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LAMPIRAN B

Instruksi Program Pemancar



/*****************************************************

This program was produced by the CodeWizardAVR

Project ROV

Version :1.0

Date : 11/12/2009

Author . Asri Asmarariani Putri
Company : Lab UKM

Comments  : Program Transmitter
Chip type : ATmegal6
Program type : Application
Clock frequency : 11.059200 MHz
Memory model : Small

External RAM size : 0

Data Stack size : 256

*****************************************************l

#include <megal6.h>
#include <delay.h>

/I Alphanumeric LCD Module functions
#asm

.equ __lcd_port=0x18 ;PORTB
#endasm
#include <lcd.h>

#define up PINC.0
#define down PINC.1
#define left PINC.2
#define right PINC.3
#define forward PINC.4

#tdefine backward PINC.5

#define RXB8 1
#define TXB8 0
#define UPE 2
#define OVR 3
#define FE 4
#define UDRE 5
#define RXC 7

#define FRAMING_ERROR (1<<FE)
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#define PARITY_ERROR (1<<UPE)
#define DATA_OVERRUN (1<<OVR)
#define DATA_REGISTER_EMPTY (1<<UDRE)

#define RX_COMPLETE (1<<RXC)

flash const unsigned char dat_1[]={" UP "};

flash const unsigned char dat_2[]={" DOWN "},
flash const unsigned char dat_3[]={" LEFT "},

flash const unsigned char dat_4[]={" RIGHT "};
flash const unsigned char dat_5[]={" FORWARD "};
flash const unsigned char dat_6[]={" BACKWARD"};
flash const unsigned char dat_7[]={" ........ "}

flash const unsigned char men_1[]={" ROBOT DALAM AIR"};
flash const unsigned char men_2[]={" Menggunakan RC "},

flash const unsigned char men_3[]={" designed by "};
flash const unsigned char men_4[]={"Asri Asmarariani"};

flash const unsigned char men_5[]={"U = Up "}
flash const unsigned char men_6[]={"D = Down "}

flash const unsigned char men_7[]={"F = Forward "};
flash const unsigned char men_8[]={"B = Backward "};

flash const unsigned char men_9[] ={"L = Turn Left "},
flash const unsigned char men_10[]={"R = Turn Right "};

flash const unsigned char men_11[]={" --.-- meter "},
flash const unsigned char men_12[]={" ........ "4

flash const unsigned char men_13[]={" --* MENU *-- "},
flash const unsigned char men_14[]={" "}

I/ Declare your global variables here
unsigned char tombol;

unsigned char save[2];

unsigned char angka;



I USART Receiver buffer
#define RX_BUFFER_SIZE 8
char rx_buffer[RX_BUFFER_SIZE];

#if RX_BUFFER_SIZE<256

unsigned char rx_wr_index,rx_rd_index,rx_counter;
#else

unsigned int rx_wr_index,rx_rd_index,rx_counter;
#endif

// This flag is set on USART Receiver buffer overflow
bit rx_buffer_overflow;

/I USART Receiver interrupt service routine
interrupt [USART_RXC] void usart_rx_isr(void)
{
char status,data;
unsigned char i;
status=UCSRA,;
data=UDR;
save[angka]=data;
angkat+;
if(angka == 5)
{
for(i=0; i<5; i++)
{
Icd_gotoxy(i+4,0);
Icd_putchar(save[i]);
Icd_gotoxy(9,0);
Icd_putsf(*" meter™);
delay_ms(1);
}
angka =0;
}

if ((status & (FRAMING_ERROR | PARITY_ERROR | DATA_OVERRUN))==0)
{
rx_buffer[rx_wr_index]=data;
if (++rx_wr_index == RX_BUFFER_SIZE) rx_wr_index=0;
if (++rx_counter == RX_BUFFER_SIZE)
{
rx_counter=0;
rx_buffer_overflow=1;



¥
}
}

#ifndef DEBUG_TERMINAL_I10

/I Get a character from the USART Receiver buffer
#define  ALTERNATE_GETCHAR _

#pragma used+

char getchar(void)

char data;
while (rx_counter==0);
data = rx_buffer[rx_rd_index];
if (++rx_rd_index == RX_BUFFER_SIZE) rx_rd_index=0;
#asm("cli")
--rx_counter;
#asm("sei")
return data;
}
#pragma used-
#endif

/I USART Transmitter buffer
#define TX_BUFFER_SIZE 8
char tx_buffer[TX_BUFFER_SIZE];

#if TX_BUFFER_SIZE<256

unsigned char tx_wr_index,tx_rd_index,tx_counter;
#else

unsigned int tx_wr_index,tx_rd_index,tx_counter;
#endif

/I USART Transmitter interrupt service routine
interrupt [USART _TXC] void usart_tx_isr(void)

{
if (tx_counter)
{
--tx_counter;
UDR=tx_buffer[tx_rd_index];
if (++tx_rd_index == TX_BUFFER_SIZE) tx_rd_index=0;
3
¥



#ifndef DEBUG_TERMINAL_I10_
/l Write a character to the USART Transmitter buffer
#define _ALTERNATE PUTCHAR_
#pragma used+
void putchar(char c)
{
while (tx_counter == TX_BUFFER_SIZE);
#asm(""cli")
if (tx_counter || (UCSRA & DATA_REGISTER_EMPTY)==0))

tx_buffer[tx_wr_index]=c;
if (++tx_wr_index == TX_BUFFER_SIZE) tx_wr_index=0;
++tx_counter;
}
else
UDR=c;
#asm("sei")
}
#pragma used-
#endif

// Standard Input/Output functions
#include <stdio.h>

void baca_tombol(void)
{
if(lup==0)
{ tombol ='U;;
delay_ms(50);
}
else if(down == 0)
{ tombol ='D
delay_ms(50);

}

else if(left == 0)

{ tombol ="L"
delay _ms(50);

}

else if(right == 0)

{ tombol ='R};
delay _ms(50);

}

else if(forward == 0)



{ tombol ='F;
delay _ms(50);

}

else if(backward == 0)

{ tombol ='B’;
delay_ms(50);

}

else
{ tombol =""
delay_ms(50);

void main(void)

{

I/ Declare your local variables here

/Il Input/Output Ports initialization
/[ Port A initialization
/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/] State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTA=0x00;
DDRA =0x00;

// Port B initialization
/l Func7=0ut Func6=0ut Func5=0ut Func4=0ut Func3=0ut Func2=0ut Func1=0ut
FuncO=Out
// State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0
PORTB= 0x00;
DDRB = OxFF;

/[ Port C initialization
/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/[ State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTC= 0x00;
DDRC = 0x00;

/[ Port D initialization
/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
[/ State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T
PORTD= 0x00;
DDRD = 0x00;



// Timer/Counter 0 initialization
Il Clock source: System Clock
I/ Clock value: Timer 0 Stopped
// Mode: Normal top=FFh
// OCO output: Disconnected
TCCRO= 0x00;
TCNTO= 0x00;
OCRO = 0x00;

// Timer/Counter 1 initialization
/I Clock source: System Clock
I/ Clock value: Timer 1 Stopped
// Mode: Normal top=FFFFh
// OC1A output: Discon.
// OC1B output: Discon.
I/ Noise Canceler: Off
/I Input Capture on Falling Edge
I/l Timer 1 Overflow Interrupt: Off
/I Input Capture Interrupt: Off
// Compare A Match Interrupt: Off
/l Compare B Match Interrupt: Off
TCCR1A= 0x00;
TCCR1B= 0x00;
TCNT1H= 0x00;
TCNT1L= 0x00;
ICR1H = 0x00;
ICR1L = 0x00;
OCR1AH= 0x00;
OCR1AL= 0x00;
OCR1BH= 0x00;
OCR1BL= 0x00;

/l Timer/Counter 2 initialization
/I Clock source: System Clock
I/ Clock value: Timer 2 Stopped
// Mode: Normal top=FFh
// OC2 output: Disconnected

ASSR = 0x00;

TCCR2= 0x00;

TCNT2= 0x00;

OCR2 = 0x00;



/I External Interrupt(s) initialization
/I INTO: Off
/I INT1: Off
Il INT2: Off
MCUCR = 0x00;
MCUCSR= 0x00;

Il Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK = 0x00;

[ USART initialization
// Communication Parameters: 8 Data, 1 Stop, No Parity
I USART Receiver: On
I/ USART Transmitter: On
I USART Mode: Asynchronous
// USART Baud Rate: 9600
UCSRA = 0x00;
UCSRB = 0xD8;
UCSRC = 0x86;
UBRRH = 0x00;
UBRRL = 0x47,

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR =0x80;
SFIOR = 0x00;

// LCD module initialization
angka =0;

Icd_init(16);
Icd_clear();

Icd_gotoxy(0,0);
lcd_putsf(men_1);
Icd_gotoxy(0,1);
lcd_putsf(men_2);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
Icd_putsf(men_3);



Icd_gotoxy(0,1);
Icd_putsf(men_4);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
Icd_putsf(men_13);
Icd_gotoxy(0,1);
lcd_putsf(men_14);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
Icd_putsf(men_5);
Icd_gotoxy(0,1);
Icd_putsf(men_6);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
Icd_putsf(men_7);
Icd_gotoxy(0,1);
Icd_putsf(men_8);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
Icd_putsf(men_9);
Icd_gotoxy(0,1);
Icd_putsf(men_10);
delay_ms(1500);

Icd_clear();
Icd_gotoxy(0,0);
lcd_putsf(men_11);
Icd_gotoxy(0,1);
lcd_putsf(men_12);
delay_ms(2000);

I/ Global enable interrupts
#asm("sei")
tombol ="



while (1)

baca_tombol();
if(tombol !1="")
{

switch(tombol)
{

case 'U"
Icd_gotoxy(0,1);
/Isprintf(dat_1);
Icd_putsf(dat_1);
delay_ms(50);
putchar('U");
tombol ="
break;

case 'D"
Icd_gotoxy(0,1);
/Isprintf(dat_2);
Icd_putsf(dat_2);
delay_ms(50);
putchar('D");
tombol ="
break;

case 'L"
Icd_gotoxy(0,1);
/Isprintf(dat_3);
Icd_putsf(dat_3);
delay_ms(50);
putchar('L");
tombol ="
break;

case 'R"
Icd_gotoxy(0,1);
/Isprintf(dat_4);
Icd_putsf(dat_4);
delay _ms(50);
putchar('R");
tombol ="
break;

case 'F'
Icd_gotoxy(0,1);
Icd_putsf(dat_5);
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else

