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About this manu al 
This manual should be used to install the RPi Internet Radio software for version 8.3 onwards. There 
is also a Raspberry Pi Internet Radio Beginners Guide available on the Bob Rathbone Web site or on 
GitHub which shows a single simple design without all of the options shown in this manual.  
 

 

Version 8.2 onwards of the radio software was introduced to run on the Trixie Operating 
System released on the2nd October 2025. Limited support is also provided on Bookworm. 

 

As software suppliers are now rapidly abandoning 32-bit systems, all support for 32-bit 
systems has ended from version onwards, although most things will still work on a 32-bit 
system.  

Quick Links  

Topic Page(s)   Topic Page(s) 

Adafruit 66  PiFace CAD 73 
Airplay 190,162  Radio software installation 109 
Buttons (Switches) 49  Radio software operation 178 
Bluetooth speakers 162  Recording facility (liquidsoap) 166,210 
Configuration files - Editing 167  RSS feed  170 
DAC sound cards 26  Rotary encoders 50 
Glossary 240  Shoutcast  200 
I2C backpacks 67  Spotify 177,209,231 
IQaudIO Cosmic Controller 67  Speech facility (Espeak) 165 
Interface boards 72  Switches (Buttons) 49 
Install Icecast streaming 163  HDMI and Touch-screens 37 
IR sensors 63  Tutorials and documents 145 
LCD displays 163  USB Sound card 131 
Media 70,171  Vintage radios 7 
Menus 180  Wake up button 69 
Network drives (NAS) 43,51  Web interface 152 
Maintaining the Wi-Fi network 212  Wi-Fi configuration 102 
OLED displays 195  Wiring 47 
Pimoroni products 204    

 

 

Please note that there is also a full document index on page 253 at the end of this 
document.  
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Chapter 1 - Introduction  
 
 

 

This manual describes how to create one of the most popular Internet 
Radios using the Raspberry PI educational computer. This manual 
provides a detailed overview of construction and software installation.  
 
The source and basic construction details are available from the 
following Web site: 
https://bobrathbone.com/raspberrypi/pi_internet_radio.html or at  
https://github.com/bobrathbone/piradio6   
 

The main features of the Raspberry PI internet radio are: 
 

 

 
Raspberry Pi Internet Radio  
Turn your Raspberry Pi into an Internet Radio using a variety of 
designs as shown in this manual. It runs on both 32 and 64-bit 
systems. It also runs on an X-Windows or Wayland Desktop.  

   

 

 Media Player  
Play your favourite MP3 tracks from a USB stick, SD card or from 
a NAS (Network Attached Storage). 

   

 

 Artwork display  
Displays artwork (if available) from both Radio Stations and 
Media (mp3 etc.) tracks.  
Note: The radio station and associated album artwork is provided 
from the Discogs music database. See https://www.discogs.com  

   

 

 Airplay Rec ei ver  
This design allows the Raspberry Pi to act as an Airplay receiver. 
Music tracks can be played from your Apple or Android mobile 
phone or tablet.  

   

 

  

Spotify Receiver  
Turn your Raspberry Pi into a Spotify Receiver. This requires a 
Spotify Premium account. 

   

 
 

 RSS Feed  Reader  
This software also allows you to read any configured RSS feed. 
For example, your favourite news feed. 

https://bobrathbone.com/raspberrypi/pi_internet_radio.html
https://github.com/bobrathbone/piradio6
https://www.discogs.com/
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 Record Radio Streams to disc  
Record any Radio streams using the liquidsoap utility to record 
any streams that are using the Shoutcast or Icecast formats 
whilst also listening to a different radio station.  
Note: liquidsoap only works on 64-bit OS systems and not on 32-
bit systems.  

   

 

 Bluetooth speaker/headphone support  
This manual contains instructions how to run the radio software 
with Bluetooth speakers or headphones. Bluetooth versions 1.x 
through 5.x supported depending upon the Raspberry Pi model 
used. 

   

 

 Digital Clock  
The Internet Radio software displays as standard a digital clock 
and date with alarm and snooze functions.  

   

 

 Shoutcast  
Shoutcast radio is a streaming audio which is used by some 
50,000 Internet Radio stations across the internet. This radio 
software, using a Web interface, allows multiple playlist creation 
from Shoutcast radio stations by genre or country which can then 
be selected through the radio or Web interface menus. 

   

 

 Icecast  
Icecast is free streaming software which supports a variety of 
streams such as MP3 and OGG.  Icecast can optionally be 
installed on the Raspberry Pi and allows the currently playing 
station or track to be streamed around the local network or out 
to the Internet (Legal and Copyright issues apply). 

   

 

 User Interface and displays  
This design caters for a number of user interfaces such as push-
buttons, rotary encoders or touch screens. Also, a number of 
displays such as 2 and 4-line LCDs, OLED displays, TFT or full 
graphical displays such as HDMI and touch-screen are supported.  
Examples are shown later on in this manual. 

   

 

 Web interface  
The radio software includes an optional Web interface 
(radioweb) powered by Apache 2, MySql and O!MPD. This allows 
stations and playlists to be selected via Web pages on your PC, 
Mobile Telephone or tablet.  

   

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj1tN77s8neAhXO66QKHWLwAssQjRx6BAgBEAU&url=https://fr.wikipedia.org/wiki/Icecast&psig=AOvVaw0Ptbkg7vcJR2JFzFL7i_p_&ust=1541924884978318
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwilvpeJwMneAhWusaQKHR41BgAQjRx6BAgBEAU&url=https://www.appbajar.com/en/app/mumu.canyoutapthenumber?id=2477&psig=AOvVaw27c5pulkQcCKEM_8qgioN4&ust=1541928114740832
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjY8sW9tcneAhUL36QKHVk5B-kQjRx6BAgBEAU&url=http://chittagongit.com/icon/web-server-icon-9.html&psig=AOvVaw0lZj9QR18T-f8xupWZo3lP&ust=1541925285906336
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 The eSpeak engine is a small, lightweight text-to-speech (TTS) 
program that supports a large number of languages. It is used 
with the radio software to assist blind or visually impaired users 
ōȅ άǎǇŜŀƪƛƴƎέ ǘƘŜ ƳŜƴǳǎ out loud. It can also be used with radios 
without a screen to navigate the menus.  

   

 

  
[ŀƴƎǳŀƎŜ ŦƛƭŜǎ ŜƴŀōƭŜ ǘƘŜ ƳŜǎǎŀƎŜǎ ǘƻ ōŜ ŘƛǎǇƭŀȅŜŘ ƛƴ ǘƘŜ ǳǎŜǊΩǎ 
own language, such as French, Dutch or Spanish. The user can 
easily create their own language file if required.  

   

 

 Highly configurable allowing a broad range of displays such as 
two or four-line LCDs, TFTs, graphic screens or HDMI monitors to 
be selected at installation time. Likewise, the user input devices 
such as rotary encoders or buttons etc. An audio configuration 
script selects a range of audio devices such as DACs or Bluetooth 
speakers. 

   

 

 Comprehensive menu driven installation and maintenance. All 
main software components and hardware options are all menu 
selectable. Underlying installation and configuration scripts carry 
out all the usual installation and maintenance tasks. 

   

 

 Support for English, Russian/Cyrillic and Western European 
character set, dependent upon LCD capabilities. Both native and 
Romanized (Conversion to Latin) characters supported. 

 

REMEMBER TO HAVE FUN DOING THIS PROJECT! 
 

 
Figure 1 Fun radio using an old toaster (Courtesy Robert Knight) 

This manual is continually being updated.  Please check to see if there is a more up to date 
manual before commencing any work. 
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Is the size of this manual worrying you then, try starting with Raspberry Pi Internet Radio, A 
Beginners Guide at: 
https://bobrathbone.com/raspberrypi/documents/RPi%20Radio%20beginners%20guide.pdf    

Examples 
This design caters for both the complete novice and more advanced constructors. Do not be put off 
by the size of this manual as it shows a lot of different designs. Simply read through the following 
examples and decide which one is the best for you. Some examples are shown in the following 
pages. This manual is designed to provide inspiration for your own ideas and unique solution to 
building an Internet Radio using the Raspberry Pi.  
 

 
Figure 2 Raspberry pi 7-inch touchscreen radio 

The Radio software supports the Raspberry Pi 7-

inch touch screen. Using the graphic version of 

this software, the radio can be operated using 

the touch screen or a mouse and HDMI screen 

or TV with HDMI. A keyboard can also be 

attached and used to operate the radio. The 

touch screen version supports the same 

functionality as the LCD versions of the radio 

except for timer and alarm functions. The touch 

screen can also be configured to use either 

rotary encoders or buttons. 

 
Figure 3 HDMI Television running the radio 

The HDMI/Touch screen version of the radio 

can also be configured to run in a window on 

the Raspberry Pi desktop. Here it is running on 

the HDMI input of a typical flat-screen 

television.  It can also be configured to use an IR 

remote control using a FLIRC USB IR detector. 

 
Figure 4 Vintage tuning touch-screen radio 

As an alternative to the above design this touch-
screen radio is made to look like a vintage radio 
with a tuning dial. The green slider marks the 
currently playing station. When a station name 
is touched on the screen then the slider jumps 
to that position and plays the selected radio 
station. The design supports multiple pages of 
radio stations which can be scrolled left or right. 
The volume control slider is at the bottom of 
the screen. This version currently only plays 
radio stations and not media or Airplay. The 
touchscreen can also be configured to use 
either rotary encoders or buttons. 

https://bobrathbone.com/raspberrypi/documents/RPi%20Radio%20beginners%20guide.pdf
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Figure 5 Adafruit 3.5-inch TFT 

This example shows an Adafruit 3.5-inch TFT 
(Thin Film Transistor) touch-screen running the 
graphical version of the software (Version 6.7 
onwards). This is the smallest screen that is 
currently supported. 
 
 

 
Figure 6 Osoyoo 3.5έ SPI touch screen  

Osoyoo (Pinetree Electronics Ltd.)  are a 
Canadian electronics company who provide a 
range of well-supported add-ons for Raspberry 
Pi including this оΦрέ {tL ǘƻǳŎƘ-screen.  
 
The also provide a variety Raspberry Pi 
miniature displays using HDMI, DSI and SPI 
technology, ranging from нΦуέ ǘƻ млΦмέΦ  
 
See https://osoyoo.com  
 

 
Figure 7 Osoyoo 5" Capacitive touchscreen 

Another excellent product from Osoyoo is the 
5-inch DSI (capacitive touchscreen. The main 
advantage of the 5-inch screen is that it is big 
enough to display both the full-feature radio 
(gradio) and the Vintage radio simulator 
(vgradio). See Osoyoo tutorials on how to 
install this product. 
https://osoyoo.com/2019/09/20/instruction-
for-raspberry-pi-5-dsi-touch-screen/  
 
¢ƘŜ ǇƘƻǘƻƎǊŀǇƘ ƻƴ ǘƘŜ ƭŜŦǘ ŘƻŜǎƴΩǘ Řƻ ƛǘ ƧǳǎǘƛŎŜ 
as the display is crystal clear.  
 
 

 

Example of the PI internet radio using an 
Adafruit RGB-backlit LCD plate for Raspberry PI 
from AdaFruit industries.  It has five push 
buttons and is one of the easiest options to 
construct. If you want to build this into a case 
ǘƘŜƴ ŘƻƴΩǘ ǳǎŜ ǘƘŜ ōǳǘǘƻƴǎ ǎǳǇǇƭƛŜŘ ǿƛǘƘ ǘƘŜ ƪƛǘ 
but use external buttons.  

https://osoyoo.com/
https://osoyoo.com/2019/09/20/instruction-for-raspberry-pi-5-dsi-touch-screen/
https://osoyoo.com/2019/09/20/instruction-for-raspberry-pi-5-dsi-touch-screen/
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Figure 8 Radio using the Adafruit LCD plate 

 
Figure 9 Lego Internet Radio 

Example of a fun radio built using this design 
and Lego from Alan Broad (United Kingdom). It 
uses a 4x20 line LCD.  
 
This really puts the fun back into computing. 

 
Figure 10 Pi radio using rotary encoders 

The rotary encoder switch version of the radio 
consists of a Raspberry PI connected to an 
Adafruit 20-character x 4-line RGB LCD display 
housed. It is all housed in a LogiLink PC speaker 
set with two rotary encoders.  The rotary 
encoders also have push buttons (Push the 
knob in). The left one is the Mute switch and 
the right one is the Menu switch. The blue glow 
in the sub-woofer opening comes from a bright 
blue LED. 
 
 

 
Figure 11 Old Zenith radio using rotary encoders 

Example of the PI radio from Jon Jenkins built 
into an old Zenith valve radio case. The two 
original controls have been replaced by two 
rotary encoders. The old valve radio inside has 
been completely removed and replaced with 
the Raspberry PI and radio components. The 
LCD display has been built into the top so as not 
to spoil the original face of the radio. This is a 
fine example of what can be done with this 
project. 

