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R aspberry Pi Pico is a miniature marvel, putting the same technology that underpins 
everything from smart home systems to industrial factories in the palm of your hand. 
Whether you’re looking to learn about the MicroPython programming language, take 

your first steps in physical computing, or want to build a hardware project, Raspberry Pi Pico – 
and its amazing community – will support you every step of the way.

Raspberry Pi Pico is known as a microcontroller development board, meaning 
simply that it’s a printed circuit board housing a special type of processor designed for 
physical computing: the microcontroller. The size of a stick of gum, Raspberry Pi Pico 
packs a surprising amount of power thanks to the chip at the centre of the board: a 
RP2040 microcontroller.

Raspberry Pi Pico isn’t designed to replace Raspberry Pi, which is a different class of device 
known as a single-board computer. Whereas you might use your Raspberry Pi to play games, 
write stories, and browse the web, your Raspberry Pi Pico is designed for physical computing 
projects where it controls anything from LEDs and buttons to sensors, motors, and even 
other microcontrollers.

Chapter 1

Get fully acquainted with your powerful 
new microcontroller board and 
learn how to attach pin headers and 
install MicroPython to program it

Get to know your 
Raspberry Pi Pico
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Throughout this book you’ll be learning all about Raspberry Pi Pico, but the skills 
you learn will also apply to any other development board based around its RP2040 
microcontroller – and even other devices, so long as they are compatible with the 
MicroPython programming language.

A guided tour of Raspberry Pi Pico
Raspberry Pi Pico – ‘Pico’ for short – is a lot smaller 
than even a Raspberry Pi Zero, the most compact of 
Raspberry Pi’s single-board computer family. Despite 
this, it includes a lot of features – all accessible 
using the pins around the edge of the board.

Figure 1-1 shows Raspberry Pi Pico as seen 
from above. If you look at the longer edges, you’ll 
see gold-coloured sections which look a bit like little 
spacemen. These are the pins which provide the 
RP2040 microcontroller with connections to the outside world – 
known as input/output (IO).

The pins on your Pico are very similar to the pins that make up 
the general-purpose input/output (GPIO) header on your Raspberry 
Pi – but while most Raspberry Pi single-board computers come with 
the physical metal pins already attached, your Pico doesn’t. There’s 
a good reason for that: look at the outer edge of the circuit board 
and you’ll see it’s bumpy, with little circular cut-outs (Figure 1-2).

These bumps create what is called a castellated circuit board, 
which can be attached on top of other circuit boards through 
soldering without ever having any physical metal pins fitted – which 
helps to keep the height down, making for a smaller finished project. 
If you buy an off-the-shelf gadget powered by Raspberry Pi Pico, it’ll 
almost certainly be fitted using the castellations.

The holes just inwards from the bumps are for 
2.54 mm male pin headers – the same type of pins used 
on your Raspberry Pi’s GPIO header. By soldering these 
in place pointing downwards, you can push your Pico 
into a solderless breadboard to make connecting and 
disconnecting new hardware as easy as possible – great 
for experiments!

The chip at the centre of your Pico (Figure 1-3) is a an 
RP2040 microcontroller. This is a custom integrated circuit 
(IC), designed and built specifically by Raspberry Pi’s 
engineers to power your Pico and other microcontroller-
based devices. If you hold it up to the light, you’ll see a 

5Figure 1-1: The top of the board

5Figure 1-2: Castellated

5Figure 1-3: RP2040 chip
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Raspberry Pi logo etched into the top of the chip along with a series of 
letters and numbers which let engineers track when and where the 

chip was made.
At the top of your Pico is a micro USB port 

(Figure 1-4). This provides power to make 
your Pico run, and also lets Pico talk to your 
Raspberry Pi or other computer via its USB 

port – which is how you’ll load your programs onto 
your Pico. If you hold your Pico up and look at the 
micro USB port head-on, you’ll see it’s shaped so it’s 

narrower at the bottom and wider at the top. Take 
a micro USB cable, and you’ll see its connector is 
the same.

The micro USB cable will only go into the 
micro USB port on your Pico one way up. When you’re 
connecting it, make sure to line the narrow and wide 
sides up the right way around – or you could damage 
your Pico trying to jam the micro USB cable in the 
wrong way up!

Just below the micro USB port is a small button 
marked ‘BOOTSEL’ (Figure 1-5). ‘BOOTSEL’ is short for 
‘boot selection’, which switches your Pico between 
two start-up modes when it’s first switched on. You’ll 
use the boot selection button later, as you get your 
Pico ready for programming with MicroPython.

At the bottom of your Pico are three smaller gold 
pads with the word ‘DEBUG’ above them (Figure 1-6). 
These are designed for debugging, or finding errors, 
in programs running on the Pico, using a special tool 
called a debugger. You won’t be using the debug 
header in this book, but you may find it useful as you 
write larger and more complicated programs.

Turn your Pico over, and you’ll see the underside 
has writing on it (Figure 1-7). This is known as a 
silk‑screen layer, and labels each of the pins with its 
core function. You’ll see things like ‘GP0’ and ‘GP1’, 
‘GND’, ‘RUN’, and ‘3V3’. If you ever forget which pin 
is which, these labels will tell you – but you won’t 
be able to see them when the Pico is pushed into a 
breadboard, so you’ll find full pinout diagrams printed 
in this book for easier reference.

5Figure 1-4: micro USB port

5Figure 1-5: Boot selection switch

5Figure 1-6: Debug pads

5Figure 1-7: Labelled underside
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You might have noticed that not all the labels line up with their pins: the small holes at the 
top and bottom of the board are mounting holes, designed to allow you to attach your Pico to 
projects more permanently using screws or nuts and bolts. Where the holes get in the way of the 
labelling, the labels are pushed further up or down the board: looking at the top-right, ‘VBUS’ is 
the first pin on the left, ‘VSYS’ the second, and ‘GND’ the third.

