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| ntr oduction:

The mbed is an embedded development system bagbe 8t-bit ARM Corte>-M3
microcontroller. It is designed to help facilitéte rapid development of embedded electro
applications through powerful computing capab#ittmmbined with an ees-to-use softwart
environment that's readily accessible on any coempMery few (if any) tutorials on the mbed dev
exist at the time of this writing, however, so wardat NBit\londer have taken the liberty of writing c
of the first official mbed tutorials in the hopd®t you will find it useful and get out there analrt
making awesome things with it! In this tutorial, wél interface the mbed to the computer, downle:
simple program, and then learn how to use the omorepiler and write a simple program for the m

Disclaimer:

The contents of this tutorial are made freely alaé for public use under a Creative Comm
Attribution 3.0 License. For more informan on this license, please refer to

. The purpose of these tutorials is to be inforugatind,

hopefully, fun. These tutorials are written anddddo enste that they can be performed in a safe -
destructive manner. To that end, NBitWonder andatliteor will not be held accountable for any inait
of injury, death, or property destruction resultfingm improper use of the instructions containethimi
this tutorial. Be as safe as you are smart, havedind we will make it through the tutorial with
unfortunate mishaps.

Toolsand Materials.
For this tutorial, you will need the following t@s&nd material
« mbed microcontroller(1x) : The mbed micontroller is available from a number
distributors, including , ,and
e USB to miniUSB Cable(1x) (Included Wlth the mbedtsyn
» Solderless Breadboard (x1) (Optiol
And that's it! No special device programmers, necal software, just your s\em and a cable.

Unboxing the mbed:
The mbed package contains the mbed, 2 pinout dhielspbed device module, some sir
instructions, and a USB to miniUSB cable. Pleaskensaire your box has all of these compon

mbed microcontroller ur
USB to MiniUSE

Cable

mbed NXP LPC1768
Prnp—

Pinout/info card Getting startet

instructions

http://mbed.org | Rapid Protobyping for

Fig 1. mbed Kit Components

Connecting to the Computer:

The contents of this document are protected un@@reative Commons Attribute Sh-Alike
3.0 License. For more information, please \ 1




Tutorial: Introduction to the mbed

To interface the mbed to the computer, insert488 cable into the miniUSB socket. Upon
connecting the mbed, it should show up as a flaisle @n your computetf the mbed programmer does
not appear on your computer, make sure the USE éalplugged all the way in and try again.
Additionally, Windows occasionally has trouble sgehew drives right away, so hitting F5 in an
explorer window may be a useful fix. For any othesblems, contact mbed support at

support@mbed.org

Going Online:

Once the mbed is connected to the computer, navigahe mbed drive and open the MBED.htm

file located in the drive.

= * Computer » MBED (F) v |+ [ Seorch mBED 7 )
Organize = Share with Burn New folder =~ 0 @
b e e * Name Date modified Type Size

X

B Desktop W MBED 1/1/2008 12:00 PM  Firefox Document 1KB

1% Downloads

%l Recent Places

= Librarics
| Documents
o Music
[E] Pictures

B videos

m

& Homegroup

1% Computer
&, Local Disk (C3)
= MBED (F) 1
% data (Vnbitwenc

€ Network
1 item

-

Fig 2. mbed Drive Contents

Opening this file brings up the webpage shownwelo

Fle Edit View Higtory Bookmarl
M nBitWonder [] Bluehost
S\~ 32-bit VoIP Update

mbed

Login

s Tools
A (MR hips/mbed.org/accountlogin/

Projects

| Login | mbed |

| Tdeas | Electronies

Help

| PCB | Samples | Companies | Resoure es | Purdue

% Login or signup
Blog | Forum | Handbook | Cookbook | Notebooks | Compiler

Login
Username or Email.

