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Printed Circuit Board

The Printed Circuit Board (PCB) is made of 
resin and fiberglass, with a layer of copper on 
the top and bottom. This is a 2 layer board, but 
boards with more layers are common. We can 
use PCB design software like the free KiCAD, 
or Eagle, Altium etc to lay out our circuit. The 
circuit is comprised of footprints that hold the 
various components, and traces which are 
copper connections between certain com-
ponents. 

When the finished design is sent to the man-
ufacturer, they etch away the copper that isn’t 
needed to form the circuit. The board is then 
coated in a coloured layer that protects the 
circuit. This is the mask. A different colour is 

then applied. This is the silkscreen layer, which 
is where the footprints, designations and oth-
er information are found. Short Circuit PCBs 
have the traces drawn on this layer, to help you 
follow the circuit. 

Components

The kit comes with a variety of components. 
They make the circuit function. Designing cir-
cuits can be incredibly complicated. Our kits 
are designed to be simple to learn. They are 
not always the most efficient or effective way 
to design devices with these functions. They 
are designed to teach various concepts that 
can be applied in your own designs.



The Manual

There is quite a lot of information in this man-
ual, so here is a run down of each section and 
what you are likely to find. 

The manual is a work in progress and we 
would appreciate your feedback. Please head 
to the forums if you have any ideas or con-
structive criticism. As the manual is digital, we 
will be updating it regularly. 

Symbols and Designations

Use this table to identify the different compo-
nents, connections and features of the PCB 
and schematic. 

PCB Design

This is the PCB design, which features the 
ground plane that’s on the back of the board. 
This isn’t shown on the PCBs silkscreen, but 
you can see it’s borders if you angle the board 
at a light. 

Schematic

The schematic shows the circuit design in it’s 
simplest form. Each part of the circuit is shown 
separately. Connections within these sections 
are shown with white lines. You can find tags 
next to pins connected to other parts of the 
circuit. Each tag has a corresponding tag in 
the part of the circuit that it is connected to.

Bill of Materials

The Bill of Materials (BOM) is a list of parts and 
their values. This can be used to find replace-
ment parts or to check the datasheets for each 
component. 

Circuit Explanation

The rest of the Circuit section of this manual 
explains how and why the circuit works. You 
can skip this bit and head straight to building 
your kit, then check back later to learn how it 
works. Or you can go head first into the how 
and why, then start building. It’s up to you. 

Assembly Instructions

This is where you can learn how to solder 
your components to the PCB. The tips at the 
start are very useful. They may prevent you 
from getting frustrated. The soldering iron can 
be hard to tame. Make sure to keep that tip 
tinned and shiny! The diagrams on the right 
pages show the components mentioned in 
the instructions. You can use this to match the 
components to the footprints on the board, 
and to make sure you are using the correct 
resistor in the correct place. 

Testing for Faults

Be sure to go through this section to minimise 
any risk of breaking something. If you have a 
short and you connect the board to power, you 
might overheat a component, or burn out the 
power supply. 

Programming

This section will show you how to upload code 
to the Motherboard. 

Coding Basics

Follow the tutorial to make your D13 LED blink. 
This is the famous sketch that most people 
start with when programming Arduinos and 
Arduino compatible boards. 

Project Ideas

Here are some of the devices you can make 
when combining your Motherboard with other 
kits from Short Circuits. Be sure to check out 
the selection at www.shortcircuits.cc 

Component Index

The Component Index will give you details 
about each component (except some connec-
tors). We’ve included information about how 
the component works, its construction, how to 
find out if it has failed and much more. You can 
use this as a reference when designing circuits 
or trying to fix them. 

http://www.shortcircuits.cc
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Kit Contents

Tools Needed

1 x Atmega328P-PU

1 x DIP-28 Socket

1 x DS1307 RTC 

1 x DIP-8 Socket

3 x 0.1uF Capacitors

2 x 22pF Capacitors

2 x Blue LEDs

1 x Zener Diode

1 x Fuse

2 x 2K Ohm Resistors

5 x 10K Ohm Resistors

1 x 16MHz Crystal

1 x 32.768KHz Crystal

1 x 2032 Battery Holder 

1 x USB Micro-B Socket

1 x Momentary Switch

1 x 4 Position Header

1 x 6 Position Header

11 x Screw Terminals

4 x 5mm M3 Hex Screws

4 x Female/Female Standoffs

18 x 2K SMD Resistors

18 x Blue SMD LEDs 

1 x Printed Circuit Board

Soldering Iron

Solder

Side Cutters

Screwdriver

Alan Key
0.3 - 0.5mm 2mm

2mm
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Circuit - Symbols and Designations
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Circuit - PCB Design
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Circuit - Schematic

IO (Inputs and Outputs)
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Bill of Materials (BOM)

Designation
C1, C2, C5
C3, C4 
D1
D2, D3
D4 - D21 (opt)
F1 
J1
J2
J3
J8 
R1, R2
R3 - R7
R8 - R25 (opt) 
SW1
U1
U1
U2
U2
Y1
Y2
BT1     

Value
100nF
22pF
5.1V
25mA, 3.3V, Blue
20mA, 2.5V, Blue
0.5A 
Micro B
11 x 2 pos
4 pos
6 pos
2K, 1/4W 
10K, 1/4W
2K, 1/4W
SPST 
DIP28 
ATmega328P
DIP8
DS1307
16MHz
32.768KHz
2032

Name
Ceramic Capacitor
Ceramic Capacitor
Zener Diode
LED
LED SMD
Polyfuse
USB
Screw Terminals
Pin Header
Pin Header
Resistor THT
Resistor THT
Resistor SMD 
SPST Switch
IC Socket 
Microprocessor
IC Socket
RTC Chip
Crystal
Crystal
2032 Battery Holder

Footprint / Pitch
2.54mm
2.54mm
12mm
Ø5mm, 2.54mm
0805
5.1mm

3.5mm
2.54mm
2.54mm
7mm
7mm
0805

DIP28
DIP28
DIP8
DIP8

Datasheet

https://shortcircuits.cc/wp-content/uploads/2021/10/CeramicCaps.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/CeramicCaps.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/onsemi-1N5338BRLG_C5307.pdf
https://shortcircuits.cc/wp-content/uploads/2022/01/BlueLED.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/LED_SMD_Blue_Orient-ORH-B35A_C205441.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Littelfuse-60R030XPR_C207112.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/USB_Micro.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/KF350TerminalBlocks.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Female-Header-4pin.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Female-Header-6pin.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Resistors_UNI-ROYAL-Uniroyal-Elec.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Resistors_UNI-ROYAL-Uniroyal-Elec.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Resistor_SMD_UNI-ROYAL-Uniroyal-Elec.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/SPST-Switch-Small-TS3625A.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/DIP-Sockets-Boom-Precision-Elec.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Microchip-Tech-ATMEGA328P-PU.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/DIP-Sockets-Boom-Precision-Elec.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/HGSEMI-DS1307N.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/Crystal16_Yangxing-Tech-X49SD16MSD2SC.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/TAE-Zhejiang-Abel-Elec-TDXLF-308-32-768KHZ-12-5PF-20PPM.pdf
https://shortcircuits.cc/wp-content/uploads/2021/10/2032Battery_Q-J-BS-2-1.pdf
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Circuit - Power

U
S

B
P

O
W

E
R

F1

D1

J1
G

N
D

V
IN

V
O

U
T

G
N

D

USB Power

You can power the board through the Vcc 
and GND terminal blocks. But USB is more 
convenient. It is a difficult part to solder, 
but don’t worry, if you mess it up, you can 
snip an old USB cable and connect the 
red and black wires to the terminal block’s 
VCC In and GND respectively. This USB 
socket is not used to communicate with a 
PC. The data connections aren’t connected. 
This is because the ATMega328P can’t 
communicate directly through USB. You 
need to use an programming board or a 
more feature packed microcontroller to 
translate for the 328P. 

5v Input

This is where a regulated 5V can be con-
nected to The MOTHERBOARD (and any 
other Boards connected to the 5V Output). 
This could come from your favourite bench 
power supply, or our upcoming POWER 
BOARD, which provides 5v (for all the 5v 
components in our circuit), and a variable 
voltage from 1.2v up to 20v+ (for most other 
needs). As mistakes do happen, we’ve 
added a Zener Diode and a Fuse to protect 
the rest of the circuit from over voltage. If 
the voltage exceeds the breakdown voltage 
of the diode (5.1v), current will start flowing 
through the Zener to ground, rather than 
the rest of the circuit where it can damage 
components. This will in turn increase the 
current draw to a point that would trip 
the fuse and save your components. (See 
Component Index for more info)

5v Output

Here we have a convenient 5v output, to 
power all the other boards that you want 
to use with your microcontroller. Power the 
DIGITISER, the RGB MATRIX, the SENSOR 
ARRAY, or any other board we produce. 
Boards powered from these outputs also 
benefit from the voltage protection circuit 
we added to the 5v input. 

Design Considerations

When laying out power traces, and the 
components themselves while designing 
PCBs on the computer, it is important to 
consider current loops. When electric cur-
rent moves around your circuit, it can create 
electromagnetic interference (EMI). This 
messes with some sensitive components. 
The larger the loop, the more EMI is caused. 
This is one of the reasons why using the 
bottom copper layer as one big ground 
plane is preferable. This way, the current 
can take the shortest and most direct route 
back to the power supply. Try and make 
the 5V traces as direct as possible. When 
we designed this circuit, we had to balance 
this with readability, so our boards aren’t 
optimally designed for EMI. 

Ground Planes

The back of the board is covered with a lay-
er of copper that is connected to GND. This 
is called the ground plane. We add this for a 
few reasons. One reason is that its just eas-
ier to design that way. When you need to 
connect something to ground, just connect 
it directly to the ground plane underneath 
the component. That way you don’t have to 
worry about adding any ground traces all 
the way back to the power input. If this was 
a 4 layer board, then a 5V plane would also 
be a good idea. Another reason is to add 
some electromagnetic shielding to the cir-
cuit, this reduces the chance of erroneous 
results due to the effect of electromagnetic 
interference on our circuit. 



1
2

Circuit - Microcontroller
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ATmega328P Microcontroller

The ATmega328P is the brain of our circuit. 
This chip can read changes in the voltage 
at its input/output pins and also set them to 
a chosen value. Using the Arduino program-
ming software, we are able to program it to 
respond to inputs from other modules and 
send responses to other modules as outputs. 
This gives us the ability to create unlimited 
ways to manipulate other devices to build and 
program useful gadgets. You could read data 
from a Real Time Clock module then process 
the data to send to a 7-Segment display... A 
Digital Clock! Or you could read the data from 
a thermometer and process that data to send 
to an RGB LED array... A Graphic Thermome-
ter! The possibilities are near endless!

Load Capacitors C3, C4

These are the load capacitors for the crystal 
oscillator. They are reactive components that 
help create the feedback loop that enables 
the crystal to start oscillating at the intended 
frequency.

Crystal Oscillator

The crystal oscillator mechanically oscillates 
to provide a square wave signal at a stable 
reference frequency. This is used by the mi-
crocontroller as a clock signal, or its heart 
beat if you like. It determines how many 
times a second the microcontroller can do 
the actions needed to execute instructions.