{

}

delay_ms(50);
putchar('F);
tombol ="
break;

case 'B"

Icd_gotoxy(0,1);
Icd_putsf(dat_6);
delay_ms(50);
putchar('B");
tombol ="
break;

default:

Icd_gotoxy(0,1);

Icd_putsf(dat_7);

delay_ms(50);
putchar(' ");
tombol ="
break;

Icd_gotoxy(0,1);
Icd_putsf(dat_7);
delay_ms(50);
putchar('");
tombol ="
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/*****************************************************

This program was produced by the CodeWizardAVR V2.03

Project ROV

Version :1.0

Date : 11/12/2009

Author . Asri Asmarariani Putri
Company : Lab UKM

Comments  : Program Receiver

Chip type : ATmegal6
Program type : Application
Clock frequency : 11.059200 MHz
Memory model : Small

External RAM size  : 0

Data Stack size : 256

*****************************************************/

#include <megal6.h>
#include <stdio.h>
#include <delay.h>

#define RXB8 1
#define TXB8 0
#define UPE 2
#define OVR 3
#define FE 4
#define UDRE 5
#define RXC 7

#define FRAMING_ERROR (1<<FE)

#define PARITY_ERROR (1<<UPE)

#define DATA_OVERRUN (1<<OVR)

#define DATA_REGISTER_EMPTY (1<<UDRE)
#define RX_COMPLETE (1<<RXC)

#define mot_kanl  PORTC.0
#define mot_kan2  PORTC.1
#define mot_kirl PORTC.2
#define mot_kir2 PORTC.3

#define en_mot_kir PORTC.4
#define en_mot_kan PORTC.5

#define pom_sedl  PORTD.2
#define pom_sed2 PORTD.3
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#define pom_bual PORTD.4
#define pom_bua2 PORTD.5

#define en_pom_bua PORTD.6
#define en_pom_sed PORTD.7

I/ Declare your global variables here
unsigned char save;

unsigned char datal,;
unsigned char data2;
unsigned char data3;
unsigned char data4;
unsigned char data_adc;
unsigned int data_buffer;

void diam_diam(void);

void maju(void);

void mundur(void);

void belok_kanan(void);

void belok_kiri(void);

void naik(void);

void turun(void);

void calculate(unsigned char data_buffer_1);

/I USART Receiver buffer
#define RX_BUFFER_SIZE 8
char rx_bufferfRX_BUFFER_SIZE];

#if RX_BUFFER_SIZE<256

unsigned char rx_wr_index,rx_rd_index,rx_counter;
#else

unsigned int rx_wr_index,rx_rd_index,rx_counter;
#endif

Il This flag is set on USART Receiver buffer overflow
bit rx_buffer_overflow;

I USART Receiver interrupt service routine
interrupt [USART_RXC] void usart_rx_isr(void)
{

char status,data;

status = UCSRA;

data = UDR;

save = data;
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if(save !'= 0x20)
{
switch(save)
{
case 'U":naik();save=0x20;break;
case 'D":turun();save=0x20;break;
case 'L":belok_Kiri();save=0x20;break;
case 'R":belok_kanan();save=0x20;break;
case 'F:maju();save=0x20;break;
case 'B":mundur();save=0x20;break;
case ' :diam_diam();break;
}

}
if ((status & (FRAMING_ERROR | PARITY_ERROR |

DATA_OVERRUN))==0)

rx_buffer[rx_wr_index]=data;
if (++rx_wr_index == RX_BUFFER_SIZE) rx_wr_index=0;
if (++rx_counter == RX_BUFFER_SIZE)
{

rx_counter=0;

rx_buffer_overflow=1,

b
I3

¥

#ifndef DEBUG_TERMINAL_IO
/I Get a character from the USART Receiver buffer
#define _ ALTERNATE_GETCHAR_
#pragma used+
char getchar(void)
{
char data;
while (rx_counter==0);
data = rx_buffer[rx_rd_index];
if (++rx_rd_index == RX_BUFFER_SIZE) rx_rd_index=0;
#asm("cli")
--rx_counter;
#asm("sei™)
return data;
}

#pragma used-
#endif

/I USART Transmitter buffer

#define TX_BUFFER_SIZE 8
char tx_buffer[TX_BUFFER_SIZE];
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#if TX_BUFFER_SIZE<256

unsigned char tx_wr_index,tx_rd_index,tx_counter;
#else

unsigned int tx_wr_index,tx_rd_index,tx_counter;
#endif

Il USART Transmitter interrupt service routine
interrupt [USART _TXC] void usart_tx_isr(void)

if (tx_counter)

{
--tx_counter;
UDR = tx_buffer[tx_rd_index];
if (++tx_rd_index == TX_BUFFER_SIZE) tx_rd_index=0;
I
¥

#ifndef DEBUG_TERMINAL 10
/I Write a character to the USART Transmitter buffer
#define _ALTERNATE_PUTCHAR_
#pragma used+
void putchar(char c)
{
while (tx_counter == TX_BUFFER_SIZE);
#asm("'cli")
if (tx_counter || (UCSRA & DATA_REGISTER_EMPTY)==0))

tx_buffer[tx_wr_index]=c;
if (++tx_wr_index == TX_BUFFER_SIZE) tx_wr_index=0;
++tx_counter;
¥
else
UDR=c;
#asm("sei")
¥
#pragma used-
#endif

// Standard Input/Output functions
#define ADC_VREF_TYPE 0x20

// Read the 8 most significant bits
/I of the AD conversion result
unsigned char read_adc(unsigned char adc_input)

{
ADMUX=adc_input | (ADC_VREF_TYPE & 0xff):

B-15



I/ Delay needed for the stabilization of the ADC input voltage
delay us(10);
/I Start the AD conversion
ADCSRA|=0x40;
I/l Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;
return ADCH,;

}

void main(void)

{

I/ Declare your local variables here

// Input/Output Ports initialization
/I Port A initialization
/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In
/] State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTA=0x00;
DDRA=0x00;

/[ Port B initialization
/I Func7=0ut Func6=0Out Func5=0ut Func4=0ut Func3=0ut Func2=0Out
Func1=0Out FuncO=0ut
[/ State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0
PORTB=0x00;
DDRB=0xFF;

[/l Port C initialization
/l Func7=0ut Func6=0ut Func5=0ut Func4=0ut Func3=0ut Func2=0ut
Func1=0ut Func0=Out
[/ State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0
PORTC=0x00;
DDRC=0xFF;

[/l Port D initialization
/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In
FuncO=In
/[ State7=T State6=T State5=T State4=T State3=T State2=T Statel=T StateO=T
PORTD=0x00;
DDRD=0xFC;

// Timer/Counter 0 initialization
/I Clock source: System Clock
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I/ Clock value: Timer 0 Stopped

// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;
TCNTO0=0x00;
OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

I/l Noise Canceler: Off

/Il Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

/l Compare A Match Interrupt: Off

// Compare B Match Interrupt: Off
TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
Il Clock value: Timer 2 Stopped
// Mode: Normal top=FFh
// OC2 output: Disconnected
ASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;

Il External Interrupt(s) initialization
/I INTO: Off
/I INT1: Off
[/ INT2: Off
MCUCR=0x00;
MCUCSR=0x00;
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Il Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

// USART initialization

// Communication Parameters: 8 Data, 1 Stop, No Parity

I USART Receiver: On

/I USART Transmitter: On

I USART Mode: Asynchronous

/ USART Baud Rate: 9600
UCSRA=0x00;
UCSRB=0xDS8;
UCSRC=0x86;
UBRRH=0x00;
UBRRL=0x47;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;
SFIOR=0x00;

// ADC initialization

/I ADC Clock frequency: 345.600 kHz

Il ADC Voltage Reference: AREF pin

// ADC Auto Trigger Source: None

I/ Only the 8 most significant bits of

// the AD conversion result are used
ADMUX=ADC_VREF_TYPE & Oxff;
ADCSRA=0x85;

// Global enable interrupts
#asm("sei")

while (1)
{
¥

}

void diam_diam(void)
{
delay_ms(10);
en_pom_sed = 0;
en_pom_bua =0;

en_mot_kir =0;

en_mot_kan =0;
delay_ms(10);
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}

void maju(void)

{

}

en_mot_kir =1,
en_mot_kan = 1;

en_pom_sed = 0;
en_pom_bua = 0;

mot_kanl = 1;
mot_kan2 = 0;
mot_kirl =1,
mot_Kkir2 = 0;
delay_ms(50);
diam_diam();

void mundur(void)

{

}

void belok_kanan(void)

{

en_mot_kir =1,
en_mot_kan=1;

en_pom_sed =0;
en_pom_bua =0;

mot_kanl = 0;
mot_kan2 = 1;
mot_kirl =0;
mot_kir2 =1,
delay_ms(50);
diam_diam();

en_mot_kir =0;
en_mot_kan =1,
en_pom_sed =0;
en_pom_bua = 0;

mot_kanl = 1;
mot_kan2 = 0;
mot_kirl =0;
mot_kir2 =0;
delay_ms(50);
diam_diam();
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void belok_kiri(void)

{

en_mot_kir =1;
en_mot_kan = 0;
en_pom_sed = 0;
en_pom_bua = 0;

mot_kanl = 0;
mot_kan2 = 0;
mot_kirl =1,
mot_kir2 =0;
delay_ms(50);
diam_diam();

}

void naik(void)

{

¥

en_pom_sed =0;
en_pom_bua =1,

en_mot_kir =0;
en_mot_kan =0;
pom_sedl =0;
pom_sed?2 =0;

pom_bual =1,
pom_bua2  =0;
delay_ms(50);

data_adc = read_adc(1);

calculate(data_adc);
diam_diam();

void turun(void)

{

en_pom_sed =1;
en_pom_bua =0;

en_mot_kir =0;
en_mot_kan =0;
pom_sedl =1,
pom_sed2 =0;
pom_bual = 1;
pom_bua2 = 0;

delay_ms(50);

data_adc = read_adc(1);

calculate(data_adc);
diam_diam();
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void calculate(unsigned char data_buffer_1)

data_buffer = (1-(256/ data_buffer))/14;
if (data_buffer_1 < 100)
{
datal =0x20;
data2 =0x30;
data3 =(data_buffer/10)+0x30;
data4 =(data_buffer%?10)+0x30;
putchar(datal);
putchar(data2);
putsf(™.");
putchar(data3);
putchar(data4);

¥
else if(data_buffer < 1000)

{
datal = 0x20;
data2 =(data_buffer/100)+0x30;
data3 =((data_buffer%2100)/10)+0x30;
data4 =(data_buffer%?10)+0x30;
putchar(datal);
putchar(data2);
putsf(".");
putchar(data3);
putchar(data4);