You’ll also see some flat gold pads labelled with ‘TP’ and a number. These are test points, 
and are designed for engineers to quickly check that a Raspberry Pi Pico is working after it has 
been assembled at the factory. Depending on the test pad, the engineer might use a tool called a 
multimeter or an oscilloscope to check that your Pico is working properly before it’s packaged up 
and shipped to you.

Finally, you’ll see a small sticker with a bar code on it. This holds the serial number of your 
Pico, as well as version information and the date it was manufactured.

Soldering the headers
When you unpack your Raspberry Pi Pico, you’ll notice that it is completely flat: there are no 
metal pins sticking out from the sides, like you’d find on the GPIO header of your Raspberry Pi. 
This is in case you wanted to use the castellations to attach your Pico to another circuit board, or 
to directly solder wires.

The easiest way to use your Pico, though, is to attach it to a breadboard – and for that, you’ll 
need to attach pin headers. You’ll need a soldering iron with a stand, some solder, a cleaning 
sponge, your Pico, and two 20-pin 2.54 mm male header strips. If you already have a solderless 
breadboard, you can use it to make the soldering process easier.

Sometimes 2.54 mm headers are provided in strips longer than 20 pins. If yours are longer, 
just count 20 pins in from one end and look at the plastic between the 20th and 21st pins: you’ll 
see it has a small indentation at either side. This is a break point: put your thumbnails in the 
indentation with the headers in both your left and right hands and bend the strip. It will break 
cleanly, leaving you with a strip of exactly 20 pins. If the remaining header strip is longer than 20 
pins, do the same again so you have two 20-pin strips.

WARNING
Soldering irons are not toys: they get very, very hot, and stay 

hot for a long time after they’re unplugged. If you’re a younger 

learner, make sure you have adult supervision; whether you’re 

young or old, make sure that you put the iron in the stand 

when you’re not using it and never ever touch the metal parts 

– even after it’s unplugged.
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Turn your Pico upside-down, so you can see the silk-screen pin numbers and test points on 
the bottom. Take one of the two header strips and push it gently into the pin holes on the left-
hand side of your Pico. Make sure that it’s properly inserted in the holes, and not just resting in 
the castellations, and that all 20 pins are in place, then take the other header and insert it into 
the right-hand side. When you’ve finished, the plastic blocks on the pins should be pushed up 
against your Pico’s circuit board.

Pinch your Pico at the sides to hold both the circuit board and the two pin headers. Don’t let 
go, or the headers will fall out! If you don’t have a breadboard yet, you’ll need some way to hold 
the headers in place while you’re soldering – and don’t use your fingers, or you’ll burn them. You 
can hold the headers in place with small alligator clips, or a small blob of Blu Tack or other sticky 
putty (Figure 1-8). Solder one pin, then check the alignment: if the pins are at an angle, melt the 
solder as you carefully adjust them to get everything lined up.

If you do have a breadboard, simply turn your Pico upside down – remembering to keep the 
headers pinched – and push both the headers and your Pico into the holes on your breadboard. 
Keep pushing until your Pico is lying flat, with the plastic blocks on the pin headers sandwiched 
between your Pico and your breadboard (Figure 1-9).

Look at the top of your Pico: you’ll see a small length of each pin is sticking up out of the pin 
holes. This is the part you’re going to solder – which means heating up both the pins and the 
pads on the Pico and melting a small amount of a special metal, solder, onto them.

5Figure 1-8: You can hold the headers in place with sticky putty before soldering 
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Put your soldering iron in its stand, making sure the metal tip isn’t resting up against anything, 
and plug it in. It will take a few minutes for the tip of the iron to get hot; while you’re waiting unroll 
a small length of solder – about twice as long as your index finger. You should be able to break 
the solder by pulling and twisting it; it’s a very soft metal.

5Figure 1-9: Alternatively, use a breadboard to hold the headers in place for soldering

WARNING
Soldering is a great skill to learn, but it does take practice. Read the directions 

that follow carefully and in full before even turning your soldering iron on, and 

remember to take things slowly and carefully. Avoid using too much solder, too: 

it’s easy to add more to a joint with too little solder, but can be harder to take 

excess solder away – especially if it’s splashed over to other parts of your Pico.

WARNING
While modern solder is made without lead, it’s still poisonous thanks to 

a special substance called flux. This is a corrosive gel which serves to 

burn dirt away from the joint as you’re soldering. It won’t harm you if you 

get it on your fingers, but it could make you ill if you were to eat it. Only 

handle the solder when you’re actively using it, and always wash your 

hands afterwards – especially before you eat anything.
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If your soldering stand has a cleaning sponge, take 
the sponge to the sink and put a little bit of cold water 
on it so it softens. Squeeze the excess water out of 
the sponge, so it’s damp but not dripping, and put it 
back on the stand. If you’re using a cleaner made of 
coiled brass wire, you don’t need any water.

Pick up your soldering iron by the handle, making 
sure to keep the cable from catching on anything as 
you move it around. Hold it like a pencil, but make 
sure your fingers only ever touch the plastic or rubber 
handle area: the metal parts, even the shaft ahead of 
the actual iron tip, will be extremely hot and can burn 
you very quickly.

Before you begin soldering, clean the iron’s tip: 
brush it along your sponge or coiled wire cleaner. 
Take your length of solder, holding it at one end, 
and push the other end onto the tip of your iron: it 
should quickly melt into a blob. If it doesn’t, leave your 
soldering iron to heat up for longer – or try giving the 
tip another clean.

Putting a blob of solder on the tip is known as 
tinning the iron. The flux in the solder helps to burn off 
any dirt still on the end of the iron, and gets it ready. 
Wipe the iron on your sponge or cleaning wire again 
to clean off the excess solder; the tip should be left 
looking shiny and clean.

Put the iron back in the stand, where it should 
always be unless you’re actively using it, and move 
your Pico so it’s in front of you. Pick up the iron in one 
hand and the solder in the other. Press the tip of the 
iron against the pin closest to you, so that it’s touching 
both the vertical metal pin and the gold-coloured pad 
on your Pico at the same time (Figure 1-10).

