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ABSTRACT

Autonomous car with GPS is an automatic car which is driving itself by GPS
system. By using GPS module as a signal receiver to detect signal from satellites. The
car will be driving itself follow to GPS Values which is set. When it approaches to the

point, it will stop automatically. This is an innovation that we can apply in the future.

Autonomous car with GPS-project has created for studying car’s respond to
GPS values which is an feedback control system and learn how it reaction when GPS

values is changing.
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2.4.2 waslwawmeimaenld dwiunuiduilae Corona DS-939MG

o <y
JUN 2.11 weilweweslumidy

e

A

Operating Voltage: 4.8 V/ 6.0V

Operating Current: 200 mA / 240 mA
Operating Speed: 0.14 sec.60°/ 0.13 sec.60°
Stall Torque: 2.5 kg.cm / 2.7 kg.cm

Size: 22.5 X 11.5 X 24.6 mm (0.88"x0.45"x0.96")
Weight: 12.5¢

Gear: Metal

Connector Wire: 215 mm

Operating Temperature Range: -20J+60.
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2.5 DC Motor
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jﬂﬁ 2.16 Wireless Transceiver Module

2.7.1 Vann1591191v84 Wireless Transceiver Module
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4.3 n15nAas9 GPS Module

$GPGGA,152142.00,1343.74679,N,10046.56056,E,1,07,1.33,1.6,M,-27.0,M,,*79
$GPGSA,A,3,24,25,42,29,21,50,15,,,,,,2.93,1.33,2.61*00
#GPGSV,2,1,08,15,29,027,35,21,65,329,35,22,15,309, ,24,56,078,49*79

$GPGSV,2,2,08,25,09,173,16,29,27,194,34,42,42,106,43,50,37,103,42*7D
$GPGLL,1343.74679,N,10046.56056,E,152142.00,A,A*65
§GPRMC,152143.00,A,1343.74685,N,10046.56038,E,0.261,,100913,,,2*79
§GPVIG,,T,,M,0.261,N,0.484,K,A*2E

——— .
JUN 4.6 Yayaann GPS Module

nmsTuteyaviamaniaan GPS Module Huwasn Serial au Utau wiirdin ECC vinlu

v v a d. d‘ o 1 J ar ¥ e/ A’
Iedayadagui 4.6 Famsmbhin3suiiiauanieg ludiuvesussin SGPRMC ladail

152143 Amuansnseviafien 15:21:43 UTC

A anus-A = U M8 V = gy
1343.74685,N axfign 13 ppmile 43.74685 dunn
10046.56038,E avsign 100 ayraziuasn 46.56038 fum
0.261 anudauuitulan (knots)

100913 Fuil 10 iWew 9 fueneu U am 2013

w79 *Check sum

annsathAasAn Lasansdign uwlasnhelvegluluuy aswmeaituulaenis 1

a

Uams 60 uduerAmlevianuanfusrauyleAY avien = 13.729114 sedn

u

wile uavaafign = 100.776006 FethunuIaudieudu https://maps.google.co.th/ Wuin

[
« e

Rindugnaes




23
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4.5 nMinaaad Wireless Transceiver Module
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Usunsunisussunana

Tsunsu Visual C++ Wulusunsuildlunsseddasisakinmnei Mega Arduino

FeannsauvalAalusunsulawasieluil
n.1 TAALEAINIIIUAT GPS 2 A1

#include <SoftwareSerial.h>

#include <TinyGPS.h>

long lat,lon; // create variable for latitude and longitude object
double flat,flon;
TinyGPS gps; // create gps object

void setup(){
Serial.begin(38400); // connect serial
Serial2.begin(9600); // connect gps sensor
}

void loop()
{
while(Serial2.available())

{

if(gps.encode(Serial2.read()))
{

getCurrentPoint(gps);

}

}



void getCurrentPoint(TinyGPS &gps)
{
//gps.f_get position(&flat, &flon);
gps.get_position(&lat,&lon);
//gps.get_datetime(&date, &time, &age);
Serial.print("lat: ");Serial.print(lat);Serial.print(" );// print latitude
Serial.print("lon: ");Serial.println(lon); // print longitude

n.2 lAauanIn1sTuAINNAY

void setup()
{
Serial.begin(38400);
Serial2.begin(9600);
}

void loop() {
if (Serial2.available())
{
int inByte = Serial2.read();
Serial.write(inByte);
}
}

n.3 1aAn159u DC Motor

int IN1 = 4;
int IN2 = 5;
int EN1 = 6;
int EN2 = 7,
int IN3 = 8;
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int INGg =9;

int Speed = 255;

void setup()

{
pinMode(IN1,0UTPUT);
pinMode(IN2,0UTPUT);
pinMode(IN3,0UTPUT);
pinMode(IN4,OUTPUT);
pinMode(EN1,OUTPUT);
pinMode(EN2,OUTPUT);

digitalWrite(IN1,LOW);
digitalWrite(IN2,HIGH);
digitalWrite(IN3,HIGH);
digitalWrite(IN4,LOW),

Speed = 255;

Serial.begin(19200);
}
void loop()
{
analogWrite(EN1,Speed);
analogWrite(EN2,Speed);
}
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n.4 1@an159v Servo Motor

#include <Servo.h>

Servo myservo; // create servo object to control a servo

// a maximum of eight servo objects can be created

int pos = 0; // variable to store the servo position

void setup()
{
Serial.begin(9600);
myservo.attach(12); // attaches the servo on pin 9 to the servo object

}

void loop()
{
for(pos = 0; pos < 180; pos += 1) // goes from 0 degrees to 180 degrees
{ // in steps of 1 degree
myservo.write(pos); // tell servo to go to position in variable ‘pos’
Serial.print("degree : ");
Serial.printin(pes);
delay(50); // waits 15ms for the servo to reach the position
}
for(pos = 180; pos>=1; pos-=1)  // goes from 180 degrees to 0 degrees
{
myservo.write(pos); // tell servo to go to position in variable ‘pos'
Serial.print("degree : ");
Serial.println(pos);

delay(50); // waits 15ms for the servo to reach the position



n.5 TAauanaduia

#include <Wire.h>
#include <HMC5883L.h>

#include <math.h>

HMC5883L compass;

void setup()
{

Wire.begin();
Serial.begin(9600);
Serial.printtn("Serial started.");

compass = HMC5883L();

Serial.println("Setting scate to +/- 1.3 Ga");
int error = compass.SetScale(1.3); // Set the scale of the compass.
ifterror = 0) // If there is-an error, print it out.

Serial.println(compass.GetErrorText(erron);

Serial.printin("Setting measurement mode to continuous.");

error = compass.SetMeasurementMode(Measurement_Continuous); // Set the
measurement mode to Continuous

iflerror != 0) // If there is an error, print it out.

Serial.println(compass.GetErrorText(error));

void loop()
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// Retrive the raw values from the compass (not scaled).
MagnetometerRaw raw = compass.ReadRawAxis();
// Retrived the scaled values from the compass (scaled to the configured scale).

MagnetometerScaled scaled = compass.ReadScaledAxis();

// Calculate heading when the magnetometer is level, then correct for signs of axis.

float heading = atan2(raw.YAxis, raw.XAxis);

// Correct for when signs are reversed.
ifltheading < 0)
heading += 2*P;

// Convert radians to degrees for readability.

float headingDegrees = degrees(heading);

// Output the data via the serial port.

Output(raw, scaled, heading, headingDegrees);

void Output(MagnetometerRaw raw, MagnetometerScaled scaled, float heading, float

headingDegrees)

{

Serial.print("Raw:\t");
Serial.print(raw.XAxis);
Serial.print(" ");
Serial.print(raw.YAxis);



Serial.print(" ");
Serial.print(raw.ZAxis);
Serial.print(" \tScaled:\t");

Serial.print(scaled.XAxis);
Serial.print(" ");
Serial.print(scaled.YAxis);
Serial.print(" ");
Serial.print(scaled.ZAxis);

Serial.print(" \tHeading:\t");
Serial.print(heading);
Serial.print(" Radians.- \t");
Serial.print(headingDegrees);
Serial.printin(" Degrees \t");

n.6 Tanuansaing

int inPinl = 24; // the number of the input pin

int inPin2 = 28;
int inPin3 = 32;

int inPind = 36;
int inPin5 = 40;
int inPin6 = 44;

int outPin = 13; // the number of the output pin

int reading1,reading2,reading3,readingd,reading5,reading6;

reading from the input pin

void setup()

// the current
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pinMode(inPin1, INPUT);
pinMode(inPin2, INPUT);
pinMode(inPin3, INPUT);
pinMode(inPind, INPUT);
pinMode(inPin5, INPUT);
pinMode(inPiné, INPUT);

pinMode(outPin, OUTPUT);
Serial.begin(9600);
}

void loop()

{
readingl = digitalRead(inPin1);
reading2 = digitalRead(inPin2);
reading3 = digitalRead(inPin3);
readingd = digitalRead(inPind);
reading5 = digitalRead(inPin5);
readingé = digitalRead(inPin6);

if (readingl == HIGH && reading2 == LOW && reading3 == LOW && readingd ==
LOW && reading5 == LOW && reading6 == LOW)
Serial.println("1 = HIGH");
else if (readingl == LOW && reading2 == HIGH && reading3 == LOW && readingd
== LOW && reading5 == LOW && readingé == LOW)
Serial.println("2 = HIGH")
else if (readingl == LOW && reading2 == LOW && reading3 == HIGH && readingd
== LOW && reading5 == LOW && readingé == LOW)
Serial.printin("3 = HIGH");
else if (readingl == LOW && reading2 == LOW && reading3 == LOW && readingd
== HIGH && reading5 == LOW && reading6 == LOW)
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Serial.println("4 = HIGH");
else if (readingl == LOW && reading2 == LOW && reading3 == LOW && readingd
== LOW && reading5 == HIGH && reading6 == LOW)
Serial.printin("5 = HIGH");
else if (readingl == LOW && reading2 == LOW && reading3 == LOW && readingd
== LOW && reading5 == LOW && readingé == HIGH)
Serial.printin("6 = HIGH");
else

Serial.printin("ERROR");

delay(500);

n.7 lAnaas Wifi a5u

#include <nRF905.h>
#include <SPLh>

#define RXADDR 0x586F2E10 // Address of this device (4 bytes / long data type)
#define TXADDR OxFEACAGES // Address of device to send to (4 bytes / long data

type)

void setup()

{
// Start up
NRF905_init();

// Set address of this device
NRF905_setRXAddress(RXADDR);

// Lowest transmit level -10db
NRF905_setTransmitPower(NRF905_PWR_n10);
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// Reduce receive sensitivity to save a few mA

NRF905_setLowRxPower(NRF905 LOW RX_ENABLE);

// Put into receive mode

NRF905_receive();

Serial.begin(38400);

Serial.println("Server started");

void loop()
{
Serial.println("Waiting for data...");

// Make buffer for data
byte buffer[NRF905 MAX_PAYLOAD];

// Wait for data
while(InRF905_getData(buffer, sizeof(buffer)));

// Set address of device to send to
NRF905_setTXAddress(TXADDR);

// Set payload data (reply with data received)
nRF905_setData(buffer, sizeof(buffer));

// Send payload (send fails if other transmissions are going on, keep trying until
success)

while(InRF905_send());



// Put back into receive mode

nRF905_receive();

Serial.println("Got data");
while(InRF905_getData(buffer, sizeof(buffer)));

for (byte i=0;i<sizeof(buffer);i++)
{
if (i== 0) Serial.print("\n Lat:");
if (i<=7)
{
Serial.write(bufferfil);
}
if (i==8) Serial.print("\n Lon: ");
if (i >= 8 &R i<=16)
{
Serial.write(bufferfi);
}
if (i.=="17)
{
Serial.print("\n_heading");
Serial.write(buffer(i]);
}
}
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n.8 TAnans Wifi Aade

#include <nRF905.h>
#include <SPlL.h>
#include <stdlib.h>

#define RXADDR OxFE4CA6ES // Address of this device (4 bytes / long data type)
#define TXADDR 0x586F2E10 // Address of device to send to (4 bytes / long data

type)
#define TIMEOUT 1000 // 1 second ping timeout

// Just some random data to send
byte data[NRF905_-MAX_PAYLOAD] = {
Ox0A,

0x68,

0x45,

OxFA

L

long spot0_lat = 13729250;
long spot0_lon = 100776010;
char N = 'n;

char myStr[32];

char *copystr,whatt[33];

void setup()
{

// Start up
nRF905_init();



// Set address of this device
nRF905_setRXAddress(RXADDR);

// Lowest transmit level -10db
nRF905_setTransmitPower(NRF905_PWR_n10);

// Reduce receive sensitivity to save a few mA
nRF905_setLowRxPower(NRF905_LOW_RX_ENABLE);

// Put into receive mode
NRF905_receive();

Serial.begin(38400);

Serial.println("Client started");

void loop()

{

// Turn on module

nRF905_powerUp();

// Set address of device to send to

nRF905_setTXAddress(TXADDR);

copystr = ltoa(spot0_lat,whatt,10);
myStr[0] = copystr[0];
myStr[1] = copystr{1];
myStr[2] = copystr{2];
myStr[3] = copystr[3];
myStr{d] = copystr[4];
myStr[5] = copystr[5];
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myStr{6] = copystr[6];
myStr[7] = copystr{7];
copystr = (toa(spot0_lon,whatt,10);
myStr(8] = copystr(0];
myStr[9] = copystr[1];
myStr[10] = copystr{2];
myStr[11] = copystr[3];
myStr{12] = copystr[4];
myStr[13] = copystr[5];
myStr[14] = copystr[6];
myStr[15] = copystr{7];
myStr[16] = copystr(8];
myStr[17] = N;

spotQ_lon++;

// Set payload data
nRF905. setDatal(byte*)myStr, sizeoflimyStr));

// Send payload (send fails if other transmissions are going on, keep trying until
success)

while('nRF905 send());

// Put into receive mode

NRF905_receive();

// Make buffer for reply
byte buffer[NRF905_MAX_PAYLOAD];

bool success;



n.9 1Anv39 Wifi A25u

#include <nRF905.h>
#include <SPL.h>

#define RXADDR 0x586F2E10 // Address of this device (4 bytes / long data type)
#define TXADDR OxFE4CAGE5 // Address of device to send to (4 bytes / long data

type)
void setup()
{
// Start up

NRFI05_init0;

// Set address of this device
nRF905 setRXAddress(RXADDR);

// Lowest transmit level -10db
nRF905_setTransmitPower(NRF905_PWR_10);

// Reduce receive sensitivity to save a few mA

nRF905_setl.owRxPower(NRF905_LOW_RX_DISABLE);

// Put into receive mode

nRF905 receive();

Serial.begin(38400);

Serial.println("Server started");

void loop()
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Serial.println("Waiting for data...");

// Make buffer for data
byte buffer[NRF905_MAX_PAYLOAD];

// Wait for data
while(InRF905_getData(buffer, sizeof(buffer)));

// Set address of device to send to
NRF905_setTXAddress(TXADDR);

// Set payload data (reply with data received)
nRF05_setData(buffer, sizeof(buffer));

// Send payload (send fails if other transmissions are going on, keep trying until
success)

while(InRF905_send());

// Put back into receive mode
nRF905 receive();

Serial.printin("Got data");
while(InRF905_getData(buffer, sizeof(buffer)));

for (byte i=0;i<sizeof(buffer);i++)
{
if (i== 0) Serial.print("\n Lat: ");
if (i<=7)
{
Serial.write(buffer[i]);
}



if (i== 8) Serial.print("\n Lon: ");

if (i >= 8 &R i<=16)

{
Serial.write(bufferfi]);

}

i ==17)

{
Serial.print("\n Status: ");
Serial.write(buffer[i]);

}

if (i == 1p)

{
Serial.print("\n Route: ");
Serial.write(buffer(i]);

}

if (i’ ==19)

{
Serial.print("\n last goal: *);
Serial. write(bufferfi]);

1

if (i ==20)

{
Serial.print("\n going: ");
Serial.write(bufferfil);

}

ifli ==21)

{
Serial.print("\n r1: ");
Serial.write(buffer[i]);
Serial.print("\n");
delay(200);
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n.10 1AA Run wuusuysal

#include <math.h>
#include <SoftwareSerial.h>
#include <TinyGPS.h>
#include <Servo.h>
#include <HMC5883L.h>
#include <Wire.h>

#include <nRF905.h>
#include <SPI.h>

#include <stdlib.h>

#define RXADDR OXFE4CAGE5 // Address of this device (4 bytes / long data
type)

#define TXADDR O0x586F2E10 // Address of device to send to (4 bytes / long
data type)

#define TIMEOUT 1000 #/ 1 second ping timeout

// Just some random data to send
byte data[NRF905 MAX PAYLOAD] = {
Ox0A,

0x68,

0x45,

OxFA



char N = 'n';
char myStr[32];
char *copystr,whatt[33];

HMC5883L compass;

Servo myservo;
long lat,lon;
//float flat,flon;
float cog;
TinyGPS gps;
float deg;

int inPinl =-44; // the number of the input switch pin
int inPin2 = 40;
int inPin3 = 36;
int inPind = 32;
int inPin5 = 28;
int inPiné = 24,

int reading1,reading2,reading3,readingd,reading5,readingé;

int IN1 = 5;
int IN2 = 4,
int EN1 = 6;

int route;

int flagl = 45;



int flag2 = 41;

long spotl_lat = 13729480;
long spotl_lon = 100775060;
long spot2_lat = 13728727,
long spot2_lon = 100775148;
long spot3 lat = 13729155;
long spot3 lon = 100776032;
long spotd lat =13729556;
long spotd_lon = 100776844;
long spot5 _lat = 13728531;
long spot5 lon = 100776903;
long spot6 _lat = 13729480;
long spot6_ton = 100776014;
long spot7 lat ='13728540;
long spot7_lon = 100775145;
long spot8 lat ='13728540;
long spot8_lon =100776090;

inti=0;

long begin_lat,begin lon;
long target_lat,target lon;
int c;

int r1=0;

char lastgoal[1];

char going[1];
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int pos = 0;

int Speed,;

int goal = 0;

void setup()

{

// Start up
nRFI05_init();

// Set address of this device
NRF905_setRXAddress(RXADDRY);

// Lowest transmit level -10db
nRF905_setTransmitPower(NRFI05 PWR 6);

// Reduce receive sensitivity to save a few mA
NRF905_setLowRxPower(NRF905 LOW RX_ENABLE):

// Put into receive mode

nRFI05 _receive();

Wire.begin();

Serial.begin(38400); // connect serial
Serial2.begin(9600); // connect gps sensor
pinMode(IN1,OUTPUT);
pinMode(IN2,0UTPUT);
pinMode(EN1,0UTPUT);
digitalWrite(IN1,HIGH);
digitalWrite(IN2,LOW);
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myservo.attach(12);

pinMode(inPin1, INPUT);
pinMode(inPin2, INPUT);
pinMode(inPin3, INPUT);
pinMode(inPind, INPUT);
pinMode(inPin5, INPUT);
pinMode(inPin6, INPUT);
pinMode(flag1,OUTPUT);
pinMode(flag2, OUTPUT);

compass = HMC5883L();

Serial.printtn("Setting scale to +/- 1.3 Ga");
int error = compass.SetScale(1.3); // Set the scale of the compass.
iflerror 1= 0) // If there is an error, print it out.

