer and display digits which appear on your clock, calculator, and so much more!

The code to the left is implemented whenever there is an interrupt and increments a variable
count by one. Therefore if we take this count value which is updated every millisecond and
divide it by 1000, we can display the number of seconds passed since the last interrupt which

simulates the behavior of a timer!
id config_gpio_interrupt (voi
CC->APB2ENR |= RCC

~>EXTICR

Now, what if we want to reset this timer using a button? EXTI->FTSRL |= E
We can do this using interrupts! Just instead of a SysTick it
specific interrupt, we will use a general external interrupt.
Just like the SysTick initializer, I used a function called
“config_gpio_interrupt” to initialize the interrupt so the Nucleo iixm‘fg:ingler( 5
knows to enable it! The next function to the right handles what count = 0;
happens when the interrupt occurs. If it occurs, the count is set to 0
which is equivalent to restarting the timer!

and concepts just explained! Now you have learned how to



