
1 Debouncing Switches

Many of the sketches in this book have made use of push button switches. These little
components are very handy for lots of things, but they have a few drawbacks. The biggest
of these is the fact that they are imperfect, they bounce. When you press the button,
the internals of the switch slam together quite violently, and on making contact, bounce
back apart again before making and breaking a few more times before they settle into
the required state.

If you have the switch connected to an interrupt handler via a pin, then when the
contacts make contact for long enough to be registered, the ISR will start executing.
This execution will clear the interrupt �ag and disable further interrupts. Unfortunately,
the bouncing contacts will cause another interrupt to be noted, and this will set the
interrupt �ag again to show a pending interrupt is waiting to be processed.

Once the ISR �nishes executing, and your LED is shining brightly, the ISR will execute
after 4 clock cycles and most likely turn the LED o� again. This is particularly noticeable
in ISRs that toggle something in response to an interrupt � you press the button and
nothing appear to happen, so you try again and again and eventually, it happens. This
is caused by the switch bouncing.

In my circuits, for example, Figure ?? in Chapter ??, ??, reproduced in Figure 1.1 for
reference, you can see that I'm using an MC14490P hex debounce chip to stop spurious
e�ects when I use switches. This IC allows up to 6 di�erent switches to be debounced
quite easily. However, other forms of debouncing can be used and a couple of the most
common are described in the following sections.

1.1 Resistor-Capacitor Debouncing

The Resistor-capacitor debouncing circuit is pretty much what the MC14490P is using
internally. If you only have a couple of switches to debounce, and you have room on the
breadboard, then this is a good way to debounce a switch. The additional components
you will require are a couple of 10 KΩ resistors and a 100 nano-farad capacitor. (0.1
micro-farad.)

The circuit diagram can be seen in Figure 1.2 and represents the switch connected to
Arduino pin D2 in Figure ?? in Chapter ??, ??.

Figure 1.3 shows the corresponding breadboard layout that I used for this experiment.
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1 Debouncing Switches

Figure 1.1: MC14490P Debouncing

Figure 1.2: RC Debouncing - schematic

When the switch is open, capacitor C1 charges from the Arduino's 5V pin, through
R1 and as the switch is open, through R2. When the button is pressed, C1 discharges
through resistor R2 and, obviously, the switch to ground. Charging and discharging a
capacitor through a resistor takes a certain amount of time and with the values used in
the circuit shown, even the worst switches will have �nished bouncing well before the
voltage on the capacitor rises or falls below the value required for the Arduino pin to see
a high or low value. What exactly are those voltage values?

According to the data sheet:

� An ATmega328P running on a VCC of 5V, on an Arduino board for example, will
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1.1 Resistor-Capacitor Debouncing

see a high when the voltage on the pin is 3V or higher; and a low if the voltage is
1.5V or lower. Voltages between 1.5 and 3V will be deemed �oating and are to be
avoided.

� An ATmega328P running on a VCC of 3.3V, will see a high when the voltage on
the pin is 2V or higher; and a low if the voltage is 1V or lower. Voltages between
1 and 2V will be deemed �oating and are to be avoided.

There is a slight drawback though, reading the switch will return a value as if the switch
has been con�gured with pull up resistors enabled � INPUT_PULLUP in Arduino speak.
A closed (pressed) switch will cause a low value on the Arduino pin, while an open
(unpressed) switch will show a high value. Why?

� While the switch remains unpressed, the capacitor is charged to almost VCC, and
the Arduino pin is connected to the positive side of the capacitor, so reads a voltage
level very close to VCC. This is therefore a high.

� When the switch is pressed, the capacitor will begin to discharge and the pin will
follow the charge state of the capacitor as it discharges.

Figure 1.3: RC Debouncing - breadboard layout

I �nd the circuit layout in Figure 1.2 to be perfectly adequate in debouncing switches
when I'm not able or willing to use an MC14490P. If we are lacking in the components
required to use hardware debouncing, we can still use software. However, before we delve
into the software manner of debouncing a switch, we can take a look at the theory behind
the time it takes to change and discharge a capacitor in an RC circuit. What's that?
You don't care? Skip to Section 1.2, Software Delay Debouncing in that case!
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If you want the full details about capacitor charging and discharging, then Electronics

Tutorials has all you should need at https://www.electronics-tutorials.ws/rc/rc_1.html.
Why might you need this information? If your circuit is such that even with the values
given, the switch still bounces, you need to know how to adjust the resistor or capacitor
values to increase the delay time to get the voltage across the capacitor to be at the
correct logic level for the pin to be accurately read.