¥

else

{
datal =(data_buffer/1000)+0x30;
data2 =((data_buffer%1000)/100)+0x30;
data3 =((data_buffer%100)/10)+0x30;
data4 =(data_buffer%10)+0x30;
putchar(datal);
putchar(data2);
putsf(".");
putchar(data3);
putchar(data4);
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XBee™ /XBee-PRO™ OEM RF Modules

XBee/XBee-PRO OEM RF Modules
RF Modulke Operation

RF Module Configuration
Appendices

Product Manual v1.xAx - 802.15.4 Protocol
For OEM RF Module Part Numbers: XB24-..-001, XEF24-,..-001

TEEE® 802.15.4 OEM RF Modules by MaxStream, Inc.

fMaxStream,

355 South 520 West, Sufte 180
Undon, UT 84042

Phone: (801) 765-9885

Fax: (801) 765-5895

rxperts@maxstream. net M100232
www. MaxStream.net (live chat support) 2006,10.13



1. XBee/XBee-PRO OEM RF Modules

The XBea anid ¥Bee-PRO DEM RF Modules were enginesred
to mest [EEE B2, 154 standards and support the undque

niads of low-oost, low-power winskss sensor nebworks.
Thee madules require mindmal power and provide rellable

delivery of daty betwesn ceviies.,

The modubes operate within the ISM 2.4 GHz frequency

e-.@

band and are pin-for-pin comipatible with eadh other

P

# IndoorfUrban: up ta 100° (30 m)
& Qutdoor Ire-of-sight: wp to 2007 {100 mj
= Transmit Power: 1 mw {0 d8m)
# Recelver Sensithity: -92 dBm

5Bee-PRO
& InedoonUrban: up to 200° {100 m}
« Outdoor lne-of-sight: up to 1 mdke (1500 m)
# Transmit Power: 100 mW (20 dBm) EIRP
« Apoebver Sensithity: -100 dBm

RF Dtz Aabe: 250,000 bps

Advanced Mebworking & Security

1.1. Key Features
Long Range Data Integrity Low Power
p3: ¥Bes

« TX Current: 45 maA (83,3 V)
« B Cument: 50 mA (83.2V)
« Pormer-down Cument: < 10 pA
¥Boe-FRO
« TE Current: 215 mA (3.3 v
« AX Cument: 55 mA (83.2V)
« Prmer-tiown Cument: < 10 A
ADC and 1/ 0 line support

Aralog-tordigital comversion, Digkal 10
/2 Line: Passing
Ensy-to-Use

Retries and Acknowiedgemants
O555 (Direct Sequence Spread Spectrum]

Each diredt sequence channels has ower
5,000 unigue network addresses avaliabie

Source/Destination Addressing
Uricast & Brosdcast Communications
Point-to-paint, point-to-mutipaint

and peer-to-peer topologies supparted
CoordiratorEnd Devio: speratians

1.1.1. Worldwide Acceptance

o configuration necessary for owt-of box
AF communi@tions

Free X-CTU Software
[Testing and configuration softeare |

AT and AFT Comimand Modes for
configuring module parameters

Estersivie command set
Small form factor
Free B Unlimited RF-XPert Support

FCC Approwal [USA} Refer to Appendix & [pSY)] for FOC Requirements.
Systems that contain XBee/XBee-PRO RF Modules inherit MasStream Certifications.

IS {Industrial, Scientific & Medical) 2.4 GHz frequency band
Manutactured under IS0 9001:2000 registered standards c €

KBee ¥Bes-PRO AF Modules are optimized for use in the United States, Canada, Australia;
Israel and Europe. Contact MaxStream for complete list of government agency approvals.

= Max5Stream. © 06 MaxSireow, e
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1.2. Specifications

Table 140, Spucifications of S XHeaNBee-FRO OEM RF Module

Speoication XBse Ese PRO
Futomance

IndoorLegen Tarnge pE 0L 0m Up o 300 (300}

Oudon FF bestaght Fange | w300 (100m) Up o1 ke (1500 m)

s e it {oeEm) 88 i (3 dEm] conducied, 100 mH (20 &) SRF
7 e A 230,000 bee 250,000 bp

S Irertce Cofm R 1200 - 1300 b 1200~ 15200 hpe

i=ofers seerishe |non=iadar b mies sl suopored) imor-cardard beurd vde mnc pposed)

Reustier Benstty 42 68 {15 ke e e 100 i ("% sckst e |

Poowr Raguroments

Supply Vol 2E-34W 15-18W

FPL=] 0B 1 ma3.3v, Tmai@s)
PL=1 {28mi: 155m (33,3, T=na@a)
Tomesyit Cumest: ymical ST g3V PL=2 {14 Bimi: 170k (3.3, TTIRAB2AV)
PL=3 {dBimi: 168 (3.3, TOEnAB3)
PL= {1dBmi: 5k [3.39), 20BN

e | Fincee Copmnd Jhpicel) | SO (B 23 W) SEmA | 33V)
Foaes-doan Curest =10k < $0pR

Ganeral

Cpaming Fraguency ETHTT: 15M 24 B

Dimermioss D560 1,057 [24350m £ 270 .00 1 12507 24330m x 3 3Ma]

Cpaming Tamparstos 408 BE” sty &2 35" 0 ekl

Arimare Cpboee. Imtegretesi Whip, CAip 2 LLFL Correcir Intzgratad Wrip, Chip o ULFL Comnecior
Ntwarking 4 Seouty

Supported Neteork Tpoiogles | Foini-poing, FrinHio-muipoin & Frerppes

mdm 18 Dibect Saquence Crarat: 17 Csact Saqumnce Channeis

Adir=sing Cpfors FEM 10, Charre] 2nd Addreszes PaH 1D, Chenns and Addesses

Aagency Approy

Lrited Tiafs (OO P 15247) | CUR-NEEE OUR-AEEERRD

Irekesty Capess (13 42188 ¥ESE 47148 YEEFRO

Eumpe [0E) T ETE (s 10 4Bm Yerert pomer sutnut”

S e 0SHYTAETE (en 10 45 trarere powes ™

* Whem operating in Farops: B PR RF Modulis must b configusnd b opserati af & mad mum teansmit powses satput kel
of 10 dBen. The: paower catput live b s wsing the PL | Tha L st vl “07 (10 JBmj.

Additiorally, Eurupse regulations sépulats e EIRF powisr snastemaen of 1286 dBm {19 mW) for thee XBee-FRO and 1211 dBn
fror Bt KB whim indugratioy high-gain anbmns,

= W hen cpmating is fapen: Transomit powsr cotput & Beesed 1o 10 dBm. A special part ibsir 15 4 wihim and
munchulis approned fior e in Japan. Contact MaxStreem for maon infeemation feall 1-801- mwurﬂm'h b:l]url‘rru:-
spinnet].

Artanra Optlons: The ranpes spadifled ans typlcal when using the integrated Whip (1.5 dB) and Dipola (2.1 d&l) aniun-
nas. Tha Chip antenna option provides advantages In ks form fachor; howsyer, it bypilcally yields shorber ranga than the
‘Whip and Dipole antenna options when tans mitting outdoors. For more information, mfear to the "Esa Antenna® appil-
cabion rods locted on MaxStream's wab sibe (hitpc /| wes. maxstraamonet! support/ knowledgabas e articka phpZkb=153).

HaxSiream . ©2os Maxs e, I 5
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1.3. Mechanical Drawings

Figure 101, Mechanical drawings of the XBeeXBoe-PRO OEM RF Modules lantenna options not shown)
The XBew and XBow-PRO RF Modulis arv pin-foe-pin compatible.
XBaa
(top view)

XBeaRPRO XBag & XBea-PRO
(top view) (wde views)

i

P

1.4. Mounting Considerations

T

= Max5tream

The Xiee/XBee-PRO RF Module was designed to mount into 3 receptacie (socket) and therefore

does not require any soldering when mounting It to 3 board. The XBee Development Kis contain
RS-232 and USB interface boards which use two 20-pin receptacies to recelve modules.

Figure 1402 XBew Module Mounting bo an RS-232 Interface Board.

The receptacies used on MaxStream cevelopment boards are manufactured by Century Intercon-

nect, Several cther manufacturers provide comparable mounting solutions; however, MaxStream
currently uses the following receptacies:
« Through-hole single-row receptades -
Samtec P/N: MMS-110-01-L-5V (or equivalent)
* Surface-mount doubile-row receptacies -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

* Surtace-mount single-row
Sametec P/N: SMM-110-02-5M-5

MaxStream a0 recommands printing an outling of the moduls on the board to Indicats the orsnta-
tion the moduls shousd be mountsd.

© 2006 MaxSereas, Inc. ¢
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1.5. Pin Signals

Figure 1413, XBeaaWBee-FRO KF Moduls Fin Numbems

[z iebes bwowem - sbisdcls i Busttom) @ m:—@mn
Fia 1 - H -]

im 18 T Ha 3L
EIT - Ta 11

Table 1402 Pin Assignements for the XBes and KBee-FRO Modules

ﬂ'.l.rw--rrhd.-Fuhm' I3 e with a b 1hl]ll-’l’llIP]ﬂﬂ'-"|

Fing Hame Direction Degorpsan

1 WCo P sy

2 DOUT Dt LT Dt Out

3 TIN | CONFIG Irodt LART e in

4 DOEr ot 1} Dighnl Cuutpul B

5 RESET = Mok Fie=ed e pue Mt be B a2 )

" PV | RSl Dt il Ot D) R Sagrel Breng indcatar

7 P Dt PR Capt |

8 peered] - Do ndt comedt

[ TR | 8LEEF R I DR ot S Beep Coriral Lne or Digizl Pt

(5 [T - Brond
11 ADA | OIS Ene EndiogInpi & or DgEs 104

1 CTS /0T Ene G-tz Eend Fiow Cortral ¢ Dl 107
BEE TH/ SLEEF Tt Wodds Bmtas dcmr

u WREF ot Vaage Astemnce b A0 Iz
[ Eeacets | ADS | OIS B Azmociaed indicsior, Anelog noet 50 Dl V0 5

i RS | ADE DI Ene Raques- o Semd Sow Lo, g Ingut o Digits 108

T A3/ DHT Ene Erwiag Irgar 3 Dghs 103

(] AL TR Ene Enwiag Irgir 2 o DgEs 102
% AL { G Ene Erwiog Irgar | o DgEm 10

= AT TR Ene Eriag Irgat 0 o DgEs 100

'Fm"-mlnnlnhddﬂw'ﬂmufﬁurﬁnr
Design Notes:
# Minimum connections: VG, GND, DOUT & DIN
& Minimum cannections for updating firmsare: VOO, GND, DIN, DOUT, RTS & DTR
» Signal Direction s specficd with respect to the module
* Modube Includes a S0k £ pull-up reststor sttached fo BESET
» Several of the Input pull-ups can b configuned wsing the PR command
& Unuzed pins showkd be et dsmonnected