 
Figure 12 Transparent Perspex Radio 

 
Figure 13 Perspex radio rear view 
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The above example built by the author has a transparent perspex front and back panel. It uses a 
Raspberry Pi with a HiFiBerry sound card and a Velleman 30 watt amplifier.  
 

 
Figure 14 The Radio running on a Pi Zero 

This is an example of the radio running on a 
Raspberry Pi Zero. In this example it uses a 
micro to standard USB adaptor to connect a 
simple USB hub.  A USB sound dongle and 
Tenda wireless adapter are plugged into the 
USB hub. A USB to Ethernet adapter can also be 
used in place of the wireless adapter.  The 
display used is the Adafruit LCD plate.  Also note 
that the Pi Zero comes with an unpopulated 40 
pin GPIO interface. You need to either directly 
connect directly wires to the GPIO interface 
(Not advised as they keep falling off) or solder 
onto a 40-pin male extender header (Advised). 

 

 
Figure 15 Boom Box radio front view 

 
Figure 16 Boom Box Radio rear view 

  
This beautiful radio is a fine example built by the author. It is using a Raspberry PI model 2B and 
rotary encoders with inbuilt push button. The display is a 4 x 20 LCD.  The sound system is a 
Velleman 30-Watt amplifier (bottom right) and two 5 ¼ inch 50-watt speakers. It has an IR sensor 
(Left speaker on the right side) and an activity LED (between the two knobs).  
 
Below is a Raspberry Pi radio built into a old wine box. It uses a 2x8 character LCD and rotary 
encoders. The amplifier and loud speakers are from a set of old PC speakers. 
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Figure 17 Raspberry Pi Wine Box radio 

 
Figure 18 Wine box internet radio internal view 

 

 

 
Figure 19 Very small radio using the Cosmic Controller 

Here is a really cute radio made using the 
IQaudIO Cosmic Controller and Olimex 
128x64 pixel OLED display. The Cosmic 
Controller provides an excellent solution 
where space is limited or you simply want a 
very small radio. The audio output is on the 
rear of the case. 
 
Note: The Cosmic Controller has been 
discontinued and is difficult to find but you 
can still build the radio with separate 
components. 

 
Below is a fascinating use of both modern and bygone era technology. The radio shown below was 
created by Broesel from Austria. In this design a Raspberry Pi has been used with the software 
described in this manual. However, the audio amplifier has been constructed with an ECL84 vacuum 
valve. The ECL84 valve provides a two-stage mono audio amplifier driving an elliptical wide 
frequency response loud speaker.  
 

 
Figure 20 RPI radio with two-stage valve amplifier 

 

 
Figure 21 The RPi valve radio chassis view 
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Figure 22 Pimoroni Pirate Radio 

 The radio software supports the Pimoroni 
Pirate radio with pHat BEAT.   
 
The pHAT BEAT gives high-quality, digital, 
amplified, stereo or mono audio and 16 RGB 
LEDs, in two rows of 8, which are ideal as a 
VU (Volume Unit) indicator, and 6 buttons to 
control the radio (Five on the left and one at 
the top).  See: 
https://shop.pimoroni.com/products/pirate-
radio-pi-zero-w-project-kit  
It can also be ordered with an additional 
speaker. 
 

 

 
Figure 23 PiFace CAD Radio with IR Remote Control 

 

The radio supports the PiFace Control and 
Display (CAD) board. This is obsolete hardware 
and has limited support and can only be installed 
on the Bullseye Operating System. 
 
The PiFace CAD has five push buttons, a reset 
button (not currently used). Although it has an  
Infra Red (IR) sensor for a remote control this 
does not work with latest IR remote control 
software and is therfore not available. The 
PiFace CAD uses the Serial Peripheral Bus 
interface (SPI) on the Raspberry Pi. 
Note: It is only supported on Bullseye OS. 
 

Below is an example of a Raspberry Pi Internet radio, made by the author, running the graphical 
version of the radio which gives a vintage look-and-feel to the final radio. Two vintage Bakelite knobs 
help complete the vintage appearance. 
 

 
Figure 24 Vintage look-and-feel Internet radio 

https://shop.pimoroni.com/products/pirate-radio-pi-zero-w-project-kit
https://shop.pimoroni.com/products/pirate-radio-pi-zero-w-project-kit
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The Raspberry Pi model 3B outputs to a Pimoroni 3W stereo D-Class amplifier driving two 3-inch 
loudspeakers. It is housed in a wooden case painted black with two vintage radio Bakelite knobs. 
 

 
Figure 25 Vintage look-and-feel - rear view 

Vintage Radio Conversion  

 
This version of the software allows for the program to be configured without a screen for use with a 
vintage radio as shown below: 
 

 
Figure 26 Philips BX490A (1949) Vintage Internet Radio 
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The radio is a Philips BX490A manufactured in the Netherlands in 1949. The purpose of this design is 
retain as much of the original look and feel of a vintage radio which has been converted to run as an 
Internet radio. It does not have any LCD display.  In the above example the following controls are 
used: 
¶ Far left switch  - Simple tone control  

¶ Middle left switch - Volume and mute switch 

¶ Middle right switch ς Radio channel (Tuner) or media track selection 
¶ Far right switch ς Menu switch (8 positions) 

¶ Push button on right side (Not shown) - Standard menu switch 
 
At the top left the so-called magic eye tuning indicator has been replaced with a Red,Green,Blue 
status LED. In the above picture the LED is glowing green (Normal operation).  This window also 
contains the IR sensor and activity LED for a remote control. If the radio is busy (loading stations for 
example) it glows blue. For an error or shutdown the LED glows RED. The IR remote control also 
flashes red to indicate IR remote control activity. 
 
The software allows espeak ǘƻ ōŜ ŎƻƴŦƛƎǳǊŜŘ ǘƻ ΨǎǇŜŀƪΩ ǎǘŀǘƛƻƴ ŀƴŘ ǎŜŀǊŎƘ ƛƴŦƻǊƳŀǘƛƻƴ ŜǘŎΦ  
The details on how to construct a similar project is contained in the following documents: 
http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf  
 
http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio%20O
perating%20Instructions.pdf  
 
The illustration below shows a French Radio Schneider Frères Rondo ŦǊƻƳ ǘƘŜ мфрлΩǎ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ 
converted to an internet radio by Franz-Josef Haffner, from Germany.  
 

 
Figure 27 Vintage radio using a touch screen 

What makes this project also very interesting is that he has removed all of the RF section of the valve 
radio leaving only the audio amplifier and power supply. This is an excellent example of combining 
old and new technology to extend the life of these increasingly rare radios.  
See the Vintage Radio supplent for further details using the following link: 
https://bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf  

http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf
http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio%20Operating%20Instructions.pdf
http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio%20Operating%20Instructions.pdf
https://bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf
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Figure 28 Vintage Radio with AM transmitter 

 

 
Figure 29 Lusya DIY 3-channel AM transmitter 

Another way to connect to a vintage radio (if it is working) is to use a Raspberry Pi and a low power 
AM transmitter. In the above illustration, the box on the right contains a Pi Zero W running 
Bookworm OS andthe radio software with a tuning knob. The audio comes out of a USB DAC which 
connects to the Lusya 3-channel AM transmitter which transmits on the 300 Meter wavelength (AM 
waveband) to a vintage radio. In this example the radio is the British made Bush DAC 90A 
medium/longwave receiver. 
Details on construction can be found in the following document: 
https://bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf  
 
 
  

https://bobrathbone.com/raspberrypi/documents/Raspberry%20PI%20Vintage%20Radio.pdf
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Principle components  
The principal hardware required to build the radio consists of the following components: 
 

¶ Current versions of the Raspberry PI computer (Version 1 boards no longer supported) 

¶ Push buttons or rotary encoders for the user interface 

¶ A display such as a HD44780U LCD, OLED  or a Raspberry PI touch-screen display 

¶ Optional Digital to Analogue Converter (DAC) Sound card 

¶ Optional InfraRed (IR remote control) 

Raspberry Pi com puter  

The Raspberry Pi is a credit-card-sized single-board computer developed in the United Kingdom by 
the Raspberry Pi Foundation originally with the intention of promoting the teaching of basic 
computer science in schools. It has however become immensly populary with hobbyists and 
engineers. The official site for the Raspberry Pi Web site is https://www.raspberrypi.com  
 
More information on the Raspberry PI computer may be found here: 
http://en.wikipedia.org/wiki/Raspberry_Pi  
If you are new to the Raspberry PI try the following άDŜǘǘƛƴƎ ǎǘŀǊǘŜŘέ guide at: 
https://www.raspberrypi.com/documentation   
You will also find the Raspberry Pi Help Forums and other useful documentation on the above page. 

Raspberry Pi model 4B  

The Raspberry Pi model 4B was released in June 2019.  
 

 
Figure 30 Raspberry Pi Model 4B Computer 

 

 

Note: The Raspberry Pi 4B requires Raspberry Pi Bullseye, Bookworm  or Trixie SD 
card. It will not work with earlier OS versions. However, the recommended OS for the 
Radio software is Bookworm.  
 

 

As of the 2nd October the Raspberry Pi Foundation have introduced a new version of 
the operating system called Trixie.  Version 8.1 and earlier of the software does not 
work on Trixie. You must use Bookworm 64-Bit Desktop with version 8.3 of the radio 
software. 

 
 

http://en.wikipedia.org/wiki/Raspberry_Pi_Foundation
https://www.raspberrypi.com/
http://en.wikipedia.org/wiki/Raspberry_Pi
https://www.raspberrypi.com/documentation
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Figure 31 USB-C plug 

 

The power supply on the model 4B uses a USB-C connector. The 
usual micro-USB power supply will not fit used for other Raspberry 
Pi models will not fit. The USB-C specification allows the cable to 
be inserted either way around. When purchasing the model 4B 
also purchase the official model 4B power supply which is 5 Volt 3 
Amps. 

 
Figure 32 Rasberry Pi 

MicroHDMI cable 

 

 
The model 4B also requires an official Raspberry Pi Micro-HDMI 
cable for each of the micro-HDMI ports (This is not the same as the 
Pi Zero HDMI adapter).  Order one or two of these adaptors if 
using an HDMI or TV screen. 

Audio and video output jack  

Earlier versions of the Raspberry Pi have a separate audio output jack and composite video output.  
Later versions (3 and 4) of the Raspberry Pi have a new AV (Audio/Video) port which combines the 
audio and video signals in a single jack. Instead of using a standard composite cable, this new 
connector requires a 4 pole 3.55mm AV cable.  To complicate matters: not all of these cables are the 
same!  However, existing audio jack plugs are compatible with the new AV connector. 
 

 
Figure 33 Raspberry PI B+ AV cable 

When choosing a cable, seek an iPod 4 pole AV cable. This will however result in the left and right 
audio channels being reversed but otherwise provides the proper connections.  Using other cables, 
such as a camcorder cable will be hit or miss.  Typically, camcorder cables have the wrong pin 
connections for Video and Ground. This change also can cause some issues with shared grounding 
with audio speakers.  If separate audio and composite AV connector is required, these can be split 
apart using the same jack inputs as for the model A and B. 
  

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiL8-SSpJ3jAhUF8hoKHWNzDaIQjRx6BAgBEAQ&url=https://www.qualitymag.com/articles/95154-usb-type-c-for-machine-vision&psig=AOvVaw0f5cdDoynSFsbntTcQXnmA&ust=1562399026671762
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Raspberry Pi Model 5  

The Raspberry Pi model 5 was introduced in September 2023 and is approximately 2.5 times faster 
than its predecessor; the model 4B. 

 
Figure 34 Raspberry Pi Model 5 

 
Note: There is no audio or composite video output jack! See Audio options for Raspberry Pi 5 on 
page 35.  

Raspberry Pi Zero  and Pi Zero W 

 

 

Figure 35 Raspberry Pi Zero 

On the original Pi Zero, 
network connection is 
only possible with either 
a USB to Ethernet 
adapter or a Wi-Fi 
Dongle. Note that the 
USB is a Micro USB and 
will need a micro-USB to 
standard USB adapter. 
The Pi Zero W has 
onboard Wi-Fi and 
Bluetooth and is a better 
choice for the radio. 
 