Password

Ive Fargattan my passucrd

[Z] Remember me

Login

Signup

© mbed | blog | get an mbed | about mbed | we're hiring! | support |

Fig 3. mbed Online Portal
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If you haven't already, go ahead and create aauatcOnce you have created an account or

logged in to an existing account, you will be takethe webpage shown below:

A NBitWender [E] Bluehost

5~ The Brushduino

| Projects | Ideas |, Electronics | PCB | Samples | Companies

| NXP» mbed NXP LPC1768

Blog | Forum | Handbook | Cookbook | Notebooks |

‘ © mbed NXP LPC1768 board connected! (More info)

E © Welcome to mbed!

We have created your mbed Account (george@nbitwonder.com), and registered your mbed NXP LPC1768
key

This is the mbed NXP LPC1768 homepage: you can always start here using the same shortcut on your board

Have fun!
}Lv\‘i
A sundod by Phiips

|| mbed NXP LPC1768

|| This page describes the details of the mbed NXP LPC1768
Microcontroller

Getting Started

If you are just starting out, try downloading the “Hello Werld"
program binary to your microcentroller to test things are
working. Save it 1o your mbed Microcontroller Disk, and then hit
Il the reset button to run it. For more things to try, see the mbed

Resource es | Purdue

1@ NXP | mbed - Mozilla Firefox [E=mES)
File Edit View History Bookmarks ool Help
@ - A || httpi//mbed.org/rcprlpel 766/ Al

& Logged in as nbitwonder | Logout

My Home | My Notebook | Compiler

About mbed

mbed is a tool for Rapid Prototyping with
microcontrollers_
Take the tour

The mbed microcontrollers

# mbed NXP LPC2368
* mbed NXP LPC1768

Recent Activity

0 Reply to mBed runs a bit warm.
Alright. Thanks
A Sam Pratt - 44 minutes ago
2 Reply to Hello mbed World! (and
your project plans): Hi all | am

o PAUL SWITH -1 hour, 1 minute age
© Reply to Multiple MBED
registration: Yeah and the only

Handbook "Getting Started” guides

Fig 4. mbed Homepage

TheFirst Program: HelloWorld:

From this page you can access numerous reso@egsd to the mbed microcontroller, which we
will explore in more detail in future tutorials. IFeow, however, you should simply navigate down the
main page until you come to the icon shown in fegbr

HelloWorld.bin

Save to your mbed, and hit reset!

.V
Fig 5. Helloworld icon

Click on this icon to download the HelloWorld bigdile to your computer. Then, if it isn’t
already there, copy or move the file to your mbeaded The blue led indicator light near the USBtpor
should flash while the file is being copied. Wilteffile saved to your mbed, hit the reset buttothen
mbed board. Upon doing so, a single blue led shoegin to flash. Congratulations, you have
successfully run your first program on the mbedesys$

e e i’ N

Fig 6. mbed Running HelloWorld Program

http://nbitwonder.com
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Moving Beyond HellowWorld: Using the mbed Compiler:

While great, the HelloWorld program doesn’t dolzobe lot, and is mostly meant to develop a
basic understanding of the architecture being uégdu wish, you may remove the HelloWorld program
from your mbed drive. Now that HelloWorld has beleme, it's time to move further, developing a hbette
understanding of the mbed compiler and writing prots for the mbed embedded development system.
Return to the mbed homepagztf://mbed.or)yand click on the “Compiler” tab in the upper riglorner.
After initializing, your screen should look sometdilike figure 7.

Lo Ldn ew Htory. Saskmarks ook 1p
B % e R vssimieoongint . 5
DN s B Buhint _ Pjoss | e || Bwcirmiia | BCB | Samis | Compasies | Aot Puekie i | Févum
i et
0 Wikommera A | £ Guogieonts | £ M vt |1, BtV P | Bt Commant o . It ey | Comploiietig| | mbed g .| |
e LGl | ool bt e -
My Py |
A v Programs
Comper autgut St | et | h
s e [ T
[ W
Dane

Fig 7. mbed Compiler Window

Now, right click the “My Programs” icon and seléstew Program”. A window will pop up
asking you to enter project information. | named pngject “Counter”, but feel free to name yours
whatever you want. Upon creating the project, a named project will appear, containing the main.cpp
and mbed.h files. The created main.cpp file shoalttain all of the code necessary to implement the
HelloWorld program and is shown in figure 8.