>

MaxStreanm . © 06 MoSreas, Ine 7
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1.6. Electrical Characteristics

Tabls 140, DT Characteristios (V0D = 28 < 3.4 VIR

Zymibol Charaotsrictic Condion Min Tipboal Max Unit
. T Low e | A S TS - - TETR | W
LT T E— L — —1
o BprlwmeE | moinARL =Ly E - = T
iowi Thind P voizge | Ty r-he T " T
hiy It L=pieage sl Vi =WCL o G, il Inpas, per pis - i1 1 -
b High Impesiance Lesiege: Dumssd | Ny = VOO o GHD, ol DO Hige-Z, per in - i1+ 1 -t

- - E L -
T Trerami Gaessl WCGEA3W ] [FREY A
- = B3
Ax Fisoshae Carrenl WCC=AIW - [ [FROY - A
(RS Fowedwniumen | chlpmememr= | . = - =
Tabls 144, ADC Charscteristios ilparatng)
Zymibol Charaotsrictic Condtion Min Typlcal Hax Unit
o [ m | - | e |
B - b - uE |
b | REF - Reference Sty Gt | - gty el )
Ve Lwslag g ekage Moz~ - Vg =2 []
(] | l op g mimg, e valid conveiTson can .
Table 146. ADC TimingPerfermancs Characteristios |

Zymibol Charaotsrictic Condtion Min Typlcal Hax Unit
Fus Sowo Impedancs o gt - - H 1
a Aoy InpiE akage Vam Vagp W
REB Jdmal Resciudion ;! L35|‘I 20BN = Wnpap = 30V 2@ - E 1] m
DhL D] Hor-neeriy - A8 18 [
L Fim g -y s =1 [i=]
Ers Zewceaczie B’ =04 =1 L8 |
Frs Fal-aczie Evor =04 =1z [

E ot Lasiags Eaoe’ £IE =50 =8 |
En Toml Uradt=g S =11 =t 1]

1. ﬂﬁmfmh\m'h-dmpm and sysdern baing in WATT stabe {very Bitle activity and no 10 swigching)
i Bt ad ! g | —‘un—-]:;qu:utpm[ﬁ}hmﬂ!ﬂ.ﬂlthﬂ.lchqnnhrhtHMmﬂul
imput and \"H.'EFLJ. Fﬂlu.nrtl irbossrrv Hiwman gl iy mary rasrul dn syshen o nosa ] ¥ AT

webachs will vary hassd om Board laypeest and the typs and magnibade of e activity.

Dhata transmission and recvpiion during data conversion may causs soma degradation of thiss spec fcations, depssding on
tha: numbse and Bming of packes. 1t is advisableto bt the ADCS in your estallation o B accuracy i requinsd,

L By v thirmwal | inf Bt il af e ke diriwirg th analog ingest paey Values grvater than s amount say
ned fully charg the input drcuitry of thie ATT nsulBeg in s cecy enmr.

A Aoy input st b Befwesm Ve and Voon, for valid comvienden, Vabuss graster than Vopry will convert o $3FF.

£ The resalution i the ideal step st oo 1158 = (Vprn -~V 11024

5 Daferntial pon-ieswanty s e diffinimcs Butween the curnent code width and e idial code widil (TL58) The curnms
cinher wideh i ther differenc in e Eranssion volages to and $nom the curnmi ooads.

b Imdigral nom-linsanty is S i bebwim the transiion vilbage b the curmes code amd e adusted el transition
welBage for the curpant code. The adpesti] ddeall tramsstion voltage i (Curpim Code=120 1L Vorm * Eee - Vopm *Exelil

7. Taro-scali imor is the Jiff | thar e thr ot vl il s i decdinal transdbion to that codse. The
Tidieal traresitiom wiblage b o given cods b fade—LEA Vo, - Vam 11

B Full-scals srrer s the differencs bafwesen the transition i the Lot valid code and the idea transition b that cods, The idial

transition viltags to @ given cede i [Code- L2 1 VameVarn )

n Evdhllqrmmmﬁmhhpulw“ﬂwmﬂ i iof et {rapnd] iof ther k dirtving the analog
pin R  the o | Bt o,

|I].T|.!H.|n1.l#uh|.|m'nﬂwd|ﬂu-n. (1] iticon wislbigs b Eha cromnt ook and B | dial stragie-Tine trans-
fier function. This of o il - wrrie [ L7215 amd creuit e (ddfirmiual, irdegral, sers-

wcalie, and Pall-scali) srror, The speeci fiad valus of Exy mnl'uﬁ_ [y Dsnake g o i el cmamrow impeedance).

f-‘l.-!at SEream . © 2006 MaorSireow, [ne £




2. RF Module Operation

£,

2.1, Serial Communications

The XBee/XBee-PRO OEM RF Modules Interface o a hast device throwgh 3 logic-ievel asynchro-

nous serfal part. Through its serial port, the module can communicate with any logic and vokage
compatible UART; or through 3 level transiator to any serial device (For &xample: Through 2 Max-
Stream proprietary RS-232 or USE interface board).

2.1.1. UART Data Flow

Devices that have 3 UART interface can connect directly to the pins of the RF module as shown n
the figure below.
Figure 201. System Dats Flow Diagram in 3 UART-interfaced emvimnment

(Low-aswerted sigrabs ditingasbed with honmetal ke over signal naene)

L T S QU0 g 00 A
01 ey | L
(5] 2t}
e . Voo N
m‘wmu [T Mot | 001 o | ciOORY
(116 e

Data enters the module UART throwgh the DI pin {pin 3) as an asynchronous seral signal. The sig-
nal should icie high when no cata & being transmitted.

Each data byte consists of 3 start bt {low), & data bits (least signiFicant bR first) and 3 stop bit
(high). The following figure lllustrates the seris! bit pattern of data passing through the module.

Figure 202 UART data packet (i F (decimal number *31%) s tranemitted through the RF module
Example Data Foemmat is 8-N-1 (Bits - parity - 7 of stop bets)

Loset Sonboare e (et
=1

hl"* ltl ) : ‘l:U L wsw
Lk
spat v bd ‘
Veliage ﬂ |
¥ vt o 50

T .

The module UART performs tasks, such as timing and parity checking, that are neaded for data
communications. Serfal communications depend on the two UARTS to be configured with compati-
ble settings (bawd rate, parity, start bits, stop bits, data bits).

MaxStream. © 2006 MaxStreaw, Inc. 9
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2.1.2. Transparent Operation

By default, XBee/XBee-PRO RF Modules cperate in Transparent Mode. When operating In this
mede, the modules act as a serial line repiacement - all UAAT data recetved through the DI pin ks
queued up for RF transmission. When RF data i recefved, the data is sent owt the DO pin.

Serial-to-RF Packetization

[Cata is buffered in the D1 buffer untll one of the following causes the dafa to be packetized and
transmithed:

1. No seral charscters ane recelved for the amount of Hme determined by the RO [Facketiza-
tion Timesout) parameter. IF RD = 0, packetiration begins when a charcter i recaived.

. The maximum number of characters that will it In an RF paciet {100) Is reoeived.

3. The Command Mode Sequenoe [GT + OC + GT) Is received. Any characher buffered in the
DI budfter before the sequence s transmitted.

If the module cannot Immediately transmit (for instance, i & s already recefving RF data), the
serial data ks storedd In the DI Buffer. The data ks packetized and sent at any RO meout or when
100 brytes (maximum packet size) are receied.

If thee O burffer becomes full, hardware or software fiow control must be implemented in order to
prevent averfiow [loss of data between the hast and modube).

2.1.3. API Operation

AP (Application Frogramming [nterface ) Operation |5 an afermative to the default TRnspanent
Operation. The frame-basesd APl extends the bevel to which a host application can Interact with the
networking capabilities of the modulke.

When in AFT mode, all data enbering and keaving the module i contained in frames that define
pperations of events within the module.

Transmi Data Frames (receheed through the DI pin {pin 2}) Include:
% RF Trans=mit Data Frame
& Command Frame {equivabent to AT commands)

Receive Dty Frames (sent cwt the DO pin (pin 1)) indsde:

# RF-recelved data frame
# Command response
& Event nobifications swch a6 reset, associate, dissssochte, ebc
The AFI provides altematiwe means of configuring modwles and routing data at the host applica-

tian layer. A hst application can send data frames to the module that contain address and payioad
Information instead of using command mode o modfy addresses. The module will send data

trames to the application confaining stahes packebs; as wel 25 source, RSSI and payload Informa-
tion from received dats packets.

Thee APl operation option facilitates many opertions such a5 the examples died below:
- Transmitting data to muRiple destinations withaut entering Command Maode

-3  Recehe success/Talure st@tus of each transmitted RF packet
-3 loentify the scurce address of each received packet

To Implamant AR aperatians, rafer to AF1 ssctions [PEZ]

" MaxStream & 2006 MaySiream, [nr. 10
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2.1.4. Flow Control

WaxSIream . © 2006 MarSireawe, [ne

Figura 2413, Internal Diaka Flew Diiagram
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DI (Data In) Bufler

When serial data enters the RF module thirough the DI pin {pin 3), the data |s stoned in the 0]
Buffer until & can be processed.

Hardware Flow Control {CT5]. When the 01 buffer is 17 bytes away from being full; by default,
the module de-asserts TTS (high) to skgnal to the host device bo stop sending data [refer to D7
[DIO7 Confiquration) parmmeter]. TS s me-asserted after the O Buffer has 34 bybes of memary

avaliabie.
How to eliminate the need for Now controd:

1. Send messages that are smalker than the DI buffer size.
Z. Inferface at a lower baud rate [BD | Interface Data Rate) parameter] tham the throwghpot
data rate,

Case inowhich the DI Buffer may become full and possibly overflow!

1t the madule Is recelving a continuous stream of RF data, any serial data that arrives on the DI
pin & placed Im the DI Buffer. The data in the DI buffer will be transmitted ower-thie-air when the
mioduie ks no longer recelving RF dat in the network,

Rafar to the RO Fackstlzation Timaowt), BD dntarfacs Daka Rata) amd OF (D07 Conflguraton) cam-
mard descriptions for mors Information.