Serial.println(compass.GetError Text(error));

Serial.println(*Setting measurement mode to continuous.");

error = compass.SetMeasurementMode(Measurement_Continuous); // Set
the measurement mode to Continuous

iflerror = 0) // If there'is an error, print it out.

Serial.println(compass.GetErrorText(error));

void loop()
{
while(Serial2.available()
{
if(gps.encode(Serial2.read()))
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readingl = digitalRead(inPin1);
reading2 = digitalRead(inPin2);
reading3 = digitalRead(inPin3);
readingd = digitalRead(inPin4);
reading5 = digitalRead(inPin5);
reading6 = digitalRead(inPin6);
getCurrentPoint(gps);
Sentdata();

if (i == .0)
{
flagdown();
analogWrite(EN1, 0);
myservo.write(95);
begin lat = lat;
begin. lon = lon;
if (begin_lat >= 13728590 && begin lat <= 13729544 && begin lon
>= 100775950 && begin ‘lon <= 100776050)
route = 1;
else if (begin_lat >= 13729380 && begin_lat <= 13729520 &&
begin_lon >= 100775060 && begin-lon <=100776014)
route = 2;
else if (begin_lat >= 13729380 && begin_lat <= 13729520 &&
begin_lon >= 100776015 && begin lon <= 100776900)
route = 3;
else if (begin_lat >= 13728540 && begin lat <= 13729555 &&
begin_lon >= 100774945 && begin lon <= 100775250)

route = 4;
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else if (begin_lat >= 13728320 && begin lat <= 13728620 &&
begin_lon >= 100775045 && begin lon <= 100776090)
route = 5;
else if (begin_lat >= 13728320 && begin_lat <= 13728620 &&
begin_lon >= 100776091 && begin lon <= 100777000)

route = 6;

if (readingl == HIGH && reading2 == LOW && reading3 == LOW &&
readingd == LOW && reading5 == LOW && reading6 == LOW)
{goal = 1; i++;}
else if (readingl == LOW && reading2 == HIGH && reading3 == LOW
&& readingd == LOW &&reading5 == LOW && reading6 == LOW)
{goal = 2, i++;}
else if (readingl == LOW && reading2 == LOW && reading3 == HIGH
&& readingd == LOW && reading5 == LOW && reading6 == LOW)
{goal = 3; i++;}
else if (readingl == LOW && reading2 == LOW && reading3 == LOW
&& readingd == HIGH && reading5 == LOW && reading6 == LOW)
{goal ='4; i++3}}
else if (readingl == LOW && reading2 == LOW && reading3 == LOW
&& readingd == LOW &&reading5 == HIGH && readingé == LOW)
{goal = 5; i++;}
else if (readingl == LOW && reading2 == LOW && reading3 == LOW
&& readingd == LOW && reading5 == LOW && reading6 == LOW)
i=0;

else i=2;

=0



Serial.print("begin lat : ");Serial.print(begin_lat);
Serial.print(" begin lon : ");Serial.printin(begin_lon);
}

else if (i == 2)

{
flagup();
analogWrite(EN1, 0);

myservo.write(95);

if(readingl == LOW && reading2 == LOW && reading3 == LOW &&

readingd == LOW && reading5 == LOW && readingé == LOW))
J =0;

elseif (i ==1)
{
digitalWrite(flag1,LOW);
digitalWrite(flag2,LOW);
if (goal'==. 1)
{
lastgoal[0] = '1';
Serial.println("1 = HIGH");
if (route == 1)
{
if(rl == 0)
{
target_lat = spot6_lat;

target_lon = spoté_lon;

a7



Running();
going[0] = '6";
if (lat >= spot6_lat)
{r1++;}
}
else if(rl == 1)
{
target_lat = spotl_lat;
target_lon ="spotl_lon;
Running();
goingf0] = "1,
if (lon <= spot1 _lon)
{i=2;}

else if (route == 3) {
target lat = spotl lat;
target_lon =spotl lon;
Running();
going[0] ='1';
if (lon <= spot1 ‘lon)

{i=2}}

else if (route == 2)
{
target_lat = spotl _lat;

target_lon = spotl_lon;
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Running();
going[0] = '1';
if (lon <= spot1_lon)

{i=2;}

else if (route == 4)

{
target_lat ='spot1_lat;
target_lon = spotl lon;
Running();
going[0] =1
if (lat >= spot1l. lat)

{i=2;}

else if (route == 5 || 6)
{
ifirl == 0)
{
target_lat = spot7 lat;
target_lon = spot7 lon;
Running();
going[0] = T
if (lon <= spot7_lon)
{r1++;}
}
else if(rl == 1)
{



target_lat = spotl_lat;
target_lon = spotl_lon;
Running();
going[0] = '1};
if (lat >= spot1_lat)
{i=2}
}
}
else if (route == 0)
{i 372}

if (readingl == LOW && reading2 == LOW && reading3 == LOW

&& readingd == LOW && reading5 == LOW && readingé == HIGH)

{i =2;}

else if (goal == 2)

{

lastgoal[0] = '2;
Serial.println("2 = HIGH");
if (route ==1)
{
iRrl == 0}
{
target_lat = spot8 lat;
target_lon = spot8_lon;
Running();
going[0] = '8
if (lat <= spot8_lat)
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{rl++;}
}
else if (r1 == 1)
{
target_lat = spot7_lat;
target_lon = spot7_lon;
Running();
going[0] = '7}
if (lon <= spot7 lon)
{rl=2}
}
else if (rl.=="2)
{
target_lat = spot2 lat;
target_lon = spot2_lon;
Running();
going[0] = '2',
if (lat >= spot2_lat)
{i=2;}

else if (route == 2 || 3)
{
ifrl == 0)
{
target_lat = spotl_lat;
target_lon = spotl1_lon;

Running();
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going[0] = "1,
if (lon <= spot1_lon)
{ri++;}
}
else if (rl == 1)
{

target_lat = spot2_lat;

target_lon = spot2. lon;

Running();

going[0] =2

if (lat <= spot2_lat)
{i=2;}

else if(route == 4)
{
if (begin_lat > spotd _lat)
{
target lat = spot2 lat;
target lon = spot2_lon;

Running();
going[0] = '2}
if (lat <= spot2_lat)
{i=2;}
}

else if (begin_lat < spot4_lat)
{
target_lat = spot2_lat;
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target_lon = spot2_lon;

Running();

going[0] = '2;

if (lat >= spot2_lat)
{i=2}

else if(route =='5 || 6)
{
iArl ==0Q)
{
target_lat = spot7_lat;
target lon = spot7 lon;
Running();
going[0] = '7;
if (lon-<=spot?_lon)
{ri++;}
}
else'if (rl'== 1)
{
target_lat = spot2._lat;
target_lon = spot2 lon,
Running();
going[0] = "2}
if (lat >= spot2 lat)
{i=2}}
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else if (route == 0)
{i=2}
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if (readingl == LOW && reading2 == LOW && reading3 == LOW &&

readingd == LOW && reading5 == LOW && reading6 == HIGH)
{i=2}

else if (goal == 3)
{
lastgoal[0] = '35
Serial.println("3 = HIGH");
iflroute == 1)
{
iflbegin_lat > spot3 lat)
{
target_lat = spot3_lat;
target_lon = spot3 lon;
Running();
going[0] =.'3";
if (lat <="spot3 lat)
{i=2;}
}
else iflbegin_lat < spot3_lat)
{
target_lat = spot3_lat;
target_lon = spot3_lon;
Running();

going[0] = '3';



if (lat >= spot3_lat)
{i=2}

else if (route == 2)
{
if(rl == 0)
{
target lat = spoté_lat;
target lon = spot6_lon;
Running();
going[0] = '6';
if (lon >= spot6. lon)
{ri++;}
}
else if(rl == 1)
{
target lat = spot3 lat;
target lon = spot3 lon;
Running();
going[0] = '3/,
if (lat <= spot3_lat)
{i=2;}

else if(route == 3)
{



if(rl == 0)
{
target_lat = spoté_lat;
target_lon = spot6_lon;
Running();
going(0] = '6;
if (lon <= spot6_lon)
{r1++;}
}
else if(rl == 1)
{
target_lat = spot3_lat;
target_lon = spot3 lon;
Running();
going[Q] ="3";
if (lat <= spot3 lat)
{i=2;}

else if(route == 4)
{
if(rl == 0)
{
target_lat = spotl_lat;
target_lon = spotl_lon;
Running();
going[0] = '1}
if (lat >= spotl_lat)
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{r1++;}
}
else if(rl == 1)
{
target_lat = spot6_lat;
target_lon = spot6_lon;
Running();
going[0] = '6;
if (lon >= spot6é_lon)
i£2;}
}
else if(rl'==2)
{
target lat = spot3 lat;
target_lon = spot3 lon;

Running();
going[0] = '3,
if (lat <= spot3. lat)
{i=2;}
}

else if (route == 5)
{
if(rl == 0)
{
target_lat = spot8 lat;
target_lon = spot8 lon;

Running();
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going[0] = '8,
if (lon >= spot8_lon)
{rl++;}
}
else if(rl == 1)
{
target_lat = spot3 lat;
target_lon = spot3. lon;
Running();
going(0] = '3,
if (lat >=spot3lat)
{i=2;}

else if (route == 6)
{
if(rt == 0)
{
target lat = spot8_lat;

target_lon = spot8 lon-150;

Running();
going[0] = '8,
if (lon <= spot8 lon-150)
{ri++;}
}
else if(rl == 1)
{
target_lat = spot3 lat;
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target_lon = spot3_lon;
Running();
going[0] = '3}
if (lat >= spot3 _lat)
{i=2;}
}
}
else if (route == 0)

{i=2}

if (readingl == LOW && reading2 == LOW && reading3 == LOW &&
readingd == LOW && reading5 == LOW && readingé == HIGH)
{i =2}

else if (¢oal == 4)
{
lastgoal[0] = '4';
Serial.println("4 = HIGH");
if (route =='1)
{
if(rl == 0)
{
target_lat = spot6 lat;
target_lon = spoté_lon;
Running();
going(0] = '6";
if (lat >= spot6 _lat)

{r1++;}



}

else if(rl == 1)

{
target_lat = spotd lat;
target_lon = spotd_lon;
Running();
going[0] = '4;
if (lon >= spot4_lon)

{i=2;}

else if (route == 2 || 3)

{
target_lat = spotd lat;
target_lon = spot4_lon;
Running();
going[0] ='4';
if (ton >=spot4 lon)

{i=2;}

else if (route == 4)
{
ifrl == 0)
{
target_lat = spotl_lat;
target_lon = spotl_lon;

Running();
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going[0] = '1}
if (lat >= spot1_lat)
{rl++;}
}
else if(rl == 1)
{

target_lat = spotd_lat;

target_lon = spotd_lon;

Running();

going[0] =4},

if (lon >=spot4 lon)
{i=2;}

else if (route == 5)
{
if(rl == 0)
{
target lat = spot8 lat;
target_lon.= spot8.lon;
Running();
going[0] = '8,
if (lon >= spot8 lon)
{ri++;}
}
else if(rl == 1)
{
target_lat = spot6_lat;
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target_lon = spot6_lon;

Running();

going[0] = "6

if (lat >= spot6_lat)
{r1=2}

}

else iflrl == 2)

{

target_lat = spotd_lat;

target_lon = spotd_lon;

Running();

going[0] ="4';

if (lon >= spot4_lon)
{i=2}

else if (route == 6)
{
if(rl.== 0)
{
target_lat = spot8-lat;
target_lon = spot8 lon-150;
Running();
going[0] = '8
if (lon <= spot8 lon-150)
{rl++;}
}
else if(rl == 1)
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{

target_lat = spoté6_lat;
target_lon = spot6_lon;
Running();

going[0] = '6';

if (lat >= spot6_lat)

{r1=2}

}
else if(rl =="2)
{

target_lat = spotd_lat;
target_lon = spotd lon;
Running();

going[0] = 'a’;

if (lon >= spot4._lon)

{i=2}}

}
else if (route == 0)

{i=2}

if (readingl == LOW && reading2 =="LOW && reading3 == LOW &&

readingd == LOW && reading5 == LOW && reading6 == HIGH)
{i=2}

else if (goal == 5)
{
lastgoal[0] = '5
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Serial.printin("5 = HIGH");
if (route == 1)
{
if(rl == 0)
{
target_lat = spot8 lat-150;
target_lon = spot8_lon;
Running();
going[0} = '8,
if (lat <= spot8 lat-150)
{rl++;}
}
else if(rl ==1)
{
target_lat = spot5 lat;
target_lon = spot5 _lon;
Running();
going[Q] = '5"
if (lon >=spot5 lon)
{i=2;}

else if (route == 2)
{
if(rl == 0)
{
target_lat = spoté6_lat;
target_lon = spot6_lon;
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Running();
going(0] = '6;
if (lon >= spot6_lon)
{ri++;}
}
else if(rl == 1)
{
target_lat = spot8. lat-150;
target_lon= spot8 _lon;
Running();
going[0] =8
if (lat <= spot8 lat-150)
{r1=23}
}
else if(rl =='2)
{
target lat = spot5_lat;
target ‘lon = spot5 lon;
Running();
going[0] = '5';
if (lon>=-spot5 lon)
{i=2}

else if (route == 3)
{

ifrl == 0)

{
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target_lat = spot6_lat;
target_lon = spot6_lon;
Running();
going[0] = '6';
if (lon <= spot6_lon)
{rl++;}
}
else if(rl == 1)
{
target_lat = spot8 lat-150;
target_ton = spot8 lon;
Running(;
going(0] = '8}
if (lat <= spot8- lat-150)
{r1=2;}
}
else ifirl == 2)
{
target_lat = spot5 lat;
target _lon = spot5 lon;
Running();
going[0] = '5Y
if (lon >= spot5_lon)
{i=2;}

else if(route == 5 || 6)
{



target lat = spot5 lat;

target_lon = spot5 lon;

Running();

going[0] = '5%

if (lon >= spot5_lon)
{i=2}}

else if(route == 4)
{
if(rl ==-0)
{
target_lat = spot7_lat;
target_lon = spot7 lon;
Running();
going[0] = 75
if (lat <= spot7_lat)
{r1++;}
}
elseif(rl == 1)
{
target_lat = spot5- lat;
target_lon = spot5_lon;
Running();
going[0] = '5}
if (lon >= spot5 lon)
{i=2}}



else if (route == 0)
{i=2}

if (readingl == LOW && reading2 == LOW && reading3 == LOW
&& readingd == LOW && reading5 == LOW && reading6 == HIGH)
i=2;

else
{
Serial.println("ERROR");
e
}
}//endi=1

} 4/ end if
} // end while
Sentdata();
}

void Running()
{
analogWrite(EN1, 200);
deg = degrees(atan2((target_lon - lon),(target lat - lat)));
ifldeg < 0)
deg += 360;
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Serial.print("Running degree_after cal: ");
Serial.print(deg);
Serial.print(" COG: ");

Serial.println(cog);

compass_function();

turnaround();

void compass_function()
{
// Retrive the raw values from the compass (not scaled).
MagnetometerRaw raw = compass.ReadRawAxis();
// Retrived the scaled values from the compass (scaled to the configured
scale).