 

 

Figure 36 USB Ethernet 
adapter 

In October 2021 the 1GHz quad core Pi Zero 2 W ǿŀǎ ŀŘŘŜŘ ǘƻ ǘƘŜ ƭƛǎǘ ƻŦ wŀǎǇōŜǊǊȅ tƛΩǎΦ It appears 
unable to run Trixie OS.  Use Bookworm OS which is available for download at 
https://www.raspberrypi.com/software/operating-systems/  
 
The Raspberry PI Zero does not have an onboard audio output jack. Sound must be played through 
either the HDMI port or a USB sound dongle (See Figure 14) or one of the Pi Zero DAC boards 
available from manufacturers such as IQaudIO, HiFiBerry, Pimoroni or JustBoom.  Alternatively, use 
Bluetooth speakers.  
 

https://www.raspberrypi.com/software/operating-systems/
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One useful and simplest audio device is the Pimoroni Audio DAC Shim for the Pi Zero/W. Because 
the Audio DAC SHIM adds no extra bulk to the Raspberry Pi Zero it allows the GPIO header to be 
accessed as normal, for example other HATs can be fitted on top of it. It pushes over the GPIO 
ƘŜŀŘŜǊ ŀƴŘ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀƴȅ ǎƻƭŘŜǊƛƴƎΦ Lǘ ƛǎ ŀ ǾŜǊȅ ǎƛƳple way to provide audio output to the 
Raspberry Pi Zero/W. See Pimoroni Audio DAC Shim for Pi Zero on page 31 

Raspberry Pi 400 /500  

In November 2020 the Raspberry Pi foundation released the model 400. This is housed in a keyboard 
case with all connectors including a 40-pin GPIO header at the back of the unit. Most notably it does 
not have a 3.5mm audio Jack. If connected to a HDMI monitor or TV then sound can be played 
through the HDMI interfaced speakers on the monitor/TV. Alternatively, a USB DAC or Bluetooth 
speakers can be used. As the RPi 400 has a 40-pin GPIO header it can, in theory, be connected to a 
suitable DAC via a ribbon cable. The Raspberry Pi 500 is untested by the author but should work 
without problem using Bookworm or later. 
 

 
Figure 37 Raspberry Pi 400 running the graphical radio 

LCD Displays  

The HD44780U LCD display  

 
Figure 38 The HD44780U LCD display 

 
 

The HD44780U LCD interface is an industry 

standard interface for a variety of LCD displays. 

These can come in various sizes but the two lines 

by 2x16 or 4x20 character displays are the most 

popular.Most of these modules compatible with 

the Hitachi HD44780U LCD controller so there is a 

wide choice of these displays.  
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Figure 39 OLED 4 x20 LCD display 

 

 
The latest displays use OLED character displays 
(Organic Light Emitting Diode) and give very good 
results and are becoming more popular when 
compared to traditional LCD displays. 
See https://en.wikipedia.org/wiki/OLED  

For pin-out details see LCD pin outs on page 50.  

Also see Configuring Russian/Cyrillic text on page 175. 
 

Midas LCD displays with VEE 

 
Figure 40 Midas LCD display with VEE 

 
Figure 41 HD44780 potentiometer wiring 

Some LCDs from Midas are compatible with 

the HD44780U except for pin 15 (VEE) which 

outputs a negative voltage. For pin-out details 

see LCD pin outs on page 50.  

 

The diagram on the left shows the wiring for 
the 10K contrast potentiometer. 
Pin Name Description 

2 VDD +5 Volt 

3 VO Contrast adjustment 

15 VEE Negative voltage output 
 

Do not connect pin 15(VEE) to the 
+5V supply. It will damage the LCD 

and possibly the Raspberry Pi. 

WARNING: DO NOT CONNECT AN I2C BACKPACK TO THIS TYPE OF DEVICE AS BACKPACKS 
CONNECT +5V ONTO PIN 15 AND WILL DAMAGE BOTH THE BACKPACK AND THE LCD. 

 
The term LCD is used throughout this manual to mean both traditional LCDs and OLED 
character displays which are gradually replacing LCDs.  
 

  

https://en.wikipedia.org/wiki/OLED


Bob Rathbone |Raspberry PI Internet Radio - Chapter 2 ς Hardware components 
overview 

22 

  

Midas Character OLED with MC0100 Controller  

So-called Character OLEDs are gradually replacing LCDs. Midas market a wide range of such displays.  
 

 
Figure 42 Midas character OLED 

These displays use the MC0100 controller 
which is largely compatible with the Hitachi 
HD44780U controller. 
 
This controller can support various built-in 
font sets such as English, Western 
European, Japanese and Russian.  
 
Since OLEDs generate their own 
illumination, they do not need pins 15 and 
16 connected for backlighting.  

Winstar 40-character LCDs  

 
Figure 43 40-character 2-line LCD 

Version 8.0 onwards supports Winstar 2-line 
40-character display (Model No. WH4002A).  
These displays show the station/artist/track 
information slightly differently than other 
displays used in this design. The top line 
displays the time and date along with the 
station or artist details. The second line 
displays the station information (if supplied) 
or track being played. Sometimes if a station 
name is too long to display the date as well 
as the station/track information then only 
the station/artist will be displayed on line 1.  

  

 
Figure 44 2x40 character LCD with I2C backpack 

 

These displays have a 16-DIL connector and 
can be driven either directly from the GPIO 
pins or using a compatible PCF8574 I2C LCD 
backpack with a 16-pin DIL connector (2x8 
pins) as shown on the left. This is the 
recommended configuration for this type of 
display.  

 

Note: There are also similar 40-character displays available on the market which use 
Vacuum Fluorescent Display (VFD) technology. These were once commonly used on 
consumer electronics equipment such as video cassette recorders, car radios, and 
microwave ovens. This type of display is not currently supported and is unlikely to be in 
the future. 
 
Please also note that 4-line 40-character [/5ǎ ŀǊŜ ƴƻǘ ǎǳǇǇƻǊǘŜŘ ŀǎ ǘƘƛǎ ŘƻŜǎƴΩǘ ƳŀƪŜ 
sense as there is insufficient information available from the music stream to warrant 
using a display capable of displaying 160 characters.   
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Olimex OLED 128x64 pixel screen  

 

 

The Olimex 128x64 pixel OLED is a low cost, low power, 
high contrast LCD display with a UEXT connector. It is 
controlled via the I2C or SPI interface. The power supply 
required is only in the range of 1 uA in sleep mode, 200 
uA in operating mode and 7mA in display ON mode. 
View area is 21 x 11 mm.  It is particularly useful where 
space is very limited. 
See: 
https://www.olimex.com/Products/Modules/LCD/MOD-
OLED-128x64/open-source-hardware  

Note: The Olimex OLED screen is not a particularly fast device when compared with say an 
LCD or graphics screen. However, its biggest advantage is its size. 

Sitronix SSD1306 128x64 pixel OLED 

 
Figure 45 Sitronix SSD1306 128x64 pixel 

monochrome OLED 

 

The Sitronix SSD1306 128x64 pixel 0.96-inch OLED is 
display marketed under various names (Such as 
Makerhawk) has just four connections for the I2C 
interface.  
 
The wiring from left to right is: 

1. VCC +5 volts ς GPIO header pin 2 
2. GND (0 volts) ς GPIO header pin 6 
3. SCL I2C Clock ς GPIO 3 (pin 5) 
4. SDA I2C Data ς GPIO 2 (pin 3) 

 
The I2C interface hex address for this device 0x3C. It uses 
the ssd1306_class.py driver.  

Note: It is not currently possible to flip the display up-side down due to limitations of the 
SSD1306 driver software. Use the LUMA.SSD1306 driver instead which can be flipped. 

https://www.olimex.com/Products/Modules/LCD/MOD-OLED-128x64/open-source-hardware
https://www.olimex.com/Products/Modules/LCD/MOD-OLED-128x64/open-source-hardware
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SSH1106 1.3-inch I2C monochrome OLED 

 
Figure 46 1.3-inch SH1106 I2C OLED 

 

This 1.3-inch monochrome 132x64-pixel 
display connects via the I2C interface. It uses 
the SH1106 display chip. 
 
The wiring from left to right is: 

1. VCC +5 volts ς GPIO header pin 2 
2. GND (0 volts) ς GPIO header pin 6 
3. SCL I2C Clock ς GPIO 3 (pin 5) 
4. SDA I2C Data ς GPIO 2 (pin 3) 

 
The I2C interface hex address for this device 
0x3C.  

 

 
Figure 47 SH1106 0.91" 128x32-pixel TFT 

These OLEDs also come in in 128 x 32-pixel 
sizes from various manufacturers and can also 
be used with the Luma driver. The wiring from 
left to right in the example on the left is:  

1. SDA I2C Data ς GPIO 2 (pin 3) 
2. SCL I2C Clock ς GPIO 3 (pin 5) 
3. Reset pin ς Not used 
4. GND (0 volts) ς GPIO header pin 6 
5. 3Vo ς +3.3V output.  Not used 
6. VIN +5 volts ς GPIO header pin 2 

These OLEDs can also use the Luma driver and 
usually have an I2C address of 0x3C.  
 
Note: These displays can be difficult to read 
due to their very small size. 

 

SH1106 128x32 pixel OLED monochrome OLED 

 

 
Figure 48 - 0.91-Inch 128x32 OLED 

These 0.91 x 0.38-inch 128x32 pixel monochrome 
OLED display modules connect via the I2C Serial 
Interface. They are marketed under various names 
such as WayinTop or AzDelivery. This is the smallest 
display supported by this project. 
 
Because of its size, the text can be hard to read. Also, 
one peculiarity is that the PIL driver software 
recognises the display as being 128x64 pixels and not 
128x32. It is most useful where there is little space 
available for a display. 

 
Note: OLED devices are very slow when compared to character LCDs or Graphics (touch) 
screens. Their main advantage is their size. 
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Grove LCD RGB Backlight 

 
Figure 49 Grove I2C LCD RGB Backlight 

The Grove JHD1313 LCD RGB backlight is a 
2x16 character LCD with an RGB backlight.  
Version 4 and lower of the Grove LCD RGB 
LCD uses two controllers. 
AIP31068L ς I2C controller for the LCD 
PCA9632DP1 ς I2C RGB backlight driver 
 
Version 5 onwards uses the SGM31323 
controller for the backlight. 
The interface is the 2-wire I2C interface 
plus +5V power supply. The backlight can 
be set to any colour and is configurable in 
the radio software. 
 

 

RPi  1.3ȱ 128x64 OLED (SH1106) with j oystick  

 
Figure 50 wtƛ  мΦоέ мнуȄсп h[95 ǿƛǘƘ ƧƻȅǎǘƛŎƪ 

 

This device uses a 1.3-inch 128x64 pixel OLED 
display driven by an SH1106 chip and the SPI 
interface. 
 
It comes with a 5-button joystick (on the left) 
and three push buttons (on the right). It is 
designed to fit on a 40-pi Raspberry Pi Zero-W 
but can also fit on a standard Raspberry Pi such 
as a 3B or 4B. If fitted to a Pi Zero Audio, audio 
output can be provided using a USB to jack-plug 
audio adaptor or Bluetooth speakers.  
 

 
Note: This device comes wired to use an SPI interface. It can be modified to use the I2C 
interface using the I2C address 0x03. In such a case use the LUMA-SH1106 I2C driver (See 

/ƻƴǾŜǊǘƛƴƎ ǘƘŜ мΦоέ h[95 ǇIŀǘ ǘƻ ǳǎŜ ǘƘŜ Lн/ ƛƴǘŜǊŦŀŎŜ on page 245). 
 

Please note that the Pimoroni Audio DAC shim is not compatible with devices using SPI. This 
is because the OLED driver uses GPIO 25 which is also the MUTE pin on the Audio DAC shim. 
It Audio shim can only be used if the OLED with joystick is re-wired to use the I2C interface. 

 
The following table shows the functions of the various switches and the GPIO pins that they are 
using. The Joystick and button wiring cannot be physically rewired however the Radio software 
needs to know what the wiring of each switch is and this is configured using the configure_radio.sh 
program.  
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Table 1 - мΦоέ h[95 ǿƛǘƘ ƧƻȅǎǘƛŎƪ ōǳǘǘƻƴ ŘŜǎƛƎƴŀǘƛƻƴǎ 

Joystick  Buttons Radio Function GPIO Pin 

Up  Channel Up 6 

Down   Channel Down 19 

Left  Volume Down 5 

Right  Volume Up 26 

Push  Menu switch 13 

 KEY1 Mute Switch 21 

 KEY2 Not used n/a 

 KEY3 Not used n/a 

Waveshare 2.42 and 1.5-Inch SPI interface OLEDs 

 

 
Figure 51 Waveshare 1.42-inch SPI OLED Interface 

 

Some OLEDS are rather on the small side 
and can be difficult to read at times. 
Waveshare make 2.42-inch OLED display 
that solves this problem. It has 5-wire SPI 
interface and the 2.42-inch interface gives 
good results. They also have a 1.5-inch 
display. 
 
Wiring details are described in Appendix 
!Φу ²ŀǾŜǎƘŀǊŜ мΦпнέ ŀƴŘ мΦрέ {tL h[95 
display wiring on page 247. 