Bypass Capacitor C1

A decoupling capacitor. It’s function is to 
smooth out any noise (spikes or drops in 
voltage) due to other components affecting 
the power supply to the microcontroller. It ‘de-
couples’ the chip from the other parts of the 
circuit. It does this by holding an amount of 
charge and releasing it when the voltage drops, 
to compensate. It is placed between power and 
ground, as close to the IC’s (Integrated Circuit) 
pins as possible.

Bypass Capacitor C2

This is another decoupling capacitor that 
makes sure the analog reference voltage 
(AREF) measured from pin 21 of the microcon-
troller is at a steady value. In our case, that 
value is the same as our reference ground, or 
approximately 0v.

Reset Switch & Pull-Up Resistor

This resets the microcontroller. A Single Pull 
Single Throw switch with a 10K Ohm pull-
up resistor. This switch pulls the RESET pin 
on the microcontroller to ground (0V) when 
pressed. This resets the microcontroller. 
As electricity takes the path of least resis-
tance, when the switch is not pressed, the 
only path is to VCC (5V) through the 10K 
resistor. When the switch is pressed, the 
easiest path is to ground. If the resistor 
wasn’t there and the switch was pressed, 
there would be an uninterrupted path from 
VCC to GND. This is a short circuit, and will 
probably burn out the microcontroller. 

Pin 1

The first pin of any IC is usually indicated 
by a square pad. Pins are numbered an-
ti-clockwise.
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Circuit - Digital and Analog IO
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Digital IO

D2 to D13 are digital Inputs and Outputs. 
Digital pins can only read, or write a state 
of on (1, 5V) or off (0, 0V). We can however, 
still control the brightness of an LED through 
PWM (pulse width modulation), which uses 
the speed at which the microcontroller can 
turn on and off some of its digital pins. If the 
pulse is on 50% of the time, then the bright-
ness will be 50%. This is called a duty cycle. 
D3, D5, D6, D9, D10 and D11 are PWM ca-
pable. Check for the tilde symbol (wavy line) 
underneath its label on the board, or on the 
pinout diagram of the ATMega328P. 

Analog IO

Analog pins can read voltage between 0V 
and the operating voltage of the microcon-
troller (5V) using the internal Analog to Digital 
Converter (ADC). The ATmega328P has a 
10-bit ADC. The largest number that can be 
stored in 10-bits is 1024, and as such the an-
alog pins have a resolution of 1/1024. Which 
means at 0V it will read a value of 1, at 5V it 
will read 1024 and at 2.5V it will read a value 
of 512. This is useful when reading things 
like photoresistors, or an analog audio input. 

The ADC cannot output analog signals or 
even mimic them with PWM. Also, the pro-
gramming syntax AnalogWrite() has nothing 
to do with the analog pins. To output sound 
you would use a PWM pin to create a square 
wave (alternating from on to off at a certain 
frequency). 
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Circuit - D13 LED
D13 LED

The D13 LED is named after the reference 
Arduino gives to the digital Input Output 
(IO) pin of the ATmega328P it is connected 
to (see the pin-out diagram for all the pin 
numbers). It is connected to this IO pin be-
cause it is also the system clock pin of the 
SPI (Serial Peripheral Interface). When you 
are communicating with the microcontroller 
through serial, either with the FTDI module 
for programming, or any other device con-
nected to Rx, Tx, MISO, MOSI, etc. The LED 
will turn on when SCK (same pin as D13) is 
pulled high, and off when it is pulled low. 
That’s why you see it rapidly turning on and 
off when these things are communicating. 
It’s great to check if your circuit is working 
without programming the chip or having 
another form of output connected.

You may ask why they aren’t on all the pins 
as standard. Well, the current consumption 
of the LED, although small, may negative-
ly affect a device connected to the same 
pin, or damage the microcontroller. The 
ATmega328P, according to its datasheet, 
has an absolute maximum current draw of 
40mA per pin and a maximum total current 
draw of 200mA. Fortunately, the other kits 
in our series that source current from data 
pins (RGB MATRIX, DIGITISER etc.) all use 
shift registers, which source very little cur-
rent from the ATMega’s pins and instead get 
their power from the main 5V input. Shift 
registers also have a maximum current draw 
per output pin and per chip that need to be 
taken into account when designing with 
them, but there are ways around this. Check 
out the kits in the series that use them to 
find out more. 

For your convenience, and for flexibility, we 

How the circuit works

To turn the LED on, you will have to tell 
the microcontroller to output 5V from the 
relevant pin. In this case you could use the 
following code: 

digitalWrite(13,HIGH) 

(See the programming section for more info)

When the microcontroller sets its pin to 5V, 
the difference in voltage (potential differ-
ence) across the resistor and LED will be 5V. 
This is because the other end of the LED is 
connected to GND or 0V. 
If the resistor wasn’t added, 5V would be 
applied to the LED which would exceed 
its recommended limit of 3.3V (check the 
datasheet). 

To reduce the current going through the LED 
we can use a resistor in series with it. To 
calculate the value of this resister, we use 
Ohm’s Law. (See the section on resistors 
in the component index for more) Ohm’s 
law describes the relationship between 

have added jumper pads between the LED 
and ground. If you want to use the LED, then 
solder these two pads together to allow a 
complete circuit through the LED. If you 
don’t like the LED, or you want to connect 
a high current draw device to D13, then un-
solder the jumpers.

1  /  High  /  On  /  VCC  /  5V

0  /  Low  /  Off  /  GND  /  0V
R1

D2

D13

D13 GND  /  0V

Voltage (V), Current (I) and Resistance (R). 
If we know the LED will cause a drop of 
3.3V  and the source voltage is 5V, then the 
Resistor will take care of the rest. So if we 
take the source voltage (5V) from the LED 
voltage (3.3V), we get the voltage across the 
resistor (1.7V). 

From there we can use the typical current 
draw of the LED in amps (0.02), together 
with Ohm’s law, to find the minimum resis-
tance needed. 

If we used this value, the LED would be at 
full brightness and consume 20mA. That 
would be half the pins limit! We can reduce 
this by adding a much higher value resis-
tor. We have used a 2000Ω resistor which 
limits the current to around 0.85mA. You 
could use an even higher value to reduce 
the current draw and the brightness of the 
LED. Using a lower value resistor than our 
calculated minimum would result in the LED 
having a shorter life. 

V = 5 - 3.3
V = 1.7

R = 
1.7

0.02
R = 85
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Circuit -  IO LEDs (Optional)
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Data Indicator LEDs

As stated in the previous section, there are 
advantages and disadvantages to adding 
indicator LEDs to the data pins of the micro-
controller. These are optional because they 
are very difficult to solder. 

We can use the LEDs to help us understand 
the transfer of “data”, or 1’s and 0’s, off’s and 
on’s, between the microcontroller and what 
it is connected to. A great project to help 
with this is to slow down the data transfer 
rate between the microcontroller and a shift 
register. When the pins are communicating 
at a normal rate they will be turning on and 
off so fast that they will show a consistent 
brightness. A clock pin LED will look bright-
er than a latch pin LED as it will be turning 
on more often. By adding a delay between 
each step in the code, you can see exactly 
what is happening with the data, clock and 
latch pins when serial data is being sent. It’s 
a great way to visualise the process (Learn 
more about this from our other kits that use 
shift registers).

As space is a concern, and because they 
aren’t needed for normal functionality, we 
decided to use surface mount, 0805 (2012 in 
metric - 2.0mm x 1.2mm) resistors and LEDs. 
Because of this, it is rather difficult to solder 

by hand. We recommend a steady hand and 
to watch our quick how-to video before tack-
ling this upgrade. 

There is no need to worry about the polarity 
of the resistor, but the LED must be oriented 
correctly. The indicator triangle, line or other 
mark on the LED indicates the cathode, or 
ground terminal. Make sure this indicator 
is pointing in the direction of ground in the 
circuit (follow the red line from the A5 pin 
to Ground in fig.1). It doesn’t matter if the 
resistor or the LED comes first in the circuit 
so check the two images on the page for 
the different ways to install the components 

(fig.2, fig.3).

To turn on the LED circuits, bridge the jumper 
pads with solder. If you have successfully 
installed these components and decide you 
don’t need them any more, you can desolder 
the jumper pads to disconnect them from 
ground and break the circuit.

As the pin is acting as the positive end of the 
circuit, when the pin goes HIGH (5V) the LED 
will turn on. When the pin goes LOW (0V), the 
LED will turn off. 

GND

fig.1 fig.2 fig.3
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Circuit - FTDI and Bluetooth Headers
Bluetooth Header

Want to control your project from your 
phone? How about programming it wire-
lessly? Well, here’s a handy header to plug 
in a Bluetooth module to make those things 
possible. This module connects via serial 
communication. Rx on the microcontroller 
(Pin 2) connects to Tx on the module, and 
Tx (Pin 3) to Rx, just like the FTDI module.

When purchasing a BT module, look for an 
HC-06 module with 4 pins. 

Resistors

We don’t recommend connecting a Blue-
tooth module and using an FTDI module to 
program the chip at the same time. If Tx on 
the BT module were to go high (5V) while 
Tx on the FTDI module went low (0V) while 
connected, you have 5V connected directly 
to ground, which is a short circuit. Because 
of this, we have put 10k resistors between 
the FTDI and Bluetooth’s data lines. If there 
is a short, the amount of current would be 
minimal.

Capacitor

When the FTDI module communicates with 
the microcontroller, the microcontroller 
needs to be reset at a specific time. To do 
this, the RESET pin of the microcontroller 
needs to be set low then high, just like press-
ing and releasing the reset button manually. 
When DTR on the FTDI chip goes low, the 
capacitor is drained and the RESET pin goes 
low. After a short time, the capacitor will be 
charged up through the pull-up resistor (R5), 
back to 5v, which is the same as releasing 
the button.

FTDI Header

There are a few ways to communicate with 
the microcontroller to program its function-
ality. You could take the chip and plug it into 
a compatible Arduino Uno that has the USB 
functionality on board, then plug that into a 
PC. You could program it via another device 
over Bluetooth (using a Bluetooth module). 
Or you could use a USB interface chip and 
accompanying circuitry (The FTDI module for 
example). We’d love to put that on board for 
you to build, but all these chips are surface 
mount, so not easy to DIY. We’ve added an 
FTDI module header instead. These modules 
are cheap, easy to find and there is plenty 
of documentation available. Make sure the 
pins match when buying and inserting the 
module. 
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R
4

R
5

GND

VCC
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Rx
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R
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Circuit - Real Time Clock
Crystal

Just like the ATMega328P, the DS1307 
needs a crystal to help it keep time. In this 
case, the chip requires a 32.768MHz crys-
tal. The membrane in the crystal vibrates at 
32,768,000 times a second. This oscillator 
circuit does not need extra capacitors like 
the ATMega328P’s as this is dealt with inside 
the Integrated Circuit (IC).

I2C Communication

I2C is another way certain devices can com-
municate. It uses the SDA and SCL pins on 
a microcontroller. These are pins 27 and 28 
on the ATmega328P. Many devices can be 
connected to the same I2C pins on a micro-
controller. So go ahead and use the SDA and 
SCL screw terminals to add other I2C devic-
es. Just remember, if the two devices have 
the same address, then they can’t be used 
together. Check the datasheets first. Some 
I2C devices have an address select pin to 
choose between two addresses. Connecting 
that pin to ground or VCC will give you one 
address or the other.