1.1.1 RC Charging

Charging a capacitor through a resistor takes a certain time. At initial charge, the current
is highest and as the capacitor charges, the current reduces and the voltage across the
capacitor increases. The time it takes is dependent on the value of the resistance in Ohms
and the value of the capacitor in Farads. If we multiply those two �gures together we
get the value T or the Time Constant for the RC circuit.

Given that in our RC debouncing circuit, the charging resistance is R1 plus R2; we have
20 KΩ which is 20e3 Ohms, and 100 nano-farads, which is 100e-9 Farads. Our value for
T is therefore

(
20 ∗ 103

)
∗
(
100 ∗ 10−9

)
which equals 0.002 seconds.

However, T is the time taken for the voltage across the capacitor, Vc, to rise to 63% of
the source voltage, Vs. This means that after one T , the voltage on the capacitor will
have risen to 63% of 5V or 3.15V. After another T period has passed, the voltage will
have risen to 63% of the remaining voltage (that between 3.15V and VCC) and so on in
63% steps.

The voltage across a charging capacitor at any given time, t, after charging starts, is
given by the equation:

Vc = Vs ∗
(
1− e−t/RC

)
Where e is Euler's number1, 2.7182 and t is the time period of interest.

A capacitor is considered to be fully charged after 5 ∗ T and has reached 98% of VCC.
This time is known as the Transient Period.

Can we prove that after one T , the capacitor voltage will be 3.15? Yes we can, substitute
our values into the equations and see what comes out:

Vc = 5 ∗
(
1− 2.7182−0.002/0.002

)
Vc = 5 ∗

(
1− 2.7182−1

)
Vc = 5 ∗ (1− 0.3686)

Vc = 5 ∗ 0.6314
Vc = 3.157

1See https://www.mathsisfun.com/numbers/e-eulers-number.html for much more detail
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1.1 Resistor-Capacitor Debouncing

Note

I have rounded the �gures to 4 decimal places in the calculations. You can use a decent
calculator (or spreadsheet) and get a more accurate set of �gures if you wish.

This is a high enough voltage to see a high on the pin, so unless the code reads the switch
state within 0.002 seconds of power on, the switch will still be debounced, and will show
a high when not pressed.

1.1.2 RC Discharging

When the switch is pressed, the capacitor starts to discharge, however, it discharges
through R2 only. The Time Constant, T , is now calculated as

(
10 ∗ 103

)
∗
(
100 ∗ 10−9

)
which equals 0.001 seconds. After 1∗T period of time, 63% of the capacitor's charge will
have gone. After a second T period, 63% of the remaining charge will have leaked away
and so on in 63% steps. After 5 ∗ T the capacitor is deemed to be fully discharged.

The voltage across a discharging capacitor at any given time, t, after discharging starts,
is given by the equation:

Vc = Vs ∗ e−t/RC

Where, as before, e is Euler's number, 2.7182 and t is the time of interest.

Taking our RC circuit under discussion, what will the voltage across the capacitor be
after T seconds? Well, we know that T is 0.001 seconds, so:

Vc = 5 ∗ 2.7182−0.001/0.001

Vc = 5 ∗ 2.7182−1

Vc = 5 ∗ 0.3679
Vc = 1.8395

This value is 36.79% of VCC which, given I've rounded the �gures to 4 decimal places,
is showing that 63.21% of the charge has leaked away. However, this is still showing a
high as the voltage is more than 1.5V. We need to keep going!

The voltage after 2 ∗ T seconds is:

Vc = 5 ∗ 2.7182−0.002/0.001

Vc = 5 ∗ 2.7182−2

Vc = 5 ∗ 0.1353
Vc = 1.6765
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1 Debouncing Switches

And this is a low enough voltage to be read as a low when the switch state is checked.
This means that unless the code checks the switch state somewhere between 0.001 and
0.002 seconds after the switch was pressed, it will still read a high value and see the
switch as not pressed. Is this a problem? It's unlikely, not many people can hold a switch
down for such a short period of time so the code will most likely be checking more than
once while the switch is down, and as such, it will see the pressed state.

1.2 Software Delay Debouncing

How do we use software to debounce a switch? Well, there are numerous di�erent meth-
ods, but the simplest is to note when the switch changes state and start a delay running.
After the delay is complete, and assuming it is not too long or too short, the switch
should settle down and a valid reading can be obtained.

https://www.arduino.cc/en/Tutorial/BuiltInExamples/Debounce, on the Arduino web
site, has an excellent example of using software to debounce a switch. The example
sketch there is based on a sketch written by Limor Fried of Adafruit, but modi�ed slightly
so that the switch reads high when closed and low when open. This is completely the
opposite to the RC debouncing circuit previously discussed, and is entirely due to the
switch being con�gured with a pull down resistor, R1, which you can see in the schematic
in Figure 1.4.