MagnetometerScaled scaled = compass.ReadScaledAxis();

// Calculate heading when the magnetometer is level, then correct for
signs of axis.

float heading = atan2(raw.YAxis, raw.XAxis);

// Correct for when signs are reversed.
iftheading < 0)
heading += 2*PJ;

// Convert radians to degrees for readability.

float headingDegrees = degrees(heading);
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cog = headingDegrees;
}

void turnaround()
{
if ((cog > deg) && (cog - deg) > (360-cog+deg))
{
if ((cog - deg) - (360 - cog +deg) > 120)
myservo.write(150);
else if ( (cog - deg) - (360 - cog +deg) < 25)
myservo.write(120);
else myservo.write(130):
}
else if ( (cog > deg) && (cog - deg) < (360-cog+deg))
{
if (360 - cog +deg) - (cog - deg) > 120)
myservo.write(20);
else if ((360 - cog +deg) - (cog - deg) < 25)
myservo.write(75)
else myservo.write(60);
}
else if ((cog < deg) &&(deg - cog) > (360+cog-deg))
{
if (deg - cog) - (360 + cog - deg) > 120)
myservo.write(20);
else if ((deg - cog) - (360 + cog -deg) < 25)
myservo.write(75);
else myservo.write(60);
}



else if ( (cog < deg) && (deg - cog) < (360+cog-deg))
{
if (360 + cog -deg) - (deg - cog) > 120)
myservo.write(150);
else if ( (360 + cog -deg) - (deg - cog) < 25)
myservo.write(120);
else myservo.write(130);
}
else myservo.write(95);
}

void getCurrentPoint(TinyGPS &gps)

{
//gps.f_get position(&flat, &flon);
gps.get_position(&lat,&lon);
//gps.get datetime(&date, &time, &age);

Serial.print('lat: ");Serial.print(lat);Serial.print(" ")/ print latitude

Serial.print("lon: ");Serial.printin(lon);

void Sentdatal()
{
// Turn on module

nRF905_powerUp();

// Set address of device to send to
NRF905_setTXAddress(TXADDRY);
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copystr = ltoa(lat,whatt,10);
myStr[0] = copystr[0];
myStr[1] = copystr[1];
myStr{2] = copystr{2];
myStr{3] = copystr[3];
myStr{4] = copystr[4];
myStr[5] = copystr[5];
myStr[6] = copystrl6];
myStr{7] = copystr{7];
copystr = ltoa(ton,whatt,10);
myStr(8] = copystr[0];
myStr[9] = copystri1];
myStr{10] = copystr{2];
myStr[11] = copystr[3];
myStr{12] = copystr[4];
myStr{13] = copystr(5];
myStr[14] = copystr(6];
myStr{15] = copystr(7];
myStr[16) = copystr{8];
copystr = (toa(iwhatt,10);
myStr[17] = copystr{Q];
copystr = ltoa(route,whatt,10);
myStr{18] = copystr[0];
myStr[19] = lastgoal[0];
myStr[20] = going[0];
copystr = ltoa(rl,whatt,10);
myStr[21] = copystr{0];
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NRF905_setData((byte*)myStr, sizeof(myStr));

while(InRF905_send());

nRF905_receive();

byte buffer[NRF905 MAX_PAYLOAD];

bool success;

void flagup()
{
digitalWrite(flag1,LOW);
digitalWrite(flag2, HIGH);
}

void flagdown()
{
digitalWrite(flag1,HIGH);
digitalWrite(flag2,LOW);
}
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The Arduino Mega 2560 is a microcontroller board based on the
AT mega2560 (datasheet). It has 54 digital input/output pins (of which 14
can be used as PWM outputs),

16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal
oscillator, a USB connection, a power jack, an ICSP header, and a reset
button. It contains everything needed to support the microcontroller; simply
connect it to a computer with a USB cable or power it with a AC-to-DC
adapter or battery to get started. The Mega is compatible with most shields
designed for the Arduino Duemilanove or Diecimila.



Technical Specification

Microcontroller
Operating Voltage
Input Voltage (recommended)
Input Voltage (limits)
Digital I/O Pins

Analog Input Pins

DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory

SRAM

EEPROM

Clock Speed

ATmega2560

5V

7-12V Input Voltage

6-20V

54 (of which 14 provide PWM output)
16

40 mA

50 mA

256 KB of which 8 KB used by bootloader
8 KB

4 KB

16 MHz
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The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The
power source is selected automatically. Extenal (non-USB) power can come either from an AC-to-DC
adapter (wall-wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive
plug into the board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin
headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver
chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.

VIN. The input voltage to the Arduino board when it's using an external power source (as opposed
to 5 volts from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it through this pin.

5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND.Ground pins.

Memor

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the
bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the

EEPROM library).

inpuf and Output

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive
a maximum of 40 mA and has an intemal pull-up resistor (disconnected by default) of 20-50 kOhms.
In addition, some pins have specialized functions:

Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15
(RX) and

14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected to
the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt
3), and 21 (interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising
or falling edge, or a change in value. See the attachinterrupt() function for details.

PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite()

function.

SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (8S). These pins support SPl communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language. The
SPI pins are also broken out on the ICSP header, which is physically compatible with the Duemilanove
and Diecimila.

LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.

IC: 20 (SDA) and 21 (SCL). Support I’C (TWI) communication using the Wire library
(documentation on the

Wiring website). Note that these pins are not in the same location as the I1°C pins on the
Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different
values). By default they measure from ground to 5 volts, though is it possible to change the upper end
of their range using the AREF pin and analogReference() function.

There are a couple of other pins on the board:
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AREF. Reference voltage for the analog inputs. Used with

analogReference().

Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields
which block the one on the board.

The Arduino Mega2560 has a number of facilities for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega2560 provides four hardware
UARTSs for TTL (5V) serial communication. An ATmega8U2 on the board channels one of
these over USB and provides a virtual com port to software on the computer (Windows
machines will need a .inf file, but OSX and Linux machines will recognize the board as a
COM port automatically. The Arduino software includes a serial monitor which allows
simple textual data to be sent to and from the board. The RX and TX LEDs on the board will
flash when data is being transmitted via the ATmega8U2 chip and USB connection to the
computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the I2C bus; see the documentation on the Wiring
website for details. To use the SPI communication, please see the ATmega2560 datasheet.

The Arduino Mega2560 can be programmed with the Arduino software (download). For
details, see the reference and tutorials.

The Atmega2560 on the Arduino Mega comes prebured with a bootloader that allows
you to upload new code to it without the use of an external hardware programmer. It
communicates using the original STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP
(In-Circuit Serial
Programming) header; see these instructions for details.
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Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino
Mega2560 is designed in a way that allows it to be reset by software running on a
connected computer. One of the hardware flow control lines (DTR) of the ATmega8U?2 is
connected to the reset line of the ATmega2560 via a

100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long
enough to reset the chip. The Arduino software uses this capability to allow you to upload
code by simply pressing the upload button in the Arduino environment. This means that the
bootloader can have a shorter timeout, as the lowering of DTR can be well-coordinated with
the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from software (via
USB). For the following half-second or so, the bootloader is running on the Mega2560.
While it is programmed to ignore malformed data (i.e. anything besides an upload of new
code), it will intercept the first few bytes of data sent to the board after a connection is
opened. If a sketch running on the board receives one-time configuration or other data
when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either
side of the trace can be soldered together to re-enable it. It's labeled "RESET-EN". You
may also be able to disable the auto-reset by connecting a 110 ohm resistor from 5V to the
reset line; see this forum thread for details.

: USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from
shorts and overcurrent. Although most computers provide their own internal protection, the
fuse provides an extra layer of protection. If more than 500 mA is applied to the USB port,
the fuse will automatically break the connection until the short or overload is removed.

Physical Characteristics and Shield Compatibilit

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with
the USB connector and power jack extending beyond the former dimension. Three screw
holes allow the board to be attached to a surface or case. Note that the distance between
digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil spacing of the
other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or
Duemilanove. Digital pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0
to 5, the power header, and ICSP header are all in equivalent locations. Further the main
UART (serial port) is located on the same pins (0 and

1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through
the ICSP header on both the Mega and Duemilanove / Diecimila. Please note that I°C is
not located on the same pins on the Mega (20 and 21) as the Duemilanove / Diecimila
(analog inputs 4 and 5).
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors
and can affect its surroundings by controlling lights, motors, and other actuators.
The microcontroller on the board is programmed wusing the  Arduino
programming language (based on Wiring) and the Arduino development
environment (based on Processing). Arduino projects can be stand-alone or they
can communicate with software on running on a computer (e.g. Flash, Processing,
MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions
for your personal

OS. Check on the Arduinp _site for the latest instructions.
http://arduino.cc/en/Guide/HomePage

Linux InstallgWindows Installf Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your
PC via USB cable.

Blink led

Now you're actually
ready to “bum” your first
program on the arduino
board. To select “blink
led”,  the - . physical
translation of the well e R
known programming TN (7. C g
“hello world”; select IR s - e

File>Sketchbook> S~ P psd o Lo
Arduino-0017>Examples> | =" (79"~ .
Digital>Blink

Once you have your
skecth you'll see
something very close to
the screenshot on the
right.

In Tools>Board select MEGA Now you have to go to
Tools>SerialPort

and select the right serial port, the one arduino is attached to.
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Terms & Conditions

1. Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the
date of the sale. The producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the
Customer, including improper installation or testing,

or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for
any defects that result from

Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the
extent the producer deems necessary.

12 If any products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such
products. The producer's liability shall be limited to products that are determined by the producer not to conform to such
warranty. If the producer elects to replace such products, the producer shall have a reasonable time to replacements. Replaced
products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER
DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED
TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4  Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and
the functionality of the products as used in such systems. The producer may provide technical, applications or design advice,
quality characterization, reliability data or other services. Customer acknowledges and agrees that providing these services shall
not expand or otherwise alter the producer's wamanties, as set forth above, and no additional obligations or liabilities shall arise
from the producer providing such services.

1.5 The Arduino  products are not autherized for use in safety-critical applications where a failure of the product would
reasonably be expected to cause severe personal injury or death. Safety-Critical Applications include, without limitation, life
support devices and systems, equipment or systems for the operation of nuclear facllities and weapons systems. Arduino
products are neither designed nor intended for use in military or aerospace applications or environments and for automotive
applications or environment. Customer acknowledges and agrees that any such use of Arduino  products which is solely at the
Customer’s risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection
with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related
requirements concerning its products and any use of Arduino products in Customer's applications, notwithstanding any
applications-related information or support that may be provided by the producer.

- B Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all
third-party losses, damages, liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer
of the representation and warranties made under this terms and conditions or (ii) the gross negligence or wiliful misconduct by
the Customer.

3 Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive,
incidental, consequential or exemplary damages in connection with or arising out of the products provided hereunder, regardless
of whether the producer has been advised of the possibility of such damages. This section will survive the termination of the
warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions atany time, without notice. The Customer must not
rely on the absence or characteristics of any features or instructions marked “reserved” or "undefined.” The producer reserves
these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes
to them. The product information on the Web Site or Materials is subject to change without notice. Do not finalize a design with
this information.
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v.2 @ile nRF905

Single chip 433/868/915 MHz Transceiver nRF905

FEATURES APPLICATIONS
e True single chip GFSK transceiver in a small Wireless data communication
32-pin package (32L QFN 5x5mm) Alarm and security systems
e ShockBurst™ mode for low power operation Home Automation
® Power supply range 1.9t0 3.6 V Remote control Surveillance
e Multi-channel operation = ETSI/FCC Automotive Telemetry
e Data Ready signal when a valid data packet Industrial sensors Keyless
is received or transmitted entry Toys
® Address Match for detection of incoming
packet

Automatic retransmission of data packet
Automatic CRC and preamble generation
e Low supply current (TX), typical 9mA
@ -10dBm output power
e Low supply current (RX), typical 12.5mA

GENERAL DESCRIPTION

nRF905 is a single-chip radio transceiver for the 433/868/915 MHz ISM band. The
transceiver consists of a fully integrated frequency synthesiser, receiver chain with
demodulator, a power amplifier, a crystal oscillator and a modulator. The
ShockBurst™ feature automatically handles preamble and CRC. Configuration is
easily programmable by use of the SPI interface. Current consumption is very low, in
transmit only 9mA at an output power of -10dBm, and in receive mode 12.5mA. Built
in power down modes makes power saving easily realizable.

QUICK REFERENCE DATA

Parameter Value Unit
Supply voltage 1.9 to 3.6 Vv
Maximum transmit output power 10 dBm
Data rate 50 kbps
Supply current in transmit @ -10dBm output power 9 mA
Supply current in receive mode 12.5 mA
Temperature range -40 to +85 %
Typical Sensitivity -100 dBm
Supply current in power down mode 25 pA

Table 1 nRF905 quick reference data.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 1 of 42 June 2006
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PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

ORDERING INFORMATION
Type Number Description Version
nRF905 IC 32L QFN 5x5mm -
nRF905-EVKIT 433 Evaluation kit 433MHz 1.0
nRF905-EVKIT 868/915 Evaluation kit 868/915MHz 1.0

Table 2 nRF905 ordering information.

o
’-.
ssidgdadeg: 38§ 3
38333388888 338 2
leliﬂ)._ XC1 (14) b
Mosi(rn) |
sck(12) | Xxc2(185) -
csN (1Y) |
TRecem |
PWR_UP(2) |
TX_ENG2) |
'—| | Voo PA (IS
co®, |
awmm |
oR@ | ANT1 (20)
WPCLK @) | ANTZ 1)
IREF (23)
mn

Figure 1 nRF905 with
external components.
June 2006
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PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

1 PIN FUNCTIONS

Main office: Nordic Semiconductor ASA

Revision: 1.4

- Vestre Rosten 81, N-7075 Tiller, Norway

Page 4 of 42

Pin | Name Pin function Description

1 TRX CE Digital input Enables chip for receive and transmit

2 PWR UP Digital input Power up chip

3 uPCLK Clock output | Output clock, divided crystal oscillator full-swing clock

4 VDD Power Power supply (+3V DC)

5 VSS Power Ground (0V)

6 CD Digital output | Carrier Detect

7 AM Digital output | Address Match

8 DR Digital output | Receive and transmit Data Ready

9 VSS Power Ground (0V)

10 | MISO SPI - interface | SPI output

11 | MOSI SPI - interface | SPI input

12 | SCK SPI - Clock SPI clock

13 | CSN SPI - enable SPI enable, active low

14 | XCl Analog Input | Crystal pin 1/ External clock reference pin

15 I XC2 Analog Output | Crystal pin 2

16 | VSS Power Ground (0V)

17 | VDB Power Power supply (+3V DC)

18 | VSS Power Ground

19 | VDD PA Power output | Positive supply (1.8V) to nRF90S power amplifier

20 | ANTI RF Antenna interface |

21 | ANT2 RF Antenna interface 2

22 I'VSS Power Ground (0V)

23 IREF Analog Input | Reference current

24 | VSS Power Ground (0V)

25 VDD Power Power supply (+3V DC)

26 | VSS Power Ground (0V)

27 | VSS Power Ground (0V)

28 | VSS Power Ground (0V)

29 VSS Power Ground (0V)

30 | VSS Power Ground (0V)

31 | DVDD 1V2 | Power Low voltage positive digital supply output for de-coupling |

32 | TX EN Digital input_ | TX EN="1"TX mode, TX EN="0"RX mode
Table 3 nRF905 pin function.

- Phone +4772898900 -Fax +4772898989

June 2006
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PRODUCT SPECIFICATION .
nRF905 Single Chip 433/868/915 MHz Radio Transceiver

2 PIN ASSIGNMENT

TX_EN DVDLC_Ivi VSS VSs VSS VDD

[32][31][30 l29\1281l27||26\L_J

mxce| ] | ; ® [24] vss
R o gra s 2]
voo[ 4 | | Q1] anm
vss| 5 | | 120 ] awm
@[] 19 o
w (1] 18]
= [8] @)

Lo} io) T2 (R3] (14] 557 1]

N g VR e D @

Figure 2 nRF905 pin a531gnment (top view) fora 32L QFN 5x5 package.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 5 of 42 June 2006
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PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

1) Max value determined by design and characterization testing.

2) Output frequency is 4MHz load of external clock pin is 5pF, Crystal is 4MHz.

3) Crystal is 4MHz.

4) Pin voltages are VSS or VDD.

5) Chip in power down, SPI_SCK frequency is IMHz.

6) Operates in the 433, 868 and 915 MHz ISM band.

7) The crystal frequency may be chosen from 5 different values (4, 8, 12, 16, and 20MHz)
8) Data is Manchester-encoded before GFSK modulation.

9) Optimum load impedance, please see peripheral RF information.