Using DAC Sound Cards 
The sound output of the on-board audio jack on the Raspberry Pi is known to be limited. Using a DAC 
(Digital Audio Converter) will give much better quality and output. Several types are available.  
The one you choose depends upon your requirements. These DAC cards use PCM (Pulse Code 
Modulation) technology and the Raspberry Pi i2s interface. 
 
The following sound cards and adapters are supported in this project: 

Manufacturer Section Page 

HiFiBerry HiFiBerry DAC 27 

IQaudIO IQaudIO DAC sound products 28 

Justboom JustBoom DAC products 29 

Various PCM5102A DAC Sound Card 30 

Pimoroni Pimoroni audio DACs 30 

Adafruit Adafruit speaker bonnet 32 

Allo Allo DAC products 32 

Waveshare Waveshare WM8960 Audio Hi-Fi Sound Card 33 

Rpi DAC Raspberry Pi badged sound cards 33 
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If you are going to use an external amplifier then almost any DAC will do. If you want a complete 
solution, a DAC card with an in-built amplifier (typically 3W up to 25W) is a good choice. The output 
from these in-built amplifiers is usually so-called class D-type amplification. Another consideration is 
the required connection to the amplifier copper, S/PDIF or optical audio connection (Toslink). 
 
If price is a big consideration there are a number of very reasonably priced DACs which emulate 
some of the better-known ones and use the same device driver software as the one, they are 
emulating.  
 
For more information on DACs see https://en.wikipedia.org/wiki/Digital-to-analog_converter  

HiFiBerry  DAC 

This version supports the HiFiBerry DAC from HiFiBerry.   See https://www.hifiberry.com. There is a 
comprehensive range of DACs available from this manufacturer. A few are shown below: 
 

1. HiFiBerry DAC+ Light/Light ς Entry level and standard solution 
2. HiFiBerry Digi+ Light ς Optical (TOSLink) and RCA connectors 
3. HiFiBerry AMP+ ςStandard DAC with a 25W D-Class amplifier 
4. HiFiBerry DAC+ Zero Form Factor 
5. HiFiBerry 3W Miniamp Zero Form Factor 

 
More products will be shown on their Web Site. Also, a list of HiFiBerry product software drivers (DT 
overlays) will be found in Appendix C ς HiFiBerry Device Tree Overlays on page 249. 

The HifBerry DAC Plus  

 
The HiFiBerry DAC PLUS uses the 40-pin connector and has an unpopulated 40-pin header to extend 
the GPIO pins  on the HiFiBerry DAC to use with other cards. 
 

 

Figure 52 HiFiBerry  DAC Plus 

 The DAC plus uses the 40-pin connector 
on new Raspberry PIs. A 40-pin dual in 
line male header is required (purchase 
separately).   
 
Solder the 40-pin male header into the 
component side of the HiFiBerry DAC as 
shown Figure 53 below. The Radio 
controls and LCD screen for example are 
then connected on this this header. 

   

https://en.wikipedia.org/wiki/Digital-to-analog_converter
https://www.hifiberry.com/
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Figure 53 HiFiBerry mounted on the Rasberry Pi 

 The A+/B+/Pi2 uses the following pins 
supporting PCM. 
Pin 12 GPIO18 PCM_CLK 
Pin 35 GPIO19 PCM_FS 
Pin 38 GPIO20 PCM_DIN 
Pin 40 GPIO21 PCM_DOUT 
(All set to mode ALT0) 
 
Pin 12 (GPIO) conflicts with the down 
switch on the radio. Wire the down 
switch to GPIO 10 (Pin 19) and configure 
the down_switch=10 parameter in 
/etc/radiod.conf  or by running the 
configure_radio.py program. 

 

 

Note:  All settings in the /etc/radiod.conf file use GPIO numbers and NOT physical pin 
numbers.  So, in the above example down_switch is GPIO 10 (Physical pin 19). 

 

The Pimoroni pHat is compatible with HiFiBerry DAC (Not DAC+) and uses the same 
Device Tree (DT) overlay. 

IQaudIO DAC sound products 

 
IQaudIO DAC also have a comprehensive range of products.  Again, these provide excellent results. 
These cards fit ǿƛǘƘƛƴ ǘƘŜ tƛΩǎ ŦƻǊƳ ŦŀŎǘƻǊ ŀƴŘ ǇǊƻǾƛŘŜ ŀŘŘƛǘƛƻƴŀƭ Ŧǳƭƭ ŀŎŎŜǎǎ ǘƻ ǘƘŜ tƛΩǎ плǿŀȅ Lκh 
signals allowing easy addition of IR sensors, Rotary Encoder or i2c devices (such as OLED screens) 
etc. See http://iqaudio.co.uk  
 

 
Figure 54 IQaudIO DAC plus 

 

 
Figure 55 IQaudIO Pi-DigiAMP+ 

DAC for the Raspberry Pi. This latest revision of 
the IQaudIO Pi-DAC PRO and is pre-
programmed for auto detection. Line out: 2x 
Phono/RCA 
Headphone: 3.5mm socket. 

 This provides the DAC+ along with a 35W 
amplifier which fits the. Raspberry Pi 
A+/B+/RPi2/3/3B+. This card requires 
supports up to 24v power supply and delivers 
the full 2.5amp to the Pi. 

http://iqaudio.co.uk/
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JustBoom DAC products 

The construction using JustBoom products is similar to other sound cards. The radio must be wired 
as shown in Table 4 Radio and DAC devices 40-pin wiring. The /etc/radiod.conf  configuration file 
must also be configured to support these devices by running the audio configuration program. 
 

 
Figure 56 JustBoom Amp HAT 

 
Figure 57 JustBoom Amp Zero pHAT 

 
Figure 58 JustBoom Zero stacker requirements 

The JustBoom Zero boards are used with 
stackers or installed directly on the Raspberry 
Pi Zero. Some stackers and some 2x20 male 
headers on the market though are too thin or 
too short to provide good contact with the 
board. Use stackers that the pins are squared 
and are at least 0.6mm in width. If you are 
soldering the 2x20 male header on the 
Raspberry Pi Zero make sure that the pins are 
0.6mm in width and 6mm in usable height. 

 

 
Figure 59 Using the 40-pin stacker 

 
Plug a suitable stacker onto the Raspberry Pi 
Zero. Plug the JustBoom Zero board on top of 
the stacker so that the pins protrude through 
the JustBoom Zero board. 
 
Plug the radio interface card or ribbon cable 
(not shown) on top of these protruding pins.  
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PCM5102A DAC Sound Card 

 
    DAC Function 

FLT Filter Select. Normal latency 

(Low) / Low latency (High) 

DMP De-emphasis control for 44.1kHz 
sampling rate: Off (Low) / On 
(High) 

FMT Audio format selection: I2S (Low) 
/ Left justified (High) 

 

 There are a number of inexpensive DACs which 
use the PCM5102A chip and have a 3.5mm 
Stereo Jack 24. These give a very reasonable 
24-bit sound. Despite the fact that they claim 
to be a pHat they do not plug directly into the 
Raspberry Pi. Use either jumper wires or build 
your own interface board.  These boards use 
the HiFiBerry DAC device driver and the I2S 
dtoverlay. Wiring as below: 
 

DAC RPi Pin 

VCC 5V 2 

3.3V N.C. - 
GND GND 6 

FLT N.C. - 

DMP N.C. - 

SCL N.C. - 

BCK GPIO18 12 

DIN GPIO21 40 

LCK GPIO19 35 

FMT N.C. - 

XMT (1) 3.3V 1 

 
N.C. Not Connected. (1) Connect via 10K 
resistor. 

Pimoroni audio DACs  

Pimoroni pHat DAC 

The Pimoroni pHAT DAC provides an affordable high-quality DAC for the Raspberry Pi. The 3.5mm 
stereo jack comes soldered onto the board already. Though designed to match the format of the 
Raspberry Pi Zero it is compatible with all 40-pin GPIO Raspberry Pi variants. 
 
Features: 

ωнп-bit audio at 192KHz 
ω[ƛƴŜ ƻǳǘ ǎǘŜǊŜƻ ƧŀŎƪ 
ωǇI!¢ ŦƻǊƳŀǘ ōƻŀǊŘ 
ω¦ǎŜǎ ǘƘŜ t/aрмлн! 5!/ to work with the Raspberry Pi I2S interface 
 

 
Figure 60 Pimoroni pHat DAC 

https://www.google.com/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwii3_aeuILbAhULfFAKHQunBPsQjRx6BAgBEAU&url=https://www.pakronics.com.au/products/pimoroni-phat-dac-for-raspberry-pi-zero-ada3016&psig=AOvVaw31U9I2MuiKG95s3ur4CCSE&ust=1526292242162987
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Note 1:  Do not use the 40 female header that comes with the board but use a 40-pin 

extender so that other cards can be used on top of it.  

Note 2:  The Pimoroni pHat is not completely compatible with the HiFiberry DAC although it 

uses the same software driver. In particular to use the Alsa sound mixer a package called 

pulseaudio is required. However, pulseaudio is not compatible with several of the features of this 

package such as the espeak speech package. The Pimoroni pHat DAC will run fine without any mixer 

controls. 

Pimoroni Audio DAC Shim for Pi Zero 

Please note that the Pimoroni Audio DAC shim is not compatible with wtƛ мΦоέ мнуȄсп h[95 
(SH1106) with joystick (See page 25). This is because the OLED driver uses GPIO 25 which is 
also the MUTE pin on the Audio DAC shim. It Audio shim can only be used if the OLED with 

joystick is re-wired to use the I2C interface (See /ƻƴǾŜǊǘƛƴƎ ǘƘŜ мΦоέ h[95 ǇIŀǘ ǘƻ ǳǎŜ ǘƘŜ Lн/ 
interface on page 245).  
 
Pimoroni now supply a DAC which uses PCM5100A DAC chip. It has a friction fit header which slips 
pushes down over the Pi Zero 40-Ǉƛƴ DtLh ƘŜŀŘŜǊ ŀƴŘ ŘƻŜǎƴΩǘ ǊŜǉǳƛǊŜ ŀƴȅ ǎƻƭŘŜǊƛƴƎ ŀƴŘ ƛǎ 
removable. 

  
Figure 61 Pimoroni Audio DAC Shim for Pi Zero/W 

The above figure shows a Pimoroni Audio DAC shim fitted to a Pi Zero W. The PCM5100A DAC chip 
takes high quality digital audio from the Pi Zero and pipes out crisp, line-level 24-bit / 192KHz stereo 
audio through the 3.5mm jack.  
 
Because the Audio DAC SHIM adds no extra bulk to the Raspberry Pi Zero it allows the GPIO header 
to be accessed as normal, for example other HATs can be fitted on top of it. It should also fit easily 
inside any standard case.  It's a simple way to add an audio output to the Pi Zero. Pimoroni even 
claim that it can also be fitted to a Raspberry Pi 400.  
 
It uses the same driver as HiFiBerry DAC (Not DAC Plus or Digi). This can be configured during 
installation of the radio software. 
 
Alternatively, it can be manually configured using by adding the following lines to the [All] section of   
/boot/firmware/config.txt  (for Bookworm): 
 

dtoverlay=hifiberry - dac  

gpio=25=op,dh  
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If you're using a Pi that has an audio jack you might also need to disable onboard audio by either 
adding a # to the beginning of the following line or setting on to off. 
 

#dtparam=audio=on  

Adafruit speaker bonnet  

 

 
Figure 62 Adafruit Speaker Bonnet 

The Adafruit speaker bonnet is primarily 
designed for the Raspberry Pi Zero format but 
can be used on any Raspberry Pi.  
 
It consists of a stereo 3W amplifier connected 
to the I2S interface of the Raspberry Pi via a 40-
pin DIL female header.  
 
It can be purchased with two miniature 
speakers or it may be used with any small 4 or 
8-Ohm speakers. 
 
 
 

 

Allo DAC products  

Allo is a manufacturer of very high-quality audiophile sound products. A good example is the Allo 
Piano 2.1 HiFi DAC (EU) with woofer output as shown below.  
 

 
Figure 63 Allo Piano 2.1 HiFi DAC with woofer 

 
Figure 64 Allo Piano 2.1 HiFi DAC (Rear) 

 
The Allo Piano has two outputs, one for normal sound ranges and one for a sound woofer. The 
board comes pre-programed as 2.1 for the Raspberry Pi. The subwoofer has 2 outputs (Stereo left 
and right) but is mono only. However, it uses a second I2S channel on GPIO5 and mute signal on 
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GPIO6 both used to control the woofer amplifier. This conflicts with the LCD signals lcd_data4 an 
lcd_data5 pins. 
 

Allo products currently need to be specially configured to correct this conflict. See 
Configuring Allo Sound Cards on page 134.  
 

