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Overview

Would you like to add powerful and easy-to-use Bluetooth Low Energy to your robot, art or other electronics project? Heck yeah! With BLE now
included in modern smart phones and tablets, its fun to add wireless connectivity. So what you really need is the new Adafruit Bluefruit LE Micro -
it's an Atmega32u4 chip (same as used as in the Adafruit Flora (http://adafru.it/dVI) or Arduino Leonardo (http://adafru.it/dy8)) plus our SPI Bluefruit
LE Friend (http://adafru.it/fLp) in one.

Bluetooth Low Energy is the hottest new low-power, 2.4GHz spectrum wireless protocol. It's on all the talk shows, it's featured on the cover of
Vogue, it even has it's very own perfume! OK, maybe that stuff isn't completely true. But it is a very exciting way to have your electronic projects
communicate with a BLE-capable computer, tablet or phone.

In particular, its the only wireless protocol that you can use with iOS without needing special certification and it's supported by all modern smart
phones. This makes it excellent for use in portable projects that will make use of an iOS or Android phone or tablet.

Program over USB with the Arduino IDE

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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The Bluefruit LE Micro makes this easier than ever, by combining an ATmega32u4 microcontroller and our Bluefruit LE module. You can program
the ATmega32u4 over USB using the built-in USB bootloader, either directly with avrdude or using the Arduino IDE (it's the same as used as in the
Adafruit Flora (http://adafru.it/dVI) or Arduino Leonardo (http://adafru.it/dy8). This microcontroller runs at 8MHz clock speed, and 3.3V logic for
compatibility with the vast majority of sensors available on the market. It has 20+ GPIO pins, including 12C, SPI, a UART, and 6 analog inputs. It
has 28KB of FLASH available for your program, and 2KB of RAM. And, of course, native USB for programming and communication.

You can also add a rechargable Lithium Polymer battery by picking up a LiPoly backpack(http://adafru.it/eOw). Solder it on top of the Bluefruit LE
Micro and it will let you charge the battery over the micro USB connector. When the USB is unplugged, it will run off the battery.

The Power of Bluefruit LE

The Bluefruit LE module is an nRF51822 chipset from Nordic, programmed with multi-function code that can do quite a lot! For most people, they'll
be very happy to use the standard Nordic UART RX/TX connection profile. In this profile, the Bluefruit acts as a data pipe, that can 'transparently’
transmit back and forth from your iOS or Android device. You can use our iOS App (http://adafru.it/iCi) or Android App (http://adafru.it/f4G), or write
your own to communicate with the UART service (http://adafru.it/iCF).

The board is capable of much more than just sending strings over the air! Thanks to an easy to learrAT command set (http://adafru.it/iCG), you
have full control over how the device behaves, including the ability to define and manipulate your own GATT Services and

Characteristics (http://adafru.it/iCH), or change the way that the device advertises itself for other Bluetooth Low Energy devices to see. You can
also use the AT commands to query the die temperature, check the battery voltage, and more, check the connection RSSI or MAC address, and
tons more. Really, way too long to list here!

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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Use the Bluefruit App to get your project started

Using our Bluefruit iOS App (http://adafru.it/iCi) or Android App (http://adafru.it/f4G), you can quickly get your project prototyped by using your iOS
or Android phone/tablet as a controller. We have a color picker (http://adafru.it/iCl), quaternion/accelerometer/gyro/magnetometer or location
(GPS) (http://adafru.it/iCl), and an 8-button control game pad (http://adafru.it/iCl). This data can be read over BLE and piped into the ATmega32u4
chip for processing & control

Once you get the hang of our using the Bluefruit app, you can experiment with making your own custom AppQOne option is using Cordova - you
still have to do a little programming but its much easier than doing it from scratch (http://adafru.it/iOf)

You can do a lot more too!

e The Bluefruit can also act like an HID Keyboard (http://adafru.it/iOA), Mouse or Media Controller (for devices that support BLE HID)

e Can become a BLE Heart Rate Monitor (http://adafru.it/iOB) (a standard profile for BLE) - you just need to add the pulse-detection circuitry

e Turn it into a UriBeacon (http://adafru.it/iOC) (now called Eddystone (http://adafru.it/fSA)), the Google standard for Bluetooth LE beacons.
Just power it and the 'Friend will bleep out a URL to any nearby devices with the UriBeacon app installed.

o Built in over-the-air bootloading capability so we can keep you updated with the hottest new firmware(http://adafru.it/iOD). Use any Android
or iOS device to get updates and install them. This will update the native code on the BLE module, to add new wireless capabilities, not
program the ATmega chip.