Pull-Up Resistors

Just like the reset switch, these are pull up 
resistors that hold SDA and SCL signal lines 
high (at 5V) until they are pulled low by the 
communicating devices. 

DS1307 RTC IC

An RTC (Real Time Clock) module has an 
RTC chip, a crystal, resistors and a coin cell. 
Its job is to keep time even if the rest of the 
device has lost power. RTC chips run on very 
little current, so they can keep time for a long 
time on one coin cell. This is great for when 
you want to build a clock using the Digitiser 
kit, or even a graphical clock with the RGB 
Matrix. It is also useful for scheduling func-
tions. Maybe you want the RGB LEDs to turn 
on and slowly change brightness as you 
wake up... So many possibilities!

2032 Battery Holder

This holds the 2032 coin cell battery (sold 
separately). This is used as backup power 
for the RTC. It enables the chip to store the 
correct time even if power is removed from 
the board. 
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Assembly Instructions - Tips
General Soldering tips 

1. ALWAYS KEEP YOUR TIP CLEAN

To ensure the soldering iron can transfer 
enough heat from it to your solder/compo-
nent leg you must keep the tip clean and 
shiny. A dull tip means the outside layer 
of metal has oxidise. This oxidised layer 
is a poor transferrer of heat. Because of 
this, you will have to hold the tip against 
the component for a longer period of time, 
which can result in the component failing. 
It’s also very frustrating. 

To keep your soldering iron tip clean, wipe 
it on a wet sponge or wire ball, then apply 
some solder to coat it, then wipe it again. 
Ideally, you should do this after every com-
ponent. At the very least, do it after every 
4 components.

2. CONTACT

When soldering, make sure the tip of your 
iron is making contact with both the leg of 
the component and the pad on the PCB. 
Apply heat to the area, then, within a sec-
ond or two, apply the solder to the point 
of contact. 

3. HEAT

It’s better to be too hot than too cold. As 
mentioned earlier, when the iron tip isn’t hot 
enough, you have to hold it on longer. This 
allows heat to transfer into the component 
and could cause a failure. It is better to set 
your soldering iron a little hot so the solder 
melts instantly and flows around the leg of 
the component with ease. You can start at 
around 350oC and adjust from there. Too 
hot and the tip will oxidise too quickly,..

4. SOLDER

Leaded solder is much easier to work with, 
which makes it easier to learn with. It can 
be hard to find in some countries, but can 
often be ordered from China. There are po-
tential health risks, but these are very low. 
Make sure you have a fan pointing away 
from your work area to blow the fumes 
away. Work in a well ventilated area. 

Thinner is better. Working with a thick wire 
of solder can get messy. Use 0.4-0.5mm 
solder for more control. You will have to 
feed more into the solder joint, but you 
have more control when there are other 
pins close by that you want to avoid. This 
is essential when soldering surface mount 
components and Integrated Circuits. 

5. SAFETY

350oC is obviously very hot. Stuff catches 
fire at this temperature. Skin fries. Please 
be careful. Remember to turn it off when 
you are finished. This will prevent a poten-
tial house fire and also save your iron tip 
from continued oxidation.

6. ANGLE OF ATTACK

When soldering, make sure you position 
the board so that it is easy to access the 
area you are working on. It is easy to make 
a mistake when you are trying to maneuver 
your iron into position around some obsta-
cle. You may have to spin the board 180 
degrees, or make sure you have snipped 
the legs off the previous component. It’s 
easy to be impatient so try to plan ahead. 
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Assembly Instructions

There are many ways to assemble a PCB 
that uses through hole components. One is 
to solder all the lowest profile components 
first. This makes sure they are support-
ed when you flip the board. Using sticky 
tape or tack to hold components in place 
negates the need, so we’ll order them by 
difficulty and ease of access. Check the bill 
of materials to make sure you have every-
thing you need. Also, MAKE SURE YOU 
PUT THE COMPONENTS IN THE FRONT 
OF THE BOARD, NOT THE BACK!!!

Resistors

Always remove resistors from the packag-
ing by snipping the leads, not by pulling 
them out of the packaging. This prevents 
any glue from being transferred to the  
holes in the PCB, or into the holes in your 
breadboard. 

Bend the leads as close to the resistor as 
possible to form a U shape. Then insert 
each lead into the holes nearest the specific 
designator (R1, etc.). Insert all the resistors 
and use sticky tape or sticky tack to hold 
them in place. Resistors are not polarized, 
so they can be inserted in either orientation. 

Flip the board so the leads and the bottom 
side of the pads are easily accessible. Tin 
your iron by applying some solder, then 
wiping it clean. The tip should be shiny. 
Now, with solder in one hand, and iron in 
the other, apply heat with the iron to the 
underside of the pad and the lead stick-
ing through, while touching the solder to 

the pad. Solder should wick around the 
lead forming a mountain and covering the 
pad. Now remove the iron from the pad. 
This should all take no longer than a few 
seconds. Try to avoid holding heat to the 
pads for too long. A hotter iron is safer in 
this respect, as you shouldn’t have to hold 
it on to wait for the solder to melt. After it 
cools, the joint should remain relatively 
shiny. Repeat the process for the rest of the 
resistor leads. Flip the board back over and 
remove the tape/tack. If any of the resistors 
aren’t flush with the PCB, apply a little heat 
to the underside while pushing the resistor 
from the top side. Now snip the leads just 
above the solder.

Capacitors

The capacitors are of the ceramic variety 
and thus polarity is of no concern. There are 
however, two different valued capacitors in 
this kit. The 22pF caps are for the crystal 
oscillator circuit (C3 and C4). The 100nF 
(0.1uF) caps are placed at C1, C2 and C5. 
Check the BOM while assembling PCBs so 
you get the right value components in the 
right places.

Zener Diode

The Zener Diode has very thick leads. So 
you may have to turn your iron up a little. 
Short and hot is better than long and cold 

when soldering. Bend the leads into a U 
shape and insert them through the holes 
near the D1 designation. Pay close atten-
tion to the polarity. Match the white band 
on the diode with the white band on the 
silkscreen on the PCB. The white band 
indicates the negative side of the diode. 
Yes the positive side is connected to 
ground. This is because we are using the 
breakdown voltage value of the diode. If we 
exceed the breakdown voltage, current will 
flow in the opposite direction to the normal 
flow, through the diode, towards ground, 
rather than through our microcontroller or 
other components.

16MHz Crystal

These are the next shortest components. 
Start with the Crystal. Polarity doesn’t mat-
ter with this component, but there is writing 
on it, so, if you love chaos, put it in upside 
down, or don’t. Not much to this one, just 
solder it like you did the resistors. These 
have thicker leads, so a little more heat may 
be needed. Check it’s flush with the board 
and apply pressure and heat if it isn’t. 

2K

R1

2K

R2

10K

R3

10K

R4

10K

R5

10K

R6

10K

R7

104

C1

100nF
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100nF
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32.768MHz Crystal

Thread the legs of the crystal through the 
holes marked Y2 then lay the crystal flat on 
the PCB within the rectangle. You can use a 
piece of sticky tack to hold it in place while 
you solder. Flip the board over and solder.

LEDs

LEDs are polarity sensitive. The short lead is 
negative and the long lead is positive. You 
can also tell by finding the flat edge on the 
rim of the LED, that’s the negative side. The 
flat part of the symbol on the PCB is also 
negative, so match them when inserting the 
LED. Solder the leads from the underside 
like all the other components.

DIP28 + DIP8 Socket

You could solder the chip directly to the 
board, but, there are a few disadvantages to 
this. If you accidentally solder it in the wrong 
way, then you have to desolder it. Which is 

a terribly laborious process. If you decide to 
use an Arduino Uno to program the chip, or 
you accidentally fry the chip, you need to 
be able to switch it out. This is why we use 
a DIP socket. 

Soldering the 28 pins may seem like a 
daunting task, but it’s actually pretty easy. 
Insert the socket into the area marked U1. 
Pay attention to the semi-circle indicator 
and match the one on the socket with the 
one on the board. Now, stick it in place 
and solder 1 corner pin, then the diagonal-
ly opposite corner. Now check alignment 
and whether its flush with the board. Add 
pressure and heat where needed to get it 
in the perfect spot. Now you can solder all 
the other pins knowing that the socket will 
stay exactly where it needs to be. The DIP8 
Socket would be treated the same as the 
previous socket. 

DO NOT INSERT THE CHIPS UNTIL YOU 
HAVE COMPLETED THE TESTING FOR 
FAULTS SECTION!!!! 

Headers

You can treat this like the DIP Socket. Sol-
der an end pin, then the other end pin. Align 
it with heat on the underside and pressure 
from the component side. Then solder the 
inner pins. 

Switch

The switch is a surface mount component, 
so entails a different assembly process. 
Without leads to hold the component in 
place, and having to solder on the same 
side as the component, it’s a little tricky to 
hold surface mount components in place 
while soldering. It is usually a good idea to 
solder one pad first, no matter how many 
pins the component has. This ensures the 
component will stay in place while soldering 
the other pins. First, apply some solder to 
the pad. Then hold the switch in place with 
tweezers and heat the solder thats on the 
pad. The switch is not polarized, so either 
orientation is acceptable. When you’re 
happy with the position, solder the other 
pin in place.

Battery Holder

Position the battery holder to match the pic-
ture on the board. Sticky tack in place and 
solder those pins. Easy. 

Assembly Instructions

Y2

32.786MHz

D2 D3

SW1
U1 U2

BT1J3 J4
J3 J4
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(again, you should be doing this before, af-
ter, and during and soldering activity), then 
apply a little heat to all the pins and pads. 
After a few seconds, touch the solder to 
the pads, adding just a tiny amount. Now 
wipe the iron away from the pins to make 
sure each pin is soldered. Add a little more 
if it needs. If there is too much solder, clean 
your iron, touch the pads, then quickly drag 
back away from the socket. This should 
pull the excess solder away with the iron. 
Repeat until each pin has enough solder, 
but not enough to bridge between two pins. 
Giving the area a quick scrub with a tooth-
brush and some Isopropyl Alcohol will clear 
any excess flux that may cause issues if we 
were using the socket for data. A good habit 
to get in even though we are only using the 
socket for power. 

IO LEDs & Resistors (Optional) 

Now would be a good time to solder the 
optional surface mount IO LEDs. After you 
solder the terminal blocks they will be a 
little harder to get to. Add a little solder to 
a clean iron tip. Then apply the tip to one 
side of each of the LED and Resistor foot-
prints. Now hold a surface mount LED in 
some tweezers (take note of the polarity), 
offering it up to the pad with solder on it. 
Apply some heat with the iron and the LED 
should attach itself. Make sure it is seated in 
the correct position. You may need to apply 

Breathe.

-               + 202

Assembly Instructions
Micro USB Socket

For a video tutorial on soldering this part 
click here.

The micro USB socket is by far the hardest 
component to solder in this kit. The pins 
are tiny, and it involves both through hole 
and surface mount soldering. It’s tricky. 
Patience will come in handy with this one. 
If you mess it up, don’t worry, you can still 
power the board using the terminal blocks. 
Just cut an old USB cable and insert the red 
and black wires into the VCC In and GND 
terminals respectively. 