Further information about Allo products can be found at https://www.allo.com/sparky/index-
dac.html  

Waveshare WM8960  Audio Hi -Fi Sound Card 

 

 
Figure 65 Waveshare WM8960 Sound Card 

 

The Waveshare WM8960 Audio Hi-Fi Sound 
Card integrates WM8960 low power stereo 
CODEC, which communicates via I2S interface. 
It also has two high-quality MEMS silicon 
Microphones (Not used in this project) 
mounted on the left and right of the board.   
Onboard standard 3.5mm earphone jack, play 
music via external earphones. 
Onboard dual-channel speaker interface, 
directly drives speakers. Note: Waveshare only 
support for this card on Bookworm or Trixie. 

 

These cards are often sold with a pair of 
speakers which plug directly into the card.  The 
particular speakers shown are 5W enclosed 
speakers.  
 
For more information about this sound card see 
https://www.waveshare.com/wm8960-audio-
hat.htm  

This card has special installation and uninstallation scripts. See Installing the Waveshare WM8960 
DAC on page 136. 

Raspberry Pi Audio Cards   

 

 
Figure 66 Raspberry Pi DAC Pro 

 
Raspberry Pi DAC Pro 
The Raspberry Pi DAC Pro is the highest-
fidelity audio HAT. With the Texas 
Instruments PCM5242, the DAC Pro 
provides an outstanding signal-to-noise 
ratio (SNR) and supports 
balanced/differential output in parallel to 
phono/RCA line-level output. It also 
includes a dedicated headphone amplifier. 
This card is a rebadged IQaudIO DAC Pro. 
  

https://www.allo.com/sparky/index-dac.html
https://www.allo.com/sparky/index-dac.html
https://www.waveshare.com/wm8960-audio-hat.htm
https://www.waveshare.com/wm8960-audio-hat.htm
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Figure 67 Raspberry Pi DigiAMP+ 

 
Raspberry Pi DigiAMP+ 
The Raspberry Pi DigiAMP+ is a high-
performance audio HAT. With its on-board 
Texas Instruments TAS5756M stereo 
amplifier, it delivers a direct connection to 
passive stereo speakers at up to 35 Watts 
per channel with variable output, and is 
ideal for use in Raspberry Pi-based Hi-Fi 
systems. Powered by an external 12ς24V 
DC power supply, it connects directly to 
wŀǎǇōŜǊǊȅ tƛΩǎ DtLh ƘŜŀŘŜǊΣ ǇǊƻǾƛŘƛƴƎ 
power to the Raspberry Pi itself. This card 
is a re-badged IQaudIO DigiAMP+. 
 

 

 
Figure 68 Raspberry Pi DAC+ 

 
Raspberry Pi DAC+ 
Rebadged from the IQaudIO DAC+, the 
Raspberry Pi DAC+ a low-cost audio output 
HAT for the Raspberry Pi (any 40-pin 
model), supporting 24Ȥbit 192kHz high-
resolution digital audio. It uses a Texas 
Instruments PCM5122 DAC to deliver 
stereo analogue audio to a pair of phono 
connectors, and also provides a dedicated 
headphone amplifier. The DAC+ is 
compatible with any 40-pin Raspberry Pi 
and requires no soldering. It uses a Texas 
Instruments PCM5242 DAC for even higher 
signal-to-noise ratio. 
 

 
Figure 69 Raspberry Pi Codec Zero 

 
 Rasperry Pi Codec Zero (Mono) 

The Codec Zero is a Raspberry Pi Zero-
sized audio HAT that delivers bi-directional 
digital audio signals (I2S) between a 
wŀǎǇōŜǊǊȅ tƛ ŀƴŘ ǘƘŜ /ƻŘŜŎ ½ŜǊƻΩǎ ƻƴ-
board Dialog Semiconductor DA7212 
codec, and allows you to use a variety of 
input and output devices. With features 
such as programmable green and red 
LEDs, plus a push button for user input, 
Codec Zero is suitable for projects 
requiring a microphone input. It supports 
a ǎŸǏF ӅĎ ª­«­ ´°XJ¦X³Ÿ 

Pimoroni Products  
Pimoroni are a UK based company who produce electronic products for both Raspberry Pi and 
Arduino. They make a range of all-in-one audio boards for Raspberry Pi, with high-quality digital 
audio. Their Website is at https://shop.pimoroni.com/ 

https://shop.pimoroni.com/
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Pimoroni Pirate Radio  

 
Figure 70 Pimoroni Pirate Radio - Rear view 

 The illustration on the left shows the rear 
of Pimoroni Pirate radio.  The amplifier 
consists of dual I2S DAC/amplifiers for 
stereo audio (MAX98357A) at 
3 Watts per channel.  
 
The Pirate radio comes as a kit (Soldering 
skills required). The Pimoroni software is 
disabled and the software from this 
project used instead. Note: It does not 
have a screen. 

Pimoroni Pirate Audio  

 
Figure 71 Pimoroni Pirate Audio 

No soldering skills are required to construct this 
project when using a Pimoroni Pirate Audio 
range of products and a Raspberry Pi Zero with 
a pre-soldered 40-pin header.   
You need the Bookworm OS and not Trixie. 
Bookworm can be downloaded at: 
https://www.raspberrypi.com/software/operati
ng-systems/  
 
It comes with a 240x240 pixel colour 1.3-inch 
IPS (In-plane switching) display which gives a 
very good viewing angle. The display is driven 
by an ST7789 controller.  
 
 

There are four variants of the Pimoroni Audio but they all use the same DAC and display software: 
1. Pirate Audio Speaker - MAX98357A DAC with mƛƴƛ м² κ уʍ ǎǇŜŀƪŜǊ   
2. Pirate Audio Line-out - PCM5100A DAC chip with 3.5mm output stereo jack 
3. Pirate 3W Stereo Amp - MAX98357A DAC with mini 3W amplifier output 
4. Pirate 3W Headphone Amp - PCM5100A DAC driving a PAM8908 headphone amplifier 

 
Note: The software for Pimoroni Pirate Audio is very basic at the moment in particular the 
menu selection function. It is hoped to improve this at a later date. 

Audio options for Raspberry Pi 5  
 
The Raspberry Pi 5 does not have an on-board audio jack. This means that it requires one of the 
following three options for audio output: 
 

1. A half size audio DAC such as an Adafruit I2S DAC bonnet 
2. A USB Bluetooth audio dongle 
3. Bluetooth speakers or headset 

 

https://www.raspberrypi.com/software/operating-systems/
https://www.raspberrypi.com/software/operating-systems/
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Figure 72 Raspberry Pi with a Adafruit DAC 

 
Figure 73 Raspberry Pi 5 DAC cooling fan clearance 

 
Figure 72 above shows an Adafruit I2S DAC bonnet mounted on a 40-pin header extender. This is 
needed to give adequate clearance for the cooling fan (if fitted) as shown in the second Figure 73. 
  

 

Note: It is probably advisable to fit a half-size DAC (Pi Zero format) rather than a full-size 
DAC to improve cooling fan airflow. A full-size DAC Hat may still allow for adequate 
cooling but no testing has been done on this.  
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HDMI and Touch-screens 

Types of monitors and touchscreens  

This section is only relevant if configuring an HDMI or touchscreen interface. If using an LCD or OLED 
display then skip this section.  There are three types of monitors or touch screens used in this project 
as shown below. 
 

 
Figure 74 HDMI monitors/touchscreens 

 HDMI monitors/touchscreens 
They use an HDMI (High-Definition 
Multimedia Interface) connection like you will 
usually find on your TV or computer monitor. 
¢ƘŜ ƭŀǘŜǎǘ wŀǎǇōŜǊǊȅ tƛΩǎ ƘŀǾŜ ǘǿƻ ƳƛƴƛŀǘǳǊŜ 
HDMI connections.  
 
They connect to the Raspberry Pi using an 
HDMI cable and are easy to install (plug and 
play) and use the standard X-Windows or 
Wayland interface. 

 
Figure 75 DSI monitors and touchscreens 

 

 DSI (Display Serial Interface) touchscreens.  
Connection is provided by a thin ribbon cable 
connecting from the DSI interface on the 
Raspberry Pi as shown in the illustration on 
the left. 
 
These types of displays or touchscreens use 
fairly simple installation procedures which can 
vary between manufacturers. 

 
Figure 76 SPI interface touchscreens 

 SPI interface touch screens 
 These displays/touchscreens use the SPI 
(Serial Peripheral Interface) and either plug 
directly into the GPIO header on the 
Raspberry Pi or via jumper wires. Installation 
procedures can be complex and unfortunately 
these displays are often poorly supported by 
their manufacturers who seem to be 
struggling to get these screens to work with 
the Trixie OS.  
They are also much slower than other types of 
display and are very sluggish on earlier types 
ƻŦ wŀǎǇōŜǊǊȅ tƛΩǎ όaƻŘŜƭ о. ŦƻǊ ŜȄŀƳǇƭŜύΦ 

 
Note: There are currently serious ǇǊƻōƭŜƳǎ ǿƛǘƘ ǎƳŀƭƭ нΦуέ ǘƻǳŎƘ-screens under 
both Bookworm and Trixie OS. Do not use! Contact bob@bobrathbone.com  if 
you wish to use these. Also see Touch screen installation on page 41.  

mailto:bob@bobrathbone.com
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Adafruit 2.8 and 3.5-inch  TFT touch -screens 

The radio software supports the Adafruit 3.5-inch TFT touch screen (480x320). The small size can 
make the controls difficult to use but it will still work. It is best to use a touch-screen stylus.   
 

 
Figure 77 Adafruit 3.5-inch TFT touchscreen 

Waveshare 2.8 and 3.5-inch TFT touch -screens 

Waveshare  provide a 2.8 and 3.5-inch TFT touch screen (480x320 and 720x480 pixels respectively). 
These have 26-pin DIL connector which plugs in directly to the GPIO header.  

 

 
Please note that at the time of writing this device currently only works with the 
Bookworm 64-bit Operating System. A new version for Trixie OS is being worked upon. 
Also, there is a problem with touch-screen operation. Also note that screens with less 
ǘƘŀǘ пулȄонл ǇƛȄŜƭǎ ŀǊŜ ƴƻ ƭƻƴƎŜǊ ǎǳǇǇƻǊǘŜŘ όнΦуέ ǎŎǊŜŜƴǎ ŦƻǊ ƛƴǎǘŀƴŎŜύΦ 
 

 
Figure 78 Waveshare 2.8-inch TFT touch screen (unsupported) 
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The above screen shows a 2.8-inch Waveshare touch screen (Courtesy - Recep A. Güleç). Note the 
revised layout due to its size when compared to the 7-inch touch screens. ¦ƴŦƻǊǘǳƴŀǘŜƭȅ нΦуέ 
screens are not supported in this version. This may change in the future. 
 

Note: This software has only been tested with the Raspberry Pi 7-inch touch screen, the 
Waveshare 3.5-inch screen and the Adafruit 3.5-inch TFT touch-screen . Smaller than 7-inch 

screens may prove difficult to operate.  The following resolutions are supported: 800x480, 720x480, 
480x320 or 1024x600 pixels. Screens smaller than 480x320 pixels are not supported in this version 
ƛƴŎƭǳŘƛƴƎ нΦуέ ǎŎǊŜŜƴǎ. 

Raspberry Pi 7 -inch touch screen  

As an alternative to building a radio using limited LCD screens it is possible to build a radio using the 
Raspberry Pi 7-inch or 3.5-inch touch screen or any other HDMI screen (touch-screen or otherwise). 
If the screen does not have touch capability, then it is possible to use it with a mouse or keyboard or 
both. Also, the touch screen can be used in conjunction with rotary encoders or push buttons. 

 
Figure 79 Raspberry Pi 3 with 7-inch touch screen  

There is a very good setup guide for the Raspberry Pi touch-screen at:  
https://www.modmypi.com/blog/raspberry-pi-7-touch-screen-assembly-guide  

Connection via ribbon cable  

Smaller touch screens usually plug directly into the Raspberry Pi GPIO header, however that may not 
be convenient especially if you want to build it all into a case. Fortunately, it is possible to purchase a 
40-way DIL male to female ribbon cable which allows the display to be panel mounted.   
 
The following illustration shows TFT screen on the connectors side. If it is required the display can be 
put on the GPIO side but will be displayed upside down. Luckily it is easy to flip the display upside 
down as shown in the installation instructions. 
 

https://www.modmypi.com/blog/raspberry-pi-7-touch-screen-assembly-guide
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Figure 80 TFT connected by a 40-pin male/female ribbon cable 

 

MHS 3.5-inch RPi Display   

 
The MHS 3.5-inch RPi Display appears to be a badged version of the same hardware as the 
²ŀǾŜǎƘŀǊŜ оΦрέ ¢C¢Φ  ¢ƘŜ installation software is also very similar.  
 