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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Each order comes with one fully assembled and tested Bluefruit LE Micro board. The ATmega32u4 on board comes with a USB bootloader for
quick programming. The BLE module comes with our latest firmware. We also include some headers which you can solder in to use the module in
a solderless breadboard.

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
microcontroller-usb-bluetooth-le-in-one
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Pinouts

There's a lot going on in this board so lets do a high-level overview of major components, then dig into the individual pinouts

Major Parts

There's a few major components you need to know about.

ﬂq ]
000066660606680

Starting from the left, there's the Micro USB connector. This is how you power and program the Bluefruit Micro. If you added on the LiPoly
backpack you can also recharge the battery this way.

R_T,‘L §
000000000606680

To the right is a small tactile switch. This is the reset button for the ATmega32u4. You can use this to reset the microcontroller and/or push it into
bootloader mode if the bootloader gets 'stuck’ during programming

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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This is the main microcontroller, an ATmega32u4 chip. This chip has 32KB of flash (4KB taken by bootloader, 28K available for user code), 2.5KB
of RAM, and lots of GPIO. It runs at 8MHz and 3.3V logic. It is the same chip used as in the Adafruit Flora (http://adafru.it/dVI) or Arduino

Leonardo (http://adafru.it/dy8) so if you have used those, then this chip will be very familiar. You can use the Arduino IDE to program this chip once
you add the board with the Board Manager and many (although not 100%) of Arduino libraries will work out-of-the-box.

Finally there's the BLE module. This is the radio-handling part. It is an FCC/CE-certified emittermodule with a ceramic antenna. The ATmega32u4
talks to this module over SPI using our Arduino library to transmit and receive data. It is based on the nRF51822 chipset from Nordic
Semiconductor.

Power Pins

These are the pins you'll be connecting to for power input and output.

lg’f-’ 1

~a
s
-
=l
=
=
=
o]
-yl
e

(S
D
S
=
o

>
—
B

e BAT is a battery input port. If you are using the LiPoly backpack, this connects to the lithium ion/polymer batter. You can also inject any other
kind of battery in here, from 3-16VDC. It has a Schottkey diode for polarity protection

o G & GND - There are 3 ground pins available

e USB is the 'raw' 5V power from the USB port when power is coming in via USB. You can use this if you need up to 500mA current @ 5V but
its only live when USB is connected

e 3V This is the output from the onboard regulator, 3.3V output at 150mA

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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LEDs

There are four indicators for telling you what is up with your Bluefruit Micro

The two LEDs on the left next to the MicroUSB jack are

o Red #13 LED which is connected to digital #13 / PC7 of the ATmega32u4. You can use it to signal or blink. It will also 'pulse’ on and off when
the bootloader is active
e Green ON LED this LED is always on when the board is powered.

The two LEDs on the right next to the BLE module are

o Red BLE status LED This LED will blink 3 times every few seconds to let you know that the BLE module is alive and running/waiting for
connection. It's also used when doing a DFU update on the module.
* Blue BLE connection LED lights up when a device is connected via BLE.

BLE Use Pins

These pins are used to talk to the module. You can use the MOSI/MISO/SCK pins for other SPI devices (we use SPI transactions to avoid data
collisions) but keep the 3 other pins unused for anything else.

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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« Digital 4 - connected to the Bluefruit Reset pin, resets the BLE module when set to low.

o Digital 7 - the IRQ from the Bluefruit to the microcontroller. Used for the Bluefruit to tell the microcontroller when new data arrived/is ready to
read

« Digital 8 - the Bluefruit CS pin, used to select the module for data transfer.

e MOSI/MISO/SCK - SPI pins used to send/receive data and commands between the microcontroller and BLE

Available GPIO

There's a ton of pins available!