mbed Compiler - /Counter?/main.cpp

o Save I save sl | F¥compile | «Undo ruReds | PhFind | N\ Format mbed MYP LPC1768 +
Program Workspace 1 #include "mbed.h"
B [5¥] My Programs DigitalOut myled[LED1);
El @ Counter 1
E] main.cpp int main{) {
# \_S) mbed while (1) {
2 [ counter2 myled = 1;
@ E]“"'" % : wait(0.2);
o= L : myled = 0;
B (£} mbed 10 wait{0.2);
# [ Larsen2 11 }
=] E SerialIntro }
EI main.cpp -
H {2} mbed
< >
Compiler Output for —
Program: "Counter2” Errors: Warnings: 0 Infos: 0 .
|| Desciption | Resol
[ £l
Ready. | h13 | eolt 13 | N5 |

Fig 8. main.cpp Initial Program Setup
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The main.cpp begins with an include statementitthides the mbed header file. After this is a
pin assignment created using the DigitalOut fumgtihich is a function from a library of the sanaame
used to create a digital output pin. For more imfation about the mbed libraries and their functions
select the mbed documentation file (located jukivaenain.cpp in this example) and select an mbed
library to learn more about the functions availdbléhat library. After the pin assignment statetrigrihe
main loop of the program, written in C++. The mloednpiler supports C++ syntax and constructs within
any of its code and also allows standard C++ libsaio be included and used in addition to the
specialized mbed libraries.

Writing a Program: Binary Counter Example:
Program Description
For the first written program, we are going toigesand code a 4-bit binary adder display. The 4
leds on the mbed module will represent the bitth wil represented by a lit led, and a O repreddinte
an unlit led. For the example code, the displayiwidrement once a second.

Variables and Initializations

For this program, we will require four digital outgpins to drive the four onboard mbed leds.
Additionally, we will need a 4-bit value to holdetlcurrent value to be output to the display. The fed
outputs are assigned to a 4-bit bus called Bitsgugie mbed BusOut function of the BusOut libréRor
additional details on the BusOut function, consiili )iFor this example
the scope of the variable containing the binaryeab display is not particularly critical, sostrinade
global and initialized just after the led pin assigents outside the main function. For this progréma,
variable is called bin_val and is initialized apdychar.

Implementing the main() Function

The main function for this program is implemeniteside of an infinite while(1) loop. Every
cycle through the program, the value inside binisv@dcremented. In C++, char values are repredease
8 bits, but for the purposes of our binary courdety 4 bits are needed. Therefore, we need todech
check to ensure that a 4-bit overflow conditiongioet occur (i.e. the value in bin_val needs to be
reassigned to 0 if it exceeds decimal 15). Onceishilone, the value of bin_val must be assignaitto
to display on the output. Finallglp not forget to include the wait(1) statement at the efithe loop.
Failure to include this statement will result i fleds updating much too fast for the human egeto
and creating the appearance that all leds arenaultsineously. When you are finished writing yourima
function for the binary counter, it should look #amto that shown in figure 9.

#include "mbed.h"

S/LED Qutput initializations
BusOut Bits(LED1,LED2,LED3,LED4); //LED cutputs for counter

char bin_val = 0x00;
int main() {
while (1} {
//increment bin wval, resgetting if 4-bit overilow condition cccurs
bin val++;
if(bin_val > Ox0F)
il
bin_wval = 0;

}
//h33ign bin val to led output
Bitas = bin_wval;
f/wait 1 second
wait{l):

Fig 9. Binary Counter main( ) Function
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Additional resources, links, and code related ts tilitorial can be found at

Conclusion:

In this tutorial, we were introduced to the mbededded development system and downloaded
our first program. Then, we became more familighwie mbed compiler, writing a simpler binary
counter program. We here at NBitWonder hope yowejoyed this first foray into the world of 32-bit
microcontroller development and that you will jais for subsequent tutorials as we delve deepetlisto
mbed and other microcontroller architectures. Cfodéhe mbed published by NBitWonder can be found
at and jaand you can always
receive the latest information and news on NBitWarat our website;
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