10) Channel width and channel spacing is 200kHz.

11) Channel Level +3dB over sensitivity, interfering signal a standard CW, image lies 2MHz above wanted.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 7 of 42 June 2006



PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

4 CURRENT CONSUMPTION

MODE CRYSTAL OUTPUT TYPICAL
FREQ. [MHZ] CLOCK CURRENT
FREQ. [MHZ]
Power Down 16 OFF 2.5 uA
Standby 4 OFF 12 uA
Standby 8 OFF 25 uA
Standby 12 OFF 27 uA
Standby 16 OFF 32 uA
Standby 20 OFF 46 uA
Standby 4 0.5 110 uA
Standby 8 0.5 125 wA
Standby 12 0.5 130 uA
Standby 16 0.5 135 uA
Standby 20 0.5 150 uA
Standby 4 1 130 uA
Standby 8 1 145 uA
Standby 12 1 150 uA
Standby 16 1 155 uA
Standby 20 1 170 uvA
Standby 4 2 170 uA
Standby 8 2 185 uA
Standby 12 2 190 uA
Standby 16 2 195 uA
Standby 20 2 210. uvA
Standby 4 4 260 uA
Standby 8 4 275 uA
Standby 12 4 280 ~vA
Standby 16 4 285 uA
Standby 20 4 300 uA
Rx @ 433 16 OFF 122 mA
Rx @ 868/915 16 OFF 12.8 mA
Reduced Rx 16 OFF 10.5 mA
Tx @ 10dBm 16 OFF 30 mA
Tx @ 6dBm 16 OFF 20 mA
Tx @ -2dBm 16 OFF 14 mA
Tx @ -10dBm 16 OFF 9 mA
Conditions: VDD = 3.0V, VSS =0V, T, =27°C,
Load capacitance of external clock = 13pF, Crystal load capacitance = 12pF

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900

Revision: 1.4

Table 5 nRF905 current consumption.
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PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

5 MODES OF OPERATION

The nRF905 has two active (RX/TX) modes and two power-saving modes

5.1 Active Modes

e ShockBurst™ RX
e ShockBurst™ TX

5.2 Power Saving Modes

e Power down and SPI - programming
e Standby and SPI - programming

The nRF905 mode is decided by the settings of TRX CE, TX_EN and PWR_UP.

PWR _UP TRX CE TX EN Operating Mode

0 Power down and SPI —programming |
Standby and SPI — programming
Read data from RX register
Radio Enabled - ShockBurstTM RX
Radio Enabled - ShockBurstTM TX

X
0

X
1

1

o L P B

1
1
1
1

Table 6 nRF905 operational modes.

5.3 nRF ShockBurst™ Mode

The nRF905 uses the Nordic Semiconductor ASA ShockBurst™ feature.
ShockBurst™ makes it possible to use the high data rate offered by the nRF905
without the need of a costly, high-speed micro controller (MCU) for data
processing/clock recovery. By placing all high speed signal processing related to RF
protocol on-chip, the nRF905 offers the application micro controller a simple SPI
interface, the data rate is decided by the interface-speed the micro controller itself sets
up. By allowing the digital part of the application to run at low speed, while
maximizing the data rate on the RF link, the nRF905 ShockBurst™ mode reduces the
average current consumption in applications. In ShockBurst™ RX, Address Match
(AM) and Data Ready (DR) notifies the MCU when a valid address and payload is
received respectively. In ShockBurst™ TX, the nRF905 automatically generates
preamble and CRC. Data Ready (DR) notifies the MCU that the transmission is
completed. All together, this means reduced memory demand in the MCU resulting in
a low cost MCU, as well as reduced software development time.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 9 of 42 June 2006



PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

5.4 Typical ShockBurst'™ TX

1. When the application MCU has data for a remote node, the address of the
receiving node (TX-address) and payload data (TX-payload) are clocked
into nRF905 via the SPI interface. The application protocol or MCU sets
the speed of the interface.

2. MCU sets TRX CE and TX_EN high, this activates a nRF905
ShockBurst™ transmission.

3. nRF905 ShockBurst™:

e Radio is automatically powered up.

e Data packet is completed (preamble added, CRC calculated).

e Data packet is transmitted (100kbps, GFSK, Manchester-encoded).
e Data Ready is set high when transmission is completed.

4. If AUTO_RETRAN is set high, the nRF905 continuously retransmits the
packet until TRX_CE is set low.

5. When TRX CE is set low, the nRF905 finishes transmitting the outgoing
packet and then sets itself into standby mode.

If TX_EN is set low while TRX_CE is kept high, the nRF905 finishes transmitting
the outgoing packet and then enter RX-mode in the channel already programmed in
the RF-CONFIG register.

The ShockBurst™ mode ensures that a transmitted packet that has started always
finishes regardless of what TRX EN and TX_ EN is set to during transmission. The
new mode is activated when the transmission is completed. Please see subsequent
chapters for detailed timing

For test purposes such as antenna tuning and measuring output power it is possible to
set the transmitter so that a constant carrier is produced. To do this TRX_CE must be
maintained high instead of being pulsed. In addition Auto Retransmit should be
switched off. After the burst of data has been sent then the device will continue to
send the unmodulated carrier.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989

Revision: 1.4 Page 10 of 42 June 2006
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PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

Figure 3 Flowchart ShockBurst'™ transmit of nRF905.

NB: DR is set low under the following conditions after it has been set high:
e IfTX_EN is set low
e [fPWR_UP is set low

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 11 of 42 June 2006
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nRF905 Single Chip 433/868/915 MHz Radio Transceiver

5.5 Typical ShockBurst™ RX

1. ShockBurst™ RX is selected by setting TRX_CE high and TX_EN low.

2. After 650ps nRF905 is monitoring the air for incoming communication.

3. When the nRF905 senses a carrier at the receiving frequency, Carrier
Detect (CD) pin is set high.

4. When a valid address is received, Address Match (AM) pin is set high.

5. When a valid packet has been received (correct CRC found), nRF905

removes the preamble, address and CRC bits, and the Data Ready (DR)

pin is set high.

MCU sets the TRX_CE low to enter standby mode (low current mode).

7. MCU can clock out the payload data at a suitable rate via the SPI interface.

When all payload data is retrieved, nRF905 sets Data Ready (DR) and

Address Match (AM) low again.

9. The chip is now ready for entering ShockBurst'™ RX, ShockBurst™ TX or
power down mode.

S

o

If TX_EN is set high while TRX CE is kept high, the nRF905 would enter

ShockBurst™TX and start a transmission according to the present contents in the SPI-
registers.

If TRX_CE or TX_EN is changed during an incoming packet, the nRF905 changes
mode immediately and the packet is lost. However, if the MCU is sensing the Address
Match (AM) pin, it knows when the chip is receiving an incoming packet and can
therefore decide whether to wait for the Data Ready (DR) signal or enter a different
mode.

To avoid spurious address matches it is recommended that the address length be 24
bits or higher in length. Small addresses such as 8 or 16 bits can often lead to
statistical failures due to the address being repeated as part of the data packet. This
can be avoided by using a longer address.

Each byte within the address should be unique. Repeating bytes within the address
reduces the effectiveness of the address and increases its susceptibility to noise hence
increasing the packet error rate. The address should also have several level shifts (i.e.
10101100) to reduce the statistical effect of noise and hence reduce the packet error
rate.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
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nRF9%05 Single Chip 433/868/915 MHz Radio Transceiver

Radio in Standby
TX_EN=LO
PWR_UP = HI

TRX_CE ™-NO
=Hl ?

YES

Receiver is
powered up

4
Receiver
»  Sensing for incomming data | ¢———
CD is set high if carrier

Data Package

ADDR? et ADDR PAYLOAD CRC

AM is set
high

=2

Receiving

AM is set low

hi MCU clocks out payload via MCU clocks dut payload via PAYLOAD
T the SPI interface the SPI interface

| |

TRX_CE YES RX Remains Radio enters
=Hi? On STBY

e |

Figure 4 Flowchart ShockBurst™ receive of nRF905.
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nRF905 Single Chip 433/868/915 MHz Radio Transceiver

5.6 Power Down Mode

In power down the nRF905 is disabled with minimal current consumption, typically
less than 2.54A. When entering this mode the device is not active which will
minimize average current consumption and maximizing battery lifetime. The
configuration word content is maintained during power down.

5.7 Standby Mode

Standby mode is used to minimize average current consumption while maintaining
short start up times to ShockBurst™ RX and ShockBurst™ TX. In this mode part of
the crystal oscillator is active. Current consumption is dependent on crystal frequency,
Ex: Ipp= 12UA @A4AMHz and Ipp =46p A @20MHz. If the uP-clock (pin 3) of nRF905
is enabled, current consumption increases and is dependent on- the load capacitance
and frequency. The configuration word content is maintained during standby.

Main office: Nordic Semiconductor ASA = Vestre Rosten 81, N-7075 Tiller, Norway ~ - Phone +4772898900 -Fax +4772898989
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nRF905 Single Chip 433/868/915 MHz Radio Transceiver

6 DEVICE CONFIGURATION

All configuration of the nRF905 is via the SPI interface. The interface consists of five
registers; a SPI instruction set is used to decide which operation shall be performed.
The SPI interface can be activated in any mode however Nordic Semiconductor ASA
recommends the chip be in standby or power down mode.

6.1 SPI Register Configuration

The SPI interface consisgy of five internal registers. A register read-back mode is
implemented to allow verification of the register contents.

MISO
Aiou1

SCK
CBN

Figure 5 SPI - interface and the five internal registers.

Status — Register
Register contains status of Data Ready (DR) and Address Match (AM).
RF - Configuration Register

Register contains transceiver setup information such as frequency and output power
ext.

TX — Address

Register contains address of target device. How many bytes used is set in the
configuration register.

TX — Payload

Register containing the payload information to be sent in a ShockBurst ™ packet.
How many bytes used is set in the configuration register.
RX — Payload

Register containing the payload information derived from a received valid

ShockBurst ™ packet. How many bytes used is set in the configuration register. Valid
data in the RX-Payload register is indicated with a high Date Ready (DR) signal.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
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6.2 SPI Instruction Set
The available commands to be used on the SPI interface is shown below. Whenever
CSN is set low the interface expects an instruction. Every new instruction must be
started by a high to low transition on CSN.

Instruction set for the nRF905 SPI Serial Interface
Instruction Name Instruction Operation
Format
W_CONFIG 0000 AAAA Write Configuration-register. AAAA indicates which byte
(WQ) the write operation is to be started from. Number of bytes
depends on start address AAAA.
R_CONFIG 0001 AAAA | Read Configuration-register. AAAA indicates which byte
(RO) the read operation is to be started from. Number of bytes
depends on start address AAAA.
W_TX PAYLOAD 0010 0000 Write TX-payload: 1 - 32 bytes. A write operation will
(WTP) always start at byte 0.
R_TX PAYLOAD 0010 0001 Read TX-payload: 1 — 32 bytes. A read operation will
(RTP) always start at byte 0.
W_TX_ADDRESS 0010 0010 Write TX-address: 1 ~ 4 bytes. A write operation will
(WTA) always start at byte 0.
R_TX ADDRESS 00100011 Read TX-address: | — 4 bytes. A read operation will
(RTA) always start at byte 0
R RX PAYLOAD 0010 0100 Read RX-payload: 1 — 32 bytes. A read operation will
(RRP) always start at byte 0.
CHANNEL_CONFIG | 1000 pphe Special command for fast setting of CH_NO,
(CC) CCCC CCCC HFREQ PLL and PA_PWR in the CONFIGURATION
REGISTER. CH NO= cccecccee, HFREQ _PLL=h
PA PWR =pp
STATUS REGISTER | N.A. The content of the status-register (S[7:0]) will always be
read to MISO after a high to low transition on CSN as
shown in Figure 6 and 7.

Table 7 Instruction set for the nRF905 SPI interface.

A read or a write operation may operate on a single byte or on a set of succeeding
bytes from a given start address defined by the instruction. When accessing
succeeding bytes one will read or write MSB of the byte with the smallest byte

number first.

Main office: Nordic Semiconductor ASA

Revision: 1.4

- Vestre Rosten 81, N-7075 Tiller, Norway

Page 16 of 42 June 2006

- Phone +4772898900 -Fax +4772898989



PRODUCT SPECIFICATION

nRF905 Single Chip 433/868/915 MHz Radio Transceiver

6.3 SPI Timing

The interface supports SPI mode 0. SPI operation and timing is given in Figure 6 to
Figure 8 and in Table 8. The device must be in one of the power saving modes for the
configuration registers to be read or written to.

csN | > [
SCK
Mosi [ <)o [ [o ) ) )

el R0 G000 TONCENAYERQODNTDE0

Figure 6 SPI read operation.

CBN | 7 =
sk UL, AL PLL AU I LU LU
vos! I o =) Y e e Y o o) m e e e o e e Yo fenaferoe o
MSO —*Y 8 [¥ [» kaf(e ] i

Figure 7 SPI write operation.

MOSI

MISO

Figure 8 SPI NOP timing diagram.
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PARAMETER SYMBOL | MIN | MAX UNITS
Data to SCK Setup Tdc 5 ns
SCK to Data Hold Tdh 5 ns
CSN to Data Valid desll -7 | N ns
SCK to Data Valid Ted 45 ns
SCK Low Time Tel 40 ns
SCK High Time Tch 40 ns
SCK Frequency Tsck DC 10 MHz
SCK Rise and Fall Tr,Tf 100 ns
CSN to SCK Setup Tce 5 ns
SCK to CSN Hold Tech 5 ns
CSN Inactive time Tewh 500 ns
CSN to Output High Z Tcdz 45 ns

Table 8 SPI timing parameters (Cipaqa = 10pF).
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6.4 RF — Configuration Register Description

Parameter

Bitwidth

Description

CH_NO

9

Sets center freq. together with HFREQ_PLL (default = 001101100, = 108,).
frr = (422.4 + CH_NO, /10)*(1+HFREQ_PLL,) MHz

HFREQ_
PLL

1

Sets PLL in 433 or 868/915 MHz mode (default = 0).
'0" — Chip operating in 433MHz band
'1' — Chip operating in 868 or 915 MHz band

PA_PWR

Output power (default = 00).
'00" -10dBm
'01' =2dBm
'10" +6dBm
'11' +10dBm

RX_RED_
PWR

Reduces current in RX mode by 1,6mA. Sensitivity is reduced (default = 0).
'0" = Normal operation
'1' — Reduced power

AUTO_
RETRAN

Retransmit contents in TX register if TRX_CE and TXEN are high (default = 0).
'0" — No retransmission
'l' — Retransmission of data packet

RX_AFW

RX-address width (default = 100).
'001' = 1 byte RX address field width
'100" =4 byte RX address field width

TX_AFW

TX-address width (default = 100).
'001' — 1 byte TX address field width
'100' - 4 byte TX address field width

RX_PW

RX-payload width (default = 100000).
'000001" — 1 byte RX payload field width
'000010’ - 2 byte RX payload field width

'100000' ~ 32 byte RX payload field width

TX_PW

TX-payload width (default = 100000).
'000001' — 1 byte TX payload field width
'000010" — 2 byte TX payload field width

'100000' - 32 byte TX payload field width

ADDRESS

32

RX address identity. Used bytes depend on RX_AFW (default = E7E7E7E7,).

UP_CLK_
FREQ

Output clock frequency (default = 11).
'00" - 4MHz
‘01 — 2MHz
10" — 1MHz
'11' — 500kHz

UP_CLK_
EN

Output clock enable (default = 1).
'0' — No external clock signal available
'I' — External clock signal enabled

XOF

Crystal oscillator frequency. Must be set according to external crystal resonant-
frequency (default = 100).

'000" — 4MHz

'001' - 8MHz

'010' — 12MHz

'011' — 16MHz

'100' — 20MHz

CRC_EN

CRC - check enable (default = 1).
'0' — Disable
'l' — Enable

CRC_
MODE

CRC — mode (default = 1).
'0"' — 8 CRC check bit
'1'— 16 CRC check bit

Main office; Nordic Semiconductor ASA
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6.5 Register Contents

RF-CONFIG_REGISTER (R/'W)

Byte # Content bit[7:0], MSB = bit|7] Init value
0 CH_NOI[7:0] 0110_1100
1 bit[7:6] not used, AUTO_RETRAN, RX_RED PWR, PA PWR[1:0], 0000_0000
HFREQ PLL, CH NOI8]
2 bit[7] not used, TX AFW[2:0] , bit[3] not used, RX AFW[2:0] 0100_0100
3 bit[7:6] not used, RX PW{5:0] 0010_0000
4 bit[7:6] not used, TX PW[5:0] 0010_0000
5 RX _ADDRESS (device identity) byte 0 E7
6 RX_ADDRESS (device identity) byte 1 E7
7 RX_ADDRESS (device identity) byte 2 E7
8 RX _ADDRESS (device identity) byte 3 E7
9 CRC MODE,CRC EN, XOF[2:0], UP_CLK_EN, UP_CLK FREQ[1:0] 1110 0111
TX PAYLOAD (R/'W)
Byte # Content bit[7:0], MSB = bit|7] Init value
0 TX PAYLOAD[7:0] K
1 TX PAYLOAD[15:8] X
- - X
e . X
30 TX PAYLOAD[247:240] X
31 TX PAYLOAD[255:248] X
___TX _ADDRESS (R/'W)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 TX ADDRESS[7:0] E7
1 TX_ADDRESS[15:8] E7
2 TX ADDRESS[23:16] E7
3 TX ADDRESS[31:24] E7
RX PAYLOAD (R)
Byte # Content bit]|7:0}, MSB = bit{7] Init value
0 RX PAYLOADI[7:0] X
1 RX PAYLOADJ[15:8] X
- X
- X
30 RX PAYLOAD[247:240] X
31 RX PAYLOAD[255:248] X
STATUS REGISTER (R)
Byte # Content bit[7:0], MSB = bit[7] Init value
0 AM, bit [6] not used, DR, bit [0:4] not used X

The length of all registers is fixed. However, the bytes in TX PAYLOAD,
RX_PAYLOAD, TX_ADDRESS and RX ADDRESS used in ShockBurst ™ RX/TX

Table 10 RF register contents.

are set in the configuration register.
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7 IMPORTANT TIMING DATA

The following timing must be obeyed during nRF905 operation.