All of these pins are digital input/output pins, with 3.3V logic.Some have extra capabilities

#0 - Hardware UART RX pin

#1 - Hardware UART TX pin

#2 - 12C SDA (data) pin

#3 - 12C SCL (clock) pin

#5 - PWM (analogWrite) output
#9 - PWM (analogWrite) output
#10 - PWM (analogWrite) output
#11 - PWM (analogWrite) output
#12 - GPIO

#13 - Connected to a red LED next to the micro USB jack
AO thru A5 - Analog inputs.

You can also use the SCK/MOSI/MISO pins with an SPI device as long as it is on a Chip Select line and you disable it when you talk to the BLE
module.

Other Pins

e ARef - This is the analog reference input for the ATmega32u4, you can use this to change the analog reference fomnalogRead() however
do not set higher than 3.3V (which is the default, also)

e DFU - This is used when updating the firmware on the BLE module itself. Don't use unless you need/want to update the BLE device runcode.
It will not reprogram the ATmega32u4

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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Using with Arduino IDE

Install Drivers (Windows Only)

Start out by installing the serial/CDC drivers for the Bluefruit LE Micro. We'll be using PJRC's awesome generic CDC drivers, works with all
Windows and all CDC devices. (Thanks Paul!) (http:/adafru.it/fLA)

Mac/Linux does not need a driver, continue as is!

Install Bluefruit Micro board support

Chances are you want to jump right in and start programming the Bluefruit Micro! The fastest/easiest way to do that is to use the Arduino IDE.
You'll need v1.6.4 or greater, which has a Board Manager support.

Check out that guide first, to add Adafruit Boards support!(http://adafru.it/f7X)

OK now that you are back, launch the IDE and select Bluefruit Micro from theBoards menu

" . e ATQUIND KODOT MOTOT B
22 atcommand | Arduine 1.6.4 o R mrin Carmenn ]
File Edit Sketch [Tools| Help Arduinc ARM (32-bits] Boards
Auto Format CrleT Arduino Due (Programming Port)
— Archive Sketch Arduino Due (Native USB Port)
SlEommane Fix Encoding & Reload ESPR Modules
Serial Monitor Ctrl+Shift« M Generic ESP8266 Module
Board: "Adafruit Bluefru..." ' Adafruit HUZZAH ESPB266
== \  NodeMCU 09 (ESP-12 Module)
NodeMCU 1.0 (ESP-12E Module)
e .. '
A S Olimex MOD-WIFI-ESP8266(-DEV)

e SparkFun ESP8266 Thing

SweetPea ESP-210

Adafruit Boards
Adafruit Flora
@ Adafruit Bluefruit Micro

| L5 #inelude <Arduine.h> Adafruit Gemma 8MHz

finclude <SPI.h> Adafruit Trinket 8MHz
#if not defined (_VARIANT_ARDUINO_DUE_X_ ) && m Adafruit Trinket 16MHz

Ubuntu & Linux Issue Fix

Note if you're using Ubuntu 15.04 (or perhaps other more recent Linux distributions) there is an issue with the modem manager service which
causes the Bluefruit LE micro to be difficult to program. If you run into errors like "device or resource busy", "bad file descriptor", or "port is busy"
when attempting to program then you are hitting this issue. (http://adafru.it/fP6)

The fix for this issue is to make sure Adafruit's custom udev rules are applied to your system. One of these rules is made to configure modem
manager not to touch the Bluefruit Micro board and will fix the programming difficulty issue. Follow the steps for installing Adafruit's udev rules on
this page. (http://adafru.it/iOE)

Install the Adafruit nRF51 BLE Library

In order to try out our demos, you'll need to download the Adafruit BLE library for the nRF51 based modules such as this one (a.k.a.
Adafruit_BluefruitLE_nRF51)

You can check out the code here at github, (http://adafru.it/f4V) but its likely easier to just download by clicking:

Download the Adafruit nRF51 Bluetooth Library
http://adafru.it/f4W

Rename the uncompressed folder Adafruit_BluefruitLE_nRF51 and check that the Adafruit_BluefruitLE_nRF51 folder contains
Adafruit_BLE.cpp and Adafruit_BLE.h (as well as a bunch of other files)

Place the Adafruit_BluefruitLE_nRF51 library folder your arduinosketchfolder/libraries/ folder.
You may need to create thelibraries subfolder if its your first library. Restart the IDE.