You will most likely notice that this is the normal manner in which a switch is con�gured
with a pull down resistor, there's nothing special here.

There's a problem though, when using interrupts the millis() function doesn't get
updated while the ISR is executing because interrupts have been disabled and it's inter-
rupts which update the millis() and micros() return values. However, this method
of debouncing a switch is useful when polling, so I've included it here for reference.

Figure 1.5 is the breadboard layout for this experiment.

Listings 1.1 through 1.3 show the code for the sketch, which is in the Public Domain.

As shown in Figure 1.5, the switch is attached to Arduino pin D2 and the built in LED
is, as ever, attached to pin D13.

We begin with a number of constants and variables in Listing 1.1. Other than the switch
and LED pins, we need to keep hold of the current state of the LED and ledState is
used for this purpose. ButtonState will be used on each pass through the loop()
function to read the current state of the switch after it has been debounced. This will
be compared with lastButtonState to see if the switch has changed state, if it has,
then we need to start running the delay. Finally, debounceDelay is used to determine
how long to delay before presuming that the switch has stopped bouncing.

Listing 1.1: SW Debouncing sketch - variables

// The number of the pushbutton pin
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1.2 Software Delay Debouncing

Figure 1.4: Software Debouncing - schematic

Figure 1.5: Software Debouncing - breadboard layout

const int buttonPin = 2;
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1 Debouncing Switches

// The number of the LED pin
const int ledPin = 13;

// The current state of the output pin
int ledState = HIGH;

// The current reading from the input pin
int buttonState;

// The previous reading from the input pin
int lastButtonState = LOW;

// The last time the output pin was toggled
unsigned long lastDebounceTime = 0;

// The debounce time; increase if the output flickers
unsigned long debounceDelay = 50;

The setup() function is shown in Listing 1.2 and simply con�gures the switch and LED
pins, and sets the LED to the initial state which is high, and therefore illuminates the
LED.

Listing 1.2: SW Debouncing sketch - setup

void setup() {
pinMode(buttonPin, INPUT);
pinMode(ledPin, OUTPUT);

// Set initial LED state
digitalWrite(ledPin, ledState);

}

Listing 1.3 is where the action takes place. The loop() function reads the current state
of the switch into reading, a temporary variable de�ned within the loop() function
itself. The value in reading is potentially invalid if the switch is still bouncing, however
it is compared to the state the button was in on the previous pass through the loop()
function � lastButtonState.

If this is di�erent from the current state, then either a bounce occurred or the button
was pressed, in either case, the millis() value is saved in lastDebounceTime. This
value is not updated if the two button state readings are the same � either because the
switch has not been pressed, or, it has �nally stopped bouncing.

Listing 1.3: SW Debouncing sketch - loop

void loop() {
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1.2 Software Delay Debouncing

// Read the state of the switch into a local variable:
int reading = digitalRead(buttonPin);

// Check to see if you just pressed the button
// (i.e. the input went from LOW to HIGH), and you’ve waited

long enough
// since the last press to ignore any noise:

// If the switch changed, due to noise or pressing:
if (reading != lastButtonState) {
// Reset the debouncing timer
lastDebounceTime = millis();

}

if ((millis() - lastDebounceTime) > debounceDelay) {
// Whatever the reading is at, it’s been there for
// longer than the debouncedelay, so take it as
// the actual current state.

// If the button state has changed:
if (reading != buttonState) {

buttonState = reading;

// Only toggle the LED if the new button state is HIGH
if (buttonState == HIGH) {
ledState = !ledState;

}
}

}

// Set the LED:
digitalWrite(ledPin, ledState);

// Save the reading. Next time through the loop, it’ll be the
lastButtonState:

lastButtonState = reading;
}

If millis() is now higher than the lastDebounceTime by at least debounceDelay
milliseconds, then we can be sure that the button was pressed and has stopped bouncing.
The value in reading can be considered to be the actual state of the debounced button.

If this is di�erent from the last state of the button, stored in buttonState then we
need to store the new state then check if the LED needs to be toggled. If you recall, the
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1 Debouncing Switches

switch pin will be high when pressed, so if buttonState is high we need to toggle the
LED. We do this by toggling ledState and the new value will shortly be applied to
the LED.