 
Figure 81 MHS-3.5-inch RPi Display (Courtesy Brent Fraser) 

More information the MHS 3.5-inch RPi Display will be found at: 
http://www.lcdwiki.com/MHS-3.5inch_RPi_Display  

http://www.lcdwiki.com/MHS-3.5inch_RPi_Display
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Touch screen installation  

Installation of touch-screens can be complex and there are so many available. Also, manufacturers 
are struggling to keep up with constant changes to the Operating System. It is impossible for the Bob 
Rathbone Computer Consultancy ƛǎ ǘƻ ǇǊƻǾƛŘŜ ǎǳǇǇƻǊǘ ƛŦ ȅƻǳǊ ǘƻǳŎƘ ŘƛǎǇƭŀȅ ŘƻŜǎƴΩǘ ǿƻǊƪ ǇǊƻǇŜǊƭȅΦ 
You need to get the Raspberry Pi Desktop running on your device before you attempt installation of 
the radio software. Below are the links to the touch screens mentioned here. 
 

Manufacturer Model Link 

Waveshare 2.8-inch https://www.waveshare.com/wiki/2.8inch_Capacitive_Touch_LCD  
           ά 3.5-inch (C) https://www.waveshare.com/wiki/3.5inch_RPi_LCD_(C)  
Adafruit 2.8-inch  https://learn.adafruit.com/adafruit-pitft -28-inch-resistive-

touchscreen-display-raspberry-pi/overview  
       ά 3.5-inch 

capacitive 
https://cdn-learn.adafruit.com/downloads/pdf/adafruit-pitft -3-
dot-5-touch-screen-for-raspberry-pi.pdf  

MHS 3.5-inch http://www.lcdwiki.com/MHS-3.5inch_RPi_Display  
Osoyoo 3.5-inch https://osoyoo.com/2022/12/15/osoyoo-3-5-inch-spi-touch-

display-for-rpi/   
       ά 5-inch https://osoyoo.com/2019/09/20/instruction-for-raspberry-pi-5-

dsi-touch-screen/  

 
CƻǊ ƻǘƘŜǊǎ Ǝƻ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎƛǘŜ ŦƻǊ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘΦ   

https://www.waveshare.com/wiki/2.8inch_Capacitive_Touch_LCD
https://www.waveshare.com/wiki/3.5inch_RPi_LCD_(C)
https://learn.adafruit.com/adafruit-pitft-28-inch-resistive-touchscreen-display-raspberry-pi/overview
https://learn.adafruit.com/adafruit-pitft-28-inch-resistive-touchscreen-display-raspberry-pi/overview
https://cdn-learn.adafruit.com/downloads/pdf/adafruit-pitft-3-dot-5-touch-screen-for-raspberry-pi.pdf
https://cdn-learn.adafruit.com/downloads/pdf/adafruit-pitft-3-dot-5-touch-screen-for-raspberry-pi.pdf
http://www.lcdwiki.com/MHS-3.5inch_RPi_Display
https://osoyoo.com/2022/12/15/osoyoo-3-5-inch-spi-touch-display-for-rpi/
https://osoyoo.com/2022/12/15/osoyoo-3-5-inch-spi-touch-display-for-rpi/
https://osoyoo.com/2019/09/20/instruction-for-raspberry-pi-5-dsi-touch-screen/
https://osoyoo.com/2019/09/20/instruction-for-raspberry-pi-5-dsi-touch-screen/
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Radio variants  
Before starting you need to make a choice which type of radio you are going to build. There are 

several combinations of user interface and display type which can be constructed as shown in the 

following tables. 

Table 2 Display Type options 

 
Display Type  

1 Two-line 8-character LCD 

2 Two-line 16-character LCD 

3 Four-line 16-character LCD 

4 Four-line 20-character LCD 

5 Two-line 40-character LCD 

6 Àdafruit 2x16 RGB Plate (I2C)  

7  Raspberry Pi 7-inch touch screen 

8 Olimex 128 by 64-pixel OLED 

9  Adafruit 3.5-inch TFT touch screen 

10 No display (Vintage radio design) 

11 Pirate Radio (No display) 

12 Waveshare 1.8/2.3ò touchscreen 

13 Grove I2C 2-line 16-char. LCD 

14 OLED displays supported by 
LUMA (SH1106, SSD1306 etc.) 

15 SH1106 128x64 1.3ò OLED (SPI 
interface)  

16 Waveshare 1.5 and 2.42-inch 

OLED with SPI interface 
 

 

 

 

 

 

Table 3 User interface options 

 
User interface  

1 Five or six push buttons 

2 Two rotary encoders with push buttons 

3 Adafruit RGB plate with push buttons 

4 Raspberry Pi 7-inch touch-screen 

5 Adafruit 2.8ò or 3.5ò TFT  

6 Mouse (HDMI/Touchscreen only) 

7  Keyboard (HDMI/Touchscreen only) 

8 IQaudIO Cosmic controller 

9 Pirate Radio ï 6 push-buttons 

10 IR remote control ï LCDs. OLEDs & TFTs 

11 FLIRC IR remote control ï Windows only 

12 Waveshare 1.8/2.3ò touchscreen 

13 pHat with 5-positon joystick and 3-buttons 

14 Web interface using !OMPD  

15 MPD command line client interface (mpc) 
 

 
Any type of HD44780U LCD display can be used with any user interface except the FLIRC IR remote 
control. The HD44780U can either be connected directly to the GPIO pins or via a so-called I2C (also 
known as IIC) backpack. The Adafruit RGB plate has a two-line 16-character display and comes with 
five inbuilt pushbuttons.  
It also has its own I2C interface using the MCP23017 chip so it does not require a separate I2C 
backpack. 
 
The PiFace CAD comes with a two-line 16-character display and comes with six inbuilt pushbuttons. 
It uses the SPI interface from Motorola. The touch screens can be used with or without rotary 
encoders or push buttons.  The touch screen variants can also use a mouse and keyboard. 
 
It is a simple choice of which display (two or four lines, 8,16 or 20-characters LCDs or a touch screen 
or HDMI screen, OLED display or Pirate radio) and whether to use rotary encoders or push-button 
switches as the user interface.  The rotary encoder options give the most natural feel for the radio as 
most conventional radios use knobs to control the volume and station tuning.  The keyboard 
interface, whilst supported on the touch-screen versions, is a very limited option. 
 
There is a configuration program called configure_radio.sh which configures the choice of display 
and user interface required. It can be safely re-run at any time.The vintage radio software (Display 
option 10) specifically intended for converting an old radio to an Internet radio whilst retaining the 
original look and feel of the radio. It has no LCD display. 
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The four lines LCD can display more information than two-line versions.  
 

Note: The touch screen software (gradio.py or vgradio.py) cannot be run at the same time 
as the LCD version of the radio software (radiod.py). It is a case of using one or the other. It 

is however it is possible to switch between gradio.py or vgradio.py programs during operation.  

Connecting the  LCD display  
There are two ways of wiring up the display: 
 

¶ Directly connect the LCD to the GPIO pins. This uses six GPIO pins. 
¶ Connection via an I2C backpack or inbuilt I2C interface. These uses the two-pin I2C interface 

 
The first choice uses more wiring but is the cheapest option. The second choice uses an I2C backpack 
which is an extra component to be purchased. However, I2C backpacks are reasonably cheap.  

Housing the radio  
This manual describes a couple of ways of housing the radio. A few ideas are below: 

¶ A custom-built case as shown in this manual 

¶ Old plastic boxes or food containers 

¶ Construct a case using Lego 

¶ Use a pair of speaker housings that have enough room 

¶ Install in an old vintage radio (really cool) 

¶ Use an old wooden wine box 

¶ Use an old video recorder, CD player or desktop set 

¶ Buy a PC speaker set with enough room to build in the radio. 

¶ Use anything else you like. Oliver Voss (Germany) used an old Fire Extinguisher 

Figure 82 Some examples of radio cases 
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Take a look at the ŎƻƴǎǘǊǳŎǘƻǊΩǎ gallery at 
https://bobrathbone.com/raspberrypi/pi_internet_radio.html  to get some ideas that other 
constructors have used. 
 

 

bƻǘŜΥ 5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀŘŜǉǳŀǘŜ ŀƛǊŦƭƻǿ through the radio 
housing to allow cooling of the Raspberry PI and other components. If necessary, drill at 
least five or six holes at the top and bottom of the housing. 
 

 

If you decide to use a metal case (not advised) you will need a Wi-Fi dongle with an 
aerial mounted externally to the case. Also, the case must be earthed at the main 
supply both for safety reasons and to prevent interference with sound and/or the LCD 
screen 

Building in a n IR sensor and remote control  
 

 
Figure 83 IR Sensor and Remote control 

The radio can be built with an IR Sensor and 
remote control. Also included is an activity LED 
which flashes when the remote control is used. 
 
A TSOP382xx series IR Sensor is used in 
conjunction with almost any remote control. 
An activity LED can also be added which flashes 
every time remote control signal is detected.  
The remote control provides the same 
functionality as the buttons or rotary encoders.  
 

https://bobrathbone.com/raspberrypi/pi_internet_radio.html
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Although nearly any remote control that you 
happen to have lying around can be used, it is 
recommended to use the Raspberry Pi CR2025 
Mini IR Remote Control available from suppliers 
such as PiHut.  Apart from its size and price 
advantage you will find a definition for this 
device called mini.toml in the 
/usr/share/radio/remotes  directory which will 
save the effort of setting up your own.  
 

 
Figure 84 Adafruit and IR sensor and activity LED 

The AdaFruit RGB plate can also be fitted with an 
IR sensor and activity LED but needs a model B+, 
2B or 3B (40 GPIO pins) and 26 pin extender. 
 

Note that a 40 pin Raspberry PI is 
needed as the Adafruit Plate occupies 

the first 26 pins of the Raspberry Pi GPIO header.  
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Suggested button assignments for the  CR2025 mini -IR remote control  

 

 

 
Figure 85 Mini IR-Remote control buttons 

 

  

Volume DOWN Volume UP 

Mute button 

Record button 

Exit button 

Channel/Track  

Selection 1-999 

 

Unused 

Channel DOWN 

Channel UP 

Unused 

Menu/OK 
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Chapter 3 ɀ Wiring  and Hardware   
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All Raspberry Pi models using 40 -pin GPIO headers 
Table 4 Radio and DAC devices 40-pin wiring 

Pin Description Radio  
Function 

Name Audio DAC  
Function 

LCD 
Pin 

Push 
Button 

Encoder 
(Tuner) 

Encoder 
(Volume) 

1 3V3 +3.3V supply +3.3V +3.3V  +3.3V   

2 5V 5V for LCD +5V +5V 2,15    

3 GPIO2  I2C Data I2C Data I2C Data     

4 5V   +5V     

5 GPIO3 I2C Clock I2C Clock I2C Clock     

6 GND Zero volts 0V 0V 1,3*,5,16  Common Common 

7 GPIO 4 Mute volume    MUTE  Knob Switch 

8 GPIO 14 Volume down UART TX   LEFT  Output  A 

9 GND  Zero Volts  0V     

10 GPIO 15 Volume up UART RX   RIGHT   Output  B 

11 GPIO 17 Menu switch    MENU Knob Switch  

12 GPIO 18   I2S CLK     

13 GPIO 27 Record button       

14 GND  Zero Volts  0V     

15 GPIO 22   Mute     

16 GPIO 23 Channel down  Rotary enc A  DOWN Output  A  

17 3V3 +3.3V supply  0V     

18 GPIO 24 Channel up  Rotary Enc B  UP Output  B  

19 GPIO 10  SPI-MOSI      

20 GND  Zero Volts       

21 GPIO9  SPI-MISO      

22 GPIO 25 IR Sensor  IR sensor      

23 GPIO 11   SPI-SCLK      

24 GPIO 8 LCD E SPI-CE0  6    

25 GND  Zero Volts  0V     

26 GPIO 7 LCD RS SPI-CE1  4    

27 DNC   PiDac+ Eprom     

28 DNC   PiDac+ Eprom     

29 GPIO5 LCD Data 4   11    

30 GND  Zero Volts       

31 GPIO6 LCD Data 5   12    

32 GPIO12 LCD Data 6   13    

33 GPIO 13 LCD Data 7    14    

34 GND Zero Volts       

35 GPIO 19 IQaudIO DAC+ I2S I2S     

36 GPIO 16 IR LED out       

37 GPIO 26        

38 GPIO 20 IQaudIO DAC+ I2S DIN I2S DIN     

39 GND  Zero Volts       

40 GPIO 21 IQaudIO DAC+ I2S DOUT I2S DOUT     
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Colour Legend Radio IQaudIO I2C (shared) SPI  Interface 

 

Wiring Push Button radios and the record button  
Wire one side of the push-buttons the GPIO pin as shown in the last column of Table 4 on page 48. 
Wire the other side of the switches to either +3.3V (Old wiring scheme) or to GND (0V) (Preferred 
wiring scheme recommended for new projects).  Whichever wiring you use; the radio configuration 
program will ask which wiring scheme is being used. Version 2 onwards boards have internal pull 
ǳǇκŘƻǿƴ ǊŜǎƛǎǘƻǊǎ ŀƴŘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŜȄǘŜǊƴŀƭ ǊŜǎƛǎǘƻǊǎΦ In fact, including these can cause problems. 
 