D0 [Data Dut) Bufler

When FF data s receled, the data enters the DD buffer and s sent out the serial port o 8 haost
device. Once the DO Buffer resches capacity, any additional Incoming RF data ks lost.

Hardware Fiow Control (RTS). If FTS & enabled for Row control (D6 (DI0E Configumation )
Farameter = 1), dats will not be sent out the DO Buffer a5 long 2 ATS (pin 10} i de-asseted.

Twio cases in which the O Bufer may become full and possibly owverflow:

1. Ifthe RF data rate Is st higher than the Interface data rate of the module, the madule will
receive data from the transmitting modube faster than | can send the data bo the host.

2. It the host does not allow the module bo transmit data out from the DO buffer be@use of
being held off by hardware or software flow oontrol,

Rafsr to Ehe 06 (D806 Corflguration) command description for mors Informatian,
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2.2, ADC and Digital I/0 Line Support

The ¥Bee/xBee-FRO AF Modules support ADC (Analog-to-gigital conversion) and digital 10 line
passing. The following pins suppart multiple functions:

Table 24Kl. Pin fonctions and gheir isted pin and !
ADN= Analig-te-Digtal Convrter, DI = [ﬁsrll.llnp.l!,ﬁ.rp.i
Pin fanctiors notapplicable by this saction an d il
Fin Funation Firg AT Comimand
ADZ 00 2 Dé
AL/ Cw0d iw |
[ADz/0nE 1B E
AD3 /W03 1 [GO0ARD_ B2 7 03
‘A4 /002 M o
ADS D005 | (BEEDCITE) 15 o5
DIOE | FTE) 18 Dé
DG 1 (CTE) 12 o
DE (DT fEeep RO i o

To enabds ADC and D10 pin functions:

For ADC Support: et ATDn = 2

For Digial Input suppart: SetATDni = 3

For Digial Output Low Suppsrt: Set ATDni = 4

For Digial Output High support: Set ATDn = &

2.2.1. I/0 Data Format

1/ data begins with & header. The first byte of the header defines the number of sampies forth-
coming. & sampie s comprised of input data and the Inputs can contain efther DIO or ADC. The
last 2 bytes of the header (Channel Indictor) define which inputs are active. Each bit represants
gither a DID ine or ADC channel.

Figurs 244, Huader
Header

= O

rﬂhm'm”rllﬂﬂﬂﬂllMEI|I:?DED‘!-DIEI:EI:IIID
]
T

el Bit ot fo “1° I shannel Ic aolive

Sampbe data foliows the hesder and the channel Indcator framse is used to determine haw o resd
the sample data. If any of the D0 Ines are enabied, the first 2 bytes are the DIO data and the
ADC data follows. ADC channed data ks stored as an unsigned 10-bE value right-justifled on 2 16-
bit boundary.

Figurs 245, Samph Dats

EJIIP].!' Data _-_-_-_-—-—-_______-

D85 Lina Ciees b it | H st RO Lo Dy

ANKIAA:‘GIJ’Eid!!ID| BOCn WZS | ADCnLSH

s

MaxStream. © o MaSires, e 12
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2.2.2. API Support

['D data ks sent out the WART wsing an AFT framee. All other data can be sent and recelved using
Transparent Operation [refer to pl0) or AFD framing i AFT mode Is enabled (AP > O).

AP Dperations suppart two RX (Reoekie) frame identifiers for [0 data:

# (2 for AX (Recehe) Pacoet: 64-bi address 170
# tnell3 for RX (Recehe) Pacoet: 16-bE address 170

Thee APL commnand header ks the same a5 shown in the "RX [Reoshe) Facket: Bd-hit Address" and
"R (Receive) Packet: G4-bit Address™ AFT types |refer to phi]. X data follows the format
described In the LD Data Format seciion [pl2].

Applicable Commands: AF (AFl Enable)

2.2.3. Sleep Support

When an RF module wakes, it will adways do a sample based on any active ADC or DI lines. This
allows samplng basad on the sieep cyde whether it be Cyclic Sleep (5™ parameter = 4 oF 3) ar Fin
Sleep (S5M = 1 or Z). To gather mare samples when awake, set the IR (Samiple Ryte) parameter.
For Cydic Skesp modes: If the IR paameter is set, the module will stay awake untll the [T (Sam-
ples before Tx) parmmeter s met The module will stay awake for ST (Time before Skesp) tme.
Applicable Commands: [R [Sampls Rate), IT (Samples before TX), S8 {Seep Mode], [T (D10
Change Detect)

2.2.4. DIO Pin Change Detect

When "DI0 Change Detect™ i enabled {using the IC command), DD lines 0-7 are monitored.
When a change s detected on a DD line, the folicwing will ccour:

1. AnAF packet ks sent with the updated D10 pin levels. This packet will not contaln any ADC
samphes.

I Any quedssd sampkes are transmithed before the change detect data. This may resul in
recetving 3 packet with less than [T (Samples before TX) samiples.

Note: Change detedt will not affect Pin Shesp wake-up. The D8 pin (OTR/Sleep ROYDE) b the onby
line that will wake a modube from Pin Sheep. IF not all samples are colleched, the moduke will stHll
enter Sleep Mode after 3 change deted packet |s sent.

Applicable Commands: 1C (D10 Change Detect), IT (Samples before TX)

NOTE Crangs detect Iz only supported when the Dx (060w Configuration) parameter sguals 2,4 or 5.

2.2.5. Sample Rate (Interval)

Thee Sampde Fate (Interval) feature aliows enabied ADC and DID pins to be read periodically an
mesdules that are not configuned to operste In Sleep Mode, When one of the Sieep Hodes i

enabied and the [R [Sample Rate) parameter et, the module will sty awake wiitl IT [ Samples
before TX) samples have been colleded.

Onice a particular pin is enabled, the appropriabe sample @te must be chosen. The maximum sam-
pe rate that can be achiewved while using one A/D line is 1 samphe/ms or 1 KMz {Note that the
middem will not be able to kesp up with tarsmission when IR & IT are squeal o ™17).

Applicable Commands: IR (Sample Rate), IT [Samphes before TX], 5M (Skeep Mode)
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2.2.6. I/0 Line Passing

Wirtual wires can be set up betwesn XBeeXBee-FRO Mocules. When an RF data packet & recehved
that contains [0 data, the recelving maodule can be setup to update any enabled outputs [PWH
and DI0) based an the data it recekes.

Note that 10 lines are mapped In pairs. For example: ADO can only update PAMD and OS5 can
only update DO5S). The default setup b for outputs not ta be updated, which results in the 170 data
being sent out the WART [ refer to the [U (Enabie 10 Cutput) command ). To enabie the outputs ta
bex updiated, the L& (L0 Input Address) parameter must be setup with the address of the module
that has the appropriate inputs enabled. This effectively binds the outputs toa particular module’s
Input. This does not affect the ablity of the module to recerse LD Ine daka from other modules -
ondy its abidity to update enabbed outparts. The [A parameter can alss be setup to acoept 170 data
tor output changes from any module by setting the 1A parameter to DuFFFF.

When outputs ane changed from their non-active state, the module can be setup to returm the out-
pist beweld ta It non-acthve state. The timers are set using the Th (Dn Qutpit Timer) and PT (%M

Cutput Timeout ) commands. The timers are reset every time 3 vald 10 packet (passed [A check]
Iz recedved. The IC (Change Detect) and [R (Sampie Rate} parameters can be setup to keep the
oistput sef to thelr sctive cutput I the system needs more time than the timers can handle.

Maoks: DI2 can not ba used for |/C Ins passing.

Applicable Commands: [A ([/0 Input Address), Tn {Dn Output Timeout), PO | PWED Configura-
tian), F1 { PWEL Configuration], =0 (PWMO Output Level), M1 (FWM1 Output Level), PT (PWM
Cutput Timesout ), AP [RSSS] PWH Timer]

2.2.7. Configuration Example

As an example for 3 simple A/D link, 3 pair of RF modules cowld be saf as follows:

Remate Configuration Base Configuration
DL = (w1234 DL = (w5678
HY = WS4678 MY = (w1334
Di=2 Pl = 2
Dl=2 P1=2
IR = fx14 =1
m=5§ 14 = DuS6G7E {or DaFFFF)

These settings configue the remate module o sample ADO and AD1 ance each every 20 ms. It
then buffers 5 samples each before sending them back to the base module. The base should then
recee 3 32-Byte transmission (20 Bytes data and 12 Bytes framing) every 100 ms.
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2.3. XBee/XBee-PRO Networks

The: fodowing TEEE BOU.15.4 network types are supported by the XBes/Bee-FRO RF modules:
& Nion Benoon
« NonBescon (w/ Coordinator)

Thee folowing terms will be used to explicate the network operations:
Table 2402  Tarmm and dafinstions

Term Dafnition

AN Permonsl Sres Mewon - A daia commarkostion neiwos: Fatinchudes one or moee End Desioes and
opfcrally B Cooelinator.

F—— & FalHrcion deice (RO it ceovbe2 e, 5y Coporizzior oy podieg moes MiorBeac

[ Cocmdrsie s ori

Whominiie Se nole ot 25 Coordiasler - FF moduies Bl ey on o Cooedinator for

sychmsizaion v C2n Be i e of ez o O power angicntore.

R The esisbifeni of membersi beiween End Devices and 2 Coordeete, Axzociaion b oy
Eppiestie n Hordace (W Cooednaley| reskeRs

Engl D

2.3.1. NonBeacon

By default, XBee dBee-PRO RF Modules are configured to support MonBescon oommunications.
NonBeacon systems operate within a Pesr-to-Peer network topology and therefore are not depen-
dent upon MasterSkywe relationships. This means that modubes remain synchronized without wse
of master)'server configurations and each modube in the nebwork shanes both roles of master and
chyve. MaxStream's peer-to-peer archibechure features fast synchronization times and fast cold
start times. This default configuration accommeodates 3 wide range of BF data applications.

Figurs 146 NonBescon Pesr-to-Feer Archibectum Ii|

P ; iy
A peer-bo-peer network can be established by e =
configuring &ach module to aperate as an End Device (CF = 0}, disabing End Device Assocktion

on all modules (Al = 0} and setting [0 and CH parameters to be identical across the netwark.

2.3.2. NonBeacon (w/ Coordinator)

A device i configured as 3 Coordingtor by sefting the CF (Coondinator Enable) parameber to"1%
Coordinator power-up s governed by the A2 (Coordinator Assodation) parameter.