It’s important that the pin and the pad are both 
heated up, so keep your iron pressed against both 
while you count to three. When you’ve reached three, 
still keeping the iron in place, press the end of your 
length of solder gently against both the pin and pad 
but on the opposite side to your iron tip (Figure 1-11). 
Just like when you tinned the tip, the solder should 
melt quickly and begin to flow.

5Figure 1-10: Heat the pin and pad

5Figure 1-11: Add a little solder

5Figure 1-12: Now remove the iron

5Figure 1-13: A well-soldered pin
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The solder will flow around the pin and the pad, but no further: that’s because your Pico’s circuit 
board is coated in a layer called solder resist which keeps the solder where it needs to be. Make 
sure not to use too much solder: a little goes a long way.

Pull the remaining part of your solder away from the joint, making sure to keep the iron in place. 
If you pull the iron away first, the solder will harden and you won’t be able to remove the piece in 
your hand; if that happens, just put the iron back in place to melt it again. Once the molten solder 
has spread around the pin and pad (Figure 1-12), which should only take a second or so, remove 
the soldering iron. Congratulations: you’ve soldered your first pin!

Clean the tip of your iron on your sponge or brass wire, and put it back in the stand. Pick up 
your Pico and look at your solder joint: it should fill the pad and rise up to meet the pin smoothly, 
looking a little like a volcano shape with the pin filling in the hole where the lava would be, as 
shown in Figure 1-13.

If the solder is sticking to the pin but not sticking to the copper pad, as in example A in 
Figure 1-14, then the pad wasn’t heated up enough. Don’t worry, it’s easily fixed: take your 
soldering iron and place it where the pad and pin meet, making sure that it’s pressing against both 
this time. After a few seconds, the solder should reflow and make a good joint. 

On the other hand, if the solder is too hot, it won’t flow well and you’ll get an overheated joint 
with some burnt flux (example B in Figure 1-14). This can be removed with a bit of careful 
scraping with the tip of a knife, or a toothbrush and a little isopropyl alcohol.

If the solder is entirely covering the pin, as in example C in Figure 1-14, you used too much. 
That’s not necessarily going to cause a problem, though it doesn’t look very attractive: so long as 
none of the solder is touching any of the pins around it, it should still work. If it is touching other 
pins (as in example D of Figure 1-14), you’ve created a bridge which will cause a short circuit.

5Figure 1-14: Examples of soldering issues

A B

C E

D
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Again, bridges are easy to fix. First, try reflowing the solder on the joint you were making; if 
that doesn’t work, put your iron against the pin and pad at the other side of the bridge to flow 
some of it into the joint there. If there’s far too much solder still, you’ll need to remove the excess 
before you can use your Pico: you can buy desoldering braid, which you press against the molten 
solder to suck the excess up, or a desoldering pump to physically suck the molten solder up.

Another common mistake is too little solder: if you can still see copper pad, or there’s a gap 
between the pin and the pad which isn’t filled in with solder, you used too little (example E in 
Figure 1-14). Put the iron back on the pin and pad, count to three, and add a little more solder. 
Too little is always easier to fix than too much, so remember to take it easy with the solder!

Once you’re happy with the first pin, repeat the process for all 40 pins on your Pico – leaving 
the three-pin ‘DEBUG’ header at the bottom empty. Tip: solder the four corner pins first. Take 
your time, don’t rush, and remember that mistakes can always be fixed. Remember to clean your 
iron’s tip regularly during your soldering, too, and if you find things are getting difficult, melt some 
solder on it to re-tin the tip. Make sure to keep refreshing your length of solder, too: if it’s too 
short and your fingers are too close to the soldering iron’s tip, you can easily burn yourself.

When you’re finished, and you’ve checked all the pins for good solder joints and to make sure 
they’re not bridged to any nearby pins, clean and tin the iron’s tip one last time before putting 
it back in the stand and unplugging it. Make sure to let the iron cool before you put it away: 
soldering irons can stay hot enough to burn you for a long time after they’ve been unplugged!

Finally, make sure to wash your hands – and celebrate your new skill as a soldering supremo!

Installing MicroPython
Now you’ve soldered the headers onto your Pico (Figure 1-15), there’s only one thing left to do to 
get it ready: install MicroPython onto it. Start by plugging a micro USB cable into the micro USB 
port on your Pico, making sure that it’s the right way up before gently pushing it home.

5Figure 1-15: All the pins correctly soldered
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Hold down the ‘BOOTSEL’ button on the top of your Pico; then, while still holding it down, 
connect the other end of the micro USB cable to one of the USB ports on your Raspberry Pi or 
other computer. Count to three, then let go of the ‘BOOTSEL’ button.

After a few more seconds you should see your Pico appear as a removable drive – as though 
you’d connected a USB flash drive or external hard drive. On your Raspberry Pi you’ll see a pop-up 
asking if you’d like to open the drive in the File Manager.

In the File Manager window, you’ll see two files on your Pico (Figure 1-16): INDEX.HTM and 
INFO_UF2.TXT. The second file holds information about your Pico, such as the version of the 
bootloader it’s currently running. The first file, INDEX.HTM, is the one you want: point the mouse 
cursor at it and double-click it to open it in your browser.

When the browser opens, you’ll see a welcome page telling you all about your Pico. Read the 
information on the page, then click on the MicroPython tab to load the MicroPython-specific 
section of the page.

Click on the ‘Download UF2 file’ button (Figure 1-17, overleaf) to download the MicroPython 
firmware – a small file which contains MicroPython for your Pico. It won’t take long to download 

WARNING
To install MicroPython onto your Pico, you’ll need to download it 

from the internet. If you don’t have an internet connection on your 

Raspberry Pi, you’ll need to connect your Pico to a system that does 

have an internet connection in order to finish setting it up. You’ll only 

have to do this once: after MicroPython is installed, it will stay on your 

Pico unless you decide to replace it with something else in the future.