*Insert Inspirational Yoda Quote* 

For the socket to sit flush you may need to 
snip the black plastic pins on the underside 
of the connector. See video for details. For-
tunately, the socket should snap in to the 
through holes and hold itself in place. So, 
snap it in (making sure the surface mount 
pins are aligned with the pads), flip the 
board over and solder the through hole pins 
in place. Now flip the board and add sol-
der to the top of the pins. Hold the iron flat 
against the case of the USB so the solder 
sticks to it. 

Once the through holes are soldered, it’s 
time to tackle the surface mount pins. You 
could just solder pin 1 (GND) and pin 5 
(VCC), as that is all we are using. But, we 
are here to learn, so you may as well solder 
them all. The suggested technique tackles 
all the pins at once anyway. Clean your iron 

J1

dabs of heat to get it in the right place. Don’t 
hold the iron to the pad for too long. When 
in place, solder the other pad. This should 
be easy as the LED will be stuck in place. 
Hold the iron to the LED for too long and it 
will melt the other solder joint, so use quick 
bursts again. 

Screw Terminals

We have supplied you with 11 x 2 position 
screw terminal blocks. To make the 22 posi-
tion block, just connect them all together. If 
you had a project that only uses a few digi-
tal pins, you can just solder those blocks in 
and save the other blocks for another proj-
ect. This means you have flexibility, and we 
only have to order 1 type of terminal block. 
Win! They can be a bit loose sometimes, so 
make sure you align them with the first and 
last pins, just like the headers.

Fuse 
�

The fuse is not polarity sensitive. The re-
settable fuse, or PTC (or polyfuse), has 
bent leads to prevent you from inserting 
the component too far. It leaves an air gap 
between the PCB and the fuse itself. As the 
fuse is thermally sensitive, the gap helps 
ensure that it functions within its designed 
parameters. You would definitely get some 
kind of soldering badge by now if you were 
in the scouts, so we’ll let you figure this last 
one out...

J2

F1

https://www.youtube.com/channel/UCC6oMdq7-qLLQZ92jQEoKrQ/videos
https://www.youtube.com/channel/UCC6oMdq7-qLLQZ92jQEoKrQ/videos
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from your meter when the probes are in 
contact with Vout and GND then you have a 
short. Check the back of the board again for 
solder bridges. Focus on the areas marked 
with boxes on the diagram on the next page. 
This is where Vcc and GND are closest. If ev-
erything looks good then it may be the USB 
socket. Flip the board back over and check 
the pads on the socket. Clean it with more 
Isopropyl Alcohol then drag your iron over 
them from the back of the pads towards you. 
Repeat the continuity test. 

Testing for faults
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Before you power on the board, there are a 
few things we need to do. 

Visual Check

Firstly we need to do a visual check of the 
back of the board. We are looking for solder 
bridges that connect two pads that aren’t 
meant to be connected. A magnifying glass 
is a good tool to have when doing this. 

If you see any solder bridges, bring your iron 
up to temperature and drag it between the 
two pads. You may have to repeat this a few 
times. Make sure your iron is clean or the 
solder won’t cling to it. 

Short Circuits

Now we need to check for short circuits (the 
bad kind). If we have a short circuit some-
where on the board and we plug a USB pow-
er cable in with no surge protection, you will 
destroy something. So to check for shorts, 
get your multimeter and put it in continuity 
mode. Here’s the symbol:     Make sure the 
black cable is plugged into the common 
socket and the red cable into the red socket 
that also has the Ω symbol on it. Touch the 
probes together and make sure it makes a 
sound. Now press the black probe on one 
of the green circles indicated in the diagram.  
These are all connected to the large ground 
plane on the underside of the board. Note 
the case of the USB socket is a nice big 
target and further away from where your 
other probe will go. Keep it held there while 
you press the red probe onto the screw of 
the Vout terminal block (the metal screw is 
connected to ground). Making sure they are 
both making contact with metal, listen for a 
sound from your multimeter. If there is none, 
excellent, you don’t have a short between 
Vcc and GND. You can jump over to the 
Power Test. If you here a constant sound 

Polarity

Check all the components that are polarity 
dependent. In this circuit, that would be the  
LED’s and the Zener Diode. The Zener’s 
cathode (white line) should be connected to 
Vcc. If this was the other way around, there 
would be very little resistance through the 
diode and would cause a short. If the com-
ponents match the silkscreen under them, 
they should be good to go. Repeat the con-
tinuity test. If there is still a problem, go back 
and check everything again. 
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You should not proceed if there is a short 
between Vcc and GND.

Power Test

We can now plug a USB cable in to see if 
we can light the Power LED. Make sure the 
jumper pads are soldered together (circled 
in the diagram on previous page). Plug the 
USB cable into the socket and the other end 
into a 5V supply. The PWR LED should light 
up indicating the circuit is functioning. If not, 
first check power is getting to the board. Set 
your multimeter to DC Voltage:       Put your 

red multimeter lead on Vcc (Vout terminal 
block screw or the marked end of the Zen-
er Diode) and the black lead on GND (USB 
socket case or GND terminal block screw). 
The multimeter should read somewhere 
between 4.6V and 5V. If not, check the 
USB cable, if it works in another device it 
should be fine. Check a different cable, give 
it a wiggle. If that doesn’t work, follow the 
path on the board, from the USB socket’s 
Vcc line (the thick one) through R2, the LED 
and the Jumper Pads. Check everything 
that should be connected is, and every-
thing that shouldn’t isn’t. Now check if any 

components are polarity dependent. If they 
are, check they are the right way round. The 
LED’s flat edge should be pointing towards 
the Jumper Pads and GND. 

Install Integrated Circuits

Unplug power before next step! Now, we 
can push the ICs into their sockets. Grab 
the ATMega328P and the DS1307 chips and 
place them carefully in their respective sock-
ets. You may have to bend the legs inwards 
to make it fit. Do this on a flat surface so 
all the legs stay parallel. Make sure you pay 
close attention to the polarity. The semi-cir-
cles on one end of the chips need to cor-
respond to the semi-circle on the silkscreen 
(the picture on the board) and the socket. 
Be careful, the socket could be installed 
the wrong way, you can always rely on the 
silkscreen though. 

Power the circuit through the USB or 5V 
through the Vin and GND terminal blocks. 
We have uploaded a “blink” sketch onto 
the ATMega328P so, if you have soldered 
the jumpers near the D13 LED then the LED 
should start blinking. If it doesn’t, hook up 
an FTDI to USB Serial adapter to the board. 
Double check the orientation of this, the pin 
labels should match. If they don’t and you 
power the board, you could fry the FTDI 
adapter. 

Upload a sketch using the Programming 
section of this manual and check if the LED 
blinks rapidly when you hit upload in the Ar-
duino IDE. If it does, everything is working 
as it should. Follow the Programming sec-
tions tips to start coding and take control of 
your creation! 

Still having problems? Head over to the 
forums on our website for help and sup-
port. www.shortcircuits.cc 

http://www.shortcircuits.cc
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Programming
The ATMega328P cannot communicate 
directly over USB. So when we go to pro-
gram the chip, we need to use a go between. 
There are a few ways to achieve this. The 
easiest way would be to plug an FTDI mod-
ule into the FTDI header and program the 
chip while it’s sitting in the MOTHERBOARD. 

NOTE: There are many FTDI modules out 
there, whether you use one from us or 
somewhere else, always make sure that 
the pin names match when connecting it to 
the board. If you power it on when it’s con-
nected incorrectly, you may fry the module 
completely.

Another option would be to remove the chip 
from the board and install it in the DIP28 
socket on a compatible Arduino Uno (1). 
Arduino Uno’s have an extra tiny chip (2) 
that translates the USB signal so the AT-
Mega328P can understand it. 

The most complicated option, but probably 
the most interesting, would be to use a Blue-
tooth module to program the chip wirelessly. 
This will be covered in a later guide. 

To program the chip, using whichever 
method, you will need to download the 
Arduino IDE. This software compiles writ-

ten C++ code into machine code that the 
ATMega328P can understand. Either visit 
the download page HERE and download 
the software for your operating system, or 
download it from the Windows app store if 
you are using Windows. Consider donating 
to the development of the Arduino IDE soft-
ware, as their work has done amazing things 
for the electronics and maker communities, 
opening up so many possibilities. As they 
say “Open source is love!“ 

To get started without having to learn to 
code, check out the example sketches under 
File > Examples. As you add different librar-
ies to the software (Through Tools > Manage 
Libraries...) You will see new examples relat-
ing to the libraries you download. Libraries 
are pre-written code written by lovely people 
that you can use in your projects. They are 
usually written with specific components 
in mind. 

FTDI 

To program the chip using an FTDI module:

Plug the module into the FTDI header on 
the board. WARNING: Double check the 
FTDI module is oriented correctly, with the 
pin names matching on both the MOTH-
ERBOARD silkscreen and the FTDI module 
Silkscreen. 

Plug a USB cable into the FTDI module and 
into a Computer. 

Run the Arduino IDE and select Tools, then 
Port. 

Your ATmega board should show up as 
“COM#” (the number after COM varies de-
pending on what’s connected etc.) Click to 
select it. 

Then, under Boards, select “Arduino Uno”, 
as the MOTHERBOARD is Arduino Uno 
compatible. 

Now you can get programming! Read are 
quick coding guide in for this board. Down-
load some of our example sketches from 
HERE or find a tutorial online and follow it. 
There are plenty of Youtubers with great tu-
torials. Lots of written tutorials online as well. 
Check out Instructables, the Arduino website 
and others. 

1

2

GND

FTDI USB Module

FT230X VCC

Tx

PWR

Rx

DTR

http://www.arduino.cc/en/main/software
http://www.shortcircuits.cc/code_examples
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Arduino Compatible Pins

D
IG

IT
A

L
 IO

ARDUINO
PIN NO.

ARDUINO
FUNCTION

A
N

A
L

O
G

 IO

D2

D3

D4

D5

D6

D7

D8

D9

D10

D11

D12

D13

A0

A1

A2

A3

A4

A5

2
3
4
5
6
7
8
9
10
11
12
13

14, A0
15, A1
16, A2
17, A3
18, A4
19, A5

PWM

PWM
PWM

PWM
PWM
PWM

INT0
INT1

MOSI
MISO
SCK

SDA
SCL

50% Duty Cycle

25% Duty Cycle

Serial Data (I2C)
Serial Clock (I2C)

SDA
SCL

Pulse Width ModulationPWM

Master Out, Slave In (SPI)
Master In, Slave Out (SPI)
Serial Clock (SPI)

MOSI
MISO
SCK

These are external interrupt pins. They al-
low the microcontroller to carry on with all 
of its tasks until something triggers one of 
these pins. Without them, the microcontrol-
ler would have to constantly check the pins 
for change, which would get in the way of 
other functions.

Pins / Terminals / IO

The ATMega328P has lots of different inputs 
and outputs that have different capabilities. 
As we are using the Arduino IDE (the easiest 
and best documented software for this), we 
will need to use the pin references they use 
when programming the MOTHERBOARD. 
Here are some of the different types of pins:

These pins are used for the microcontroller’s 
Serial Peripheral Interface. They are used to 
communicate between multiple devices. Un-
like the Tx and Rx pins used for FTDI and BT 
modules, the SPI bus is synchronous. This 
means both Master and Slave are in perfect 
time with each other. 

