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How to Build an Arduino-compatible 
Physical Computing Platform on a 

Solderless Breadboard 

Build your own Arduino-compatible microcomputer in about an hour ɀ with your bare hands! 

Dale Wheat ɀ Version 1.1 ɀ September  2009  

Prerequisites:  Personal computer running the Arduino IDE (see http://arduino.cc for details), USB port 

 
Photo 1.  The official Arduino Duemilanove (Italian for "2009").  Photo by Arduino team (probably). 

 
Photo 2.  The completed breadboard equivalent circuit.  Well, mostly equivalent. 
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Course Materials  
All course materials are provided.  See Photo 3. 

 Solderless Breadboard 

 Atmel AVR ATmega328, preprogrammed with Arduino bootloader 

 USB-TTL module 

 USB cable 

 Small parts bag 

 Wire bag 

 This document 

 

Photo 3.  The supplied course materials. 
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Introduction to the Solderless Breadboard  
The solderless breadboard is a versatile prototyping tool that facilitates rapidly building and testing 

electronic circuits.  See Photo 4. 

Each of the small, square holes contains a spring-

loaded electrical terminal.  A wire inserted into 

the hole will make an electrical connection and be 

physically retained in place by the spring. 

The terminals are internally connected in two 

ways.  The two rows running up and down each 

side are the power buses.  All the holes marked by 

the red stripe are internally connected, forming a 

single circuit.  The same is true of the holes 

marked with the blue stripe.  The two sides, 

however, are not connected together.  It will later 

prove convenient for us for them to be 

connected, so we will connect the left red stripe 

to the right red stripe, using the long red wire.  

Likewise, connect the two blue stripes using the 

long black wire.   Your breadboard should look 

like Photo 5.  

 
Photo 5.  Connect the power buses together.  

Note:  Red is positive.  Black is negative.  Just like the battery terminals in your car.  Not like the ink in 

your back account. 

  

Photo 4.  The solderless breadboard. 
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The other holes on the solderless breadboard are connected sideways.  See Photo 6.  Each group of five 

holes in a row is internally connected and forms a single circuit.  There is a gap running down the center 

of the breadboard.  There is no electrical connection across the center gap. 

 

Photo 6.  The internal electrical connections of the solderless breadboard. 

The holes of the breadboard are labeled with letters ABCDE and FGHIJ for the columns and 1-63 for the 

rows.  Including the power buses, there are a total of 830 tie-points, or holes that are electrically 

connected.  The letters and numbers allow an individual tie-point among the 830 to be exactly specified; 

for example, A-1 or B-5. 

Note:  You can install the parts any way you want.  You can use any color wire you like.  There are a lot 

of possible combinations that will work perfectly well.  Use the examples given in this document the first 

time through and you are guaranteed to succeed.  Then you can go nuts rearranging everything later. 
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Install the USB Module  
To install the USB module, carefully remove the USB module from the pink static bag.  Hold the module 

by the board edges.  Try not to touch the pins.  The module is fairly hardy but can be damaged by static 

electricity. 

Insert the USB module at the top of the breadboard with the USB connector hanging off the end. 

 

Photo 7.  The USB adapter is installed at the top of the solderless breadboard. 

The USB port performs three useful functions in this project. 

1. Provides regulated power for our circuit, up to 500 mA. 

2. Allows serial data communication between the microcontroller and your PC 

3. Downloads new programs to the microcontroller using the pre-installed bootloader. 
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Photo 8.  The completed power connections from the USB module. 

¦ǎƛƴƎ ŀ ǎƘƻǊǘ ōƭŀŎƪ ǿƛǊŜΣ ŎƻƴƴŜŎǘ ǘƘŜ Ǉƛƴ ƻŦ ǘƘŜ ¦{. ƳƻŘǳƭŜ ƭŀōŜƭŜŘ άDb5έ όǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ ǇƭǳƎƎŜŘ 

into tie-point G-2) to the right-hand ground bus (the negative power bus).  Insert the wire in tie-point J-2 

and across to the power bus with the blue stripe. 

¦ǎƛƴƎ ŀ ǎƘƻǊǘ ǊŜŘ ǿƛǊŜΣ ŎƻƴƴŜŎǘ ǘƘŜ Ǉƛƴ ƻŦ ǘƘŜ ¦{. ƳƻŘǳƭŜ ƭŀōŜƭŜŘ άрΦл±έ όǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ ǇƭǳƎƎŜŘ ƛƴǘƻ 

tie-point G-3) to the right-hand VCC bus (the positive power bus with the red stripe). 