GND (0V)

GPIO
Push-button

+3.3V

GPIO
Push-button

Preferred wiring for push-buttons Original wiring scheme for push-buttons

 
Figure 86 Push-button wiring version 2 onwards boards 

The scheme chosen must be configured using the pull_up_down parameter in /etc/radiod.conf  to 
ΨǳǇΩ ƻǊ ΨŘƻǿƴ.  

5-way Direction Combination Button Pad  

 
Figure 87 5-way button pad 

These types of push button pads have four 
direction buttons and a single OK button. By 
convention in the radio they have the 
following functions: 
 
UP ς Channel Up 
DOWN ς Channel Down 
LEFT ς Volume Down 
RIGHT ς Volume Up 
OK ς Menu Switch 
 
¢ƘŜǊŜ ƛǎƴΩǘ ŀ Mute button so just use the 
Volume Down button.  
  

These button pads come as either separate buttons which you have to solder into a standard 
prototype board or they come ready mounted on a custom-made PCB. 
 
When soldering these buttons into the prototype board you will find that the LEFT and RIGHT 
ōǳǘǘƻƴǎ ǿƻƴΩǘ Ŧƛǘ ŀǎ ǘƘŜȅ ǿŀƴǘ ǘƻ ǳǎŜ ǘƘŜ ǎŀƳŜ ƘƻƭŜǎ ŀǎ ǘƘŜ hY ōǳǘǘƻƴΦ ¢ƘŜ ǎƻƭǳǘƛƻƴ ƛǎ ǘƻ ǎƴŀǇ ƻŦŦ 
one pair of connection pins (there are two pairs) and only use the remaining two pins. Connect one 
side of each switch to GND 0V and the other to the appropriate GPIO pin for that switch. 
 
When asked to specify the type of user interface select Buttons and set the pull-up to UP. 
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Radios using r otary encoder s 

To Down 

Switch 

GPIO

To Up Switch 

GPIO

To GND (0V)

A Output B Output

Mute or 

Channel 

switch

To Mute or 

Channel 

switch GPIO  

Figure 88 Rotary Encoder Diagram 

Rotary encoders have three 
inputs namely Ground, Pin A 
and B as shown in the diagram 
on the left. Wire the encoders 
according that shown in Table 
10 LCD module wiring fo 40-pin 
Raspberry Pi's on page 58. If the 
encoder also has a push button 
knob, then wire one side to 
ground and the other to the 
GPIO pin. In the case of the 
mute switch this will be pin 7 
(GPIO 4). Version 1 boards are 
not supported but will probably 
work.  

 

Warning: The push switches (if fitted) on the rotary encoder are wired differently from 
the push buttons in the earlier push button versions of the radio. For these encoders 
one side of the push button is wired to GND (not 3.3V) and the other to the relevant 
GPIO. 

 
If using a Revision 1 board it is necessary to use 10K pull up resistors connected between the GPIO 
inputs of the rotary encoder outputs and the 3.3-volt line. Do not add resistors if using revision 2 
boards and onwards. 
 

 

Note: Although version 1 boards with 26-pin GPIO headers are no longer supported, you 
can still find  wiring details for these in the appendices for the Raspberry Pi Internet 
Radio ς Technical Reference manual.   

 

 
Figure 89 Rotary encoder with push switch 

 This project originally uses a COM-09117 12-step 
rotary encoder or PEC11R series encoders.  It also 
has a select switch (by pushing in on the knob). 
These are άLƴŎǊŜƳŜƴǘŀƭ wƻǘŀǊȅ 9ƴŎƻŘŜǊsέΦ !ƴ 
incremental rotary encoder provides cyclical 
outputs (only) when the encoder is rotated. The 
other type is an absolute rotary encoder which 
maintains position information even when switched 
off (See Wikipedia article on rotary encoders).  

The rotary encoders used in this project are wired with the COMMON or GND pin in the middle and 
the A and B outputs either side. However, some rotary encoders are wired with A and B as the first 
two pins and GND (COM) as the third pin. Note that not all encoders come with a switch, so separate 
switches for the Menu and Mute button will need to be installed. Check the specification first. 
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Figure 90 Rotary encoder pin-outs 

Note: bƻǘ ŀƭƭ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ǊƻǘŀǊȅ ŜƴŎƻŘŜǊǎ will work with this project. If they work then 
fine if not regrettably you will need to purchase the recommended encoders.  
 

Using KY-040 Rotary encoders  

 

 
Figure 91 KY-040 Rotary Encoder 

These cost-effective Rotary Encoders 
from Handson Technology originally 
designed for use with Arduino are now 
being used more and more by 
constructors. The KY-040 Rotary 
Encoder specification shows that these 
are powered by +5V to the VCC pin 
however VCC must be connected to 
+3.3V and not +5V otherwise you will 
damage the Raspberry Pi 

  

 
Figure 92 KY-040 with three 10K resistors 

 
Originally these rotary encoders had 
three 10K pull-up resistors connected 
between outputs CLK (R2), DT(R3) and 
SW(R1) to VCC supply. However, 
manufacturers discovered that 
developers did not necessarily want to 
have the pull-up resistor between the 
switch connection and VCC as they 
might want to connect the switch to 
GND (0V) when operated. 
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Figure 93 KY-040 with resistor R1 omitted 

As a result, manufacturers now tend to 
supply these rotary encoders with the 
R1 10K resistor omitted leaving the 
decision on how to wire up the switch 
(SW) to the developer. From version 8.0 
onwards an internal 10K resistor will be 
added by the radio configuration 
software.  
 
During set-up if using KY040 encoders, 
you will be asked to select the option 
for either thetwo or three resistor 
version. 

 

 
Figure 94 KY-040 Circuit Diagram 

 

 
The specification shows the rotary 
encoders are labelled CLK(Clock), 
DT(Data) and + (VCC) however it is 
more usual to label these A, B and C.   
 

Connect + to the +3.3V supply. 
Do not connect to +5V. 
 
Note: Some early KY-040 encoders have 
a 10K resistor (R1) between SW and 
VCC (+3.3V).  

From version 7.2 onwards the internal pull-up resistors can be disabled with the radio configuration 
program as they are not required for the KY-040 encoder as it has its own pull-up resistors. See 
Figure 171 Rotary encoder  on page 112.  
 
 
Waveshare Rotation Sensor  
Just another name for Rotary Encoder. Waveshare make a very similar encoder to the KY-040, 
however the GND and VCC connections are reversed. 
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Figure 95 Waveshare Rotation Sensor 

 

The wiring is as follows: 
SIA ς Serial Input A 
SIB -  Serial Input B 
SW -  Knob Switch           
GND ς GND (0V) ς Warning: Opposite to the KY-040 
VCC  - ҌоΦо±                 ά                 ά             ά            ά 
 
Make sure that VCC and GND are connected the 
correct way around otherwise you will damage the 
Raspberry Pi.  
See Table 8 Waveshare rotation sensor wiring on 
page 56  for wiring information. 

 Rotary encoders with RGB LEDs 

 

 
Figure 96 Sparkfun RGB rotary encoder 

 

 
There are also rotary encoders available with RGB 
(Red, Green, Blue) LEDs which light up the 
transparent shaft. These also have a press switch. 
There are also versions which just have Red and 
Green LEDs. These encoders are also supported by 
the radio software from version 7.4 onwards. 
 

 
R

 
Figure 97 RGB Rotary Encoder circuit 

 

For this type of rotary encoder, the cathodes 
of the LEDs are connected to VCC (3.3V). 
Unlike the standard encoders one side of the 
switch is also connected to VCC which means 
that the push-switch works the opposite way 
around to the on the standard rotary 
encoder. In this case the rgb_rotary device 
driver has to be selected during configuration. 
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Figure 98 Transparent knob 

 
There are transparent plastic knobs available which on 
the standard 6mm shaft. These simply press-fit onto 
the shaft of the rotary encoder.  
 
They are clear so that they can be used with 

illuminated rotary encoders such as the Sparkfun RGB 
encoder.  

 
The LEDs can be driven by configuring the following parameters in /etc/radiod.conf  as shown below: 

rgb_red =14  

rgb_green =15  

rgb_blue =16  

The LEDs are driven by the status_led_class.py driver software. The LEDs connect directly to the 
above GPIO pins 14, 15 and 16 and are driven by 3.3 volts so do not particularly need resistors but 
100 Ohm resistors can be used to reduce the brightness.   
 

 

Warning: Do not, under any circumstances connect these rotary encoders to +5 Volts, 
even if the specification says so, otherwise the Raspberry Pi will be irreparably 
damaged! 

RGB I2C rotary encoders 

These Rotary Encoders use three Red, Green and Blue (RGB) LEDs in the Rotary Encoder Shaft. This 
type of rotary encoder is entirely driven by the I2C interface. One drawback of these encoders is that 
they do not have a push button meaning that these must installed extra to the encoders. 
 

 
Figure 99 Pimoroni RGB I2C Rotary Encoders 

 

 

These encoders contain Nuvoton MS51XB9AE microcontroller which let you directly control the RGB 
LEDs inside the encoder. The default I2C address is 0x0F but it is possible to configure a second 
device for the Channel encoder with a separate I2C address (0x1F for the radio project). The 
encoders also use an interrupt pin (INT). The default interrupts are GPIO22 for the Volume control 
and GPIO23 for the Channel interrupt. See Table 9 RGB I2C Rotary Encoders wiring on page 56. 
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Figure 100 Radio project using RGB I2C rotary encoders 

The above photo shows two RGB I2C encoders (Volume 0x0F and Channel 0x1F) running the radio 
software. The Mute and Menu buttons are wired the same as the standard encoders. Also shown is 
128x64 pixel OLED also connected by I2C (In this case with 0x3C as the address). 

Rotary encoder wiring  

The following tables show how to wire up the four types of rotary encoders used in this project.   
The first table shows how to wire up conventional rotary encoders (without pull-up resistors). These 
have five connections A, B, C and two connections to the switch. See Figure 90 on page 51. 
 
Table 5 Radio A, B, C Rotary Encoder Wiring 

GPIO Pin Description Radio 
Function 

Volume 
Rotary Encoder 

Channel 
Rotary Encoder 

6 GND Zero volts Common C   

8 GPIO 14 Volume up/down Output A  

10 GPIO 15 Volume up/down Output B  

7 GPIO 4 Mute volume Knob Switch 1 *  

GND GND 0V Mute volume Knob Switch 2 *   

9 GND Zero volts  Common C  

16 GPIO 23 Channel up/down  Output A 

18 GPIO 24 Channel up/down  Output B 

11 GPIO 17 Menu switch   Knob Switch 1 *  

GND GND 0V Menu switch GND  Knob Switch 2 *  

GND is found on physical pins 6, 9, 14, 20, 25, 30, 34 and 39.  
* Note:  In the case of RGB LED Rotary Encoders one side of the push switch is wired to the VCC 
(3.3V) supply internally in the switch. The GPIO goes from low to high when the button is pushed. 
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Table 6 RGB LED Rotary Encoder switch wiring 

7 GPIO 4 Mute volume Knob Switch 1   

+3.3V VCC    ά           ά Internal connection  

11 GPIO 17 Menu switch   Knob Switch 1  

+3.3V VCC    ά           ά  Internal connection 

 
The second table shows how to wire up KY-040 rotary encoders (fitted with pull-up resistors). These 
have five connections namely CLK, DT, SW, VCC and GND.  See Figure 94 KY-040 Circuit Diagram on 
page 52. 
 
Table 7 KY-040 Rotary Encoder Wiring 

GPIO Pin Description Radio 
Function 

Volume 
Rotary Encoder 

Channel 
Rotary Encoder 

1 3V3 +3.3V supply +3.3V (VCC)   

6 GND Zero volts Common (GND)  

7 GPIO 4 Mute volume Knob Switch (SW)  

8 GPIO 14 (TX) Volume up/down Output A (CLK)  

10 GPIO 15 (RX) Volume up/down Output B (DT)  

17 3V3 +3.3V supply   +3.3V (VCC 3.3V) 

9 GND Zero volts  Common C (GND) 

11 GPIO 17 Menu switch  Knob Switch (SW) 

16 GPIO 23 Channel up/down  Output A (CLK)  

18 GPIO 24 Channel up/down  Output B (DT) 

Table 8 Waveshare rotation sensor wiring 

GPIO Pin Description Radio 
Function 

Volume 
Rotary Encoder 

Channel 
Rotary Encoder 

1 3V3 +3.3V supply +3.3V (VCC)   

6 GND Zero volts Common (GND)  

7 GPIO 4 Mute volume Knob Switch (SW)  

8 GPIO 14 (TX) Volume up/down Input B (SIB)  

10 GPIO 15 (RX) Volume up/down Input A (SIA)  

17 3V3 +3.3V supply   +3.3V (VCC 3.3V) 

9 GND Zero volts  Common C (GND) 

11 GPIO 17 Menu switch  Knob Switch (SW) 

16 GPIO 23 Channel up/down  Input B (SIB) 

18 GPIO 24 Channel up/down  Input A (SIA) 

Warning: GND and VCC are the opposite way around to a KY-040 Rotary Encoder. 
 