7.1

Notes to table:
1)

Device Switching Times

nRF905 timing Max.
PWR_DWN _ ST BY mode 3 ms
STBY _ TX ShockBurst™ 650 us
STBY _ RX ShockBurst™ 650 us
RX ShockBurst™ _ TX ShockBurst™ 550 'us
TX ShockBurst™ _ RX ShockBurst™ 550 'us

RX to TX or TX to RX switching is available without re-programming of the RF
configuration register. The same frequency channel is maintained.

Table 11 Switching times for nRF905.

7.2  ShockBurst™ TX timing

| G, |
CSN ﬂ A
= e
PWR“UF—l—-
- —
TX_EN I
il
TRX_CE > "
TX DATA > —
TIME 7
Programming of TO T4 T2 Transmitted Dats 100kbps T3

Configuration Register
and TX Data Register

T0 = Radio Enabled
T1=T0+10uS Minimum TRX_CE pulse

T2 =70 + 860uS.Start of TX Data transmission
T3 = End of Data Packet, enter Standby mode

Manchester Encoded

Figure 9 Timing diagram for standby to transmit.

After a data packet has finished transmitting the device will automatically enter
Standby mode and wait for the next pulse of TRX CE. If the Auto Re-Transmit
function is enabled the data packet will continue re-sending the same data packet until
TRX_CE is set low.
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7.3 ShockBurstTM RX timing

. >~
PWR_UP
TX_EN |
TRX_CE
RX DATA e ' i
1
1]
cD :
i
[]
AM i
DR
i 850us .
TIME £ F ot
-
185008 10 entarRX i
mode from 0 Ty T2 T3

TRX_CE being set
il TO = Receiver Enabled -Listening for Date
T4 = Carrier Detect finds a carrier
T2 =AM - Corract Address Found
T3 = DR -Data packet with correct Address/CRC

Figure 10 Timing diagram for standby to receiving.

After the Data Ready (DR) has been set high a valid data packet is available in the RX
data register. This may be clocked out in RX mode or standby mode. Afier the data
has been clocked out via the SPI interface the Data Ready (DR) and Address Match
(AM) pins are reset to low.

The RX register is reset if the PWR_UP pin is taken low or if the device is switched
into TX mode i.e. TXEN is taken high. This will also results in the Data Ready(DR)
and Address Match (AM) pins being reset to low.

7.4 Preamble

In each data-packet transmitted by the nRF905 a preamble is added automatically.
The preamble is a predefined bit-sequence used to adjust the receiver for optimal
performance. A ten-bit sequence is used as preamble in nRF905. The length of the
preamble, toreambie, is then 200us.
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7.5 Time On Air

The time-on-air is the sum of the radio start-up time and the data-packet length. The
length of the preamble, address field, payload and CRC-checksum give the data-
packet length while the radio start-up time is given in Table 11. While preamble
length and start-up time are fixed the user sets the other parameters in the RF-
configuration register. The below equation shows how to calculate TOA

N address. = N paytoad + N cre
TOA=t startup 1 preample BR

tstartup ANd tyreamble are RF-start-up time and preamble time respectively. Nagaresss Npayload
and Ncgc are numbers of bits in the address, payload and CRC-checksum while BR is
the bitrate, which is equal to 50kbps.
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8 PERIPHERAL RF INFORMATION

8.1 Crystal Specification
Tolerance includes initially accuracy and tolerance over temperature and aging.

Frequency C. ESR Ui Tolerance @ | Tolerance @
868/915 MHz 433 MHz
4MHz 8pF — 16pF 1500 7.0pF +30ppm +60ppm
8MHz 8pF — 16pF 1000 7.0pF +30ppm +60ppm
12MHz 8pF — 16pF 1000 7.0pF +30ppm +60ppm
16MHz 8pF — 16pF 1000 7.0pF +30ppm +60ppm
20MHz 8pF — 16pF 1000 7.0pF +30ppm +60ppm

Table 12 Crystal specification of nRF905.

To achieve a crystal oscillator solution with low power consumption and fast start-up
time, it is recommended to specify the crystal with a low value of crystal load
capacitance. Specifying a lower value of crystal parallel equivalent capacitance,
Co=1.5pF is also good, but this can increase the price of the crystal itself. Typically
Co=1.5pF at a crystal specified for Co_max=7.0pF.

C -

s

The crystal load capacitance, Cy, is given by:

e, C, "

where C'=Cy +Cpopy +Cyand C,'=C, +Cpagy +Cy
C+Cy!

L

C, and C; are 0603 SMD capacitors as shown in the application schematics. Cpcg; and
Ceca2 are the layout parasitic on the circuit board. Cy; and Cy, are the capacitance seen
into the XC1 and XC2 pin respectively; the value is typical 1pF.

8.2 External Clock Reference

An external reference clock, such.as a MCU clock, may be used instead of a crystal.
The clock signal should be applied directly to the XC1 pin, the XC2 pin can be left
high impedance. When operating with an external clock instead of a crystal the clock
must be applied in standby mode to achieve low current consumption. If the device is
set into standby mode with no external clock or crystal then the current consumption
will increase up to a maximum of 1mA.

8.3 Microprocessor Output Clock

By default a microprocessor clock output is provided. Providing an output clock will
increase the current consumption in standby mode. The current consumption in
standby will depend on frequency and load of external crystal, frequency of output
clock and capacitive load of the provided output clock. Typical current consumption
values are found in Table 5.
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8.4 Antenna Output

The “ANT1 & ANT2” output pins provide a balanced RF output to the antenna. The
pins must have a DC path to VDD_PA, either via a RF choke or via the center point
in a dipole antenna. The load impedance seen between the ANTI/ANT2 outputs
should be in the range 200-700f . The optimum differential load impedance at the
antenna ports is given as:

900MHz 22504210
430MHz 3000 +j100

A low load impedance (for instance 500 ) can be obtained by fitting a simple
matching network or a RF transformer (balun). Further information regarding balun
structures and matching networks may be found in the Application Examples chapter.

8.5 Output Power Adjustment

The power amplifier in nRF905 can be programmed to four different output power
settings by the configuration register. By reducing output power, the total TX current
is reduced.

Power setting RF output power DC current consumption
00 -10 dBm 9.0 mA
01 -2 dBm 14.0 mA
10 6 dBm 20.0 mA
11 10 dBm 30.0 mA
Conditions: VDD = 3.0V, VS8 =0V, T, = 27°C, Load impedance = 400 2 .

Table 13 RF output power setting for the nRF905.

8.6 Modulation

The modulation of nRF905 is Gaussian Frequency Shift Keying (GFSK) with a data-
rate of 100kbps. Deviation is £50kHz. GFSK modulation results in a more bandwidth
effective transmission-link compared with ordinary FSK modulation.

The data is internally Manchester encoded (TX) and Manchester decoded (RX). That
is, the effective symbol-rate of the link is 50kbps. By using internally Manchester
encoding, no scrambling in the microcontroller is needed.
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8.7 Output Frequency
The operating RF-frequency of nRF905 is set in the configuration register by CH_NO
and HFREQ_PLL. The operating frequency is given by:

f.p =(4224+(CH _NO/10)) (1+ HFREQ PLL) MH:z

When HFREQ_PLL is ‘0’ the frequency resolution is 100kHz and when it is ‘1’ the
resolution is 200kHz.

The application operating frequency has to be chosen to apply with the Short Range
Devise regulation in the area of operation.

Operating frequency HFREQ PLL CH NO
430.0 MHz [0] [001001100]
433.1 MHz [0] [001101011]
433.2 MHz [0] [ [001101100]
434.7 MHz [0] [001111011)
862.0 MHz 1] [001010110]
868.2 MHz [1] [001110101]
868.4 MHz 1] [001110110]
869.8 MHz [1] [001111101]
902.2 MHz (1 [100011111]
902.4 MHz [1] [100100000}
927.8 MHz (1] [110011111]

Table 14 Examples of real operating frequencies.
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8.8 PCB Layout and Decoupling Guidelines

nRF905 is an extremely robust RF device due to internal voltage regulators and
requires the minimum of RF layout protocols. However the following design rules
should still be incorporated into the layout design.

A PCB with a minimum of two layers including a ground plane is recommended for
optimum performance. The nRF905 DC supply voltage should be decoupled as close
as possible to the VDD pins with high performance RF capacitors. It is preferable to
mount a large surface mount capacitor (e.g. 4.7uF tantalum) in parallel with the
smaller value capacitors. The nRF905 supply voltage should be filtered and routed
separately from the supply voltages of any digital circuitry.

Long power supply lines on the PCB should be avoided. All device grounds, VDD
connections and VDD bypass capacitors must be connected as close as possible to the
nRF905 IC. For a PCB with a topside RF ground plane, the VSS pins should be
connected directly to the ground plane. For a PCB with a bottom ground plane, the
best technique is to place via holes as close as possible to the VSS pins. A minimum
of one via hole should be used for each VSS pin.

Full swing digital data or control signals should not be routed close to the crystal or
the power supply lines.

A fully qualified RF-layout for the nRF905 and its surrounding components,
including antennas and matching networks, can be downloaded from
www.nordicsemi.no.
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9 nRF905 FEATURES

9.1 Carrier Detect.

When the nRF905 is in ShockBurst ™ RX, the Carrier Detect (CD) pin is set high if a
RF carrier is present at the channel the device is programmed to. This feature is very
effective to avoid collision of packets from different transmitters operating at the
same frequency. Whenever a device is ready to transmit it could first be set into
receive mode and sense whether or not the wanted channel is available for outgoing
data. This forms a very simple listen before transmit protocol. Operating Carrier
Detect (CD) with Reduced RX Power mode is an extremely power efficient RF
system. Typical Carrier Detect level (CD) is typically 5dB lower than sensitivity, i.e.
if sensitivity is —100dBm then the Carrier Detect function will sense a carrier wave as
low as —105dBm. Below —105dBm the Carrier Detect signal will be low, i.e. OV.
Above -95dBm the Carrier Detect signal will be high, ie. Vdd. Between
approximately -95 to -105 the Carrier Detect Signal will toggle.

9.2 Address Match

When the nRF905 is in ShockBurst ™ RX mode, the Address Match (AM) pin is set
high as soon as an incoming packet with an address that is identical with the device’s
own identity is received. With the Address Match pin the controller is alerted that the
nRF905 is receiving data actually before the Data Ready (DR) signal is set high. If the
Data Ready (DR) pin is not set high i.e. the CRC is incorrect then the Address Match
(AM) pin is reset to low at the end of the received data packet. This function can be
very useful for an MCU. If Address Match (AM) is high then the MCU can make a
decision to wait and see if Data Ready (DR) will be set high indicating a valid data
packet has been received or ignore that a possible packet is being received and switch
modes.

9.3 Data Ready

The Data Ready (DR) signal makes it possible to largely reduce the complexity of the
MCU software program.

In ShockBurst ™ TX, the Data Ready (DR) signal is set high when a complete packet
is transmitted, telling the MCU that the nRF905 is ready for new actions. It is reset to
low at the start of a new packet transmission or when switched to a different mode i.e.
receive mode or standby mode.

In ShockBurst ™ TX Auto Retransmit the Data Ready (DR) signal is set high at the
beginning of the pre-amble and is set low at the end of the preamble. The Data Ready
(DR) signal therefore pulses at the beginning of each transmitted data packet.

In ShockBurst ™ RX, the signal is set high when nRF905 has received a valid packet,
i.e. a valid address, packet length and correct CRC. The MCU can then retrieve the
payload via the SPI interface. The Data Ready (DR) pin is reset to low once the data
has been clocked out of the data buffer or the device is switched to transmit mode.
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94 Auto Retransmit

One way to increase system reliability in a noisy environment or in a system without
collision control is to transmit a packet several times. This is easily accomplished with
the Auto Retransmit feature in nRF905. By setting the AUTO_RETRAN bit to “1” in
the configuration register, the circuit keeps sending the same data packet as long as
TRX_CE and TX_EN are high. As soon as TRX_CE is set low the device will finish
sending the packet it is currently transmitting and then return to standby mode.

9.5 RX Reduced Power Mode

To maximize battery lifetime in application where the nRF905 high sensitivity is not
necessary; nRF905 offers a built in reduced power mode. In this mode, the receive
current consumption reduces from 12.5mA to only 10.5mA. The sensitivity is reduced
to typical —-85dBm, +10dB. Some degradation of the nRF905 blocking performance
should be expected in this mode. The reduced power mode is an excellent option
when using Carrier Detect to sense if the wanted channel is available for outgoing
data.
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10 PACKAGE OUTLINE

nRF905 uses the QFN 32L 5x5 green package with a mat tin finish. Dimensions are in
mm. Recommended soldering reflow profile can be found in application note
nAN400-08, QFN soldering reflow guidelines, www.nordicsemi.no.
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Figure 11 nRF905 package outlines.
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10.1 Package marking

X
D

B
D/D/D/D|D
L

Figure 12 nRF905 package marking layout

Abbreviations:

DDDDDD - Product number, e.g. 905

B Build Code, i.e. unique code for silicon revision, production site,
package type and test platform

X — "X" grade, i.e. Engineering Samples (optional)

YY — 2 digit Year number

WWwW - 2 digit Week number

LL — 2 letter wafer lot number code
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11 APPLICATION EXAMPLES

11.1 Differential Connection to a Lo!;;pg== ntenna
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Figure 13 nRF905 Application schematic, differential connection to a loop antenna
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(433MHz).
Component Description Size Value Tol. Units

Cl NP0 ceramic chip capacitor, (Crystal oscillator) 0603 22 +5% pF
C2 NP0 ceramic chip capacitor, (Crystal oscillator) 0603 22 +5% pF
C3 NP0 ceramic chip capacitor, (PA supply decoupﬁgs) 0603 180 +5% pF
C4 X7R ceramic chip capacitor, (PA supply decoupling) 0603 33 +10% nF
C5 NP0 ceramic chip capacitor, (Supply decoupling) 0603 33 +5% pF
Cé6 X7R ceramic chip capacitor, (Supply decoupling) 0603 4.7 +10% nF
C7 X7R ceramic chip capacitor, (Supply decoupling) 0603 10 +10% nF
C8 NPO ceramic chip capacitor, (Supply decoupling) 0603 33 +5% pF
C9 NP0 ceramic chip capacitor, (Antenna tuning) 0603 3.9 +0.1 pF
C10 NP0 ceramic chip capacitor, (Antenna tuning) 0603 6.8 +0.1 pF
Cl1 NP0 ceramic chip capacitor, (Antenna tuning) 0603 4.7 (.1 pF
Cl2 NPO ceramic chip capacitor, (Antenna tuning) 0603 2y +5% pF
£13 NP0 ceramic chip capacitor, (Antenna tuning) 0603 27 +5% pF
R1 0.1W chip resistor, (Crystal oscillator bias) 0603 1 +5% MQ
R2 0.1W chip resistor, (Reference bias) 0603 22 +1% kQ
Ul nRF9%0S Transceiver QFN32L/5x5

X1 Crystal, C; = 12pF LxWxH = 16 +60ppm MHz

4.0x2.5x0.8

Table 15 Recommended external components, differential connection to a loop
antenna (433MHz).

Main office: Nordic Semiconductor ASA

Revision: 1.4
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11.2 PCB Layout Example; Differential Connection to a Loop Antenna

Figure 14 shows a PCB layout example for the application schematic in Figure 13. A
double-sided FR-4 board of 1.6mm thickness is used. This PCB has a ground plane on
the bottom layer. Additionally, there are ground areas on the component side of the
board to ensure sufficient grounding of critical components. A large number of via
holes connect the top layer ground areas to the bottom layer ground plane. There is no
ground plane beneath the antenna.

No components in bottom layer

b) Bottom silk screen

c¢) Top view d) Bottom view
Figure 14 PCB layout example for nRF905, differential connection to a loop antenna.

A fully qualified RF-layout for the nRF905 and its surrounding components,
including antennas and matching networks, can be downloaded from
www.nordicsemi.no.