I2C is the Inter-Intergrated Circuit protocol. 
It allows multiple peripherals to be connect-
ed to just 2 signal wires (1008 devices to 
be exact). I2C sends bits to indicate which 

Pulse Width Modulation varies how much 
time a signal is pulled high. This can be used 
to dim LEDs or to control servos with greater 

INT0
INT1

External Interrupt 0
External Interrupt 1

control. To dim an LED to 50% for example, 
you would send a PWM signal with a 50% 
duty cycle. Which means it is on 50% of the 
time, and off the other 50%. As this signal 
pulses at a very high rate, we see the LED 
dim rather than flicker.

peripheral it wants to talk to and whether it 
wants to send or receive data. This means 
it’s a little slower than SPI. But it’s faster than 
Tx Rx, and only uses 2 pins. 
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Coding Basics - Blink
Lets get started with some code. This as-
sumes you have no prior knowledge and 
starts with the basics. This sketch will flash 
the LED repeatedly.

The first part of your code will handle any 
preprocessor directives like:

•	 Defining pins with #define
•	 Including any libraries that your code 

will call upon with #include

The C coding language and the Arduino IDE 
use functions to organise code. A function 
holds code within it and can be initialised by 
other bits of code. 2 functions that Arduino 

Also, any global (accessible by any part of 
the code) variables that we will use to store 
data will be declared here. 

For our “Blink” sketch, we will need to de-
clare which pin the LED is connected to. 

There are two ways of doing this and either 
will do nicely:

use in almost all sketches are “setup” and 
“loop”. Setup runs once at the start of the 
sketch and is used to set up different things. 
Loop repeats indefinitely. 

void setup()
{
 pinMode(LED,OUTPUT);
}

3
4
5
6
7

indicates that the function setup will not return any information.

part of the Arduino structure. Executes once.

we can use “LED” or “13” here as all instances of LED will be replaced with 13.
function that puts the pin in a low impedance state.

a predefined function that defines the mode of the pin.

Variables

A value that represents something in 
your code. This could be a value that 
changes or is fixed.

Keywords

Reserved words in C programming 
that are part of the syntax/language.

Functions

Predefined blocks of code. Data is 
passed into a function to perform 
certain actions. Good for repeating 
the same action again and again. 

Data Types

There are many data types in C++. 
Each type holds a different range 
of numbers. See the table on the 
next page for a list of data types 
commonly used while programming 
8-bit microcontrollers with the Ar-
duino IDE

Preprocessor Directive

Dealt with before the program starts

Structure

The elements used as part of the 
Arduino (C++) code.

const int LED = 13;1
2

1
2

#define LED 13

keyword that defines the variable as constant (read-only).

data type: Integer (signed number from -32768 to 32768). 

Arduino pin number.

Used to end a statement.

preprocessor directive that basically swaps any reference 
to “LED” with the value 13 before the program starts.

A Variable named “LED” that stores the number 
of the pin that is connected to an LED.



Now hit the compile button to check to see 
if you have anything wrong that the software 
can identify. The software will prompt you to 

save the sketch. If everything is good, and 
no warnings are shown in the console at the 
bottom of the window, hit upload! The Tx/
Rx lights on the FTDI module should flicker, 
as well as the D13 LED. If they don’t and 
your code does not upload, check the trou-
bleshooting section. 

Data Types: 
(Using ATMega 8bit chips)

array 
(collection of variables)

bool 
(true / false)

byte
(0-255)

char
(stores ASCII characters)

float
(numbers with decimals
-3.4028235E+38 to 3.4028235E+38)

int
(-32,768 to 32,767)

long
(-2,147,483,648 to 2,147,483,647)

short
(-32,768 to 32,767)

string / String()
(text strings)

unsigned char
(0-255)

unsigned int
(0-65,535)

unsigned long
(0-4,294,967,295)

word
(0-65,535)

void loop()
{
 digitalWrite(LED,HIGH);
 delay(1000);
 digitalWrite(LED,LOW);
 delay(1000);
}

8
9
10
11
12
13
14
15
16

part of the Arduino structure, a function that repeats indefinitely.

LOW represents pulling a pin to GND (0V).

This stops all processes for 1000ms.

Curly brackets are used to contain any statements within a function, 
loop or conditional statement. Always close what has been opened!

a function that pulls a pin LOW or HIGH.

In this case, we need to tell the AT-
Mega328P that D13 will act as an output. 
This will allow more current to be supplied  
to it, as it will be in a low impedance state 
(low resistance). We use setup to do this as 
it only has to happen once at the beginning.

To blink the LED, we will need to turn it on, 
then off, then repeat the process indefinitely.  
We can use loop to achieve this. 

The positive lead of our LED is connected to 
the pin, so pulling the pin to 5V will turn it on, 
pulling it to 0V will turn it off. 

The function digitalWrite() asks for a pin ref-
erence and either HIGH or LOW. 

Without a delay between turning the LED on 
and off, and off and on, we would not be 
able to see anything happen. As the loop 
will last just a few milliseconds. 

delay() asks for a number, in milliseconds 
that tells it how long to delay all other pro-
cesses. The downside is that it will stop ev-
erything, so if you are trying to multiplex the 
display on the DIGITISER kit for example, 
you will need to use an alternative. 
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Project Ideas - Clock
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DIGITISER

To build a digital clock capable of display-
ing the time, date and year, you will need 
the MOTHERBOARD and the DIGITISER 
kits. 

Connect the DIGITISER up to the MOTH-
ERBOARD as shown in the diagram. We 
recommend 20AWG flexible stranded wire. 
If you are going to stack the boards without 
a case, then the wires need to be as short 
as possible. A good way to manage this is 
to insert a wire into one of the screw ter-
minals on the lower board, then stack the 
boards using the provided standoffs. Cut 
the wire to length while offering it up to the 
screw terminal directly above it. Now re-

move the sheathing from the tip of the wire 
and push it firmly into the screw terminal. 
Make sure none of the strands of wire are 
hanging out the edges. Remove any extra 
slack if the wire is too long. If you are happy 
with the length, you can use it as a guide 
when cutting all the other wires. 

If you are going to panel the boards, or 
stack them in a case, then leave a decent 
amount of slack. Forward planning is key 
here. Assemble it without wires, and take 
some measurements to make sure. 

Once connected, head over to the website 
and download the DigiClock sketch and 

upload it using the Arduino IDE and the 
instructions in the Programming section 
of this manual. 

Remember to put a battery in the holder 
(BT1) so the DS1307 can remember the 
time if you unplug the power. 
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Project Ideas - Environment Display

Adding the SENSOR ARRAY to the previ-
ous build enables you to add temperature 
and relative humidity to the digital display. 
You can add sound levels and light levels 
too, but we’re sticking with a simple clock 
and environment sensor display in this 
project. 

If you are stacking these, you will get better 
results if the Sensor Array faces outwards. 
This will expose the DHT11 sensor to the 
outside world, and minimise the effect of 
heat from the other boards on the sensor. 
If the board is flipped, it may make sense 
to move the connections around a bit, for 
neatness and to use less wire. Make sure 
you change the pin references at the begin-
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ning of the code if you do this. 

Wire the boards as shown in the diagram 
above. You can switch outputs on the 
SENSOR ARRAY and DIGITISER as long as 
you switch to an IO port that has the same 
label. Switching outputs on the MOTHER-
BOARD is fine, just make sure the Poten-
tiometer is connected to an analog pin, 
and the Output Enable pin is connected 
to a PWM pin. 
Either write your own code from the hints 
in each kit’s manual, or head over to the 
website and grab the EnvironmentDisplay 
sketch. Upload the sketch using the Ar-
duino IDE and make sure all the functions 
work. If they don’t check the pin references 

at the beginning on the code. 

Play around with the variables and code to 
better understand it. Then you can make 
changes to suit your requirements. 
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Component Index

Here you will find information about each component that this kit includes. We have included 

some of the different sizes and shapes you may find out in the wilderness, different uses for 

each component, and important data that can be found in datasheets to help you design circuits 

around them. We have also outlined what happens when these components go pop and how 

to diagnose and replace them. This information can be used to fix your household appliances, 

rather than throwing them away. Make do and mend, as they used to say! 
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Capacitor - Ceramic

Overview

Capacitors are so named for their ability to 
store a certain capacity of electrical energy 
(Capacitance), measured in farads (F). A 
certain amount of capacitance exists be-
tween any two conductors that are in close 
proximity (this can sometimes be seen in 
an LED matrix in the form of ghosting, and 
can also cause problems in other sensitive 
circuits). Capacitors use this in a controlled 
manner, for various purposes. They usually 
consist of two conductors separated by a 
dielectric substance. A dielectric is an in-
sulator (does not conduct electricity) that 
can be polarised (negative on one side 
and positive on the other) by an electric 
field. In this case, the dielectric material is 
ceramic. A dielectric substance increases 
the amount of electrical energy that can 
be stored compared to non-dielectric sub-
stances like air.

Physical Construction

Quick Reference

Common Varieties

Important Ratings

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

passive

C

Single
Layer

High
Voltage

Multilayer Surface
Mount

SL = Single Layer
ML = Multilayer

Parameter   Typical Values

Capacitance 0.5pF - 1uF (SL)
  1pF - 470uF (ML)
Capacitance Tolerance ± 5 - 20%
DC Rated Voltage 10V - 20kV
Pitch  2.54 - 12.7mmmetal electrode

protective coating

ceramic dialectric

metal contacts

104J

multiplier

tolerance
   (J=5%)

first digit

second digit

10 x 10000  = 100,000 pF 
 = 100 nF 
 = 0.1 uF

(picofarads)

(nanofarads)

(microfarads)

Identification
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Common Uses

Decoupling

Capacitors are often used to protect cer-
tain components from interference from 
other parts of the circuit. Most common 
applications are right next to any integrated 
circuit (IC). The capacitor acts as a storage 
reserve. If the voltage drops below the re-
quired voltage, the capacitor will use it’s 
stored energy to make up the difference. 
If the voltage increases above the required 
voltage, the capacitor absorbs the excess 
voltage. The microcontroller, or other sensi-
tive device will see a much more even volt-
age because of this. Decoupling capacitors 
are placed as close to the sensitive parts 
of the circuit as possible, for maximum ef-
fectiveness. To smooth higher frequencies, 
you would use a low value capacitor (like a 
10nF - 0.1uF ceramic capacitor). To smooth 
the lower frequency noise, a higher value 
would be used (often a 1-10uF electrolytic 
capacitor). Decoupling capacitors feature 
in most of our kits.