The LED is then toggled, if necessary, and the new, debounced state of the switch is
stored in lastButtonState ready for the next pass through the loop.

It takes a few reads to get your head around the code, but it works!

1.3 Switch History Debouncing

My own preferred method for software debouncing is to read the switch a number of
times and keep a history of the last 32 readings. When all 32 are the same, we should
have a settled switch. The debounce() function in Listing 1.4 carries out the reading
of the switch and storing the history. It only returns a value when the switch has settled.

The function will return the value true of a switch being pressed and false if it is
released. This is always the same regardless of whether the switch pin has a resistor
pulling it down to ground; is con�gured as INPUT_PULLUP; or has a resistor pulling it
up to VCC.

Listing 1.4: SW Debouncing with history - debounce function

// Masks for the pressed/released bit patterns
#define ALL_ONES 0xFFFFFFFF
#define ALL_ZEROS 0x00000000

bool debounce(uint8_t pinNumber, bool pullUpEnabled) {
uint8_t switchState = 0; // Current state
uint32_t stateHistory = 0; // 32 State history

// Loop around until we read the same value from
// the switch, 32 times in succession.
while (1) {

// Get 0 or 1 from the switch.
switchState = !!(digitalRead(pinNumber));

// Add it to the stateHistory.
stateHistory = (stateHistory << 1) | switchState;

// If we have read 32 consecutive high or low
// values from the pin, we are done.
if (stateHistory == ALL_ONES || stateHistory ==

ALL_ZEROS)
// Return true if switch is pressed, false if

released.
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1.3 Switch History Debouncing

return ((stateHistory == ALL_ONES) != pullUpEnabled
);

}
}

The code is quite simple and, to my mind, less messy that Listing 1.3, however, your
mileage may di�er, so I present you with a choice.

The variable switchState holds the current state of the switch, which could still be
bouncing, and stateHistory holds a record of up to 32 previous states for the switch.

The main part of the code is the while loop which loops around constantly until such
time as the stateHistory holds either all 1 bits or all zero bits. Each bit in the history
is read from the switch by calling digitalRead() and using the C++ �!!� operator
to convert to a 1 or a zero �bit� for the switch state. If the switch is being pulled up,
then:

� A pressed switch will register a zero;

� A released switch will register a 1.

If, on the other hand, the switch is being pulled down by a resistor, then:

� A pressed switch will register a 1;

� A released switch will register a zero.

The bit recorded is added to the stateHistory after each read of the switch.

After each read of the switch, the history is checked to see if it contains 32 identical bits.
If this is not the case, the loop continues executing, however, once the history is found to
contain 32 identical bits, we exit from the code returning a value of true if the switch
was pressed or false if it was released.

The result is obtained by comparing the stateHistory with ALL_ONES and then
making sure that di�ers from the passed in parameter for the pin's pull up state.

Listing 1.5 shows an example sketch utilising this function to debounce a switch attached
to pin D2 and using the result to toggle the built in LED. This sketch used the same
breadboard layout as already seen in Figure 1.5.

The setup() function simply sets the switch pin to be an input pin, then the built in
LED is set as an output and turned o�. The Serial Monitor is then set to 9600 baud and
a prompt displayed to get the user interested!

Listing 1.5: SW Debouncing with history - Example sketch

#define SWITCH_PIN 2

void setup() {
pinMode(SWITCH_PIN, INPUT);
pinMode(LED_BUILTIN, OUTPUT);
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digitalWrite(LED_BUILTIN, LOW);

Serial.begin(9600);
Serial.println("Press the switch ...");

}

void loop() {
// The previous state of the switch when last read.
static bool switchPreviousState = false;

// Current state of the LED, true = on.
static bool ledState = false;

bool switchState = debounce(SWITCH_PIN, false);

if (switchState != switchPreviousState) {
switchPreviousState = switchState;

if (switchState) {
ledState = !ledState;
digitalWrite(LED_BUILTIN, ledState);

}
}

}

The loop() function uses a static variable, switchPreviousState, to record the
previous state of the switch, and another, ledState, to record whether the built in
LED is on or o�. The LED is initially o�. Static variables are initialised only on the �rst
execution of the function. On the second and subsequent executions of loop() they will
hold on to their most recently assigned value.

Tip

You can use static variables in place of global variables, much loved in Arduino sketches.

The current switchState is read by calling the debounce() function from listing 1.4.
If the switch has changed state since the last execution of the loop() function, then the
new state is recorded. If the new switch state is pressed, the LED's state is toggled and
used to toggle the LED.
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