Main office: Nordic Semiconductor ASA| - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 33 of 42 June 2006
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11.3 Single ended connection to 502 antenna
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Figure 15 433MHz operating nRF905 Application schematic, single ended connection
to 50Q antenna by using a differential to single ended matching network.
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Figure 16 868-915MHz operating nRF905 Application schematic, single ended
connection to 50Q antenna by using a differential to single ended matching network.

It is recommended to add pull up or pull down resistors on signals that can enter a
floating state. For the nRF905 it is recommended to have pull up on the CSN signal
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and pull down on the MOSI and SCK signal.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 34 of 42 June 2006
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Component Description Size Value Tol. Units
Cl NP0 ceramic chip capacitor, (Crystal oscillator) 0603 22 +5% pF
C2 NP0 ceramic chip capacitor, (Crystal oscillator) 0603 22 +5% pF
C3 NPO ceramic chip capacitor, (PA supply decoupling) 0603 +5% F

@ 433MHz 180 P
@ 868MHz 33
@ 915MHz 33
C4 X7R ceramic chip capacitor, (PA supply decoupling) 0603 33 +10% nF
3 NPO ceramic chip capacitor, (Supply decoupl ing) 0603 33 +5% pF
C6 XT7R ceramic chip capacitor, (Supply decoupling) 0603 4.7 +10% nF
C7 X7R ceramic chip capacitor, (Supply decoupling) 0603 10 +10% nF
C8 NPO ceramic chip capacitor, (Supply decoupling) 0603 33 +5% pF
c9 NPO ceramie chip capacitor, (Impedance matching) 0603 pF
(@ 433MHz 18 +5%
@ 868MHz 5.6 <+0.25pF
@ 915MHz 5.6 <40.25pF
C10 NP0 ceramic chip capacitor, (Impedance matching) 0603 pF
@ 433MHz 18 +5%
@ 868MHz 5.6 <+0.25pF
@ 915MHz 5.6 <%0.25pF
Cl1 NP0 ceramic chip capacitor, (Impedance matching) 0603 Not fitted pF
Cil2 NP0 ceramic chip capacitor, (Impedance matching) 0603 pF
@ 433MHz 6.8 +5%
(@ 868MHz 22 +5%
@ 915MHz 22 +5%
Cl13 NP0 ceramic chip capacitor, (Impedance matching) 0603 pF
@ 433MHz Not fitted
(@ 868MHz 47 <+0.25pF
@ 915MHz 4.7 <+0.25pF
L1 Chip inductor, (Impedance matching) 0603 +5% nH
(@ 433MHz: SRF> 433MHz 12
(@ 868MHz: SRF> 868MHz 12
@ 915MHz: SRF> 915MHz 12
L2 Chip induetor, (Impedance matching) 0603 nH
@ 433MHz: SRF> 433MHz 39 +5%
(@ 868MHz: SRF> 868MHz 10 +5%
@ 915MHz: SRF> 915MHz 10 +5%
L3 Chip inductor, (Impedance matching) 0603 nH
@ 433MHz: SRF> 433MHz 39 +5%
@ 868MHz: SRF> 868MHz 12 5%
@ 915MHz: SRF> 915MHz 12 +5%
R1 0.1W chip resistor, (Crystal oscillator bias) 0603 1 +5% MQ
R2 0.1W chip resistor, (Reference bias) 0603 22 +1% k0
Ul nRF905 Transceiver QFN32L/5x5
X1 Crystal, C, = 12pF LxWxH = 16 +30ppm MHz
4.0x2.5x0.8
Table 16 Recommended external components, single ended connection to
50Q antenna.
Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 - -Fax +4772898989
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11.4 PCB Layout Example; Single Ended Connection to 50 Antenna

Figure 17 shows a PCB layout example for the application schematic in Figure 15 and
Figure 18 shows a PCB layout example for the application schematic in Figure 16. A
double-sided FR-4 board of 1.6mm thickness is used. This PCB has a ground plane on
the bottom layer. Additionally, there are ground areas on the component side of the
board to ensure sufficient grounding of critical components. A large number of via
holes connect the top layer ground areas to the bottom layer ground plane.

No components in bottom layer

b) Bottom silk screen

c) Top view d) Bottom view

Figure 17 PCB layout example for 433MHz operation nRF905, single ended
connection to 50Q antenna by using a differential to single ended matching network.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 36 of 42 June 2006
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No components in bottom layer

b) Bottom silk screen

c¢) Top view d) Bottom view

Figure 18 PCB layout example for 868-915MHz operation nRF905, single ended
connection to 50Q antenna by using a differential to single ended matching network.

A fully qualified RF-layout for the nRF905 and its surrounding components,
including antennas and matching networks, can be downloaded from
www.nordicsemi.no.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 37 of 42 June 2006
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12 ABSOLUTE MAXIMUM RATINGS

Supply Voltages

i T o RS R, -0.3Vto+3.6V
R e e Rt PP L. S ov
Input Voltage

WL Gissveciosinssisssainans -03Vto VDD + 0.3V
Output Voltage

L S -03Vto VDD + 0.3V

Total Power Dissipation

Pp(TaA=85°CY. ... foie e 200mW

Temperatures

Operating PRIt .. e ol bato & $ o80e s sabirbdse s - 40°C to + 85°C
Storage tefhperature. /. /2000001 A NP4 LIV, -40°Cto + 125°C

Note: Stress exceeding one or more of the limiting values may cause permanent
damage to the device.

ATTENTION!
Electrostatic sensitive device.
Observe precaution for handling.

rs
A\

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 38 of 42 June 2006
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13 GLOSSARY OF TERMS

Term Description

ADC Analog to Digital Converter
AM Address Match

CD Carrier Detect

CLK Clock

CRC Cyclic Redundancy Check
DR Data Ready

GFSK Gaussian Frequency Shift Keying
ISM Industrial-Scientific-Medical
kSPS kilo Samples per Second
MCU Micro Controller Unit

PWR DWN Power Down

PWR_UP Power Up

RX Receive

SPI Serial Programmable Interface
CSN SPI Chip Select Not

MISO SPI Master In Slave Out
MOSI SPI Master Out Slave In
SGK [ | SPI Serial Clock

SPS Samples per Second

STBY Standby

TRX EN Transmit/Receive Enable
X Transmit

TX EN Transmit Enable

Main office: Nordic Semiconductor ASA
Revision: 1.4

Table 17 Glossary of terms.

- Veestre Rosten 81, N-7075 Tiller, Norway
Page 39 of 42
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14 DEFINITIONS

Product Specification Identification | Product Status Definition

Objective Product Specification Planned or Under Development. This specification contains
the design objectives for product development.

nRF: Specifications may change in any manner without
notice.

Preliminary Product Specification Engineering Samples and Pre Production series. This
specification contains preliminary data.

nRF: Nordic Semiconductor reserves the right to make
changes at any time without notice in order to improve design
and supply the best possible product.

Product Specification The product is qualified for production. Changes will be
notified according to industry standard eriteria for
Product/Process Change Notifications.

Obsolete Product Specification Not In Production. This specification contains specifications
on a product that has been discontinued by Nordic
Semiconductor. The specification is printed for reference
information only.

Table 18 Product status definitions

Nordic Semiconductor ASA reserves the right to make changes without further notice
to the product to improve reliability, function or design. Nordic Semiconductor does
not assume any liability arising out of the application or use of any product or circuits
described herein.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems
where malfunction of these products can reasonably be expected to result in personal
injury. Nordic Semiconductor ASA customers using or selling these products for use
in such applications do so at their own risk and agree to fully indemnify Nordic
Semiconductor ASA for any damages resulting from such improper use or sale.

Product specification revision date: 23.06.2006
Datasheet order code: 230606nRF905

All rights reserved ®. Reproduction in whole or in part is prohibited without the prior
written permission of the copyright holder.

Main office: Nordic Semiconductor ASA - Vestre Rosten 81, N-7075 Tiller, Norway - Phone +4772898900 -Fax +4772898989
Revision: 1.4 Page 40 of 42 June 2006
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Nordic Semiconductor ASA — World Wide Distributors

For Your nearest dealer, please see http://www.nordicsemi.no

Main Office:
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v.3 dila GPS Module

NEO-6
u-blox 6 GPS
Modules Data Sheet

locate, communicate, accelera

Abstract

Technical data shest'describing the cost-effective, high-
performance u-blox 6 based NEQ-6 series of GPS modules,

that brings the high performance of the u-blox 6 positioning
engine to the minjature NEO form factor.

These receivers combine a high'level of intégration-capability with
flexible connectivity options in a small package. This makes them 16.0 x 122 2.4 mm
perfectly suited for mass-market end produets with strict size and

cost requirements.

www.u-blox.com
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'Document Information

Tltle NEO-G

8ubtit|e u- bloxe GPS Modules

Document typo Data Sheet

Document number GPS GS HW—09005-

Document status

Document status information .~~~ -

Objective This document contains target valuas Revnsed and suppiementary data will be published
Specification later.

Advance This document contains data based on early testing. Revised and supplementary data will
Information be published later.

Preliminary This document contains data from product verification. Revised and supplementary data

may be published later. _
Released This document contains the final product specification.

This document applies to the. fouowing products :
Name Type number: § Hes :R@MMH version - PGN» reference

NEO-6G NEO-6G-0-001 ROM7.03 UBX-TN-11047-1

NEO-6Q NEO-6Q-0-001 ROM7.03 UBX-TN-11047-1

NEO-6M NEO-6M-0-001 _ ROM7.03 . T2 UBX-TN-11047-1

NEO-6P NEO-6P-0-000 ROM6.0Z = Z 7 ok |
NEO-8V NEO-6V-0-000 ROM7.03 N/A

NEO-8T NEO-6T-0-000 ROM?7.03 (7Y A

This document and the use of any information contained therein, is subject to the acceptance of the u-blox terms and conditions. They
can be downloaded from www.u-blox.com.

u-blox makes no warranties based on the accuracy or completeness of the contents of this document and reserves the right to make
changes to specifications and product descriptions at any time without notice. Reproduction, use or disclosure to third parties without
express permission is strictly prohibited. Copyright © 2011, u-blox AG.

u-blox® is a registered trademark of u-blox Holding AG in the EU and other countries. ARM® is the registered trademark of ARM Limited in
the EU and other countries.

ARM

GPS.G6-HW-09005-E Page 2 of 26



135

@b lox NEO-6 - Data Sheet

Contents

Contents..........ccccovnnennans SRR SR SIS S SRS s NS Bbiirasaassinse B
1 Functional description.............ccocvnviennensanenne B B S A SR e S gt T i -5 1 NSRRI,
e e o 1oty ey (e LR SN el oy o SN S RO S saiid 5
e S T T T T e R e S R I D i o e B R 5
1.3 GPS PRrfOTMENCE........ccrieneresmnorssasii e sangn ST v amags - P -+ 4 5 e sassensnnssanss ivsbes intiesnvinsnsiis sinanss 6
T4  Block diagram.........ccooecoopg@ eag®nereieisencnns sacsasepagnapsssspsnsaasssossossss TR Mg 4+ aavabeons  (hessnsunsss st pnassstammidssns 7
1.5  Assisted GPS [A-GPS). o 7. ... .. ;NN NN M Sl oyl s sptcanesansss Mg Mg ossasssnsssvisosissssavisronsidhprsons 7
1.6  AssistNOw AUtONOMOUS .......cooueiiinriiivmarmenins U2/ Al B o r T i, Nierab el citiess ot 7
1.7  Precision Timing £ . £...... v Lo §ood W om0 vcimn sk rwn s evvvwww [ rommmeessvess s e Maee s34 16 saunssnsessssabusens 8
71 TIME MOGE A......oonetrr e v Bk T BN o0 1 A0 Sl T (00 evne e Do Poummangq s vaoe o s Mg sosssresnnsnsanssnsbisson 8
1.7.2  Timepulgs nd frequancIEIBTEraNte J oo, (. S\ A Mle s fhvnes oo S mngsy v+ vsvverannsa g Rhommasmsassinissanansnns 8
1.7.8 TimemaiK. « ... ... 5o .. G ) dhntins o Tt - P - R oo B v R R s sannnn aiivinn 8

1.8 Rawdata.f.8...0n....8 0. . Frrmd . 0 (RN A AGUA L B T B SRFFR -+ Doae e s+ 5050 e oM 520w e dndinnas 8
1.9 AutomotiyeiDepd RecHODUTI TSN, . DR L. .. L o\ Wl R TP TP el v + Lo+ 25- O ok - bR st 8
1.10 Precise Pdint Positibmrtr s B L A0, ML 2. Frrmrrt - X A AL & e nrinennies 9
111 OscllatDrB ... 0 Bl N R TG e s s e R e - A NG e 4 T rRmmremreyreele S s ot e v s sovamanas 9
132 Protocdisiandterfates’. «1\ X, . . et ) b D A e R e o B nassrens 9
1.92.1  UARTRN...07. .- LTt L ) AN LL L T LTI A £ it 1 LT Yo pus s B B cvoiaianeriaivins 9
1122 USB. AN .00 BNl oo R T o s OO o TN SO oo s 4 e s smansmuiadinsinnt 9
1.12.3 Serial Peripheral Interface (SPI).........cico v isesmmsiveeensssitnneesidesennns SRR /. S ¥ SRRy i 9
1.12.4 Display Dt Chibnatl (DDC) b nlik G A8 S AT A oo gl oflcsniinsanes s sassinns 10

13 L] Ve, N . SR, W NN /R - v § ) R R Wi AV SO 10
1.14 Power ManagemMeit ... 0. ........ Suums A o T T Neasitlfts suseson I ssoagfuiflsncsssssnisanssassenssinnsnns 10
1.44.1  Maximiom PerfOrMance MBS-............c.coooovnieisnsinrensWaio e AV u e e gfle s suviinanssasaorsnansonsonsannng 10
1.94:2 EcoMOgR..........cvoeem Nge Ngggecrones W] 5o gt o B0 N e X0 0+ w550 o wiin s ninnseimsiasisnasinssnateaisvads iany 10
$114:3 POWST SO IMOUS .....ocoveerMarr P aasys oosmsssranmsnsrnssaaaiee sl oo oisssnsionnsessinrinnpanneenainnorususapitas 11

1.15 Configuration ..........oucerenisernsesssinsnsennns o PP ERERREEIITIIII S t1 e 1 2e o ssessssnssnassssressssssssssssssnsssssssnsaessnssranapsnns 11
T35 1 Bootlime CORBOURRTION ... 5 i iriinitatrsissaanssatsesiasssanbiasnsasans isassmsanaidnmnissbrmesarsesis hinseysrssaas e T el 11

1.16 T e R I D SOl R e S R 11

2 Pin Definition.........c.ccoccnnee. PO N L U e O T OISRl R R o = < R

o TR L T T | R R e e PR S e R S S e S e e 12

3 Eloctrical SDOCITICRUIONS .....ciciinivirsminismossssssssinssassssansresnnensasssssotsbasamtssaassssssansassensansa 14
T REEET o T T T T T N e O TR (S8 NS S LDl e R S e R ST 14
I B o Ty g o R e R - b RN IEL Pl e el SU e e P el 15
B B o T T TR T T T g s SRR Sl e e SR M e DR R 15
30 P HIIIEIISOIETIIG - ooviscenisinsionsinassnrenssimursinendesnnnsossrons usunssnns sians sisenmmisndnrons stetnas ahasasddnusasan s P HenmrANm A1 16
3.4.1 ENTHNG TOCORITIONORTIONS 1. v ivsiini ia i kodosansiinmasehizauesivs sgasssasbmsosssioans s14sbarsatenbessrEnesassssnise abesdreon s 16

4 Mechanical specifications.............ccceevenenennns e R B s aea SR i 4



136

eb l oX NEO-6 - Data Sheet

5 Qualification and certification................... AR P AR A LA ssssens I
B PHIRDERY WIS .......cciicoiousssiiaimsibosimnssivsisisniessiesssmmnsibisibsnrianissihesnsins nbativunenanstasdies st s ATASIR SIS AR A S 18
Bl ADDEOVEIE i i icistiiisissncsbus adesicuy beussasad doe s sUs A shnsasna e R st sna e PRV RGN Sor whes LA AP A HASS FA KRR A Ak s 18

6 Product handling & soldering........ccccceeemeerinnnnenniiinnsnnnennisssnnann. S S ki 1O
6.1 POCKADING . c.ooeoiivociiisiansisaminassassisanksassmisnsesehsatssarasesss asbAsaRRkS s SF S HS R RSATASHAS NS4 RS REF A SRRRATHOE AN SRR AR T RSO 19

) T e SR I R M < W 0 AR D St L e Al e e e e 19
6.1.1 TN i osiinioii e hoepdihicbisapaat i e S e A R KB A w3 e = e s i 20
8.2 Moisture Sensitivity Lavels.............. st o ermsmimmmunmnagass o+ TP ing = ==+ s ssessssannnsesosnss (38ss48Is1 81882 ss80s e8s a0 TR Ss 21
8.3 ReflOW SOIdBIING.......ccccrmeeeeeastoeasiencciinisssnsansssssssnssansansenerns sPilne e Winsesnoasassrassnsvassesnnensnsssassasseseasans 21
6.4  ESD handling precautions ...l . ....cccoresiarsiuesissasyebdose esbeshesdanarionasessinans e iine s binesssonarsnssnsnrsessssansansassuaan 21

7 Default settings......c.cccccuminnrennneiiasnssennens S A SoIOP e NI, N, WSS MS TR 22

8 Labeling and ordering information................. ST I o O G S o VR, - 23
8.1  Product labaling..........end 0. £ 28 T daatlinscssscte oo fiiFsc\e o sharessdinch ofPoia 4 £ foont fripgas csnnes sy el sneasussstesssensns 23
8.2 Explanation of cOeS.....0.ct.i0.0 70 ks Suuemn ones oo daeawnssn boearioune s cunte Soal 00 50 018 Sing bt e secsarnnnnnie st ansnsnssessansess 23
8.3 Ordering informaion 8.0 125208, Kb N0 B coleitrde. . SR £ T g 1. 50 0.6 o BB TR T WO 24

Related documents...........ccccoeceieiminvnvenreanennes e A ¥ W i $.a4..4.4 WEEER 24

Revision history......c....cccsuennces bheesgzes - Y7\ ININLN 1Y, NeelpeSuptes Hi-teg b W4 5 e | 3 O 24

CONBRCE.....ccooones Rk Recones et tlape ), Y XN 181 A= W 0 L ATRTH A0 N A ol esvavunsviiig 25

GPS.G6-HW-09005-E Page 4 of 26



137

eb lox NEO-6 - Data Sheet

1 Functional description

1.1 Overview

The NEO-6 module series is a family of stand-alone GPS receivers featuring the high performance u-blox 6
positioning engine. These flexible and cost effective receivers offer numerous connectivity options in a miniature
16 x 12.2 x 2.4 mm package. Their compact architecture and power and memory options make NEO-6 modules
ideal for battery operated mobile devices with very strict cost and space constraints.