Filtering

Unlike resistors, who’s resistance stays 
constant no mater what frequency of sig-
nal that’s passing through it, Capacitors 
are reactive devices that resist higher fre-
quencies less and lower frequencies more. 
Because of this, they will block DC signals 
(very low frequencies) and allow AC signals 
(alternating at higher frequencies) through. 
This is useful when you need AC and DC 
in a circuit, but only want AC signals in a 
certain part. A common example of this 
is a microphone circuit. The microphone 
needs a DC signal to power the device, 
but records AC signals (sound) from the 
environment. When we pass the AC noise 
through to an amplifier circuit, we want the 
AC signal, but not the DC. Adding a capac-
itor in series will remove the unwanted DC 
signal. (See the Sensor Array for a working 
example of this)

ATMega328P’s Decoupling Capacitors

AC Filter on the Sensor Array 
(electrolytic Capacitor)

Troubleshooting

Unlike electrolytic capacitors, ceramic ca-
pacitors rarely fail in normal use. However, 
if the voltage exceeds the datasheet’s rec-
ommended maximum values (breakdown 
voltage), they can and will produce magic 
smoke. If they look burnt, or smell burnt, 
then the charge may have arced across the 
dielectric layer and will have overheated 
considerably. 

A simple test to see if the capacitor is 
functioning as it should is to measure it’s 
resistance. As the capacitor charges, the 
resistance will increase. Before all tests 
make sure you discharge the capacitor by 
bridging the leads with a screwdriver. Set 
your multimeter to Ohms and attach your 
multimeter probes to each lead. If the resis-
tance climbs to infinity, then the capacitor 
is functioning as it should. If the resistance 
reads 0 then the dielectric layer has been 
compromised and the capacitor will need 
replacing. This method unfortunately 
doesn’t check its capacitance. 

The only reliable way to test a capacitors 
capacitance is to remove it from the circuit 
and test it with a multimeter capable of 
reading capacitance. Set your multimeter 
to capacitance (Look for the____symbol) 
and connect the multimeter to the legs of 
the capacitor. If the value is no longer within 
the stated tolerance, replace it.
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Another form of filter that uses capacitors 
is an RC filter. The most common RC fil-
ters are low-pass and high pass filters. 
As the name suggests, the low-pass filter 
lets low frequency signals pass but not 
high frequencies. High pass filters simply 
achieve the opposite. This is a passive 
filter as it uses passive components (resis-
tors and capacitors). The following are the 
simplest of low-pass and high-pass filters, 
the equation that governs their properties 
and a graph to show the typical relation-
ship between frequency (Hz) and amplitude 
(given in volts).

Time Delay

In an RC circuit, capacitors take time to 
reach their maximum store of electrical 
energy when exposed to a voltage source, 
and to deplete that store when the voltage 
source is removed. This can be used to cre-
ate a time delay between turning on a volt-
age supply and a component receiving the 
voltage it needs to turn on, or read a logic 
level high for on a microcontroller for exam-
ple. We can use a simple equation to work 
out how much time it will take the capacitor 
to reach approximately 63% of the supply 
voltage. This is refereed to as the RC time 
constant and uses the symbol tau (T). In the 
example circuit the LED will gradually get 
brighter until the capacitor reaches capaci-
ty, following the curve of the graph.

Low-Pass Filter

High-Pass Filter

Time Delay Circuit

C

R

Input Output

+

-

+

-

fcutoff  

fcutoff  = 
1

2πRC
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lts

Frequency

fcutoff  = 
1

2πRC

C

RInput Output

+

-

+

-

Vo
lts

Frequency

fcutoff  

C
1000uF

R

10k
Input

+

-

T(seconds) = R(Ohms) x C(farads)

T = 10,000 x 0.001

T = 10 seconds

Vo
lts

Time Constant (T)

LED

1T 2T 3T 4T 5T
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Overview

The micro USB connector is one of several 
types of USB connector available. It sup-
plies a standard 5V DC and a data rate of 
up to 480 Mbps (megabits per second). It 
comes in various PCB mounting formats 
with surface mount only versions and sur-
face and through hole versions for added 
strength and durability.  

Troubleshooting

The main issues with USB connectors are 
loose or bridged connections. To identify 
bridged connections, use a multimeter in 
continuity mode to test if any of the con-
tacts are connected to any of the others. 
When the USB cable is loose, try a different 
cable. Then, try cleaning the connector 
with IPA and a toothbrush. If still loose, 
reflow the solder on the pads using a sol-
dering iron with a sweeping motion along 
the length of the pads. If all else fails, swap 
out the connector.

Pinout 

Quick Reference

Important Ratings

1   VBUS
2   D -
3   D +
4   ID
5   GND
6   Shield

Parameter  Typical Values

Current Rating 1 Amp
Voltage Rating 30V 
Contact Resistance 30 mΩ max
Insulation Resistance 100 MΩ min
Temperature Range -30 - 80˚C
Connects/Disconnects 3,000 - 10,000

Check
Polarity

Positions 6
Type

Schematic
Symbol

PCB Symbol

Designator

passive

J

GND

D
 +

VB
U

S D
 - ID

Shield

Physical Construction

metal shield/casing

through hole posts

plastic insulation

contacts

contacts

1 2 3 4 5

6

6

1 2 3 4 5



Crystal Resonator
C

O
M

P
O

N
E

N
TS

Overview

A crystal resonator mechanically resonates 
when voltage is applied to an electrode 
on or near it. They are usually made of a 
polished piece of quartz crystal, but can be 
made from many different materials, de-
pending on the frequency needed. A typ-
ical frequency would be 16MHz, which is 
what the 328P microcontroller uses. When 
used with a microcontroller, crystal oscilla-
tor circuits give the microcontroller a stable 
clock signal to govern the speed at which 
it executes it’s instructions. A predictable 
frequency ensures that all functions op-
erate in a predictable manner. A crystal 
resonator needs a few other components 
to maintain a stable frequency. This is often 
in the form of 2 load capacitors. These ca-
pacitors pass charge between each other, 
keeping the crystal oscillating. To calculate 
the external capacitor values we can use a 
simple equation.

CL = Load Capacitance (see crystal’s 
datasheet)

Cx (C1, C2) = External capacitor values 
(these will be the same)

Cstray = The stray capacitance in the 
circuit (~5pF)

CL = (C1*C2) / (C1+C2) + Cstray

Cx = 2(CL - Cstray)

Cx = 2(18 - 5)

Cx = 26pF 

Choose the closest standard value capac-
itor. In this case it would be 27pF. 22pF 
capacitors are far more common and the 
go-to value when building an ATMega328P 
Circuit. Also, the frequency is 16MHz when 
measured with an oscilloscope when using 
22pF caps, so we know they work. This is 
the best way to check, by the way. If the 

frequency is too high, increase the capaci-
tor value. If it is too low, decrease the value.

Physical Construction

Troubleshooting

Signs that a crystal resonator may need 
replacing:

•	Microcontroller etc. not pow-
ering on

•	Microcontroller etc. missing 
steps and functioning erratically

•	Frequency not within stated 
tolerance 

If an oscilloscope is available, connect the 
circuit to power, attach the ground lead to 
GND on the circuit and the probe to one 
of the crystal resonator’s contacts. You 
should see a sine wave with a frequency 
matching the one rated. Assuming that the 
crystal was resonating at the correct fre-

Quick Reference 

Important Ratings

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

passive

Y

Frequency  20kHz - 125MHz 
Frequency Tolerance ±7ppm - ±100ppm 
Operating Temp Range -55 - 150˚C
Load Capacitance 3 - 32pF
Equivalent Series  25 - 150 Ohm 
   Resistance (ESR)    (max) 

Parameter  Typical Values

metal shield/casing

quartz wafer

insulation
contact

quency when installed and it has changed 
through age, you should replace the crystal 
if it has fallen outside the stated tolerance. 

If an oscilloscope is not available, then try 
changing the crystal to see if the circuit 
begins to function again. They are cheap 
and easy to replace. If this doesn’t fix the 
problem, then check the load capacitors 
for damage (unlikely), or replace the micro-
controller (costly but likely to be the cause 
of a fault, through accidental reverse volt-
age, too much current etc.)

For more information check out this great 
document from Microchip: Link

http://ww1.microchip.com/downloads/en/Appnotes/00849a.pdf


Diode - LED
4
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Overview

An LED is a Light Emitting Diode. Like all 
diodes, they are polarity sensitive. They are 
semiconductor light sources that emit light 
when current flows through them. Different 
semiconductor materials produce photons 
with different amounts of energy and so 
different colours. The structure of the LED 
is designed to emit light efficiently using a 
reflective cavity and shaping the case to 
act as a lens.

Troubleshooting

Fortunately it’s easy to know when an 
LED isn’t working to spec. If the polarity is 
correct, the voltage is sufficient, the series 
resistor is the correct value, and it doesn’t 
light up, it’s most probably toast.  Here’s 
how to calculate the value for the series 
resistor, with an example:

Quick Reference

Common Varieties

Important Ratings

Physical Construction

Vsource - VF
IF

5 - 3
0.02

R = 100ΩR = R = 

epoxy casing

wire bond
flat edge (-)

anode (long)

cathode (short)

semiconductor
reflective cavity

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

active

D

Through
Hole

Surface
Mount

Parameter  Typical Values

Forward Voltage (VF) 1.6 - 36V+ (typ)
Forward Current (IF) 30mA (max)
Reverse Voltage 5V
Power Dissipation 100mW
Luminous Intensity 0.4mcd - 700cd
Wavelength  280 - 800nm
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Overview

Zener diodes, like other diodes, are polarity 
sensitive. Unlike other diodes, zeners are 
usually used in reverse breakdown mode. 
They can reliably conduct in reverse when 
a certain voltage is reached. This is called 
the breakdown voltage, or zener voltage. 
For this reason, they are used as a voltage 
reference, or to prevent over voltage from 
reaching the rest of a circuit. Their P and 
N layers are usually highly doped (more 
free electrons in the n-type layer and more 
electron holes to receive electrons in the 
p-type layer). Between these layers is a 
depletion zone, where free electrons have 
filled vacant holes. This makes these at-
oms negatively charged, thus repelling the 
electrons in the N layer. The depletion layer 
is very thin. This means lower voltages are 
needed to overcome the repelling force of 
these atoms, thus achieving reverse current 
flow. These low breakdown voltages can be 
maintained, compared to avalanche break-
down which starts small and grows out of 
control in other types of diodes. With higher 
value zener diodes, rather than make use of 
their zener breakdown,  they control their 
avalanche breakdown to achieve stable, 
higher voltage breakdown values. 

Physical Construction

Quick Reference

Common Varieties

Important Ratings

Troubleshooting

Make sure to limit the amount of current 
that can flow through the zener in break-
down mode. Otherwise the diode will get 
very hot and will need replacing. To test a 
zener diode in forward bias mode, use a 
multimeter in diode mode (       ), attach the 
positive lead to the anode terminal of the 
diode and the negative lead to the cathode. 
The multimeter should read a voltage of 
around 0.3 - 0.8V. In reverse bias mode, the 
multimeter will most likely read OL (Open 
Loop) or 1, depending on the multimeter. If 
the multimeter doesn’t have a diode mode, 
you can use the Ohmmeter function. In 
forward bias mode, there should be a large 
but readable resistance. In reverse bias 
mode it should read OL or 1, to indicate 
infinite resistance. If your zener doesn’t 
produce these values, then you have a fried 
zener. To test the zener voltage we will have 
to create a test circuit. If testing the zener 
on our Motherboard kit, remove the micro-
processor from its socket and any remov-
able module or connected board and test 
the zener while still in place as the circuit on 
the board and the test circuit below are the 
same. If you are testing a different zener, 
remove the diode from the circuit and cre-
ate the following circuit on a breadboard, or 
temporarily solder it in place. 