5Figure 1-16: You’ll see two files on your Raspberry Pi Pico
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– it’s a very small file. Once it has downloaded, close your browser window by clicking on the 
cross icon in the top-right corner.

Open a new File Manager window by clicking on the raspberry icon menu, going to 
Accessories, and clicking on File Manager. Find your Downloads folder using the list of folders to 
the left of the File Manager window. You may have to scroll the list to find it, depending on how 
many folders you have on your Raspberry Pi. Open the Downloads folder and find the file you just 
downloaded – it will be called ‘micropython’ followed by a date and the extension ‘uf2’.

Click and hold the mouse button on the UF2 file then drag it to the other File Manager window 
open on your Pico’s removable storage drive. Hover it over the window and let go of the mouse 
button to drop the file onto your Pico (Figure 1-18).

5Figure 1-17: Click the button to download the MicroPython firmware



Chapter 1 Get to know your Raspberry Pi Pico 19

GET STARTED WITH MICROPYTHON ON RASPBERRY PI PICO

After a few seconds you’ll see your Pico disappear from File Manager, and you may also see a 
warning that a drive was removed without being ejected: don’t worry, that’s supposed to happen! 
When you dragged the MicroPython firmware file onto your Pico, you told it to flash the firmware 
onto its internal storage. To do that, your Pico switches out of the special mode you put it in with 
the ‘BOOTSEL’ button, flashes the new firmware, and then loads it – meaning that your Pico is 
now running MicroPython.

Congratulations: you’re now ready to get started with MicroPython on your Raspberry Pi Pico!

5Figure 1-18: Drag the MicroPython firmware file to your Raspberry Pi Pico

FURTHER READING
The webpage linked from INDEX.HTM isn’t just a place to 

download MicroPython; it also includes a wealth of additional 

resources. Click on the tabs and scroll to access guides, projects, 

and the data book collection – a bookshelf of detailed technical 

documentation covering everything from the inner workings of the 

RP2040 microcontroller which powers your Pico to programming in 

both the Python and C/C++ languages. 
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M icrocontrollers aren’t only found in industrial devices: they power plenty of electronics 
around the home, including toys and games. In this chapter you’re going to build a 
simple reaction timing game, seeing who among your friends will be the first to press 

a button when a light goes off.
The study of reaction time is known as mental chronometry and while it forms a hard science, 

it is also the basis of plenty of skill-based games – including the one you’re about to build. Your 
reaction time – the time it takes your brain to process the need to do something and send the 
signals to make that something happen – is measured in milliseconds: the average human 
reaction time is around 200–250 milliseconds, though some people enjoy considerably faster 
reaction times that will give them a real edge in the game!

For this project you’ll need your Pico; a breadboard; an LED of any colour; a single 330 Ω 
resistor; two push-button switches; and a selection of male-to-male (M2M) jumper wires. You’ll 
also need a micro USB cable, and to connect your Pico to your Raspberry Pi or other computer 
running the Thonny MicroPython IDE.

Chapter 6

Build a simple reaction timing game using an 
LED and push-buttons, for one or two players

Reaction game
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A single-player game
Start by placing your LED into your breadboard so that it straddles the centre divide. Remember 
that LEDs only work when they’re the right way around: make sure you know which is the longer 
leg, or the anode, and which is the shorter leg, the cathode.

Using a 330 Ω current-limiting resistor, to protect both the LED and your Pico, wire the 
longer leg of the LED to pin GP15 at the bottom-left of your Pico as seen from the top with the 
micro USB cable uppermost. If you’re using a numbered breadboard and have your Pico inserted 
at the very top, this will be breadboard row 20.

Take a jumper wire and connect the shorter leg of the LED to your breadboard’s ground rail. Take 
another, and connect the ground rail to one of your Pico’s ground (GND) pins – in Figure 6-1, 
we’ve used the ground pin on row three of the breadboard.

Next, add the push-button switch as shown in Figure 6-1. Take a jumper wire and connect one of 
the push-button’s switches to pin GP14, right next to the pin you used for your LED. Use another 
jumper wire to connect the other leg – the one diagonally opposite the first, if you’re using a 
four-leg push-button switch – to your breadboard’s power rail. Finally, take a last jumper wire and 
connect the power rail to your Pico’s 3V3 pin.

WARNING
It bears repeating that an LED always needs a current-

limiting resistor before it can be connected to your Pico. 

Without the resistor, the LED could burn out – or your Pico 

could be damaged.

5Figure 6-1: A single-player reaction game
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Your circuit now has everything it needs to act as a simple single-player game: the LED is 
the output device, taking the place of the TV you would normally use with a games console; 
the push-button switch is the controller; and your Pico is the games console, albeit one 
considerably smaller than you’d usually see!

Now you need to actually write the game. As always, connect your Pico to your Raspberry 
Pi or other computer and load Thonny. Create a new program, and start it by importing the 
machine library so you can control your Pico’s GPIO pins:

import machine

You’re also going to need the utime library:

import utime

In addition, you’ll need a new library: urandom, which handles creating random numbers – a key 
part of making a game fun, and used in this game to prevent a player who has played it before 
from simply counting down a fixed number of seconds from clicking the Run button.

Next, set a pressed variable to False (more on this later) and set up the two pins you’re 
using: GP15 for the LED, and GP14 for the push-button switch.

pressed = False

led = machine.Pin(15, machine.Pin.OUT)

button = machine.Pin(14, machine.Pin.IN, machine.Pin.PULL_DOWN)

In previous chapters, you’ve handled push-button switches in either the main program or in a 
separate thread. This time, though, you’re going to take a different and more flexible approach: 
interrupt requests, or IRQs. The name sounds complex, but it’s really simple: imagine you’re 
reading a book, page by page, and someone comes up to you and asks you a question. That 
person is performing an interrupt request: asking you to stop what you’re doing, answer their 
question, then letting you go back to reading your book.