The 50-channel u-blox 6 positioning engine boasts a Time-To-First-Fix (TTFF) of under 1 second. The dedicated
acquisition engine, with 2 million correlators, is capable of massive parallel time/frequency space searches,
enabling it to find satellites instantly. Innovative design and technology suppresses jamming sources and
mitigates multipath effects, giving NEO-6 GPS receivers excellent navigation performance even in the most
challenging environments.

1.2 Product features

| Model Type Supply Interfaces . Features
z |
(WA £y & i
| ! < B a |
| .g g 3 s 4% a2 Bl . § |
& ¥ o ™ u EZ 7 o §, g = a0l
| 2 = 3 X : 3 | B &), E 2 3%
| Ert O oo VE e o eh il El b §4
i 5 & = 2 & s ~N = 5 - § LES = = < v} = ST |
S e | g RN %S T T 41D i ; S
| NEO-6G . = Y
| NEO-6Q . @ . . a . ° ° o) 3 1 °
|NEOSM @ oIS 42 o> g 3 1 s |
! F, g e
NEO-6P @ @ . . . ® ® ° ° - °© 3 1 .
INEOSV e _ By [ e e . . o ° 3 1 o
; ! T& o) - ;
| NEO-6T . [ ] L] ! ° ] . L) . L] . (] 3 1 [
O = Requires external comp and integration on application processor

Table 1: Features of the NEO-6 Series

& All NEO-6 modules are based on GPS chips qualified according to AEC-Q100. See Chapter 5.1 for further
information.

GPS.G6-HW-09005-E Page 5 of 25
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1.3 GPS performance

Parameter
Receiver type

Time-To-First-Fix'

Sensitivity"

Maximum Navigation update rate

Horizontal position aocuracy'i

Configurable Timepulse ffequer:lcy range

Accuracy for Timepulse slgnéi

Velocity accuracy”
Heading accuracy’
Operational Limits

Table 2: NEO-6 GPS performance

' All satellites at -130 dBm

? Without aiding

50 Cha'nneis
GPS L1 frequency, C/A Code
SBAS: WAAS, EGNOS, MSAS

Cold Start’
Warm Start’
Hot Start’

Aided Starts®

Tracking & Navigation
Reacquisition’

Cold Start (without aiding)
Hot Start

GPS

SBAS

SBAS + PPP’
SBAS + PPP’

e
99%
Granularity
Compensated"’

Dynamics '
Altitude™
Velocity™

* Dependent on aiding data connection speed and latency

® N o@m ot &

NEO-6P only

Demonstrated with a good active antenna

For an outage duration <10s
CEP, 50%, 24 hours static, -130dBm, SEP: <3.5m

NEO-6G/Q/T
26s

26s

18

18

-162 dBm -
160 dBm -
148 dBm -

157 dBm

NEO-8G/Q/M/T
SHz

25m

20m
< 1 m (2D, R50)"
<2 m (30, RS0

 NEO-6G/Q/MPNV

0.4 82 1p71 M2

" 30ns

<60 ns
21 ns
15 ns
0.1m/s

0.5 dagrees‘

<49
50,000 m
500 m/s

period, strong signals. Continuous availability of valid SBAS correction data during full test period.

* Quantization error information can be used with NEO-6T to compensate the granularity related error of the timepulse signal
*® Assuming Airborne <4g platform

GPS.G8-HW-09005-E
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NEO-8MNV
27s

27s

1s

<3s
NEO-6MN
-161 dBm
-160 dBm
-147 dBm
-156 dBm
NEO-6P/V/

1 Hz

NEO-6T

NEO-6P
32s

32s

18

<3s
NEQ-6P
-160 dBm
-160 dBm
-146 dBm
-155 dBm

0,25 Hz to 10 MHz

Demonstrated under following conditions: 24 hours, stationary, first 600 seconds of data discarded. HDOP < 1.5 during measurement

Page 6 of 25
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1.4 Block diagram

;-‘
U =
-

San
PPN ' G- o

b

Y

G
i3
H

v

L

[

Figure 1: Block diagram (For available options refer to the product features table in section 1.2).

1.5 Assisted GPS (A-GPS)

Supply of aiding information like ephemeris, almanac, rough last position and time and satellite status and an
optional time synchronization signal will reduce time to first fix significantly and improve the acquisition
sensitivity. All NEO-6 modules support the u-blox AssistNow Online and AssistNow Offline A-GPS services'' and
are OMA SUPL compliant.

1.6 AssistNow Autonomous

AssistNow Autonomous provides functionality similar to Assisted-GPS without the need for a host or external
network connection. Based on previously broadcast satellite ephemeris data downloaded to and stored by the
GPS receiver, AssistNow Autonomous automatically generates accurate satellite orbital data (“AssistNow
Autonomous data”) that is usable for future GPS position fixes. AssistNow Autonomous data is reliable for up to
3 days after initial capture.

u-blox’ AssistNow Autonomous benefits are:
=  Faster position fix
« No connectivity required
« Complementary with AssistNow Online and Offline services
»  No integration effort, calculations are done in the background
& For more details see the u-blox 6 Receiver Description including Protocol Specification [2].

" AssistNow Offiine requires external memory.

GPS.G6-HW-09005-E Page 7 of 25
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1.7 Precision Timing

1.7.1 Time mode

NEO-6T provides a special Time Mode to provide higher timing accuracy. The NEO-6T is designed for use with
stationary antenna setups. The Time Mode features three different settings described in Table 3: Disabled,
Survey-In and Fixed Mode. For optimal performance entering the position of the antenna (when known) is
recommended as potential source of errors will be reduced.

Disabled Standard PVT operation
Survey-in The GPS receiver computes the average position over an extended time period until a predefined

maximum standard deviation has been reached. Afterwards the receiver will be automatically set to
Fixed Mode and the timing features will be activated.

Fixed Mode in this mode; a fixed 3D position and known standard deviation is assumed and the timing features are
activated. Fixed Mode can either be activated directly by feeding pre-defined position coordinates (ECEF
- Earth Center Earth Fixed format) or by performing a Survey-In.
In Fixed mode, the timing errors in the TIMEPULSE signal which otherwise result from positioning errors
are eliminated. Single-satellite operation is supported. For details, please refer to the u-blox 6 Receiver
Description including Protocol Specification (2].

Table 3: Time mode settings

1.7.2 Timepulse and frequency reference

NEO-6T comes with a timepulse output which can be configured from 0.25 Hz up to 10 MHz. The timepulse can
either be used for time synchronization (i.e. 1 pulse per second) or as a reference frequency in the MHz range. A
timepulse in the MHz range provides excellent long-term frequency accuracy and stability.

1.7.3 Time mark

NEO-8T can be used for precise time measurements with sub-microsecond resolution using the external interrupt
(EXTINTO). Rising and falling edges of these signals are time-stamped to the GPS or UTC time and counted. The
Time Mark functionality can be enabled with the UBX-CFG-TM2 message

For details, please refer to the u-blox 6 Receiver Description including Protocol Specification [2].

1.8 Raw data

Raw data output is supported at an update rate of 5 Hz on the NEO-8T and NEO-6P. The UBX-RXM-RAW
message includes carrier phase with half-cycle ambiguity resolved, code phase and Doppler measurements,
which can be used in external applications that offer precision positioning, real-time kinematics (RTK) and
attitude sensing.

1.9 Automotive Dead Reckoning

Automotive Dead Reckoning (ADR) is u-blox’ industry proven off-the-shelf Dead Reckoning solution for tier-one
automotive customers. u-blox’ ADR solution combines GPS and sensor digital data using a tightly coupled
Kalman filter. This improves position accuracy during periods of no or degraded GPS signal.

The NEO-6V provides ADR functionality over its software sensor interface. A variety of sensors (such as wheel
ticks and gyroscope) are supported, with the sensor data received via UBX messages from the application
processor. This allows for easy integration and a simple hardware interface, lowering costs. By using digital
sensor data available on the vehicle bus, hardware costs are minimized since no extra sensors are required for
Dead Reckoning functionality. ADR is designed for simple integration and easy configuration of different sensor
options (e.g. with or without gyroscope) and vehicle variants, and is completely self-calibrating.

GPS.G6-HW-09005-E Page 8 of 25
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For more details contact the u-blox support representative nearest you to receive dedicated u-blox 6 Receiver
Description Including Protocol Specification [3].

1.10Precise Point Positioning

u-blox’ industry proven PPP algorithm provides extremely high levels of position accuracy in static and slow
moving applications, and makes the NEO-6P an ideal solution for a variety of high precision applications such as
surveying, mapping, marine, agriculture or leisure activities.

lonospheric corrections such as those received from local SBAS™ geostationary satellites (WAAS, EGNOS, MSAS)
or from GPS enable the highest positioning accuracy with the PPP algorithm. The maximum improvement of
positioning accuracy is reached with PPP+SBAS and can only be expected in an environment with unobstructed
sky view during a period in the order of minutes.

1.11 Oscillators

NEO-8 GPS modules are available in Crystal and TCXO versions. The TCXO allows accelerated weak signal
acquisition, enabling faster start and reacquisition times.

1.12Protocols and interfaces

NMEA ' Input/output, ASCH, 0183, 2.3 (compatible to 3.0)
uBXx Input/output, hinary, u-blox proprietary
RTCM Input, 2.3

Table 4: Available protocols

Al listed protocols are available on UART, USB, and DDC. For specification of the various protocols see the u-
blox 6 Receiver Description including Protocol Specification [2].

1.12.1 UART

NEO-6 modules include one configurable UART interface for serial communication (for information about
configuration see section 1.15).

1.12.2 USB

NEO-6 modules provide a USB version 2.0 FS (Full Speed, 12Mbit/s) interface as an alternative to the UART. The
pull-up resistor on USB_DP is integrated to signal a full-speed device to the host. The VDDUSB pin supplies the
USB interface. u-blox provides a Microsoft® certified USB driver for Windows XP, Windows Vista and Windows 7
operating systems.

1.12.3 Serial Peripheral Iinterface (SPI)

The SPI interface allows for the connection of external devices with a serial interface, e.g. serial flash to save
configuration and AssistNow Offline A-GPS data or to interface to a host CPU. The interface can be operated in
master or slave mode. In master mode, one chip select signal is available to select external slaves. In slave mode a
single chip select signal enables communication with the host.

& The maximum bandwidth is 100kbit/s.

' Satellite Based Augmentation System

GPS.G6-HW-09005-E Page 9 of 25
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1.12.4 Display Data Channel (DDC)

The °'C compatible DDC interface can be used either to access external devices with a serial interface EEPROM or
to interface with a host CPU. It is capable of master and slave operation. The DDC interface is I’C Standard Mode
compliant. For timing parameters consult the I*C standard.

& The DDC Interface supports serial communication with u-blox wireless modules. See the specification of
the applicable wireless module to confirm compatibility.
& The maximum bandwidth is 100kbit/s.

1.12.4.1 External serial EEPROM

NEO-6 modules allow an optional external serial EEPROM to be connected to the DDC interface. This can be
used to store Configurations permanently.

& For more information see the LEA-6/NEO-6/MAX-6 Hardware Integration Manual [1].
& Use caution when implementing since forward compatibility is not guaranteed.
1.13Antenna

NEO-6 modules are designed for use with passive and active' antennas.

Parameter 90 < specification. | | , 125 ,
Antenna Type i (17827281 R/ ~Passive and active anfenna oo 8§
Minimum gain 15 dB (to compensate signal loss in RF cable)
Active Antenna Recommendations Maximum gain 50 dB
Maximum noise figure 1.5dB

Table 5: Antenna Specifications for all NEQ-8 modules

1.14Power Management

u-blox receivers support different power modes. These modes represent strategies of how to control the
acquisition and tracking engines in order to achieve either the best possible performance or good performance
with reduced power consumption.

& For more information about power management strategies, see the u-blox 6 Receiver Description
including Protocol Specification [2].

1.14.1 Maximum Performance Mode

During a Cold start, a receiver in Maximum Performance Mode continuously deploys the acquisition engine to
search for all satellites. Once the receiver has a position fix (or if pre-positioning information is available), the
acquisition engine continues to be used to search for all visible satellites that are not being tracked.

1.14.2 Eco Mode

During a Cold start, a receiver in Eco Mode works exactly as in Maximum Performance Mode. Once a position
can be calculated and a sufficient number of satellites are being tracked, the acquisition engine is powered off
resulting in significant power savings. The tracking engine continuously tracks acquired satellites and acquires
other available or emerging satellites.

& Note that even if the acquisition engine is powered off, satellites continue to be acquired.

“ For information on using active antennas with NEO-6 modules, see the LEA-6/NEO-6 Hardware Integration Manual [1].
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1.14.3 Power Save Mode

Power Save Mode (PSM) allows a reduction in system power consumption by selectively switching parts of the
receiver on and off.

& Power Save mode is not available with NEO-6P, NEO-6T and NEO-6V.

1.15Configuration

1.15.1 Boot-time configuration

NEO-6 modules provide configuration pins for boot-time configuration. These become effective immediately
after start-up. Once the module has started, the configuration settings can be modified with UBX configuration
messages. The modified settings remain effective until power-down or reset. if these settings have been stored
in battery-backup RAM, then the modified configuration will be retained, as long as the backup battery supply is
not interrupted.

NEO-6 modules include both CFG_COMO and CFG_COMH1 pins and can be configured as seen in Table 6.
Default settings in bold.

CFG_COM1  CFG_COMO / Protocol ~ Messages | ' | .. | . USE power
1 1 NMEA esv muc GSA, GGA 6L, vrs m BUS Powered
1 0  NMEA  GSV,RMC, GSA, GGA, GLL, VTG, TXT  Self Powered
0 1 | NMEA - GSV“RMC, GSA, GGA, VTG, TXT BUS Powered
0 0 UBX NAV-SOL, NAV-STATUS, NAV-SVINFO, NAV-CLOCK, 67600 © BUS Powered

INF, MON-EXCEPT, AID-ALPSERV
Table 6: Supported COM settings

NEO-6 modules include a CFG_GPS0 pin, which enables the boot-time configuration of the power mode. These
settmgs are described in Table 75 Defaurt settmgs ln bold

By Eco Mode )
1 Maximum Performance Mode

Table 7: Supported CFG_GPS0 settings
& Static activation of the CFG_COM and CFG_GPS pins is not compatible with use of the SPI interface.

1.16 Design-in

In order to obtain the necessary information to conduct a proper design-in, u-blox strongly recommends
consulting the LEA-6/NEO-6/MAX-6 Hardware Integration Manual [1].

*“ Every 5" fix
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2 Pin Definition

2.1 Pin assignment

-

(8]

L]
NEO-6 '
Top View
Figure 2 Pin Assignment
No Module
1 All
2 All
3 All
4 All
5 All
6 All
7 All
8 All
9 All
10 All
1 All
12 All
13 All
14 All
15 All
16 All
17 All
18 All
19 All
20 All
21 All
GPS.G6-HW-09005-E

7 fv'

Reseﬁed
SS_ N
TIMEPULSE

_EXTINTO

USB_DM
USB_DP

'VDDUSB

Reserved

VCC_RF

GND
RF_IN
GND
GND

MOSI/CFG_COMO
MISO/CFG_COM1

CFG_GPSO0/SCK

Reserved
SDA2
sCL2
TxD1
RxD1

on
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Reserved

SP1 Slave Select
'I‘irhepulse (1'PPS) 4
External Interrupt Pin
USB Data

' USB Data

USB Supply

See Hardware Integration Manual

Pin 8 and 9 must be connected together.
Output Voltage RF section

Pin 8 and 9 must be connected together.
Ground

GPS signal input

Ground

Ground

SPI MOSI / Configuration Pin.
Leave open if not used.