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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We also have a great tutorial on Arduino library installation at:
http:/learn.adafruit.com/adafruit-all-about-arduino-libraries-install-use (http://adafru.it/a¥YM)

After restarting, check that you see the library folder with examples:

Edit Sketch Tools Help

New
Open...
Sketchbook
Exampis
Close

Save

Save As...
Upload

Upload Using Programmer

Page Setup
Print

Preferences

Run first example

Ctrl+N
Ctrl+O

Ctrl+W
Ctrl+S
Ctrl+Shift+5
Ctrl+U
Ctrl+Shift+U

Ctrl+Shift+P
Ctrl+P

Ctrl+Comma

Adafruit 9DOF
Adafruit ADS1015
Adafruit_ADXL345_U
Adafruit_AHRS
Adafruit_AM2315
Adafruit_AS3935
Adafruit_BLEFirmata

Adafruit_BLEModule_S5PISlave

Adafruit_BluefruitLE_nRF51
Adafruit_BMPO85
Adafruit_ BMPO85_Unified
Adafruit_BMP183
Adafruit_BMP183_Unified
Adafruit_ BNO055

Adafruit CAP1188

atcommand

beacon

bleuart
factoryreset
heartraternonitor
hidkeyboard

uribeacon

L s e e

Lets begin with the beginner project, which we can use to do basic tests. To open the ATCommand sketch, click on théile > Examples >
Adafruit_BluefruitLE_nRF51 folder in the Arduino IDE and selectatcommand:

Adafruit_AHRS
Adafruit_BluefruitLE_nRF51
Adafruit_BMP085_Unified
Adafruit_BMP183_Unified_Library
Adafruit_BNO055
Adafruit_CC3100
Adafruit_DHT_Unified
Adafruit_DotStar
Adafruit_FONA_Library

YVVYVYVYVYYVYYRAAY

atcommand
beacon

bleuart
factoryreset
heartratemonitor
hidkeyboard
uribeacon

This will open up a new instance of the example in the IDE, as shown below:

© Adafruit Industries
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-
@ atcommand | Arduine 1.6.4 R ==

File Edit Sketch Tools Help

atcommand

LAl
(Bfile atcommand. ino
Bauthor  hathach

m

This example shows how to comnect to your Adafruit Bluefruit LE (nrf51822) and do
gome basic AT commands to check comnectivity, print out the version strings and let
you send your own AT commands'

*/

#include <string.hs

#include <Arduine.h>

#include <SPI.h>

#if not defined (_VARTANT_ARDUINO_DUE_X_)
finclude <SoftwareSerial.h>

dendif

#include "Adafruit BLE.h"
#include "Adafruit BLE_HWSPI.h"
#include "Adafruit BluefruitLE_UART.h"

/¢4 If you are using Software Serial....
J/ The following macros declare the pins used for 5V serial, you should
// use these pins if you are connecting the UART Friend te an UND

#define BLUEFRUIT SWUART REXD_PIN g /f Required for software serial!
|| 24 8ime Brememrrr cwmranT Ten nrw 1 24 Poomadpsd Soy poSeszows sowdadl M |
4 i *

ne on COMZ54

Don't upload the sketch yet! You will have to begin by changing the configuration.
Go to the second tab labeled BluefruitConfig.h and find these lines

/I SHARED SPI SETTINGS
I
/I The following macros declare the pins to use for HW and SW SPI communication.
/I SCK, MISO and MOSI should be connected to the HW SPI pins on the Uno when
// using HW SPI. This should be used with nRF51822 based Bluefruit LE modules
// that use SPI (Bluefruit LE SPI Friend).