WHY 3V3?
Remember that switches, like LEDs, need resistors to operate 

correctly, and that your Pico has programmable resistors on all its 

GPIO pins. In the projects for this book, we are setting them to pull-

down resistors, meaning the pin has to be pulled high when the 

push-button switch is pressed – which is what wiring the switch to 

the 3V3 pin via the breadboard’s power rail does.
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A MicroPython interrupt request works in exactly the same way: it allows something, in this 
case the press of a push-button switch, to interrupt the main program. In some ways it’s similar 
to a thread, in that there’s a chunk of code which sits outside the main program. Unlike a thread, 
though, the code isn’t constantly running: it only runs when the interrupt is triggered.

Start by defining a handler for the interrupt. This, known as a callback function, is the code 
which runs when the interrupt is triggered. As with any kind of nested code, the handler’s code – 
everything after the first line – needs to be indented by four spaces for each level; Thonny will do 
this for you automatically.

def button_handler(pin):

    global pressed

    if not pressed:

        pressed=True

        print(pin)

This handler starts by checking the status of the pressed variable and then setting it to True to 
ignore further button presses (thus ending the game). It then prints out information about the pin 
responsible for triggering the interrupt. That’s not too important at the moment – you only have 
one pin configured as an input, GP14, so the interrupt will always come from that pin – but lets 
you test your interrupt easily.

Continue your program below, remembering to delete the indent that Thonny has 
automatically created – the following code is not part of the handler:

led.value(1)

utime.sleep(urandom.uniform(5, 10))

led.value(0)

This code will be immediately familiar to you: the first line turns the LED, connected to pin GP15, 
on; the next line pauses the program; the last line turns the LED off again – the player’s signal to 
push the button. Rather than using a fixed delay, however, it makes use of the urandom library to 
pause the program for between five and ten seconds – the ‘uniform’ part referring to a uniform 
distribution between those two numbers.

At the moment, though, there’s nothing watching for the button being pushed. You need to set 
up the interrupt for that, by typing in the following line at the bottom of your program:

button.irq(trigger=machine.Pin.IRQ_RISING, handler=button_handler)

Setting up an interrupt requires two things: a trigger and a handler. The trigger tells your Pico 
what it should be looking for as a valid signal to interrupt what it’s doing; the handler, which you 
defined earlier in your program, is the code which runs after the interrupt is triggered.
In this program your trigger is IRQ_RISING: this means the interrupt is triggered when the pin’s 
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value rises from low, its default state thanks to the built-in pull-down resistor, to high, when the 
button connected to 3V3 is pushed. A trigger of IRQ_FALLING would do the opposite: trigger the 
interrupt when the pin goes from high to low. In the case of your circuit, IRQ_RISING will trigger 
as soon as the button is pushed; IRQ_FALLING would trigger only when the button is released.

Your program should look like this:

import machine

import utime

import urandom

pressed = False

led = machine.Pin(15, machine.Pin.OUT)

button = machine.Pin(14, machine.Pin.IN, machine.Pin.PULL_DOWN)

def button_handler(pin):

    global pressed

    if not pressed:

        pressed=True

        print(pin)

led.value(1)

utime.sleep(urandom.uniform(5, 10))

led.value(0)

button.irq(trigger=machine.Pin.IRQ_RISING, handler=button_handler)

Click the Run button and save the program to your Pico as Reaction_Game.py. You’ll see the LED 
light up: that’s your signal to get ready with your finger on the button. When the LED goes out, 
press the button as quickly as you can.

When you press the button, it triggers the handler code you wrote earlier. Look at the Shell area: 
you’ll see your Pico has printed a message, confirming that the interrupt was triggered by pin 

THE RISE AND FALL OF IRQS
If you need to write a program which triggers an interrupt 

whenever a pin changes, without caring whether it’s rising or 

falling, you can combine the two triggers using a pipe or vertical 

bar symbol ( | ):

button.irq(trigger=machine.Pin.IRQ_RISING | 

machine.Pin.IRQ_FALLING, handler=button_handler)
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GP14. You’ll also see another detail: mode=IN tells you the pin was configured as an input.
That message doesn’t make for much of a game, though: for that, you need a way to time the 
player’s reaction speed. Start by deleting the line print(pin) from your button handler – you 
don’t need it any more.

Go to the bottom of your program and add a new line, just above where you set up the 
interrupt:

timer_start = utime.ticks_ms()

This creates a new variable called timer_start and fills it with the output of the  
utime.ticks_ms() function, which counts the number of milliseconds that have elapsed since 
the utime library began counting. This provides a reference point: the time just after the LED 
went out and just before the interrupt trigger became ready to read the button press.
Next, go back to your button handler and add the following two lines, remembering that they’ll 
need to be indented by four spaces so MicroPython knows they form part of the nested code:

    timer_reaction = utime.ticks_diff(utime.ticks_ms(), timer_start)

    print("Your reaction time was " + str(timer_reaction) + 

" milliseconds!")

The first line creates another variable, this time for when the interrupt was actually triggered – 
in other words, when you pressed the button. Rather than simply taking a reading from  
utime.ticks_ms() as before, though, it uses utime.ticks_diff() – a function which 
provides the difference between when this line of code is triggered and the reference point held 
in the variable timer_start.

The second line prints the result, but uses concatenation to format it nicely. The first bit of text, 
or string, tells the user what the number that follows means; the + means that whatever comes 
next should be printed alongside that string. In this case, what comes next is the contents of 
the timer_reaction variable – the difference, in milliseconds, between when you took the 
reference point for the timer and when the button was pushed and the interrupt triggered.

Finally, the last line concatenates one more string so the user knows the number is measured 
in milliseconds, and not some other unit like seconds or microseconds. Pay attention to 
spacing: you’ll see that there’s a trailing space after ‘was’ and before the end quote of the first 
string, and a leading space after the open quote of the second string and before the word 
‘milliseconds’. Without those, the concatenated string will print something like ‘Your reaction 
time was323milliseconds’.