In & NonBeacon (w' Coordinator) system, the Coordinator can be configured o use direct or Ind-
rect transmisshons. I the SP (Cyclic Skeep Period ) parameter ks set o "07, the Coondinator will send
data Immediately, Ctherwise, the SP pammeter determines the kength of time the Coondinator will
retain the data before discanding R Generlly, SF (Cyclic Sleep Period) and 5T (Time before Shesp)
parameters showld be: set tn match the SF and ST settings of the End Devices.

Assodation plays 2 critical rols In the Implamsntation of 2 NonBsacan fw) Coordraton) systam. Refar
to the Assoclation section [next pags] for mars Informatian.
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2.3.3. Association

Assodation i the establishment of membership between Enad Devices and 3 Coordinator and &
ondy applicabile in BonBeacon (w) Coordinator) networks. The establishiment of membership s
usehal in scenarics that require a central unit {Coordinator) to relyy messages to or gather data
trom several remate units (End Devices), assign channels or assign PAN [Ds.

An RF data network that consists of one Coordinator and one or more End Devices forms a FAN
[Personal Areas Nefwork), Exch device ina PAN has a FAN Identifier [ID [PAN ID) parameter]. PRN
[0 must be wnigue o prevent miscommuonication between FANs. The Coordinator PAN 1D s set
using the [0 [PAN D) and A2 (Coordinator Assodation) commands.

An End Device can assodiate to a Coondinator without knowing the address, PAN 1D or channel of
the Coordinator. The &1 (End Device Association) parameter bit fields determine the flexibilty of
ani End Device during association. The AL parameter can be wsesd for am End Device to dynamically
ept s destination address, PAN 1D and/or dha ninel.

For example: If the PAN 1D of 3 Coordinabor is known, but the operating channel i not; the A1
comimand on the End Device should be set o enable the ‘Auto_dssodabe’ and
'Rexssign_Channel” bits. Additionally, the [D pamameter showld be sat to match the PAN 10 of
the assocated Coordinator.

Coordinator / Emd Device Setup and Operation

To canfigure a module to opemte x5 3 Coordinator, set the OF (Coordinator Enable) parameter to
17 Set the CE parameter of End Devices bo 0 {default). Coordinator and End Devices showld con-
tain miatchineg firmwane versions.

HonBeacon (w Coordinator) Systems

In & NonBeacon {wf Coordinator) system, the Coordinator can be configured to use direct or indk
rect transmissions. If the SF (Cydic Skesp Feriod ) parameter ks set to *07, the Coordinator will send
data Immediately, Othersise, the SF parameber determines the length of time the Coordinator will
retain the data before discarding i Generally, 5P [Cyclic Sleep Period ) and ST { Time before Sheep)
paramebers showld be set o match the 5P and 5T seitings of the End Devices.

Coordinator Power-up

j’fi-"l. laxStream

Coordinator power-up ks governed by the A2 (Coondinator Assodation} command. On power-up,
the Coordinator undergoes the foliowing sequence of events:

1. Check AZ parameter- Reassign_PANID Flag
Set (bit 0 = 1) - The Coordinator issues an Active Scan. The Active Scan selects one channel
and transmits 2 BeaconRequest command to the broadcast address {0xFFFF) and broadcast
PAN [0 (DFFFF). It then listens on that channel for beacons from any Coordinator operating on
that channel. The isten time on each channed ks determined by the SO (Scan Duration) param-
eter value.

Once the time expires on that channa, the Active Scan selects another channal and again
transmits the BeaconReguest 2 before. This prooess continwes untdl all chanmels have been
scanned, or untll & PANS hawve been discovered. When the Adive Scan bs complete, the results
Include 3 list of PAN [Ds and Channals that are being used by other FANS. This list i wed to
assign an unigue PAN 1D to the new Coordinator. The 1D parameter will b retained IF It 15 not
found In the Active Scan resuls. Otherwise, the [0 [PAN ID) paameter setting will be updated
to a FAN [D that was not detecbed.

Not Set (bit 0 = 0) - The Coondinator retains ks [D sebting. Mo Active Scan |s perfomied.
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2. Check AZ paramester - Reassign_Chanmel Flag {bit 1)
Sat (it 1 = 1) - The Coordnator [ssses an Enengy Scan. The Energy Scan selects one channel
and scans for energy on that channel. The duration of the scan ks specified by the 5D (Scan
Dwration ) parameter, Once the scn s completed on a channel, the Energy Scan selects the
meewt chianined and begins a new scan on that channel. This process continues witll all channels
harwe bizri Scanmed.

When the Energy Scan Is comgéete, the results inchede the maximal enengy values detected on
each channel. This list Is used to debermine a chamnel where the lexst enengy was detected. I
an Active Scan was performed {Reassign_FANID Flsg set), the channeks wsed by the deteded
FANs are sliminated as poasibdes channeks. Thus, the results of the Energy Scan and the Active
Soan (i performied ) ane usad to find the best channe! (chanmnel with the keast enengy that ks not
used by any detected PAN). Onoe the best channel has been selected, the CH (Chaninel) param-
eter value ks updated to that channel.

Hot Set (blt 1 = @) - The Coordinator retains s CH setting. An Energy Scan Is nob performied.

3. Start Coordinator
The Coordinator starts on the specified channel {(CH parameter) and PAN 10 {10 parmmaeter).
Note, thess may be selected In sbeps 1 andfor 2 abowe. The Coordinator will anly allow End
Derwices to assoclybe to it i the A2 parameter “Aliwissodation” flag ks set. Once the Coording-
tor has successfully started, the Assoclabe LED will biink 1 tme per seoond. (The LED ks solid if
thie Coordinator has mot starbed. )

4, Coordinator Modifications
Once a Coordinator has started:
Modifying the A2 [Reassign_Channel or Reassign_PANID bits), ID, CH or MY parameters will
cause the Coominator's MAC to reset (The Coordinator AF module (including volatie RAM) ks
nat reset). Changing the A2 AowAssodation bit will not reset the Coordinator's MAC. In a nan-
bemconing system, End Devices that associated to the Coordinator prior to 3 MAC reset will have
kncriedge of the new settings on the Coordinator This, If the Coordinator were to change s
1D, CH or MY settings, the End Devices would no longer be able to communicate with the non-
beacon Coordinator. Once a Coondinator has started, the ID, OH, MY or A2 {Reassign_Channel
or Aeassign_FAMID bis) should nok be changed,

End Davice Power-up

End Devioe power-up Is governad by the Al (End Device Association ) command. On power-up, the
End Dewice undergoes the following sequence of events:

1. Check Al parameter - AutcAssociate BNt
Sat (it 2 = 1) - End Device will attemipt to associyte to 3 Coordingtar. {refer to steps 2-3).
Hot Set (bit 2 = 0) - End Devioe will not attemipt to assodate to a Coordinator. The End Device
willl aperate as spedfied by fs 10, CH and MY parameters. Association is considered complete
and the Assockate LED will Dlink quicily {3 times per second). When the AutoAssociate bit is nok
set, the remaining steps (2-3) do not apply.

. Digcower Coordinator {IF Auto-Assoeciate Bit Set)
The End Device oises an Activie Scan. The Adihee Scan selects ane channel and transmits a
BeaconRequest command to the broadoast address {0nFFAF) and broasdost FAN 1D | 0xFFFF). It
then listens on that channrel for beacons from amy Coordinator operating on that channel The
listen time on each channel Is determined By the SO parameter
Dince the time expires on that channel, the Active Scan seleds ancther channel and again
transmits the Beamonfeguest command as before. This prosoess continees untll all channels
Rzt bezie Scanmeed, or wntll 5 PANS have been disoowensd. When the Active Scan bs complete,
the results inchede 3 list of FAN [Ds and Channels that ame being used by detected PANS.
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>

MaxStream

The End Device selects a Coordinator to associate with according to the Al parameter
"Reassign_PANID”® and *Reassign_Channel” flags:

Reassign_PANID Bit Set (bit 0 = 1)- End Device can assodate with 3 PAN with any 1D value.
Reassign_PANID Bit Not Set (bit 0 = 0) - End Device will only associate with a PAN whase
1D setting matches the 1D setting of the End Device.

Reassign_Channel Bit Set (bit 1 = 1) - End Device can associate with a PAN with any CH
value.

Reassign_Channel Bit Not Set (bit 1 = 0)- End Device will only assodiate with a PAN whose
CH setting matches the CH setting of the End Device.

After applying these filters to the discovered Coordinators, If multiple cancicate PANS exist, the
End Device will select the PAN whose transmission link quality s the strongest. If no valid Coor-
dinator i found, the End Device will either go to sleep (35 dictated by its SM (Sieep Mode)
parameter) or retry Assecistion.

Note - An End Device will 2lso cisqualify Coordinators If they are not aliowing association (A2 -
AllowAssociation bit); or, if the Coordinator & not using the same NonBeacon scheme 35 the
End Device. (They must both be programmed with NonBeacon coce. )

3. Assoclate to Valid Coordinator
Once a valid Coordinator is foend (step 2), the End Device sends an AssocitionRegquest mes-
s3ge to the Coordinator. It then waits for an AssoctionConfirmation to be sent from the Coor-
dnator Once the Confirmation & received, the End Device is Associatec and the Assodate LED
will blink rapidly (2 times per second). The LED & solid if the End Device has not associated.
4, End Device Changes once an End Device has assoclated
Changing Al, ID or CH parameters wil cause the End Device to cisassociate and restart the
Association procedure.

1t the End Device falls to associate, the Al command can give some indication of the failure.
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2.4, ¥Bee [ ¥XBee-PRO Addressing

Every RF data packet sent over-the-alr contains 3 Source Address and Destination Address field in
its header. The RF madule conforms to the 802,154 spechication and supports both short 16-bit

acdinesses and kong 4-bit addresses. & unique 54-bit [EEE sounce address s assigned at th fac-
tory and can be read with the SL {Serial Number Low) and SH (Serial Number High) commands.

Short addressing must be configured manually. A module will wse ks unigue B4-bit address as its
Source Address If [t MY [16-0 Source Address) value B “0xFFFF or “0xFFFE®

To send 3 packet to 3 specific module wsing b4-bi addressing: Set Destination Address (DL + DH)
‘to migtch the Source Address [SL + SH) of the Intended destination madule.