I

#define BLUEFRUIT_SPI_CS 8

#define BLUEFRUIT_SPI_IRQ 7

#define BLUEFRUIT_SPI_RST 6 // Optional but recommended, set to -1 if unused

And change the last line to:

#define BLUEFRUIT_SPI_RST 4 // Optional but recommended, set to -1 if unused
(The Bluefruit Micro has the reset on digital #4 not #6)

Now go back to the main tabatcommand and look for this line of code

/* ...hardware SPI, using SCK/MOSI/MISO hardware SPI pins and then user selected CS/IRQ/RST */
Adafruit_BluefruitLE_SPI ble(BLUEFRUIT_SPI_CS, BLUEFRUIT_SPI_IRQ, BLUEFRUIT_SPI_RST);

Make sure that the second line is uncommented (it should be)

OK now you can upload to the Bluefruit Micro!
If you're using Ubuntu 15.04 or other Linux distributions and run into errors attempting to upload a program to the board, scroll up to the Ubuntu
and Linux issue fix section above.

Uploading to the Bluefruit Micro

It's pretty easy to upload, first up make sure you haveBluefruit Micro selected on the boards dropdown as above. Also, in thePorts menu, look
for the port labeled as such:

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-

© Adafruit Industries ) .
microcontroller-usb-bluetooth-le-in-one

Page 19 of 113



File Edit Sketch [Tools| Help
Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload

L| FRERRT | Serial Monitor Ctrl« Shift+M

Board: "Adafruit Bluefru..." L3
Port ! Serial ports

COML

comiz

COMBS {Adafruit Bluefruit Micro)

Programmer: "USBtinyISP" !

Burn Bootloader

11
12

Now click the upload button on the Arduino IDE (orFile Menu -> Upload)

If all is good you will see Done Uploading in the status bar

f — ———— =
atcommand | Arduine 1.6.4 l-:u o e S|

File Edit Sketch Tools Help

[ s

Adatruit Bluefruit

Uploading to a brand new board/Upload failures

If you are uploading for the first time to a new board, or if upload fails, pres theRESET mini button on the Bluefruit Micro when you see the Yellow
Arrow lit and the Uploading... text in the status bar. When you see the red LED pulsing on and off, you know the bootloader is running.

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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M - 1
atcommand | Arduing 164 lﬂlﬂw

File Edit Sketch Tools Help

Adatruit Bluefruit

Don't click the reset button before uploading, unlike other bootloaders you want this one to run at the time Arduino is trying to upload

Run the sketch

OK check again that the correct port is selected

[Tools] Help
Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M

File Edit Sketch

r3 K

atcommand

Board: "Adafruit Bluefru..." L

Port ! Serial ports

COML

comiz

COMBS {Adafruit Bluefruit Micro)

Programmer: "USBtinyISP" !

Burn Bootloader

11
12

Then open up the Serial console. You will see the following:

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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@ COMES (Adafruit Bluefruit Micro = | B

Adafruit Bluefruit AT Command Example

Initialising the Bluefruit LE module: OK!
Performing a factory reset:
AT+FACTCRYRESET

- OK
ATE=0

<- OK

Requesting Bluefruit info:
BLESPIFRIEND

nRF51822 QFACRIOQ
6992R7970D32E283%

0.6.5

l0.6.5

Jul 1 2015

5110 8.0.0, 0.2

7] Autoscroll [BothnL&cR  + | (115200 baud

LY

This sketch starts by doing a factory reset, then querying the BLE radio for details. These details will be useful if you are debugging the radio. If

you see the information as above, you're working! (Note that the dates and version numbers may vary)

AT command testing

Now you can try out some AT commands - check the rest of the learn guide for a full list. We'll just start withAT+HWGETDIETEMP which will
return the approximate ambient temperature of the BLE chipset

COMS (Adafruit Buctruit Micro) N oo i

Performing a factory reset:
AT+FACTCRYRESET

< OK
LTE=0

<- 0K

Requesting Bluefruit info:
BLESPIFRIEND

nRF51822 QFACRLO
6992R797D32E2839

.