Your program should now look like this:

import machine

import utime

import urandom
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pressed = False

led = machine.Pin(15, machine.Pin.OUT)

button = machine.Pin(14, machine.Pin.IN, machine.Pin.PULL_DOWN)

def button_handler(pin):

    global pressed

    if not pressed:

        pressed=True

        timer_reaction = utime.ticks_diff(utime.ticks_ms(), timer_start)

        print("Your reaction time was " + str(timer_reaction) + 

" milliseconds!")

led.value(1)

utime.sleep(urandom.uniform(5, 10))

led.value(0)

timer_start = utime.ticks_ms()

button.irq(trigger=machine.Pin.IRQ_RISING, handler=button_handler)

Click the Run button again, wait for the LED to go out, and push the button. This time, instead 
of a report on the pin which triggered the interrupt, you’ll see a line telling you how quickly you 
pushed the button – a measurement of your reaction time. Click the Run button again and see 

CHALLENGE: CUSTOMISATION
Can you tweak your game so that the LED stays lit for a longer time? 

What about staying lit for a shorter time? Can you personalise the 

message that prints to the Shell area, and add a second message 

congratulating the player?

5Figure 6-2: The circuit for a two-player reaction game
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Click the Run icon. Turn the potentiometer all the way in one direction, then the other. Watch the 
numbers being printed to the Shell area: you’ll see that when the potentiometer is all the way 
one way, the numbers get very close to zero; when it’s all the way the other way, they get very 
close to 3.3. These numbers represent the actual voltage being read by the pin – and as you 
turn the knob of the potentiometer, you’re dividing the voltage smoothly between minimum and 
maximum, 0 V to 3.3 V.

Congratulations: you now know how to wire a potentiometer as both a varistor and a voltage 
divider, and how to read analogue inputs as both a raw value and a voltage!

Measuring temperatures
Your Raspberry Pi Pico’s RP2040 microcontroller has an internal temperature sensor, which is 
read on the fourth analogue-to-digital converter channel. Like the potentiometer, the output of 
the sensor is a variable voltage: as the temperature changes, so does the voltage.

Start a new program, and import the machine and utime libraries:

import machine

import utime

Set up the analogue-to-digital converter again, but this time rather than using the number of a 
pin, use the channel number connected to the temperature sensor:

sensor_temp = machine.ADC(4)

You’ll need your conversion factor again, to change the raw reading from the sensor into a 
voltage value, so add that:

LINEAR VS LOG
If you find turning your potentiometer slowly between one limit 

and the other makes the numbers change slowly at first then 

start changing more rapidly, or the other way around, you’re 

almost certainly using a logarithmic or log potentiometer. 

Whereas a linear potentiometer changes smoothly across 

its entire range, a log potentiometer starts off making small 

changes, then rapidly ramps the speed of change up. Log 

potentiometers are commonly used for volume controls on 

amplifiers, whereas linear potentiometers are more common for 

microcontroller-based devices like your Pico.
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conversion_factor = 3.3 / (65535)

Then set up a loop to take readings from the analogue input, apply the conversion factor, and 
store them in a variable:

while True:

    reading = sensor_temp.read_u16() * conversion_factor

Rather than print the reading directly, though, you need to do a second conversion – to take the 
voltage reported by the analogue-to-digital converter and convert it into degrees Celsius:

temperature = 27 - (reading - 0.706)/0.001721

This is another mathematical equation, and one which is specific to the temperature sensor 
in RP2040 . The values are taken from a technical document called a data sheet or data 
book: all electronic components have a data sheet, which is normally available on request 
from the manufacturer. You can view RP2040’s data sheet in the Pico documentation at  
rptl.io/rp2040-get-started – it’s packed full of information on how the microcontroller works, 
though it’s aimed at engineers so is deeply technical.

Finally, finish your loop:

print(temperature)

utime.sleep(2)

Your program will now look like this:

import machine

import utime

sensor_temp = machine.ADC(4)

conversion_factor = 3.3 / (65535)

while True:

    reading = sensor_temp.read_u16() * conversion_factor

    temperature = 27 - (reading - 0.706)/0.001721

    print(temperature)

    utime.sleep(2)

Click the Run icon and save your program as Temperature.py. Watch the Shell area: you’ll 
see numbers being printed which represent the temperature reported by the sensor in 
degrees Celsius. 

http://rptl.io/rp2040-get-started
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Try gently pressing the tip of your finger to RP2040, the largest black chip in the middle of 
your Pico, and holding it there: the warmth of your finger should make the chip warmer, and the 
temperature will rise. Remove your finger from the chip, and the temperature will fall again.

Congratulations – you’ve turned your Pico into a thermometer!

Fading an LED with PWM
The analogue-to-digital converter in your Pico only works one way: it takes an analogue signal 
and converts it to a digital signal the microcontroller can understand. If you want to go the 
other way, and have your digital microcontroller create an analogue output, you’d normally need 
a digital-to-analogue converter (DAC) – but there’s a way to ‘fake’ an analogue signal, using 
something called pulse-width modulation or PWM.

A microcontroller’s digital output can only ever be on or off, 0 or 1. Turning a digital output on 
and off is known as a pulse and by altering how quickly the pin turns on and off you can change, 
or modulate, the width of these pulses – hence ‘pulse-width modulation’.

Every GPIO pin on your Pico is capable of pulse-width modulation, but the microcontroller’s 
pulse-width modulation block is made up of eight slices, each with two outputs. Look at 
Figure 8-4: you’ll see that each pin has a letter and a number. The number represents the PWM 
slice connected to that pin; the letter represents which output of the slice is used.

HEAT AND RP2040
If you have a traditional thermometer, you might see the figure 

reported by your Pico is a little higher: that’s because the 

temperature sensor is located inside Pico’s RP2040 chip, which 

is busily running your program. When the microcontroller is 

powered on, it’s generating heat of its own – and that heat is 

enough to skew the result. For a simple program like this one, 

the skew might not be too high; if your program does a lot of 

complex calculations, the skew is likely to be higher.

