


Welcome to Rhythm Science Sound “chipBoard” DIY 8-Bit Synth Kit,
a hands-on Introduction to digital synthesis and music making with Arduino!
This kit includes the components, instructions and Arduino code sketches for various
projects designed to give a foundational knowledge of the Arduino platform and how
we can use it to make electronic instruments and sound generators.
Your Arduino board is already loaded with the main chipBoard program so feel free to
build and get playing. 
Full code and build resources can be found at:

rhythmsciencesound.com/chipboard
Arduino Nano MicroController(MCU) Board:
At the heart of this kit is the Arduino Nano. Arduino are a family of development boards which include
a microcontroller IC chip(integrated circuit) as well as pins which provide connections for adding
analog and digital inputs/outputs(buttons, sensors, audio output, etc), as well as power supply
components which allows us to supply power to supplemental circuitry. Arduinos also feature a USB
connection which lets us easily upload code or “sketches” via the Arduino IDE software in order to
program and control the functionality of our Arduino. Arduinos are available in several different
development board sizes and configurations, all with different capabilities and specifications to fit a
designer’s needs. The awesome thing about the Arduino platform is that it is open source and
customizable, which means you can write custom program code for the arduino. You can also learn
from, reuse and modify the huge library of code sketches and tutorials available online, which are
shared by the worldwide community of Arduino creators.

To build our synthesizer, we’ll be using the Arduino Nano which features:
 a USB connection for power and data transfer, 
5v and GND pins for powering our breadboard circuit, 
8 analog input pins A0-A7 for connecting analog sensors(potentiometers, LDRS, etc). We’ll be using
A0-A5
11 Digital in/out pins D2-D13 for connecting buttons for input detection, or producing logic (HIGH/
LOW) outputs), and producing Pulse Width Modulation(useful for controlling LEDs, motors, and
synthesizing tones!





Arduino IDE
Arduino provides a integrated development environment (IDE) which
provides an abstracted text-based interface for coding your micro-
controller. This environment is our workspace where we work with various
code objects and libraries, write functions, and set rules and protocols for
controlling and/or our Arduino’s input and output pins. Ultimately, you’ll
learn the most by just diving in and gaining experience with a variety of code
examples and the text usage and syntax will become more clear with each
new project. 
Here is a basic and classic example in which code is written to have an
Arduino blink an Light Emitting Diode(LED).  Here we can see some
fundamental parts of an Arduino program or “sketch” where pins are set up
in the setup() function and then in the loop() function are oscillated between
HIGH and LOW voltage  to turn on and off the LED.



Lights are great, but we’re here for the synth tones! We can start getting
our to synthesize sound with the following simple bit of code for a voltage/
pitch follower controlled by a single potentiometer providing a variable
voltage to an Analog Input pin(A0 in this example), and outputting sound
via the tone() function on digital pin 9(SPEAKER). 

For this sketch, we see the variables for SPEAKER, Pitch_Knob, frequency,
and pitch all declared before setup(). This sketch needs nothing set in
setup(), and the loop() function simply reads the voltage from the
Pitch_Knob into the frequency variable which then is passed to the tone()
function

Let’s help the arduino sing



Sweet sweet PWM waves....
Ok, but let’s learn how to get a bit more control over our tone by adding in a push
button which will let us trigger our tone on and off making it more playable. Here we
can also see all 3 of our main code sections in action: The declarations and variables
for our PITCH_KNOB, TRIGGER and SPEAKER at the top of our sketch, code in our
setup() function setting our TRIGGER pin as an input, and our main loop() where we
get readings from our analog and digital pins to control the tone ouptut. Here we can
also see some important functions on display such as: analogRead, digitalRead as well
as the ever useful ‘if’ statement. Here we see the ‘if’ statement at work polling our
TRIGGER pin to see ‘if’ a LOW signal is present( connection to GND 0v) and if so, then
execute the tone() code. Another if statement is used to turn the tone off if a HIGH
signal is present(the pin’s default state).   



Included in the chipBoard code resources are code examples which
also show how to use tools like arrays which are special variables
which store an index of values such as a range of notes/pitches for
our tone() to chose from. This array list all notes chomatically, but
one could choose to limit the array to notes of a particular scale, or
notes of a melody, etc.

There are also examples which show handling for multiple buttons
and potentiometers to allow for more notes/keys.



But the main chipBoard sketch is where we can make some really wild sound!

Our main code project takes the ideas we’ve used so far for simple control
over tones via knobs and buttons, and adds a timed note sequencer. 
With the addition of a bit of code we can set up a clock which starts a counter
in milliseconds(ms). Then, we can set a duration in our code controllable by a
potentiometer connected to Analog pin A4, to control our note trigger timing.
This will play and loop a 4 note sequence which is tunable by our
potentiometers connected to Analog pins A0-A3. The 4 buttons shift the
sequence by an amount set in the sketch. There is a potentiometer wired to
Analog pin A5 to provide control over the macro pitch, shifting the notes of
the entire sequence up or down. 
With the tempo set at slow speeds, the buttons serve as a keyboard playing
individual notes. With tempo set at higher speeds you get more rhythmic
sequences, chord like bursts of notes, and multi-oscillating madness! 

The chipBoard is monophonic(only playing a single note at a time). Playing
multiple notes at once on the chipBoard causes the oscillators to combine in
software; multiplying, distorting and glitching the output. While this could be
dealt with(‘cleaned up’) in code, we actually think this is kind of a cool feature
and part of what makes the chipBoard(and many simple diy coding/synth
projects) so sonically interesting....the way the sound behaves unpredictably
past the edges of the parameters....into the wilds of digital synthesis.  