7] Autoscrol [BothnLacr  +| |

© Adafruit Industries
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r =
COMBE (Adafruit Blusfruit Micra) l"‘:‘lEI ﬂ
| AT+HHWGETDIETEMP || send |

Adafruit Bluefruit AT Command Example

Initialising the Bluefruit LE module: OK!
Performing a factory reset:
AT+FACTCRYRESET

<- OK
ATE=0

<- OK

Requesting Bluefruit info:
BLESPIFRIEND

nRF51822 QFACRIO0
6992R797032E283%

0.6.5

0.6.5

Jul 1 2015

5110 8.0.0, 0.2

[7] Autoscroll [BothNL&CR  + | | 115200 baud

OK now you know how to upload/test/‘communicate with your Bluefruit Micro. Next up we have a bunch of tutorials who can follow for checking out
the bluetooth le radio and apps.

For all the following examples, we share the same code between various modules sodon't forget to make sure you have the RESET pin set to
4 in BluefruitConfig.h for each sketch before uploading, and that Hardware SPI mode is selected by checking that

/* ...hardware SPI, using SCK/MOSI/MISO hardware SPI pins and then user selected CS/IRQ/RST */
Adafruit_BluefruitLE_SPI ble(BLUEFRUIT_SPI_CS, BLUEFRUIT_SPI_IRQ, BLUEFRUIT_SPI_RST);

Is uncommented

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4-
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Configuration!

Before you start uploading any of the example sketches, you'll need to CONFIGURE the Bluefruit interface - there's a lot of options so pay close
attention!

Which board do you have?

There's a few products under the Bluefruit name:

If you are using the Bluefruit LE Shield then you have anSPI-connected NRF51822
module. You can use this with Atmega328 (Arduino UNO or compatible), ATmega32u4
(Arduino Leonardo, compatible) or ATSAMD21 (Arduino Zero, compatible) and possibly
others.

Your pinouts are Hardware SPI, CS =8, IRQ =7, RST =4

Bluefruit Micro or Feather 32u4 Bluefruit

If you have a Bluefruit Micro or Feather 32u4 Bluefruit LE then you have an
ATmega32u4 chip with Hardware SPI, CS =8, IRQ =7, RST =4

Feather MO Bluefruit LE

If you have a Feather MO Bluefruit LE then you have anATSAMD21 chip with Hardware
SPI, CS =8, IRQ =7, RST =4

https://learn.adafruit.com/bluefruit-le-micro-atmega32u4- Page 24 of 113
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Configure the Pins Used

Bluefruit LE SPI Friend

If you have a stand-alone module, you have a bit of flexibility with wiring however we
strongly recommend Hardware SPI, CS =8, IRQ =7, RST =4

You can use this with just about any microcontroller with 5 or 6 pins

Bluefruit LE UART Friend or Flora BLE

If you have a stand-alone UART module you have some flexibility with wiring. However
we suggest hardware UART if possible. You will likely need to use the flow controlCTS
pin if you are not using hardware UART. There's also a MODE pin

You can use this with just about any microcontroller with at least 3 pins, but best used
with a Hardware Serial/lUART capable chip!

You'll want to check the Bluefruit Config to set up the pins you'll be using for UART or SPI

Each example sketch has a secondary tab with configuration details. You'll want to edit and save the sketch to your own documents folder once

set up.

atcommand | A

[File Edit Sketch Tools Help

i BluefruitConfig.h
// COMMON SETTINGS
ryy

;

#define BUFSIZE
#define VERBOSE_MODE

// SOFTWARE UART SETTINGS

7

// These settings are used in both 5W UART, HVW UART and SPI mode

// Size of the read buffer for incoming data
‘true' enables debug output

J = e e e

// The following macros declare the pins that will be used for 'SW' serial.
// You should use this option if you are connecting the UART Friend to an UNO

© Adafruit Industries

#define BLUEFRUIT SWUART FXD_FIN

/F Bequired for software serial!
EAnfime DUNETRIITT CIMTANT TRT RTH '

JEY PEE S S 1
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