To send a packet to a specfic module using 16-bit addressing: Set DL {Destination Address Low)
parameter ta equal the MY parameter and set the OH [Destination Address High) parameter to 07

2.4.1. Unicast Mode

By default, the RF module opeates in Unicast Hode. Unicast Mode |s the only msde that supports
retries. Whiks in this mode, receiving modules send an ACE (acknowledgement) of RF packet
recepticn to the transmitter. If the transmiiting modubs does not recebe the ACK, & willl re-send
the padoet wp to three times or wntl the ACK 5 reoehsed.

Short 16-bit addresses. The module can be configured o use short L-bit addresses as the
Source Address by setting {MY < 0xFFFE]. Setting the DH paameter (DH = 0) will configure: the
Destination Address to be a short 16-bit address (f DL < OxFFFE). For teo modules o commund-
cate using short addressing, the Destination Address of the tRnsmitter module must match the
MY parameter of the receiver.

Thez fodlowing table shows a sample network configuration that wouwlkd enable Unicast Mode com-
munications using short 16-bit addnesses.

Takde 348, Sample Unicast Natwork Confgoration (using 18-b3t addevssing)

Farameder [RIF Mhoedule 1 [FF soduls 2
[ W oue A 5] L
LU [Cestimation Amre=s. Hig=| [} 1]
[ DOLiCestralon Adde= Lowi [ ST

Lang Gd4-bit sddresses. The AF module's serial nember [SL parsmeter concytenabed to the SH
paramieber) can b used as a 64-bit source address when the MY [ 15-bit Source Address) parame-
ter is disablsd, Wihen the MY paameter |5 disabied (set MY = 0uFFFF or DxFFFE], the module’s
souroe address b seb to the G4-bit TEEE address stored in the SH and 5L parameters.

When an End Device assodates to a Coordinator, ks MY parmameter Is set to OxFFFE o enable Bd-
bit acdressing. The E4-bit address of the module i stored a5 SH and SL parameters. To send 2
packet to a specific module, the Destination Address (DL + OH) on one module must match the
Souroe Address (5L + SH) of the other.

2.4.2. Broadcast Mode

?’fi-‘l. faxStream

Any RF miodule within range will accept & packet that contains 3 brosdomst addness, When oonfig-

ured to aperate in Broadoast Mode, recelving modubes do not send ACKs (Acknowledgemsnts) and
transmitting modules do not astomatically re-send packets as Is the @se in Uni@st Mode.

To send a broadcast packet to all modules regardless of 16-bit or &<4-bit addressing, set the desti-
nation sddresses of all the modules as shown balow.

Sample Network Configumtion (A modules in the network):
« DL | Destination Low Address) = Crd0O0ARAAF
& DH [ Destination High Address) = Ox00000000 [default walue)

NOTE: Whan programmirg the modsls, paamsiers ars antsnsd in haxadecimal notatan without the
"0w® prafixl. Laading zeros may be omithad

=
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2.5. Modes of Operation

X8ee/XBee-FRO RF Modules operate In five modes.
Figure 247. Modes of Operation

2.5.1. Idle Mode

When not recelving or transmitting data, the RF module &5 In Icie Mode. The module shifts Into the
other modes of cparation under the following conditions:

« Transmit Mode {Serfal data & received in the DI Buffer)

* Receive Mode (Valid RF data & received throogh the antenna)
* Sleep Moce (Sieep Mode condition k= met)

* Command Moce (Command Mode Sequence is ssued)

2.5.2. Transmit/Receive Modes

RF Data Packets

Each transmitted data packet contains a Source Address and Destination Address field. The Source
Address matches the address of the transmitting module as specified by the MY {Source Acdress)
parameter (If MY >< OxFFFE), the SH (Serial Number High) parameter or the SL (Sertal Number
Low) parameter. The <Destination Address> field & created from the DH { Destination Address
High) and DL (Destination Address Low) parameter values. The Source Adéress and/or Destination
Address fiekds will either contain 3 16-bit short or long G4-bit long address,

The RF data packet structure follows the B02.15.4 specification.
[Refer to the XBee/XBee-FRO Accressing section for more information )

Direct and Indirect Transmission

There are two methods to transmit data:

« Direct Trnsmission - data ks tansmitted immediately to the Destination Acdress

« Indirect Tansmission - A packet is retained for a period of time and i only transmitted after
the destination module (Source Adcress < Destination Acdress) reguests the cata.

Indirect Transmissions can ondy occur an a Coordinator. Thus, I al nodes In a network are Encd
Devices, only Direct Transmissions will occur. Ingirect Transmissions are useful to ensure paciet
delivery to 3 sieeping node. The Coordinator currently k= abie to retain up to 2 Indirect messages.

F
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5

Direct Transmission

A NonBeaconing Coordinabor can be confiured to use only Diredt Trinsmisskon by setting the 5P
{Cydic Sheep Perid | parameter o "0%, Alsa, 3 NonBeacaning Coordinabor using indirect transmis-
shons will revert to dinect transmission F it knows the destination modile |5 awake.

To enabde this behaviar, the 5T (Time befone Sleep) value of the Coordirator must be set t match
the ST walue of the End Device. Once the End Device eiher tansmifts data to the Coondinator or

polls the Coondinator for data, the Coordinator will use dired transmission for all subsequent data
transmissions to that module address until 5T time (or number of beacons ) ooours with no actiity

[at which point It will revert to using indirect Eransmisskons for that module address). "Ra actvity™
mans no transmission or reception of messsges with a speciic address. Global messages will not
reset the ST timec

Indirect Transmission

To configure Indirect TRnsmisskns in 3 PAN (Personal Ares Network), the SP(Cydic Seep Period)
parameter value an the Coondinabor miust be set to match the longest skeep value of any End
Device. The SF parmmeber represents time In NonBesoon systems and beacons in Beaoon-enabied
systems. The sleep period walue on the Coordinador debermines haw bang {time or number of bea-
cons) the Coondinator will retain an indirect message before discarding i

In MNonBesoon metworks, am End Device must poll the Coondinabor once It wakes from Skeep to
determine i the Coordinator has an indired: message for K. For Cydic Shesp Modes, this i done
automatically every time the module wakes (after SP time). For Pin Skeep Modes, the AL (End
Device Associktion) parameter walue must be set to enable Coordinator poliing on pin wake-up.
Amermatively, an End Device can use the FF [Force Poll) command to poll the Coomdinator as
neaded.

CCA [Clear Channel Assessment)

Frior to transmitting a packet, 3 CCA {Clear Channel Assessment) s performed on the channel to
dietermine If the channel i avalable for transmission. The detected anergy on the channel Is com-
pared wikh the CA [Dlear Channel Assessment) parameter value, If the detected energy exceeids
the CA parameter value, the packet |s not transmikbed.

Alsn, a detay |5 incerted before 3 transmission takes pisce. This delyy | settable using the RN

{ Backodt Evponent] parameter. If KM Is set to 0%, then there is no delay before the fist CCA Is per-
formied. The RN parameter value s the eguivalent of the *minBE" parameter in the 802.15.4 spac-
ification. The transmit sequence follows the BOZ. 15,4 specification.

By default, the ME [MAC Mode] parameter = 0. On a CCA fallure, the moduls will attempt to re-
send ihe packet up to two additional times.

When in Unicst packets with RR |Retries] = 0, the module will exscute two OCA retries. Broadosst
packets akways get two OOA retries.

Acknowledgement

If thee transmission s not 3 broadcast message, the module will expect to recelve an acknowledge-
meznt from the destination node. If an acknowledgement |s nod necelved, the pecioet will be resent
up to 3 more times. If the acknowledgement s not received after all trnsmissions, an ACK fallure
Is neconded.
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2.5.3. Sleap Mode

Sheep Modes enable the AF module to enter states of low-power consumgption when not in use. In
order to enter Skeep Mode, ane of the Pollowing condithons misst be met {In addition to the module
hawireg a non-zem SM parameter value):

& Slegp RO (pin 9) & asseted

« The module k5 ke (no data transmission ar recsption) for the amownt of time defined by the
ST [Time before Seep) parameber. [NOTE: 5T & anly acthve when 5M = 4-5.]

Takle 24 Slisp Miosda Configurations

Bleap Moae | Traneition indo Traneon outer | | Fslated | Power
Eething Bl=ap Mode Sleap Mode |waks| Commande| Concumption
Phriemae: | hmt NG Se 2 | Dot fow) Geem R o e | (2 <10 A g2l
Bz sl iy Lowest Praee WG
e p—
e | et ST | e o Bess R | HorBeacos yses | (20 <50 4k
= i iy | FeEn W
Trarziion pocaes sher e | P moduls e
whm Tk sleer dm ImEmm | prdeteined Sme
i Seap heaummmmm elapnes The e rienel | Fienes et PRF | o) oo o | <5008
B =4-5 E7 Mires befops Zieas) 15 defied by e 2P i 5 pese!/ WheEn ol L]
- {Cycic Tesy B 5, ordeon
parama. parsTats ST oAy

The SM command is central to setting Sleep Mode configurations. By default, Skeep Modes are dis-
able [SM = 0] and the medule remains In ldbe/Receive Mode. When in this state, the modube
constantly ready to respond to serial or RF activy,

Higher Voltages. Sieep Mode current consumption |s highly sensitive to voltage. Voktages abowve
3.0% will cawse much higher curment consumption.

Table 248, Sample Sheep Mods Cummts

WEnn WE8-PRO
L =T - T T - =5
2610 <3 ul <35 3 = <3l A
i ) TTmA ELT) T ) )
1 T Tk EF T EET iy =T
K] ) il 1008 £ Ti5adl 120
i 25504 170 oy A 60 Bl

Fin/Host-controlled Sleep Hodes

Thee tramsient current when waking fromi pin sleep {SM = 1 or 2) does nob exceed the die current
of the modwle, The current mmps up exparentialy to s die cument.

Pin Hibarnate (5™ = 1)
& PinyHosk-oonbrolied

& Typical power-down current: < 10 pi {§3.0 W)
& Wake-up time: 13.2 msec

Fin Hibernate Mode mindmizes guisscent power (power oonswmed when In a state of rest or inac-
tiwity ). This mode ks voltage level-activated; when Sleep R s asserted, the modube will finish any
transmit, recelve or assodation activities, enter [die Mode and then enber a state of sleep. The
madube will not respond to ebher seral or AF adivity whille in pin shesp.

