How to Build an Arduino-compatible
Physical Computing Plgorm on a
Solderless Breadboard

Build your own Arduinecompatible microcomputer in about an dur z with your bare handg
Dale Wheat z Version 1.1 z September 2009

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

wvuu.arauino.cc
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Photo2. The completed breadboardquivalent circuit. Well, mostly equivalent.
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Course Materials
All course materialsare provided See Photo 3.

e Solderless Breadboard
e Atmel AVR ATmega328, preprogrammed with Arduino bootloader
e USBTTLmoduke

e USB cable
e Small parts bag
e Wirebag

e This document

Photo3. 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.

Photo4. The solderless breadboard.

Each éthe small, square holes contains a spfing
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 rowaunning up and down each
side are thepower 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, arenot connected together.lt 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
longblackwire. Your breadboard should look
like Fhoto 5.

Photo5. Connect the power buses together.

Note: Red is positive. Black is negative. Just like the battery terminals in yoliatdike the ink in

your back account.
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The other holes on the solderless breadtmbare 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.

Photo6. The internal electrical connections of the solderless breadboard.

The holes of the breadboard are labeled with letters ABCDE and FGHIJ for the columi@S dodthe
rows. Including the power buses, there are a total of 88@oints, or holes that are electrically
connected. The letters and numbers allow an individuaptient among the 830 to be exactly specified
for example, AL or B5.

Note: You can install the parts any way you waribu can use any color wire you likEhere are a lot
of possible combinations that will work perfectly well. Use the examples givhirs documenthe 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

Toingtall the USB modulearefully 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 thesladboardwith the USB connector hanging off the end

Photo7. The USB adapter is installed at the top of the smléss breadboard.

The USB port performs three useful functions in this project.

1. Provides regulated powdor our cicuit, up to 500 mA
2. Allows serial data communication between the microcontroller and your PC
3. Downloads newprograms to the microcontrollewsing thepre-installedbootloader
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Photo8. The completed power connections from theSB module.

PaAy3 || AK2NI o0flF 0Ol 6ANBI O02yySOil G(KS LAYy 2F GKS
into tie-point G2) to the righthand ground bus (theegative power bus Insert the wire in tigooint 32

and across to the power bus with tidue stripe.

PAAY3a || aK2NI NBR ¢6ANB: O2yySOG GKS LAY 2F GKS ! {

tie-point G3) to the righthand VCC bus (theositive power busvith the red stripe).

CAYR GKS mn >C StSOINRRSEYLHDOOK LIMAA GENIDI LE ©F NB NENB
Insert itimmediately adjacent to the 5.0V and GND pimsxt to the red and black jumper wires. Orient
the capacitor so that the stripe on the side of the package is facinG M2 pin See Photo 9.

Photo9. 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 anotheblsiohrivire.
Below the USB module and on thight side of the breadboard, insert the blue resistor from tigght
VCC bus (thpositive power busto tie-point I-6. Insert the shortblack jumper from theight-hand
groundbus (thenegative power bysto tie-point 35. Finally, insert the long lead thfe green LED (one
leadis longer than the other one;his indicates the@node or positve terminal) into tiepoint H6, with
the shat lead going into tigpoint H5. See Photo 10.

Photo10. The power indicator LED in instatl on theright side.

First Test

b2¢g A0Qa GAYS (2 R2d2ofS OKSO] @e2dz2NJ 6ANRYy 3 0ST2NB
photographs provided and then have the instructorassistanterify yourconnections 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
G!' ¢ SYyR 2F GKS LINPOARSR [ [JJISPEOBS(MDY EB SHREIREANIKES

cable into the USB module on your breadthar SNBE Qa ¢KIF i &dK2dzZ R KI LISy Ay
1. The green LED lights up and stays3ie Photo 11
2., 2dzNJ O2 YLJzi SNI NBO2 35/l $ 42 KIKISG & .| {(RSAR0S¢ d[a &
b2g AT 22dz2Q0S LINBOA2dzat & Ayadl ff SRhavethe godectt | NJ RS A

drivers loaded. The USB module uses the popular FTDI FT232 ARSBdUp (see
http://www.ftdichip.com0 @ LT @2dzNJ O2YLJzi SN Fal1a F2NJ I RNAODBSNE
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0KS GRNMARSNEHL2F GKS ! NRdAy2 Ayadaltf RANBOG2NEO® L7
IDE software to your computer, now is a good time to do so.

¢tKSNBQa 2dzad y2 GSttAy3a oKFIG /ha LBR2NI 2N Gde RSOA
port. We need to know so that we can tell the AdilDEwvhich 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 porjthe@a hY (2 dzyLJ dz3 GKS ! {.
GAGK GKS NBYFAYRSNI 2F GKS lFaaSvyofeo LT y2iz

Hinty LT AdQa y2d 2y FANB: AdQa F a2

Photo11l. The power indicatr LED says "success!"

Time for First Break

LG YAIKG y2id 221 tA1S YdzOK a2 FINE o6dzi &2dz2QNB 4SS
break, get up and walk around a bit and socialize with the other attendéegmy someoffeeor other

goodk S& o0dzi 06S ad:aNB (G2 ¢l aK &2dz2NJ K yRa 06ST2NB NI G dzN
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 phatton. We duplicate both features in this circuit.

Find one of the puslbutton switches in the small parts bag. Install the pbstion across the center
gap of the breadboard between rovisand7. Get bothyellow wires out of the wire bag. Connect the
long yellow wire from USB module gabeled RSTie-point G-1 to tie-point G9. Connect the short
yellow wire from tiepoint D-7 to D-9. Findabeige resistor in the small parts bag and connect it from
the lefthand VCC bus to Hgoint A-9. See PhotoZ

Note: Thepustdo dzii 1 2y R2Say Qi ljdzAGS FAG LISNFSOGte Aydz
bit too short to let the sprindoaded terminals really get a good hold. It might need to bespdback
into place from time to time.

Photo12. 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
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