SPI MISO / Configuration Pin.
Leave open if not used.

Power Mode Configuration Pin / SPI Clock.
Leave open if not used.

Reserved
DDC Data
DDC Clock
Serial Port 1

Serial Port 1
Page 12 of 25
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‘No  Module Name w0 Description
22 All s V_BCKP : ey Badiup'vokage su'pply
23 All vCcC I Supply voltage
24 All GND | Ground
Table 8: Pinout
& Pins designated Reserved should not be used. For more information about Pinouts see the LEA-6/NEO-

6/MAX-6 Hardware Integration Manual [1].

GPS.G6-HW-09005-E
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3 Electrical specifications

3.1 Absolute maximum ratings

Parameter . : Symbol  Module Min  Max  Units  Condition
Power supply voltage vCcC NEO-6G -0.5 20 "
NEO-6Q, 6M, 6P, 6V, 6T -0.5 36 Vv
Backup battery voltage V_BCKP All -0.5 36 Vv
USB supply voltage VDDUSB All _ -0.5 3.6 Vv
Input pin voltage Vin All -0.5 36 v
Vin_usb All -0.5 VDDU v
: SB
DC current trough any digital VO Ipin 10 mA
pin (except supplies) .
VCC_RF output current . ICC_RF All - ; ¢ : 100 mA
Input power at RF_IN Prfin NEO-6Q, 6M, 6G, 6V, 6T 15 dBm ek et
NEO-6P -5 dBm =500, continuous
/ 7 : wave
Storage temperature Tstg All -40 85 °c

Table 9: Absolute maximum ratings

GPS receivers are Electrostatic Sensitive Devices (ESD) and require special precautions when
handling. For more information see chapter 6.4.

Zﬁ Stressing the device beyond the “Absolute Maximum Ratings” may cause permanent damage.
These are stress ratings only. The product is not protected against overvoltage or reversed
voltages. If necessary, voltage spikes exceeding the power supply voltage specification, given in
table above, must be limited to values within the specified boundaries by using appropriate
protection diodes. For more information see the LEA-6/NEO-6/MAX-6 Hardware Integration
Manual [1].
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3.2 Operating conditions

= All specifications are at an ambient temperature of 25°C.
Power supply voltage vcC NEO-6G 178 1.8 1.95 v
NEO-6Q0/M b Ji § 3.0 36 A
NEO-6PNVIT
Supply voltage USB VDDUSB All 3.0 33 3.6 Vv
Backup battery voltage V_BCKP All 14 36 Vv
Backup battery current I_BCKP  Ali 22 pA V_BCKP =18V,
; : VCC = 0V
Input pin voltage range Vin All 0 7 VCC Vv
Digital IO Pin Low level input voltage Vil All A A1/ v 0.2*vcC V
Digital 10 Pin High level input voltage Vih All (~ 0.7VEC§ _ vcc Vv
Digital IO Pin Low level output voltage Vol All 2 5 L i 0.4 \'} lol=4mA
Digital IO Pin High level output voltage _ Voh Al VCC-04 v loh=4mA
USB_DM, USB_DP / VinU. Al Compatible with USB with 22 Ohms series resistance
VCC_RF voltage VCC_RF All VCC-0.1 Vv
VCC_RF output current ICC_RF Al 50 mA
Antenna gain Gant All 50 dB
Receiver Chain Noise Figure NFtot Al 4 30 _ . : dB
Operating temperature Topr All -40 85 <
Table 10: Operating conditions
&F Operation beyond the specified operating conditions can affect device reliability.
3.3 Indicative power requirements
Table 11 lists examples of the total system supply current for a possible application.
Max. supply current * lecp All 67 mA \1’%(5: ;? 8V*
lec Acquisition . AN S mA
lec Tracking NEO-6G/Q/T i mA
(Max Performance mode) NEO-6M/P/V 39" mA
" J e : B an VCC =3.0V"/
Average supply current lec Tracking NEO-6G/Q/T 38 mA 1.8 V"
{Eco mode) NEO-6M/PIV ™ mA
lec Tracking NEO-6G/Q 12" mA
(Power Save mode / 1 Hz) NEQ-6M 1= mA
Table 11: Indicative power requirements
& Values in Table 11 are provided for customer information only as an example of typical power

requirements. Values are characterized on samples, actual power requirements can vary depending on
FW version used, external circuitry, number of SVs tracked, signal strength, type of start as well as time,
duration and conditions of test.

** Use this figure to dimension maximum current capability of power supply. Measurement of this parameter with 1 Hz bandwidth.
'* NEO-6Q, NEO-6M, NEO-6P, NEO-6V, NEO-6T

" NEO-6G

** Use this figure to determine required battery capacity.

** >8 SVs in view, CNo >40 dBHz, current average of 30 sec after cold start.

* With strong signals, all orbits available. For Cold Starts typical 12 min after first fix. For Hot Starts typical 15 s after first fix.
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In order to avoid a faulty usage of the SPI, the user needs to comply with certain timing conditions. The

following signals need to be considered for timing constraints:

SS_N Slave Select signal
SCK Slave Clock signal

Table 12: Symbol description

t

INIT

SS_N

DES

o..._._._..__: . . ! L g
Figure 3: SPI timing diagram

3.4.1 Timing recommendations

ki  Initialization Time : 500 s
. S0 Deselect Time 1ms
Bitrate : NANA) 100 kbit/s

Table 13: SPI timing recommendations

= The values in the above table result from the requirement of an error-free transmission. By allowing just
a few errors, the byte rate could be increased considerably. These timings — and therefore the byte rate

— could also be improved by disabling other interfaces, e.g. the UART.
& The maximum bandwidth is 100 kbit/s*",

* This is a theoretical maximum, the protocol overhead is not considered.

GPS.G8-HW-09005-E
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4 Mechanical specifications

i

U AR o TR o
? J i l | i
G JER) | P TEIT ~ BT
7 N orcr B e Sariies
=
i - X S,
o : = /I .1
v CITTRTTE] AT TEREDT 1. .;E‘ o
Symbol Min. (mm) ~ Typ. (mm) Max. (mm)
A 15.9 160 166
B 1] 12.2 12.3
C 2.2 2.4 2.6
D 0.9 1.0 1.3
E 1.0 1.1 1.2
F T 3.0 3.1
G 0.9 1.0 3
H 0.82
K 0.7 0.8 0.9
M 0.8 0.9 1.0
N 0.4 0.5 0.6
Weight 1.6g
Figure 4: Dimensions
&= For information regarding the Paste Mask and Footprint see the LEA-6/NEO-6/MAX-6 Hardware

Integration Manual [1].
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5 Qualification and certification

5.1 Reliability tests

= All NEO-6 modules are based on AEC-Q100 qualified GPS chips.

Tests for product family qualifications according to ISO 16750 "'Road vehicles - Environmental conditions and
testing for electrical and electronic equipment”, and appropriate standards.

5.2 Approvals

Products marked with this lead-free symbol on the product label comply with the
""Directive 2002/95/EC of the European Parliament and the Council on the Restriction of
Use of certain Hazardous Substances in Electrical and Electronic Equipment'* (RoHS).

All u-blox 6 GPS modules are RoHS compliant.

GPS.G6-HW-09005-E Page 18 of 25
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6 Product handling & soldering
6.1 Packaging

NEO-6 modules are delivered as hermetically sealed, reeled tapes in order to enable efficient production,
production lot set-up and tear-down. For more information about packaging, see the u-blox Package
Information Guide [4].

Figure 5: Reeled u-blox 6 modules

6.1.1 Reels

NEO-6 GPS modules are deliverable in quantities of 250pcs on a reel. NEO-6 modules are delivered using reel
Type B as described in the u-blox Package Information Guide [4].

Parameter Specification
Reel Type B
Delivery Quantity 250

Table 14: Reel information for NEO-6 modules
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6.1.1 Tapes

Figure 6 shows the position and orientation of NEO-6 modules as they are delivered on tape. The dimensions of
the tapes are specified in Figure 7.

/ Pin 1 / Sprocket Hole

-
-
“‘-‘h mr"
10T TRlE
-

Faod Direction L
Figure 6: Orientation for NEO-6 modules on tape
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Figure 7: NEO tape dimensions (mm)
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6.2 Moisture Sensitivity Levels

A
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NEO-6 modules are Moisture Sensitive Devices (MSD) in accordance to the IPC/JEDEC

specification.

NEO-6 modules are rated at MSL level 4. For more information regarding moisture sensitivity levels, labeling,
storage and drying see the u-blox Package Information Guide [4].

&

For MSL standard see IPC/JEDEC J-STD-020, which can be downloaded from www.jedec.org.

6.3 Reflow soldering

Reflow profiles are to be selected according to u-blox recommendations (see LEA-6/NEO-6/MAX-6 Hardware
Integration Manual [1]).

6.4 ESD handling precautions

A

NEO-6 modules contain highly sensitive electronic circuitry and are Electrostatic A
Sensitive Devices (ESD). Observe precautions for handling! Failure to observe ‘; \

these precautions can result in severe damage to the GPS receiver!

GPS receivers are Electrostatic Sensitive Devices (ESD) and require special precautions when handling. Particular
care must be exercised when handling patch antennas, due to the risk of electrostatic charges. In addition to
standard ESD safety practices, the following measures should be taken into account whenever handling the
receiver:

Unless there is a galvanic coupling between the local GND (i.e. the
work table) and the PCB GND, then the first point of contact when
handling the PCB must always be between the local GND and PCB
GND.

Before mounting an antenna patch, connect ground of the device

When handling the RF pin, do not come into contact with any
charged capacitors and be careful when contacting materials that
can develop charges (e.g. patch antenna ~10pF, coax cable ~50-
80pF/m, soldering iron, ...)

To prevent electrostatic discharge through the RF input, do not
touch any exposed antenna area. If there is any risk that such
exposed antenna area is touched in non ESD protected work area,
implement proper ESD protection measures in the design.

When soldering RF connectors and patch antennas to the receiver’s
RF pin, make sure to use an ESD safe soldering iron (tip).

GPS.G8-HW-09005-E
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7 Default settings

Serial Port 1 Output 9600 Baud, 8 bits, no parity bit, 1 stop bit
Configured to transmit both NMEA and UBX protocols, but only following NMEA and no
UBX messages have been activated at start-up:
GGA, GLL, GSA, GSV, RMC, VTG, TXT
(In addition to the 6 standard NMEA messages the NEO-6T includes ZDA).

USB Output Configured to transmit both NMEA and UBX protocols but only followmg NMEA and no
UBX messages have been activated at start-up:
GGA, GLL, GSA, GSV, RMC, VTG, TXT
(In addition to the 6 standard NMEA messages the NEO-6T includes ZDA).
USB Power Mode Bus-Powered
Serial Port 1 Input 9600 Baud 8 bits, no parity bit, 1 stop bit
Automatically accepts following protocols without need of explicit configuration:
UBX, NMEA
The GPS receiver supports interleaved UBX and NMEA messages.
USB Input Autcmatimily accepts following protoools without need of explicit configuration:
UBX, NMEA
The GPS receiver supports interleaved UBX and NMEA messages.
USB Power Mode: Bus-Powered

m-I‘zE':;I;)SE 1 pulse per second, synmmnlzed at rlsmg edge pulse length 100ms
Power Mode ~ Maximum Performance mode B
AssistNow

Autonomous |

Table 15: Default settings
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Refer to the u-blox 6 Receiver Description including Protocol Specification [2] for information about further

settings.
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8 Labeling and ordering information
8.1 Product labeling

The labeling of u-blox 6 GPS modules includes important product information. The location of the product type
number is shown in Figure 8.

@biox® e

PPP-GV-T-XXX sl Product type number
5754400118 :
0652

0301 11
@ © u-blox AG

Figure 8: Location of product type number on u-blox 6 module label

8.2 Explanation of codes

3 different product code formats are used. The Product Name is used in documentation such as this data sheet
and identifies all u-blox 6 products, independent of packaging and quality grade. The Ordering Code includes
options and quality, while the Type Number includes the hardware and firmware versions. Table 16 below
details these 3 different formats:

Format - Structure
Product Name PPP-GV
Ordering Code PPP-GV-T
Type Number PPP-GV-T-XXX

Table 16: Product Code Formats

The parts of the product code are explained in Table 17.

Code Meaning Ty S o & L Elatiple

PPP Product Family NEO

G Product Generation 6 = u-blox6

Vv Variant T = Timing, R = DR, etc.

T Option / Quality Grade Describes standardized functional element or quality grade such as
Flash size, automotive grade etc.

XXX Product Detail Describes product details or options such as hard- and software

revision, cable length, etc.
Table 17: part identification code
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8.3 Ordering information

NEO-6G-0
NEO-6M-0
NEO-6Q-0
NEO-6P-0
NEO-6V-0
NEO-6T-0

Table 18: Product Ordering Codes
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u-blox 6 GPS Module, 1.8V, TCXO, 12x16mm, 250 pcs/reel

u-blox 6 GPS Module, 12x16mm, 250 pcs/reel

u-blox 6 GPS Module, TCXO, 12x16mm, 250 pcs/reel

u-blox 6 GPS Module, PPP, 12x16mm, 250 pcs/reel

u-blox 6 GPS Module, Dead Reckoning SW sensor, 12x16mm, 250 pcs/reel
u-blox 6 GPS Module, Precision Timing, TCXO, 12x16mm, 250 pcs/reel

& Product changes affecting form, fit or function are documented by u-blox. For a list of Product Change
Notifications (PCNs) see our website at: http://www.u-blox.com/en/notifications. html

Related documents

[1] LEA-6/NEO-6/MAX-6 Hardware Integration Manual, Docu. GPS.G6-HW-09007
[2] u-blox 6 Receiver Description Including Protocol Specification (Public versian),
Docu. No. GPS.G6-SW-10018
[3] u-blox 6 Receiver Description Including Protocol Specification (Confidential version),
Docu. No. GPS.G6-SW-10019
[4] u-blox Package Information Guide, Docu. No GPS-X-11004
= For regular updates to u-blox documentation and to receive product change notifications please register

on our homepage.
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Initial Version
update of section 1.3 GP§ performance, section 1.4 block diagram,
section 3.2 peak supply current

Change of status to Advance Information. Addition of NEO-6G.
Update of section 1.8.2, removed reference to Vddio ~ added USB
driver certification. Update of section 3.2 table 11: average supply
current, Added section 3.3-3.4: SPI & DDC timing, section 5.1:
addition of table 12.

Change of status to Preliminary. Update of section 1.2, 1.8.4, 1.10.4,
3.1, 3.2 and chapter 2 and 4. General clean-up and consistency
check.

Replaced graphic in figure 2.

Added chapter 1.6, update to FW7.03.

Added NEO-6P and NEO-6V.

Added chapter 1.7 and 1.8. Revised Chapter 6.

Added NEO-6T.

Added chapter 1.7 and 1.8.

Added Accuracy for Timepulse signal in Table 2.

Corrected Maximum Input power at RF_IN for NEO-6P in Table 9.
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@blox

Contact

For complete contact information visit us at www.u-blox.com

Headquarters

u-blox AG

Zuercherstrasse 68
CH-8800 Thalwil
Switzerdand

Phone: +41 44 722 74 44
Fax: +41 44 722 74 47
E-mail: info@u-blox.com

Offices
North, Central and South America

u-blox America, Inc.

Phone:  +1 (703) 483 3180
E-mail: Info_us@u-blox.com
Regional Office West Coast:
Phone:  +1(703) 483 3184
E-mail: info_us@u-blox.com
Technical Support:

Phone: +1(703) 483 3185
E-mail: support_us@u-blox.com

GPS.G6-HW-09005-E

Europe, Middle East, Africa

u-blox AG
Phone; +41 44 722 74 44
E-mail: info@u-blox.com

Technical Support:
Phone: +41 44 722 74 44
E-mail: info@u-blox.com
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Asia, Australia, Pacific

u-blox Singapore Pte. Ltd.

Phone: +65 6734 3811

E-mail: info_ap@u-blox.com
Support:  support_ap@u-blox.com
Regional Office China:

Phone: +86 10 68 133 545

E-mail: info_cn@u-blox.com
Support:  support_cn@u-blox.com
Regional Office Japan:

Phone: +81 3 5775 3860
E-mail: info_jp@u-blox.com
Support:  support_jp@u-blox.com
Regional Office Korea:

Phone: +82 2 542 0861
E-mail: info_kr@u-blox.com
Support:  support_kr@u-blox.com

Regional Office Taiwan:

Phone: +886 22657 1090
E-mail: info_tw@u-blox.com
Support:  support_tw@u-blox.com
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