CƛƴŘ ǘƘŜ мл ˃C ŜƭŜŎǘǊƻƭȅǘƛŎ ŎŀǇŀŎƛǘƻǊΦ  ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ƛŘŜƴǘƛŎŀƭ мл ˃C ŎŀǇŀŎƛǘƻǊǎ ƛƴ ǘƘŜ ǎƳŀƭƭ ǇŀǊǘǎ ōŀƎΦ  

Insert it immediately adjacent to the 5.0V and GND pins, next to the red and black jumper wires.  Orient 

the capacitor so that the stripe on the side of the package is facing the GND pin.  See Photo 9. 

 

Photo 9.  The capacitor is polarized.  Install the negative lead to GND. 
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Power Indicator LED  
From the small parts bag, find one of the green LEDs, a blue resistor and another short, black wire.  

Below the USB module and on the right side of the breadboard, insert the blue resistor from the right 

VCC bus (the positive power bus) to tie-point I-6.  Insert the short, black jumper from the right-hand 

ground bus (the negative power bus) to tie-point J-5.  Finally, insert the long lead of the green LED (one 

lead is longer than the other one;  this indicates the anode, or positive terminal) into tie-point H-6, with 

the short lead going into tie-point H-5.  See Photo 10. 

 

Photo 10.  The power indicator LED in installed on the right side. 

First Test  
bƻǿ ƛǘΩǎ ǘƛƳŜ ǘƻ ŘƻǳōƭŜ ŎƘŜŎƪ ȅƻǳǊ ǿƛǊƛƴƎ ōŜŦƻǊŜ ŎƻƴǘƛƴǳƛƴƎΦ  wŜǾƛŜǿ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ŀƴŘ ǘƘŜ 

photographs provided and then have the instructor or assistant verify your connections before 

proceeding to the next step. 

Plug It In!  
Ok, get ready!  A lot happens all at once at this point.  Find an available USB port on your PC.  Plug the 

ά!έ ŜƴŘ ƻŦ ǘƘŜ ǇǊƻǾƛŘŜŘ ¦{. ŎŀōƭŜ ƛƴǘƻ ǘƘŜ ǇƻǊǘΦ  bƻǘƘƛƴƎ ƘŀǇǇŜƴǎ ȅŜǘΦ  bƻǿ ǇƭǳƎ ǘƘŜ ά.έ ŜƴŘ ƻŦ ǘƘŜ 

cable into the USB module on your breadboard.  IŜǊŜΩǎ ǿƘŀǘ ǎƘƻǳƭŘ ƘŀǇǇŜƴΣ ƛƴ ǘƘƛǎ ƻǊŘŜǊΥ 

1. The green LED lights up and stays lit.  See Photo 11. 

2. ¸ƻǳǊ ŎƻƳǇǳǘŜǊ ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ ¦{. ŘŜǾƛŎŜ ŀǎ ά5ŀƭŜ ²ƘŜŀǘΩǎ ¦{. ǘƻ ¢¢[έΦ 

bƻǿ ƛŦ ȅƻǳΩǾŜ ǇǊŜǾƛƻǳǎƭȅ ƛƴǎǘŀƭƭŜŘ ŀ ǎƛƳƛƭŀǊ ŘŜǾƛŎŜ ƛƴ ǘƘŜ ǇŀǎǘΣ ȅƻǳ ǇǊƻōŀōƭȅ ŀƭǊŜŀŘȅ have the correct 

drivers loaded.  The USB module uses the popular FTDI FT232 USB USART chip (see 

http://www.ftdichip.comύΦ  LŦ ȅƻǳǊ ŎƻƳǇǳǘŜǊ ŀǎƪǎ ŦƻǊ ŀ ŘǊƛǾŜǊΣ Ǉƻƛƴǘ ƛǘ ǘƻ ǘƘŜ άC¢5L ¦{. 5ǊƛǾŜǊǎέ ŦƻƭŘŜǊ ƛƴ 

http://www.ftdichip.com/
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ǘƘŜ άŘǊƛǾŜǊǎέ ŦƻƭŘŜǊ ƻŦ ǘƘŜ !ǊŘǳƛƴƻ ƛƴǎǘŀƭƭ ŘƛǊŜŎǘƻǊȅΦ  LŦ ȅƻǳ ƘŀǾŜƴΩǘ ŎƻǇƛŜŘ ƻǊ ŘƻǿƴƭƻŀŘŜŘ ǘƘŜ !ǊŘǳƛƴƻ 

IDE software to your computer, now is a good time to do so. 

