
Understanding Digital Displays and Timers

In today’s world, digital displays power everything from alarm clocks to traffic signals. But how
do they work? This project explains a simple system that combines a multiplexed digit display,
a SysTick timer, and a GPIO interrupt button to create a display that tracks the number of
times the button has been pressed. This report breaks down the key components and why they
matter.

1 Introduction

Everywhere you look—smartwatches, microwave timers, gas pumps—you see digital displays.
These screens rely on fast-refreshing numbers that trick the eye into seeing a stable image, all
while tracking the information they want to display. Like us, computers can only do so much at
once! They have to manage using clever tricks. This project implements a basic system using:

• Multiplexed Digit Display – Display with two digits. One can be turned on at a time!

• SysTick Timer – The precision clock that keeps everything in sync. It runs without the
computer even having to think about it.

• GPIO Interrupt Button – A smart input system that reacts instantly when pressed.

2 How It Works

2.1 The GPIO Interrupt Button: Instant input

Buttons in electronics usually need constant check, which wastes resources. Instead, this project
uses an interrupt—a mechanism that alerts the system the moment the button is pressed. This is
like waiting for someone to ring the doorbell instead of constantly opening the door and checking
if they are there. You can go do other stuff while you wait!

So, every time the button is pressed, the doorbell is rung, and the computer calls an ’interrupt
handler.’ This will perform whatever task is necessary in response to the button, and then allow
the computer to continue on with its prior task. Here, the handler updates a counter tracking the
number of button presses made so far!

2.2 The SysTick Timer: Precision Timing

The SysTick Timer also generates an interrupt every millisecond. This can be used to keep track
of time. Once its on, the computer doesn’t need to spend any resources counting - the timer runs
on its own in the background.

2.3 The Multiplexed Display: A Fast-Switching Illusion

Finally, the display reads the number that the button’s handler updated. But, displaying this
number isnt so easy!
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Figure 1: The button to the computer after it was pressed

The display can only turn on one digit at a time. So, we have to flash between the tens and
one’s digit fast enough to create the illusion that both are on.
To achieve this, we use the SysTick timer to alternate between the tens and ones digits at a
frequency too fast for the human eye to detect. The computer turns one digit on, waits a few
milliseconds, turns it off, and then turns the other digit on. The Systick timer allows for precise
timing of this delay, in order to properly trick the eye, while allowing the computer to focus on
displaying the individual digits and not counting!

Figure 2: A multiplexed display is like someone waving their hand really fast in front of you. If
they move quickly enough, their hand looks like a blur instead of a single moving object.

3 Why This Matters

From smart homes to medical devices, nearly every modern gadget relies on digital interfaces.
Understanding the core components behind them helps us appreciate the technology shaping our
daily lives.

In summary, the computer waits for a the button to update a number. It doesn’t waste time
constantly polling it, letting the computer focus on other things. Then, the display flashes be-
tween the digits representing the count that is updated by using a timer that also interrupts the
computer to create a small delay.
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