PWM CONFLICTS
You’ll know if you accidentally use the same PWM output 

twice, because every time you alter the PWM values on 

one pin it will affect the conflicting pin as well. If that 

happens, take a look at the pinout diagram in Figure 8-4 

and your circuit and find a PWM output you haven’t 

used yet.
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If that sounds confusing, don’t worry: all it means is that you need to make sure you keep 
track of the PWM slices and outputs you’re using, making sure to only connect to pins with a 
letter and number combination you haven’t already used. If you’re using PWM_A[0] on pin GP0 
and PWM_B[0] on pin GP1, things will work fine, and will continue to work if you add PWM_A[1] 
on pin GP2; if you try to use the PWM channel on pin GP0 and pin GP16, though, you’d run into 
problems as they’re both connected to PWM_A[0].
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5Figure 8-5: Adding an LED
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Take an LED and a 330 Ω current-limiting resistor, and put them in the breadboard as shown in 
Figure 8-5. Wire the longer leg of the LED, the anode, to pin GP15 via the 330 Ω resistor, and wire 
the shorter leg to the ground pin of your Pico.

Go back to your first program by clicking on its tab just under Thonny’s toolbar; if you’d already 
closed it, click the Open icon and load Potentiometer.py from your Pico. Just under where you 
set up the potentiometer as an analogue-to-digital input, type:

led = machine.PWM(machine.Pin(15))

This creates an LED object on pin GP15, but with a difference: it activates the pulse-width 
modulation output on the pin, channel B[7] – the second output of the eighth slice, counting 
from zero.

You’ll also need to set the frequency, one of the two values you can change to control, or 
modulate, the pulse width. Add another line immediately below reading:

led.freq(1000)

This sets a frequency of 1000 hertz – one thousand cycles per second. Next, go to the bottom 
of your program and delete the print(voltage) and utime.sleep(2) lines before adding the 
following, remembering to keep it indented by four spaces so it forms part of the nested code 
within the loop:

led.duty_u16(potentiometer.read_u16())

This line takes a raw reading from the analogue input connected to your potentiometer, then 
uses it as the second aspect of pulse-width modulation: the duty cycle. The duty cycle controls 
the pin’s output: a 0 percent duty cycle leaves the pin switched off for all 1000 pulses per 
second, and effectively turns the pin off; a 100 percent duty cycle leaves the pin switched on 
for all 1000 pulses per second, and is functionally equivalent to just turning the pin on as a 
fixed digital output; a 50 percent duty cycle has the pin on for half the pulses and off for half 
the pulses. 

To make it so you can properly control the LED’s brightness, you need to map the value from 
the analogue input to a range the PWM slice can understand. The best way to do this is to tell 
MicroPython that you’re passing the duty cycle value as an unsigned 16-bit integer, the same 
number format as you receive from your Pico’s analogue input pin. This is achieved with the use 
of led.duty_u16.

Your finished program will look like this:

import machine

import utime
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CHALLENGE: CUSTOMISATION 
Can you combine your two programs, and have the LED’s brightness 

controlled by the temperature reading from the on-board temperature 

sensor? Can you remember how many analogue inputs your Pico 

has? What about PWM outputs? Try adding another analogue sensor 

to your Pico – something like a light-dependent resistor (LDR), gas 

sensor, or barometer – and have your program read that instead of 

the potentiometer.

potentiometer = machine.ADC(26)

led = machine.PWM(machine.Pin(15))

led.freq(1000)

while True:

    led.duty_u16(potentiometer.read_u16())

Click the Run icon and try turning the potentiometer all the way one way, then all the way the 
other. Watch the LED: this time, unless you’re using a logarithmic potentiometer, you’ll see the 
LED’s brightness change smoothly from completely off at one end of the potentiometer knob’s 
limit to fully lit at the other.

Congratulations: you’ve not only mastered analogue inputs, but you can now create the 
equivalent to an analogue output using pulse-width modulation!
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T he various components and features of a microcontroller are known as its 
specifications, and a look at the specifications gives you the information you need to 
compare two microcontrollers.

These specifications can seem confusing at first, are highly technical, and you don’t need to 
know them to use your Raspberry Pi Pico, but they are included here for the curious reader.

Raspberry Pi Pico’s microcontroller chip is a Raspberry Pi RP2040, which you’ll see 
indicated by markings etched into the top of the component if you look closely enough. 
The microcontroller’s name can be broken down into sections, each of which has a 
particular meaning:

Appendix A

Raspberry Pi Pico 
specifications
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n RP means ‘Raspberry Pi’, simply enough.

n 2 is the number of processor cores the microcontroller has.

n �0 is the type of processor core, indicating in this case the RP2040 uses a processor core 
called the Cortex-M0+ from Cambridge-based Arm.

n �4 is how much random access memory (RAM) the microcontroller has, based on a 
special mathematical function: floor(log2(RAM/16)). In this case, ‘4’ means the chip has 
264 kilobytes (kB) of RAM.

n �0 is how much non-volatile (NV) storage the chip has, and is worked out in the same 
way as the RAM: floor(log2(NV/16)). In this case, 0 simply means there is no non-volatile 
storage on‑board.

The RP2040 is the first microcontroller from Raspberry Pi; when future models are released, 
these numbers will be used so you can quickly see how their features compare at a glance.

Your Pico’s two Cortex-M0+ processor cores run at 48MHz (48 million cycles per second), 
though this can be changed in software up to 133MHz (133 million cycles per second) if your 
program needs higher performance.

The microcontroller’s RAM is built into the same chip as the processor’s cores themselves, 
and takes the form of six individual memory banks totalling 264kB (264,000 bytes) of static 
RAM (SRAM). The RAM is used to store your programs and the data they need.

RP2040 includes 30 multifunction general-purpose input/output (GPIO) pins, 26 of which 
are brought out to physical pin connectors on your Pico and one of which is connected to an 
on‑board LED. Three of these GPIO pins are connected to an analogue-to-digital converter 
(ADC), while another ADC channel is connected to an on-chip temperature sensor.