¢ƘŜǊŜΩǎ Ƨǳǎǘ ƴƻ ǘŜƭƭƛƴƎ ǿƘŀǘ /ha ǇƻǊǘ ƻǊ ǘǘȅ ŘŜǾƛŎŜ ȅƻǳǊ ƻǇŜǊŀǘƛƴƎ ǎȅǎǘŜƳ ǿƛƭƭ ŀǎǎƛƎƴ ǘƻ ǘƘƛǎ ƴŜǿ ¦{. 

port.  We need to know so that we can tell the Adruino IDE which port to use.  If your computer has a 

short list of available serial ports, you can almost just guess and be right most of the time. 

If all goes well (LED is lit and OS recognizes USB port) then ƛǘΩǎ hY ǘƻ ǳƴǇƭǳƎ ǘƘŜ ¦{. ŎŀōƭŜ ŀƴŘ ǇǊƻŎŜŜŘ 

ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ŀǎǎŜƳōƭȅΦ  LŦ ƴƻǘΣ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ƛǘΩǎ ŀ ƘŀǊŘǿŀǊŜ ƻǊ ŀ ǎƻŦǘǿŀǊŜ ǇǊƻōƭŜƳΦ 

HintΥ  LŦ ƛǘΩǎ ƴƻǘ ƻƴ ŦƛǊŜΣ ƛǘΩǎ ŀ ǎƻŦǘǿŀǊŜ ǇǊƻōƭŜƳΦ  J 

 

Photo 11.  The power indicator LED says "success!" 

Time for First Break  
Lǘ ƳƛƎƘǘ ƴƻǘ ƭƻƻƪ ƭƛƪŜ ƳǳŎƘ ǎƻ ŦŀǊΣ ōǳǘ ȅƻǳΩǊŜ ǿŜƭƭ ƻƴ ȅƻǳǊ ǿŀȅ ǘƻ ŦƛƴƛǎƘƛƴƎ ǘƘŜ ŎƛǊŎǳƛǘΗ  ¢ŀƪŜ ŀ ǎƘƻǊǘ 

break, get up and walk around a bit and socialize with the other attendees.  Enjoy some coffee or other 

goodƛŜǎ ōǳǘ ōŜ ǎǳǊŜ ǘƻ ǿŀǎƘ ȅƻǳǊ ƘŀƴŘǎ ōŜŦƻǊŜ ǊŜǘǳǊƴƛƴƎ ǘƻ ŎƭŀǎǎΦ  [ŜǘΩǎ ǘŀƪŜ ƳƻǊŜ ǘƘŀƴ ŦƛǾŜ ōǳǘ ƭŜǎǎ 

than ten minutes for this first break. 
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Reset Circuit  
One of the nice things about the current Arduino design is that it can be remotely reset by the host PC.  

You can also reset it locally using a push button.  We duplicate both features in this circuit. 

Find one of the push button switches in the small parts bag.  Install the push button across the center 

gap of the breadboard between rows 5 and 7.  Get both yellow wires out of the wire bag.  Connect the 

long yellow wire from USB module pin labeled RST, tie-point C-1 to tie-point C-9.  Connect the short 

yellow wire from tie-point D-7 to D-9.  Find a beige resistor in the small parts bag and connect it from 

the left-hand VCC bus to tie-point A-9.  See Photo 12. 

Note:  The push ōǳǘǘƻƴ ŘƻŜǎƴΩǘ ǉǳƛǘŜ Ŧƛǘ ǇŜǊŦŜŎǘƭȅ ƛƴǘƻ ǘƘŜ ƘƻƭŜǎ ƻŦ ǘƘŜ ōǊŜŀŘōƻŀǊŘΦ  ¢ƘŜ ƭŜƎǎ ŀǊŜ Ƨǳǎǘ ŀ 

bit too short to let the spring-loaded terminals really get a good hold.  It might need to be poked back 

into place from time to time. 

 

Photo 12.  The reset circuit is installed.  Note that one side of the pushbutton shares a ground connection with the power 
indicator LED.  This is a just a convenient way to save a jumper wire. 






