Apply a voltage that is above the known 
voltage of the zener (5.5V+ on the Mother-
board kit), or use a variable power supply 
like our Powerboard kit to steadily increase 
the voltage while measuring the output 
using a multimeter. In voltmeter mode, 

white strip (-)

free electron (-)
hole for electron (+)
hole with electron (neutral)

metal 
cathode 
connector

metal
anode

connector

metal
contact
(anode)

p-type layern-type layer
depletion layer

Parameter  Typical Values

Zener Voltage (VZ) 1.8 - 200V (nom)

Zener Current (IZ) 50µA - 400mA 
             (IZ(max) = PD / VZ)

Forward Voltage (VF) 0.7 - 1.7V 
Forward Current (IF) 1mA - 10A+ (max) 
Power Dissipation (PD) 100mW - 1.5kW (peak)

      

Through
Hole

Surface
Mount

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

active

D

Resistor

1k

+

-Zener Diode

Output to multimeterVin

+

-

your multimeter should read a value that 
is close to the stated value on the zener’s 
datasheet. If you are steadily increasing 
Vin, then at some point the output should 
stop increasing even though the input is 
still increasing. If the voltmeter reads the 
same voltage as Vin, and you know that 
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Common Uses

Voltage Regulator / Voltage Reference / 
Surge Suppressor

As the zener diode has a predictable and 
stable breakdown voltage when reverse bi-
ased, we can use this to dump any excess 
voltage through the diode, thus protecting 
the rest of circuit from any over voltage, or 
voltage spikes / surges. In the same man-
ner, this can be used to give a predictable 
voltage reference for other parts in the 
circuit as long as the voltage input is the 
same or above the zener voltage. As the 
zener diode has low impedance (imagine 
resistance), a resistor must be used to limit 
the current flowing through the diode. To 
calculate the correct value for the resistor, 
use Ohms law, Vsource being your voltage 
supply, VZ being the zener voltage of the 
diode and Iz being the recommended cur-
rent for the diode (found in the datasheet). 
If using the circuit for over voltage protec-
tion, you won’t know the source voltage, 
so use the worst case. Select a common 
resister value close to R. In this case 10Ω. 
In the Motherboard Over voltage protection 
circuit, the PTC Fuse has some resistance 
and takes the resistors place. 

Waveform Clipper

A zener diode can be used to clip a wave-
form to prevent it exceeding the zener volt-

Voltage Regulator

Waveform Clipper - 1 Zener

Waveform Clipper - 2 Zeners

Resistor +

-Zener Diode

Vout (Regulated at or near VZ)Vin

+

-

Vsource - VZ

IZ
R = 

12 - 5.1
0.98

R = R = 7Ω 

VZ

PD
IZMAX = 

5.1V
5W

IZMAX = IZMAX = 0.98A

Resistor +

-

+

- Zener Diodes
3.3V

Output WaveformInput Waveform

Resistor +

-

+

- Zener Diodes
3.3V

Output WaveformInput Waveform

Vin is above the stated zener value, then 
the zener is fried. If the zener is fried, and 
it is used as over voltage protection, like on 
our Motherboard kit, then you may need to 
check if the microcontroller and any other 
chips that were connected to the circuit are 
still functioning.

age of the diode. For example, if you had 
a waveform that swings between +5V and 
-5V, you could use a 3.3V zener, in the same 
circuit as the voltage regulator, to prevent 
the waveform exceeding +3.3V and -0.7V 
(the forward voltage drop of the diode). To 
clip the waveform to between +3.3V and 
-3.3V, you can use 2 x 3.3V zeners.
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Overview

A Positive Temperature Coefficient (PTC) 
fuse is a component that increases in re-
sistance as it increases in temperature. As 
current increases, temperature increases 
and so its resistance increases. This caus-
es an exponential increase in resistance 
when too much current is applied. The fuse 
will block almost all current applied to it 
when in the tripped state. Looking at the 
datasheet, the fuse will have a hold current 
at which it is guaranteed not to trip, and a 
trip current at which it will trip. Resettable 
fuses do not trip instantly however. At 
their stated trip current they can take quite 
a while to build up enough heat to reach 
maximum resistance. The higher the cur-
rent, the faster the fuse will trip. PTC fuses 
are made from a crystalline polymer with 
carbon black used as a conductor. When 
the fuse is cool, this carbon conducts 
electricity. As the fuse heats, the polymer 
expands, creating gaps in the carbon, thus 
increasing the resistance of the fuse. 

Physical Construction

Troubleshooting

Every time a resettable fuse trips, its resis-
tance takes many hours to return to near 
its minimum. It will likely never return to 
the resistance it started with, and every 
subsequent trip will increase its minimum 
resistance and the time it takes to recover. 

Quick Reference

Common Varieties

Important Ratings

At some point this will be unacceptable 
and the fuse will need replacing. To test 
the fuse, measure the resistance across it 
with a multimeter. Compare the fuse’s re-
sistance with RMIN on the datasheet. Make 
sure to do this hours or days after it has 
tripped. If the resistance is too high, then 
replace the fuse, or wait to see if it returns 
to a reasonable level after a few days. The 
graph shows the typical recovery of the  re-
sistance after a trip event. 

Selecting a Fuse

To select a fuse with the correct parameters 
for your circuit, you will need to know the 
normal operating current, maximum current 
when a fault occurs, maximum ambient 
temperature, and maximum operating volt-
age. Measure the current draw of your cir-
cuit in all use cases. Work out the maximum 
ambient temperature around your circuit 
(this could be affected by other compo-
nents heating up around it, the enclosure, 
or whether it will be in direct sunlight etc.). 
Check the thermal derating curve (found in 
the datasheet) to find out what percentage 
of the rated current the fuse can handle at 
the given ambient temperature. Multiply the 
normal operating current of your circuit with 
the thermal derating percentage. Select a 
fuse with a trip current that is slightly more 
than this value and a VMAX that is above the 
maximum operating voltage of your circuit. 
Now check the Time-to-Trip against the 
maximum current draw of the circuit when 

a short circuit occurs (max available current 
from the power supply). If the time-to-trip 
is acceptable, then you have the correct 
PTC fuse.

epoxy casing

current ≤ hold current current ≥ trip current

polymer

metal
contacts

carbon
black

Parameter  Typical Values

Hold Current (Ihold) 20mA - 14A
Trip Current (Itrip) 45mA - 28A
Max Current (Imax) 590mA - 100A
Max Time-To-Trip  2ms - 100s
Min Resistance (Rmin) 0.5mΩ - 35Ω
Max Resistance (Rmax) 6.4mΩ - 90Ω
Power Dissipation (PD) 220mW - 5W
Max Voltage (VMAX) 6V - 600V

Through
Hole

Surface
Mount

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

passive

F

R
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e 

(Ω
)

Time (minutes)
Recovery of PTC Fuse Resistance

RMIN
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Integrated Circuit - DS1307 RTC
Overview

The DS1307 is a real-time clock that com-
municated over serial via I2C. It can man-
age seconds, minutes, hours, date of the 
month, day of the week and year with leap-
year compensation up to the year 2100. 

The DS1307 can keep track of time even 
when the device is unplugged, with the aid 
of a connected coin cell battery. It uses 
very little power (less than 500nA in battery 
backup mode). 

It communicates via I2C so only uses 2 
microcontroller pins, which can be shared 
with other I2C devices. The DS1307 also 
has an on-board square wave generator 
which can be programmed to output one 
of 4 frequencies (1Hz, 4kHz, 8kHz, 32kHz). 
This uses an extra pull-up resistor as it is 
open drain. 

Troubleshooting

The easiest way to test an I2C capable IC 
is to connect it to a circuit with a micro-
controller and test the connection. If you 
suspect a fault in this type of IC, I’m sure 
it will already be connected. If the whole 
circuit is shorted, then take the IC out and 
test if there is continuity between the VCC 
and GND pins.

To test the DS1307 or other I2C device, 
you can upload a sketch called i2c_scan-
ner. This can be found in the Arduino IDE, 
under File, Examples, Wire; once you have 
installed the Wire Library. This can be done 
by clicking Tools, then Manage Libraries... 
and searching for Wire. 

Once the sketch is uploaded, you can open 
the Serial Monitor and wait for a response. 

Quick Reference

Available Packages

If it says device found, then it will 

provide an address. The DS1307 datasheet 
states that the address is 1101000. This is 
in binary and the sketch should state the 
address as 0x68, which is in hex. You can 
use an online converter to check if they are 
the same.

If the Serial Monitor says it’s connected, 
then it should be functioning correctly. If it 
doesn’t, then check the circuitry around it. 
If that seems fine, then replace the IC. An 
oscilloscope would be beneficial here. You 
could test the crystal and check readings 
from the pins against the datasheet. 

If the IC is connected but doesn’t function 
properly, try a different sketch. The DS1307 
has a dedicated library (DS1307RTC) and 
contains a sketch that can test the func-
tionality of the device (ReadTest).  

Physical Construction

integrated circuit die
(not from DS1307)

bonding wire

terminal pins

plastic casing

index marking

DS1307

2

1

3 8

4

6

5

7

U2
DS1307

Check
Polarity

Positions 8
Type

Schematic
Symbol

PCB Symbol

Designator

IC

U

DIP-8 SOP-8 SOIC-8
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Integrated Circuit - DS1307 RTC

Important Ratings

DS1307 Pinout

Parameter                          Min.      Typ.       Max.

Operating temperature       0°C
Supply Voltage (VCC)      0.5V  
Input Logic 1 (VIH)      2.2V
Input Logic 0 (VIL)      -0.3V
Battery Voltage (VBAT)      2V
Output Logic 0 (VOL) (IOL5mA)   
Active Supply Current (ICCA)(fSCL100kHz)
Standby Current (ICCS)
VBAT Current (OSC ON, OUTPUT OFF) 
VBAT Current (OSC ON, OUTPUT ON)
VBAT Data Retention Current (OSC OFF)
SCL Clock Frequency (fSCL)     0kHz

5V

3V

300nA
480nA
10nA

70°C
5.5V
VCC+0.3
+0.8V
3.5V
0.4V
1.5mA
200µA
500nA
800nA
100nA
100kHz

MOTHERBOARD

Power

Ground

I2C Serial Communication

Output Pin

Square Wave Generator

Crystal Oscillator Pins

 Connection

1

2

3

4

8

7

6

5

X1

X2

VBAT

GND

VCC

OUT

SCL

SDA

SQW

A5

A4



4
6

Microcontroller - ATMega328P
Overview

The ATMega328P is a member of the AVR 
family of microprocessors developed by 
Atmel (Acquired by Microchip in 2016). 
The AVR family are modified Harvard ar-
chitecture, 8-bit, RISC based, single chip 
processors. They have a wide variety of 
features making them ideal for hobby 
use cases, where the applications are ex-
tremely varied. Popularised by the Arduino 
open source hardware and Arduino IDE 
programming interface, these chips are 
widely documented and support thou-
sands of pre-written libraries, that make 
programming complex tasks a breeze. 
Physically, these microcontrollers consist 
of an integrated circuit die that’s broken 
out via bonding wire to accessible pins. 
The packages are supported by a plastic 
casing, and come in a variety of packages 
that cater for different space constraints 
and ease of assembly. AVR chips have on 
board flash memory, which can be written 
and re-written via the chips Serial interface, 
making it ideal for hobbyists who love to 
experiment. 