RP2040 includes two universal asynchronous receiver-transmitter (UART), two serial 
peripheral interface (SPI), and two inter-integrated circuit (I2C) buses for connections to external 
hardware devices like sensors, displays, digital-to-analogue converters (DACs), and more. The 
microcontroller also includes programmable input/output (PIO), which lets the programmer 
define new hardware functions and buses in software.

Your Pico includes a micro USB connector, which provides a UART-over-USB serial link to the 
RP2040 microcontroller for programming and interaction, and which powers the chip. Holding 
down the BOOTSEL button when plugging the cable in will switch the microcontroller into USB 
Mass Storage Device mode, allowing you to load new firmware.

RP2040 also includes an accurate on-chip clock and timer, which allows it to keep track of 
the time and date. The clock can store the year, month, day, day of the week, hour, minute, and 
second, and automatically keeps track of elapsed time as long as power is provided.

Finally, RP2040 includes single-wire debug (SWD) for hardware debugging purposes, brought 
out to three pins at the bottom of your Pico.
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n  CPU: 32-bit dual-core ARM Cortex-M0+ at 48MHz, configurable up to 133MHz

n  RAM: 264kB of SRAM in six independently configurable banks

n  Storage: 2MB external flash RAM

n  GPIO: 26 pins

n  ADC: 3 × 12-bit ADC pins

n  PWM: Eight slices, two outputs per slice for 16 total

n  �Clock: Accurate on-chip clock and timer with year, month, day, day-of-week, hour, second, 
and automatic leap-year calculation

n  Sensors: On-chip temperature sensor connected to 12-bit ADC channel)

n  LEDs: On-board user-addressable LED

n  Bus Connectivity: 2 × UART, 2 × SPI, 2 × I2C, Programmable Input/Output (PIO)

n  Hardware Debug: Single-Wire Debug (SWD)

n  Mount Options: Through-hole and castellated pins (unpopulated) with 4 × mounting holes

n  Power: 5 V via micro USB connector, 3.3 V via 3V3 pin, or 2–5V via VSYS pin

I/O pins 
(round pads)

BOOTSEL 
button

micro USB 
port

Single-wire 
debug

On-board LED

RP2040 chip

Castellations
Ground pins 

(square pads)
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R aspberry Pi Pico exposes 26 of the 30 possible RP2040 GPIO (general-purpose  
input/output) pins by routing them straight out to Pico header pins. GP0 to GP22 
are digital only and GP 26–28 are able to be used either as digital GPIO or as ADC 

(analogue-to-digital converter) inputs, selectable in software. Most of the GPIO pins also offer 
secondary functionality for SPI, I2C, or UART communication protocols. All GPIO pins may also 
be used with PWM (pulse-width modulation) – see Chapter 8 for more details.

VBUS is the micro-USB input voltage, connected to micro-USB port pin 1. This is nominally 5 V 
(or 0 V if the USB is not connected or not powered).

VSYS is the main system input voltage, which can vary in the allowed range 1.8 V to 5.5 V, and 
which is used by the on-board SMPS (switch mode power supply) to generate the 3.3 V for the 
RP2040 and its GPIO.

3V3_EN connects to the on-board SMPS enable pin, and is pulled high (to VSYS) via a 100 kΩ 
resistor. To disable the 3.3 V (which also de-powers the RP2040), short this pin low.

3V3 is the main 3.3 V supply to RP2040 and its IO, generated by the on-board SMPS. This pin 
can be used to power external circuitry (maximum output current will depend on RP2040 load 
and VSYS voltage, it is recommended to keep the load on this pin less than 300 mA).

ADC_VREF is the ADC power supply (and reference) voltage, and is generated on Pico 
by filtering the 3.3 V supply. This pin can be used with an external reference if better ADC 
performance is required.

AGND is the ground reference for GPIO26–29; there is a separate analogue ground 
plane running under these signals and terminating at this pin. If the ADC is not used or ADC 
performance is not critical, this pin can be connected to digital ground.

RUN is the RP2040 enable pin, and has an internal (on-chip) pull-up resistor to 3.3 V of about 
~50 kΩ. To reset RP2040, short this pin low.

Appendix B

Pinout guide
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Microcontrollers, like RP2040 at the heart of 
Raspberry Pi Pico, are computers stripped back 

to their bare essentials. You don’t use monitors or 
keyboards, but program them to take their input 

from, and send their output to the input/output pins.

Using these programmable connections, you can 
light lights, make noises, send text to screens, and 

much more. In Get Started with MicroPython on 
Raspberry Pi Pico, you will learn how to use the 

beginner-friendly language MicroPython to write 
programs and connect up hardware to make your 
Raspberry Pi Pico interact with the world around 

it. Using these skills, you can create your own 
electro‑mechanical projects, whether for fun or to 

make your life easier. 

The robotic future is here – you just have to build 
it yourself. We’ll show you how.

raspberrypi.org

Price: £10

Get started with

MicroPython 
on Raspberry Pi Pico

https://www.raspberrypi.org/

	RPi_Pi Pico_Intro_PK1_LA_PK2_NK
	RPi_Pi Pico_Chapter 1_PK_NK_PK2_LA
	RPi_Pi Pico_Chapter 2_PK_NK_PK2_PK3
	RPi_Pi Pico_Chapter 4_PK_NK
	RPi_Pi Pico_Chapter 5_PK_NK
	RPi_Pi Pico_Chapter 6_PK_NK_PK2
	RPi_Pi Pico_Chapter 7_PK1_TL_PK2_NK_PK3
	RPi_Pi Pico_Chapter 8_PK1_LA_PK2_NK_PK3
	RPi_Pi Pico_Chapter 9_PK_NK_PK2
	RPi_Pi Pico_Chapter 10_PK_NK_BE_PK2
	RPi_Pi Pico_Appendix A_PK_NK_PK2
	RPi_Pi Pico_Appendix B_PK_NK
	RPi_Pi Pico_Appendix C_PK_NK_PK2