Table 9 RGB I2C Rotary Encoders wiring 

GPIO 
Pin 

Description Radio 
Function 

Volume RGB I2C 
Rotary Encoder 

Channel RGB I2C 
Rotary Encoder 

Optional 
 I2C display 

1 3V3 +3.3V supply VCC +3.3V VCC +3.3V VCC +3.3V 

3 GPIO2 SDA SDA SDA SDA 

5 GPIO3 SCL SCL SCL SCL 
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22 Volume Interrupt n/a INT    

23 Channel Interrupt n/a  INT   

6 or 9 GND Zero volts GND GND GND 

3,5 I2C convection I2C address Hex 0x0F Hex 0x1F Hex 0x3C* 

7 GPIO4 Mute Mute Button   

11 GPIO17 Menu  Menu Button  

* Example OLED I2C address which will differ depending upon the attached device. 
The above table shows two RGB I2C encoders. The I2C address for the Channel Rotary encoder is 
configured with the gb_set_i2c_address.py utility. 
 

$ ./rgb_set_i2c_address.py  

RGB I2C Rotary Encoder set new I2C address 0xf  

 

Usage: sudo ./rgb_set_i2c_address.py -- help  

               -- i2c_address=<i2c_address>  

               -- new_i2c_address=<new_i2c_address>  

 

Recommended values for current and new addresses are 0x0F and 0x1F  

Run "i2cdetect - y 1" to check I2C address before and after  

 
First only plug in one RGB I2C Rotary encoder with hex address 0x0F. 

$ cd /usr/share/radiod  

$ sudo ./rgb_set_i2c_address.py  -- i2c_address=0x0f ïnew_i2c_address= 0x1F  

 
Below is the output of the i2cdetect -y 1 utility with two RGB I2C rotary encoders (0x0F and 0x1F) 
and an OLED display (0x3C) 

$ i2cdetect - y 1  

     0  1  2  3  4  5  6  7  8  9  a  b  c  d  e  f  

00:          --  --  --  --  --  --  --  --  --  --  --  --  0f  

10: --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  1f  

20: --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  

30: --  --  --  --  --  --  --  --  --  --  --  --  3c --  --  --  

40: --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  

50: --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  

60: --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  --  

70: --  --  --  --  --  --  --  --  

Optical Rotary encoders  

Optical rotary encoders are much more expensive than the mechanical (conductive) rotary encoders 
previously shown.  They offer the higher resolution compared to mechanical ones. They are usually 
used for scientific and industrial applications. They are overkill for this project but may be used. This 
software has been successfully tested with an HRPG-ASCA #16F optical encoder from Avago. See 
https://media.digikey.com/pdf/Data%20Sheets/Avago%20PDFs/HRPG_Series.pdf  

LCD Module Wiring  
The following shows the wiring for a directly wired HD44780U LCD controller. It has 16 or 18 pins.    

https://media.digikey.com/pdf/Data%20Sheets/Avago%20PDFs/HRPG_Series.pdf
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Table 10 LCD module wiring fo 40-pin Raspberry Pi's 

LCD 
Pin 

GPIO 
40-pin 

Pin 
40 # 

Description 

1 n/a 6 Ground (0V) ς Wire this directly to LCD pin 5 
2 n/a 2 VCC +5V 

3 n/a Note1 Contrast adjustment (0V gives maximum contrast)  
4 GPIO7 26 Register Select (RS). RS=0: Command, RS=1: Data 
5 n/a 6 or 9 Read/Write (RW). Very important this pin must be 

grounded!   

R/W=0 (GND): Write, R/W=1 (+5V): Read.   
Will damage the PI if not grounded (0V). Wire LCD pin 5 
and 1 together 

6 GPIO8 24 Enable (EN) 
7   Data Bit 0 (Not required in 4-bit operation) 
8   Data Bit 1 (Not required in 4-bit operation) 
9   Data Bit 2 (Not required in 4-bit operation) 

10   Data Bit 3 (Not required in 4-bit operation) 
11 GPIO5 29 Data Bit 4 (D4) 
12 GPIO6 31 Data Bit 5 (D5) Note if using IQaudIO products GPIO22 

conflicts !! 
13 GPIO12 32 Data Bit 6 (D6) 
14 GPIO13 33 Data Bit 7 (D7) 
15 n/a 2 LED Backlight Anode (+5V) or Red LED (Adafruit RGB 

plate ) [2] or VEE negative voltage on Midas HD44780  
16 n/a 6 or 9 LED Backlight Cathode (GND) or Red LED [2] 
17   Optional Green LED  (Adafruit RGB plate) [2] 
18   Optional Blue LED (Adafruit RGB plate) [2] 

 

 

Note 1: If using the Midas display with VEE on pin 15 do not connect this pin to the +5V 
supply or you will damage the display. Connect pin 15 as shown in the section called 
Midas LCD display on page 21. 

 

Note 2: The contrast pin 3 (VE) should be connected to the center pin of a 10K 
potentiometer. Connect the other two pins of the potentiometer to 5v (VDD) and 0v 
(VSS) respectively.  Adjust the preset potentiometer for the best contrast.  
 

 

Note 3: The standard LCD comes with 16 pins. Adafruit supply an RGB backlit LCD with 
two extra pins namely pins 17 and 18. These are non-standard. These must be wired to 
ground (0 Volts) to work. For more information see the section Using the Adafruit 
backlit RGB LCD display on page 80. 
 

The following diagram (Courtesy protostack.com) shows the electrical connections for the standard 
16 pin LCD. Do not use this diagram for Midas displays. See instead Midas LCD display on page 21. 
 

http://www.prostack.com/


Bob Rathbone |Raspberry PI Internet Radio - Chapter 3 ς Wiring and Hardware 59 

  

 
Figure 101 HD44780U LCD electrical circuit 

 

The standard LCD comes with 16 pins. Adafruit supply an RGB backlit LCD with two 
extra pins namely pins 17 and 18. These are non-standard. These must be wired to 
ground (GND 0 Volts) to work. For more information see the section Using the Adafruit 
backlit RGB LCD display on page 80. 
 

 
Figure 102 Wire LCD pin 1 (GND) and 5 (RW) 
together 

The Read/Write (RW) pin 5 must be 
connected to pin 1 (0V).  It is very 
important that this pin is grounded!   

If pin 5 is not grounded it will damage the 
Raspberry PI. Always wire LCD pin 5 and 1 
directly together.  Do not rely on grounding 
pin 5 with a GND wire on the connector. If this 
wire drops off then the LCD data lines will be 
put into write mode putting +5V on the GPIO 
pins which will probably cause irreparable 
damage to the Raspberry Pi. If using an I2C 
backpack this step is not necessary as it is 
already done in the backpack. 

 

 

Warning ς Some LCD displays such as the Midas with VEE have a different voltage 
arrangement for Pin 15 and Pin 5 (Contrast).  Pin 15 is an output which provides a 
negative voltage (VEE) which connects to one end of the 10K contrast potentiometer 
and the other end to +5V (VDD). Connecting +5 Volts to pin 15 will destroy the LCD 
device. See section called Midas LCD display on page 21 for further information.  

  
Note:  All settings in the /etc/radiod.conf file use GPIO numbers and NOT physical pin 
numbers.  So, in the above example lcd_width is GPIO 16 (Physical pin 36). 
 
There is a useful program called wiring.py which will display physical the wiring required 
for the settings found in /etc/radiod.conf .  
 

 

Also, there is another program called test_gpios.py which will test for button or rotary 
encoder events. For example, you are not sure how you have wired a button or rotary 
encoder this program will confirm this for you.  
 

Wire pin 1 
and 5 

together 
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Power supply considerations  
The Raspberry Pi except for the model 4B uses a standard Micro USB (type B) power connector, 
which runs at +5V. The model 4B uses a 5 Volt 3 Ampere power supply with a USB-C adaptor.  In 
general, the Raspberry PI can draw up to 2.5. Many telephone adapters are not suitable. You also 
need to consider the LCD screen which can also need up to 20mA but depends on the type of 
backlight.  
 
Try to find a power adapter that delivers at least 1.5 Ampere. As mentioned above a 2.5A supply will 
be required to run a Raspberry Pi model 5.  
 
http://elinux.org/RPi_VerifiedPeripherals#Power_adapters  
 
The Raspberry PI can be powered either the USB port or via the GPIO header (Pin 2 or 4). Some 
prototyping boards used to provide power in this way. 
 
If using an adaptor or separate 5-volt Power Supply try to use a switched-mode power supply 
adaptor. This takes less current and generate less heat that a power dissipation device. If a power 
supply is designed to be earthed then use a 3-core cable with live, neutral and earth wires. 
 
Things not to do: 
¶ Do not try to tap off power from the Power supply or transformer used by the ǎǇŜŀƪŜǊΩǎ 

amplifierΦ ¢Ƙƛǎ ǿƻƴΩǘ ǿƻǊƪ (earth loops) and can cause damage to the PI and peripherals.  

¶ Do not tap off (cascade) from the amplifier DC supply (12 volts for example) with another 5V 
voltage regulator. This will most likely cause interference. 

¶ Do not feed power to the PI from two sources (USB hub and Power adapter).  Try to use USB 
Ƙǳōǎ ǘƘŀǘ ŘƻƴΩǘ ŦŜŜŘ р Ǿƻƭǘǎ ōŀŎƪ ǘhrough the USB ports of the Raspberry PI 

¶ Do not connect an untested power supply to the Raspberry PI without checking the voltage 
first. 

 
Things to do: 
¶ Use double pole mains switches for isolating the mains supply when switched off. A lot of 

European plugs can be reversed leaving the live wire un-switched if using a single pole 
switch. 

¶ If using a metal case always earth it and use a three-pin plug with earth pin. 

¶ Use the official Raspberry Pi power supply. If you want to feed the 5-volt supply directly to 
the GPIO header you can do so but you must ensure that you are only using a highly 
regulated +5V supply and typically must be able to deliver 3-Amps and must be connected to 
physical pin 2 or 4.  

 
You should try to use a single power supply switch for the radio. Connect the AC power supply of the 
adaptor to the mains switch. This switch can also provide the mains supply to the speaker amplifier.  
Also see the section on preventing electrical interference on page 76 
 

 

Always consider safety first and make sure that no-one including yourself can 
receive an electric shock from your project including when the case is open. 
Also see disclaimer on page 240. 

 
Also see Appendix B ς Using a battery pack on page 248 
  

http://elinux.org/RPi_VerifiedPeripherals#Power_adapters
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GPIO Hardware Notes  
The following shows the pin outs for the GPIO pins on revision 1 and 2 boards. For more information 
see: http://elinux.org/RPi_Low-level_peripherals.  
 

 

 
Figure 103 GPIO Pin Numbers 

Note: All 40-Ǉƛƴ wŀǎǇōŜǊǊȅ tƛΩǎ ƘŀǾŜ ǘƘŜ ǎŀƳŜ the same pin-outs. 

  

 
 

  

http://elinux.org/RPi_Low-level_peripherals
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Chapter 4 - Construction details  
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Construction  using an interface board  
Lǘ ƛǎƴΩǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƻƴǎǘǊǳŎǘ ǘƘŜ ǊŀŘƛƻ ŎƻƴƴŜŎǘ Ǿƛŀ ŀƴ ƛƴǘŜǊŦŀŎŜ ōƻŀǊŘ but it does make maintenance 
easier and is much more reliable and will be needed if you wish to connect to the Raspberry Pi using 
a ribbon cable. Always bring the ribbon cable into the top of the board as shown in  Figure 104 
below.  If the ribbon cable is connected to the back (underside) of the board the two rows of the 40-
pin connector will be swapped over.  In the next section how to use breakout boards is covered 
which may be an easier alternative for many constructors rather than building your own. 
 

 
Figure 104 40-pin Interface board with ribbon cable 

The figure below shows a 4x20 HD44780U LCD plugged into the interface board. 
 

 
Figure 105 Interface board with LCD screen attached 
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Below is the other side of the interface board showing the connections to the rotary encoders, an IR 
sensor the IR activity LED. 
  

 
Figure 106 Radio controls connections 

 

Below is the complete overview of the interface card with some test rotary encoders, an IR sensor 
the IR activity LED. 

 

Figure 107 Interface board overview 

 
There are various interface boards available on the market for both 26-pin and 40-pin Raspberry PIs.  
  




























































































































































































































































































































































