We hope that in addition to having fun making bleeps and bloops, you’ll
experiment further with these code examples and make some other cool
instruments.  Experiment with the clocking code, limit the playable notes to
scales, introduce new multi-button press functionalities. 
All the code resources for the chipBoard kit are available on our website. 
rhythmsciencesound.com/chipboard
And when you make something cool, or if you have suggestions on how to
make this kit a better learning experience, please reach out!



How does
our Arduino

make sound?

Our chipBoard synth produces sound through a technique of Pulse
Width Modulation(PWM). PWM is acheived by oscillating between a
high and low voltage for varying lengths of time(width of the pulse)
which creates an average analog voltage. By acurately controlling the
pulse width we can approximate an analog synth waveform through
digital means. 

This is great, but PWM can
sound a bit harsh, especially in
the upper frequencies. We
further condition the signal by
putting this PWM signal through
a low pass filter comprised of a
resistor and
capacitor(connected to GND).

Low Pass Filter circuit.
Cutoff dependent on values

of resistor and capacitor



The breadboard
Breadboards are a convenient tool for prototyping and building electronic
circuits. They provide power rail distribution and a regular grid system for
connecting components with leads(the metal legs) or pins such as
Integrated Circuit chips, resistors, capacitors, potentiometers, buttons,
LEDs, etc. 
Note that the circuit area is divided down the middle creating two
unconnected halves of the design area. Each side features its own power
rail for + voltage and gnd

*Fun note: breadboards are so named because in the early days of
electronics, engineers literally wired up circuits using metail nails, wire and
wooden breadboards from their kitchens as a base to hold their
prototyped circuit together.

For our chipBoard synth we’ll be getting power from the Arduino Nano
itself, which draws 5 volts of power through the USB connection and
makes it available to other circuitry via its 5V and Gnd pins. We’ll wire
these to the Power and Ground rails of our breadboard to provide 5v and
0v Gnd connections to any components that require them.



The “ChipBoard” Arduino Synthesizer Kit 
Bill of Materials(BOM) 
More info at rhythmsciencesound.com 
 
 
 
 
 

PART NAME QUANTITY NEEDED NOTE 

Arduino Nano Microcontroller 1 The “Chip” in the kit where we upload 
our code and where we connect our 
sensors like buttons, switches, 
potentiometers, etc. 

Breadboard prototyping surface 1 The “Board” of our kit which lets us 
connect all our components together into 
a project that is literally greater than the 
sum of its parts! 

Variable Resistor Potentiometer 7 20kohms. Set up to send variable 
voltage to Analog Input pins 

Light Dependent Resistor(LDR) - 
(Optional) 

2 Set up to send a variable voltage to 
Analog Input pins dependent on light 
source 

Push Button Tactile Switch 4 Connect to digital IO pins for momentary 
switch 

Toggle Switch 1 Connect to Digital IO pin for latched 
switch 

Polarized Capacitor 1 10uf Placed in circuit across power 
supply + and - . Used to stabilize power 
supply(decoupling capacitor) 

Ceramic disc Capacitor 1 .1uf Used in the part of the circuit for our 
audio signal output. 

Resistor  6 220ohm 4 resistors used in the part of 
the circuit for our audio signal output. 2 
100k ohm resistors for use with LDRs 

Audio Jack 1 3.5mm headphone/aux jack 

Jumper wires long 3 Used to make long connections on your 
breadboard 

Jumper wires medium 3 Used to make medium connections on 
your breadboard 

Jumper wires short 9 Used to make short connections on your 
breadboard 

Pre-cut hookup wires 23-25 Used to make very short connections on 
your breadboard. Useful for connecting 
components to power supply + and - 
rails. 

 





to pin A1
to pin A4

to pin A5

PWM audio output from pin D9

to pin A0

to pin A2

to pin A3

Resistor/Capacitor
filter circuit

to pin D2

to pin D3

to pin D4

to pin D5

to pin D6

>Digital Pin Note: You can add/
change which digital IO pins you
use for the buttons and toggle:
Just remember to change the pins
in the arduino code. They should
connect to ground as these pins
are pulled high in the code using
INPUT_PULLUP
Pin D9 must be used for audio
output.

>Connections to the +(positive
voltage) are shown with red wire:
Connections to the -(ground, 0
volts,) are shown with black wire:

Decoupling capacitor

>The decoupling capacitor is
polarized and should be mounted
with the Anode(longer leg)
connected to + power rail, and the
Cathode(shorter leg, marked with
gray stripe) should connect to
ground. This stabilizes our power
supply.

>Audio Jack wiring:
We can split our
single audio signal
using two resistors
connected to RING1
and RING2 of our
audio jack, SLEEVE is
connected to Ground,
and TIP is left
unconnected. 

>Analog Pin Note: Analog input
pins(A0-A5) should be
connected to potentiometers(or
LDRs) which serve as a voltage
divider between our power
supply rails(5v + and Ground).
Feel free to change the order of
analog inputs and/or to swap the
right and left pins of the
potentiometers connections to
5v and Gnd to get reverse knob
behavior

You can switch out any of the Potentiometers providing
voltage control to the Analog Input pins(A0-A5) with Light
Dependent Resistors(LDRs) by wiring one lead of the LDR
to +5v, and the other lead connected to 0v GND through a
resistor(100k recommended). The Analog pin of your
choice can then be connected to the junction of the 2
lead and resistor. This will give you fun and dynamic light
control over this parameter in the code!

nd

Light Dependent Resistors(LDRs)

to Analog Pin






