Quick Reference

Physical Construction

integrated circuit die

bonding wire

terminal pins
plastic casing

index marking

pin 1

Check
Polarity

Positions 28
Type

Schematic
Symbol

PCB Symbol

Designator

IC

U

131211654321282726252423109191817161514

22

21

8

7
20U

1
ATm

ega328P

Troubleshooting

The ATMega328P and other microproces-
sors are incredibly versatile components 
and are used in a huge range of applica-
tions. Because of this, it is recommended 
to build a simple test circuit to eliminate 
other components being the cause of the 
problem. The perfect test circuit is one that 
includes the bare minimum for the micro-
processor to function, plus an LED to test 
output pins. To program the chip, you could 
use the FTDI Module from Short Circuits or 
a similar one from the Internet, or mount it 
in a compatible Arduino Uno. The diagram 
below shows the test circuit plus the FTDI 
module. If the chip already has the Blink 
sketch on it, you can omit the module, 
the jumper wires and the 100nF capacitor 
connected to pin 1 of the chip. To test all 
the IO pins, use a jumper wire to connect 
the LED to them, one after another. Make 
sure to add these pins as outputs in your 
code and copy the blink code under void 
loop() for each pin.

Test Circuit
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Microcontroller - ATMega328P

Important Electrical Ratings

Features

Available Packages

Through Hole

Surface Mount

TQFP32

QFN/MLF32

DIP28

ATmega328P

ATmega328P

ATmega328P

Program Memory Type   Flash
Program Memory Size (KB)  32
CPU Speed (MIPS/DMIPS)  20
SRAM (B)    2,048
Data EEPROM/HEF (bytes)  1024
Digital Communication Peripherals  1-UART, 2-SPI, 1-I2C
Capture/Compare/PWM Peripherals  1 Input Capture, 1 CCP, 6 PWM
Timers    2 x 8-bit, 1 x 16-bit
Number of Comparators   1
Operating Voltage Range (V)  1.8 to 5.5
Pin Count    28 / 32
Low Power    Yes

Parameter   Min.      Typ.       Max.

Operating temperature   -55°C
Storage temperature   -65°C 
Voltage on any pin   -0.5V  
(except RESET) (with respectto ground)  
Voltage on RESET (with respect to ground)  -0.5V
Maximum operating voltage  
DC current per I/O pin   
DC current VCC and GND pins  
Input Low Voltage  -0.5V
Input High Voltage  0.6V
DC current C0 - C5  
DC current B0-B7, D5-D7, XTAL1/2 
DC current D0-D4  

VCC

6.0V
40mA
200mA

+125°C
+150°C
+ 0.5V

+13.0V

0.3V
VCC+0.5V
100mA
100mA
100mA
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Microcontroller - ATMega328P

MOTHERBOARD

MOTHERBOARD

01
02
03
04
05
06
07
08
09
10
11
12
13
14

PC6
PD0
PD1
PD2
PD3
PD4
VCC
GND
PB6
PB7
PD5
PD6
PD7
PB0

Port Pin
Power
Ground
Analog Related Pin
Serial Communication
External Interupts

Pulse Width Modulation Pin
Secondary Pin Function
Crystal Oscillator Pins

Screw Terminal
FTDI/BT Headers

RESET
RXD
TXD
INT0
INT1

XCK/T0

XTAL1
XTAL2

T1
AIN0
AIN1
ICP1

PWM

PWM
PWM

0
1
2
3
4

5
6
7
8

28
27
26
25
24
23
22
21
20
19
18
17
16
15

PC5
PC4
PC3
PC2
PC1
PC0
GND
AREF
AVCC
PB5
PB4
PB3
PB2
PB1

ADC5
ADC4
ADC3
ADC2
ADC1
ADC0

SCK
MISO
MOSI

SS
OC1A

SCL
SDA

PWM
PWM
PWM

A5
A4
A3
A2
A1
A0

13
12
11
10
9

ATMega328P Pinout
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Resistor

Overview

Resistors do exactly that, they resist the 
flow of electrons through them. This resis-
tance, measured in Ohms (Ω), is fixed and 
can be relied on to compliment integrated 
circuits, divide voltages and protect other 
components from too much current. But 
due to the law of conservation of energy, 
this energy needs to go somewhere. In this 
case, it is converted into heat. This is why it 
is important to take note of the power rating 
of resistors, measured in Watts (W).

Resistors can be made out of many mate-
rials, but most commonly metal or carbon 
film. the film is wrapped around a ceramic 
core and the whole thing is protected by 
an insulated layer, usually cream, or blue 
in colour. 

Physical Construction

Quick Reference

Common Varieties

Important Ratings

Troubleshooting

If a resistor is bad you can usually tell. It 
likely went up in a puff of grey smoke. as 
soon as you exceed the resistors power 
rating, it’s going to get hot. Fortunately they 
are cheap and easy to replace. and easy 
to troubleshoot. Keep in mind that resis-
tance cannot be measured in an operating 
circuit. Voltage and Current can however. 
So you could use Ohms law to calculate 
the resistance. 

1.	 Remove one lead from the circuit
2.	 Turn your multimeter to its resis-

tance setting
3.	 Set your multimeter to the lowest 

range that exceeds the value of 
the resistor

4.	 Place the multimeter’s probes 
on each of the resistors leads 
(polarity doesn’t matter) and note 
the reading. 

5.	 If the value is outside the range of 
tolerance, then the resistor is bad 
and needs replacing.

insulated casing ceramic core

ceramic coreconnector

metal/carbon film

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

passive

R

Parameter     Typical Values

Resistance (R)    0Ω - 10GΩ
Power Rating (W)    0.1W - 250W
Tolerance (%)    ±0.01% - ±10%
Temp Coefficient (ppm/°C)     ±15 - 50ppm/°C
Max Voltage (V)    200V - 500V 
Min Operating Temp (°C)    -70 - -25°C
Max Operating Temp (°C)    70 - 450°C

Through
Hole

Surface
Mount

01C
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Resistor
Reading Resistor Values

Surface Mount

Surface mount resistors use a few coding 
systems. If you see just numbers, the re-
sistor is probably using the E24 system. If 
it has a letter at the end then it is proba-
bly E96.

E24

The first two numbers of an E24 resistor 
represent the 2 most significant digits. The 
third number represents the magnitude (10 
to the power of the third number).

E96

An E96 resistor starts with two numbers 
that can be looked up in the table, followed 
by a letter that can be looked up in the 
other table.

E24

10 x 103 = 10KΩ

103

E96 01C

100 x 100 = 10KΩ

Code

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16

Value

100
102
105
107
110
113
115
118
121
124
127
130
133
137
140
143

Code

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Value

147
150
154
158
162
165
169
174
178
182
187
191
196
200
205
210

Code

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Value

316
324
332
340
348
357
365
374
383
392
402
412
422
432
442
453

Code

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

Value

464
475
487
499
511
523
536
549
562
576
590
604
619
634
649
665

Code

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Value

681
698
715
732
750
768
787
806
825
845
866
887
909
931
953
976

Code

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Value

215
221
226
232
237
243
249
255
261
267
274
280
287
294
301
309

Code

Z
Y or R
X or S

A
B or H

C
D
E
F

Value

0.001
0.01
0.1
1

10
100

1000
10000

100000
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Resistor

Through Hole

Through hole resistors have 4 to 6 coloured 
bands which represent digits, a multiplier, 
tolerance and temperature coefficient. Use 
the following diagram to work out the re-
sistors value.

4 Bands

5 Bands

6 Bands

22Ω ±1%

220Ω ±1%

220Ω ±1% 100ppm 

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

1

10

0.01

0.1

100

1K

10K

100

50

15

25

100K

1M

10M

Black

Brown

Silver

Gold

Red

Orange

Yellow

Green

Blue

Violet

Gray

White

±1%

±10%

±5%

±2%

digit 1 digit 2 digit 3 multiplier temp
coe�cient

tolerance

±0.5%

±0.25%

±0.1%

10M8

9
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Resistor
Ohm’s Law

Ohms law is the most basic and useful 
piece of maths used in electronics. We try 
to keep things maths free, but this one is 
unavoidable. It describes the relationship 
between Resistance (R), Voltage (V), and 
Current (I). 

Ohm’s law states that the current through 
a conductor between two points is directly 
proportional to the voltage across the two 
points. So, if the resistance stays the same, 
then as voltage increases, current decreas-
es, and vise versa. If 2 of the three values 
(V, I and R) are known, you can easily work 
out the other using the following triangle.

Ohm’s law can be used to calculate volt-
age drops across components, the current 
flowing through a circuit, the supply volt-
age, and the resistance across a compo-
nent (although some components like an 
LED do not have a fixed resistance value). 
This can be useful when diagnosing prob-
lems in circuits. If the current is too high, 
maybe the resistance has dropped across 
a component for example.

V

I R

V  =  I x R

V

I R

V 

I
R  = 

V

I R

I  = 
V 

R
Finding the voltage drop 

across an LED:
(supply voltage = sum of 

all voltage drops in a series 
circuit)

Finding the value of a
current limiting resistor:

Finding the current draw in a 
series circuit:

(the current that flows through 
the resistor is the same as 

the current that flows through 
the LED

because they are in series)

LED

5V

0.02 Amps (2mA) 

?V

V1115Ω

LED

5V

0.02 Amps (2mA) 

2.7V

?Ω
5V

? Amps

LED 2.7V

115Ω

V1  =  0.02 x 115

V1  =  2.3V

V  =  5 - 2.3

V  =  2.7V

R  =  5 - 2.7
0.02

R  =  115

I  =  5 - 2.7
115

I  =  115
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Switch - Momentary (SPST)

Overview

A momentary switch, or tactile switch, 
is a switch that will only be closed when 
pushed. Removing your finger from the 
switch will open the circuit. As opposed 
to a switch that is flipped and stays in that 
position, like a light switch in your home. 

Physical Construction

Quick Reference

Important Ratings

Check
Polarity

Positions 2
Type

Schematic
Symbol

PCB Symbol

Designator

passive

R

connector

non-conducting plunger

conductor

connector

Parameter     Typical Values

Contact Current Rating     5mA - 1A
Operating Force    0.5N - 6.5N
Min Operating Temp (°C)    -55 - -20°C
Max Operating Temp (°C)    70 - 160°C

Troubleshooting

Most tactile switches have a dome shaped 
contact that will spring back after you let 
go of the switch. This can wear out over 
time and lose its click. 

To test a switch, use a multimeter in conti-
nuity mode. Place a probe on each contact 
and press the switch. If the multimeter 
beeps, your switch is good. 



This manual was written and designed by Martyn Evans.
The circuit designs are inspired by many different sources with hands on testing and experimentation.

If you recognise anything as your own, and think you deserve a mention, 
please feel free to contact admin@shortcircuits.cc and let Martyn know.
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What is allowed?

All circuits and schematics can be freely shared and modified as open source
All code can be freely shared and modified as open source

What is not allowed?

The manual cannot be modified or redistributed
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