To wake 3 sleeping modube operating In Pin Hibemate Mode, de-assert Skeep RO (pin 9). The
mendule will wake when Skeep RO & ce-asserted and is ready to transmilt or recele when the CTS

ling s low. 'Wien weakding the: module, the pin must be ce-asserted at least two "Dyie tmes afber
LTS goes low. This assures that there s time for the data to enter the DI buffer

F =

= =
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Pin Doze (SM = 2]

* PinyHost-cantrolies

« Typical power-down current: < 50 ph

« Wake-up time: 2 msec
Fin Doze Mode functions as does Fin Hibernate Mode; however, Pin Daze features faster wake-up
time and higher power comssmption.
To waike a sleeping module operating in Pin Doze Mode, de-assert Skeep_R0 {pin 9). The modulke
will wake when Skeep_RE} ks de-asserbed and bs ready o transmit or receive when the T75 line s
jow. When waking the module, the pin must be de-asserted at kst two 'byte times’ after 015
goes Iow. This assures that there i time for the data to enter the DI buffer.

Cyclic Sleep Modes

Cyclic Sleep Remaots (SM = 4)
» Typical Fower-down Current: < 50 pA {when askep)
« Wake-up time: 2 msec
The Cyclic Sleep Modes alkow mocules to periodically check far A data, When the SM parameter is
2et tn '4, the module s configured to skeen, then wakes once a cyce to check for data from a
madule configured a5 a Cyclc Skeep Coomdinator (SM = 0, CE = 1). The Cyclic Skeep Remoin sends
2 pall request to the coondinator at 3 speckic Interval set by the 5P (Cyclkc Sleep Period) parame-
ter. The cocrdnator will transmit any quened data adéressed to that specPkc remote upan recel-
Ing the poil request.
If no data Is queued for the remate, the coordrator will not ransmit and the remote will retum to
sheep for anceher cycke. IF queued data s temmited back to the remote, & will sy awake to
allow for back and forth commaunication until the ST (Time before Skeep) tmer expires.

Alzo note that CTS will go low each time the remote wakes, allowing for communication inftated
by thee: remate host I desired

Cyclic Sleep Remobe with Pin Wake-up {SM = 5)

Use this mode to wake 3 sleeping remate module through either the RF interface or by the de-
assertion of Sleep R for event-driven communications. The cydic sleep mode works s described
abowe (Cyclic Sleep Remote) with the addition of 3 pin-controled wake-up at the remobe maoduke.
Thee Sheep_ RO pin is edge-triggered, not level-triggered. The module will wake when 3 ow &
detected then set TTS low as soon 25 £ s reaidy to transmit or recehse.

Any activity will reset the ST (Time before Sieep) imer so the module will go back to sleep only
after there is no activity for the durstion of the timer. Once the module wakes {pin-controlied],
furtter pin activity ks ignored. The module transitions back into Sieep acoomding to the ST time
regardiess of the state of the pin.
[Cyclic Sleep Coordinator [SM = 5)]

» Typical carment = Recelwe current

= Always awake

HOTE Tha SM=E paramiebsr valss sxists solsly for bacisards compatibllity with firmwars varslion
10600 If backwards compatiblltty with the older firmwars verskon [ not reguinsd, ahways use the CE
[Coordinator Enabis) command to configure 2 moduls 25 2 Coondinatar.

This mode configures a module to wake cycic siesping remotes through RF Interfacing. The Coor-
dinaitor will accept 3 message addressed to 3 specfic remote 16 or 64-bE address and hoid It In 2
busffer until the remate wakes and sends a poll request. Messages not sent directly (buffersd and
requested) are calied “Indirect messages”. The Coordinator only gueues ane indired message at 2
time: The Coordinator will hold the indirect message for 2 period 2.5 times the sieeping period
indicated by the SF (Cyclic Sleep Feriod) parameter. The Coordinator's SF parameter should be set
to match the value used by the remobes.

e MaxStrean. © 2006 MoSiraw, e P
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2.5.4. Command Mode

To madify or read RF Hodule parametsrs, the modules must first enter into Command Mode - 3
ctate In which Incoming charschers ane interpreted 25 commands. Two Command Mode options are
supported: AT Command Mode [refer to section below] and APT Commeand Hode [phd].

AT Command Hode

To Enter AT Command Mode:

Send the 3-character mommand sequence ™+++° and observe guand times before and after the
command characters. [Refer to the “Defaul AT Command Mode Sequence” below. |

Defzult AT Commanid Mode Sequence (for transition to Command Hode):

& No chairschers sent for one second [T (Guard Times) parameter = x3ER)

& Input three plus charcters {™+++°) within one second [OC (Command Ssquenoe Chamcter)
parameter = 0aZB. ]

& No chairschers sent for one second [GT (Guard Times) parameter = Dx3ER)
All of the parameter values In the sequence can be modified to refiect user preferenoes.

MNIOTE: Fallure to snder AT Command Moda |5 most commonly dus to baud mabs mismatch. Ensure the
‘Baud" satting on the “FC Satbngs” @b matches the Interfacs data rate of the RF module. By dafault,
the ED paramatur = 2 (5600 bps)

To Send AT Commands:
Send AT commands and parameters using the synkax shown below.

Figure 248 Syntax for sending AT Commands

"ATY + ASCII Spaca Paramatar Carrlaga
Prafix Command (Uptianal ) [Uptional, HEX) Raturn
|

Example: ATDL 1F<CR>

To read 2 paramebar valss stored in tha RF moduls"s reglster, omit the paamater fiuid.

Thee presceding example woukd change the RF module Destination Address (Low) to "0x1F". To store
the new walue to non-volatile (long tenm) memory, subssquently send the WR {Write) command.
For modified parameter values to persist In the module’s registry after 3 reset, changes must be
caved b0 non-wolatie memory using the WR (Write) Commiand. Othersise, pamaeters are
restoned to previously saved values after the modube s resat.

System Response. When a command s sent to the module, the module will parse and exeoste
the command. Upon successful execution of a command, the module refums an “0K" messsge. IF
execution of 3 command results in an ermor, the module refurms an “ERROR" message.

To Exit AT Command Mode:!

1. Zend the ATON (Ext Command Hode) command (folowed by 3 carriage retum).
(O]

. It nd valid AT Commands are received within the time spedfed by CT (Command Mode
Timeout) Commiand, the RF module awtomatically retums to [die Mode.

Far an sxample of programming ths RF modulk wsing AT Commands and descriptians of sach config-
urable parametsr, rafer to the AF Moduls Configuration chaptar [pe5].

HaxSTtreanmy: © 2006 MaxSireas, e ]
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Force Sensing Resistors
An Overview of the Technology

Force Sensing Resistors (F5R) ae a
polymer thick flm (PTF) device which
exhibits a decrease in resisance with an
increase in the force applisd to the FLERIELE BUETRATE WITH
active surface Trs force sensitivity is PARTEL ShaNm T
optimized for use in human touch
conmel of elecronic devices. FSRs are
not 3 load cell ar soam Fange, thongh
they have similar progertias. F5Es are

| isi SPRCER ADHESI
not suitable for precision measursments. WCER ADHESIVE I

Force vs. Resistance

FLEMEILE SUBSTIATE WETH PREWTED

The farce ws. mesistance characteristic INTRRDAATAIIFG RLECTHOMES

shown in Figare 2 provides an overview

of FSE. typical response behavior. For

imterpretational convenisnce, the force

vs. resistance dafa is plotted on a loglog Figure 1: F5R Construction

format. These data are representative of

our typical devices, with this particular

force-resistance charactenstic being the responzs of evaluation part # 402 (057 [12.7 mm) diameter cironlar
active ar=a). A stainless steal actuator with a 0047 [1000 mm)] diameter hemispherical tip of §0 duromeater
palyurethane rubber was used to actate the FSE. device. In general FSE. response approsimately follows an
imwerss power-law chamotenztic (roughly LR

Beferming to Fipme 2, at the kow force end of
100 the force-resistance characteristic, a switch-
¥ Iike response is evident This tum-on
— threshald, or break force”, that swings the
Tesistance fom preater than 100 kL) o about
e . 10 12 (the besinming of the dynantic range
that follows a power-law)) is determined by
the subsirate md everlay thickness and
3 flexibikity, size and shape of the actuater. and
mpacer-adhesive thickness (the zap between
the faring conductve elements). Break force
1 anases_ﬁi@ i:ﬂeasj.ugﬂbmte and
| overlay riZidity, acruator size, and spacer-
1il 108 1620 10068 adhesive thickness. Eliminating the adhesive,
o keeping it well away from the area where

RESISTANCE (ki)

LA

FORCE
at the force i being applied, such as the center
of a large F5E. device, will give it a lower rest
Flgure = Reslsiance vs. Fors Tesistance (g . stand-off resistance).
FER Integraion Giuide and Evaluadon Parts Camiog Page £
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At the hizh force end of the dynamsic a0 .0
range, the response deviates from the AT
power-law behavior, and evennually -
safurates fo a point where mcreazes in
force vield httle or no decrease in
resist-ance. Under these conditions of
Figure 1, this saturation force is
beyond 10 kg The sanration poinf is
mars a fonction of pressure than force.
The saturation pressurs of a rypical

F5E. 15 an the arder of 100 to 200 psi.
For the data shown m Figures I, 3 and

4, the actual meazured pressure range '”m':;‘
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CONDUCTANCE |1/l
™

2003 A0 1 B 100

is 0o 175 pai (0 fo 22 Ths applisd

over 0.125 in"). Farces higher than

the saturation force can be measured FOREE L)

by spreading the force over a greater Figure 3
areq; the overall prassure is then kept Conductance vs. Force ([-10Kg)

below the safuratton point, and
dynamic response & maintained However, the converse of this effect is also toe, smaller actuators will
safurate F5Bs sarlier in the dynamic range, since the saturation peint is reached at a lower force.

&0 a0 Force vs. Conductance

In Figure 3, the conducfance is
128 plotied vs. force (the imverse of
resistance: 1T). This format allows
inferpretation oo a linsar scale. For
teference, the comesponding
Tesistance walues are also meluded on
the rizht verfical axis. A simple
circudt called a cument-to-voltage
comverter (see page 1) gives a
- voltage output directly propentional
- to F3E. conductance and can be
‘ e o B B 1 useful where response linearity is
desired. Fimue 3 also inchudes a
typical pan-to-part repeatability
Figure 4: envelops. This emor band defermines
Conductance vs. Foroes [1-1Kg) Low Fome Range the maximum acouracy of any
general force measurement. The
spread ar width of the band is
sirengly dependent on the repeatability of any actoating and measuring system, as well as the repeatability
folerance beld by Interlink Electromics dunng FSE. production.  Typically, the par-to-part repeatability
tolerance held during mamafacruring ranges fom + 15% to + 23% of an established nominal reziztance.

0,208

0,508

=
Sl

F ol
¥
k

RESISTANCE (kiT)

a3

5

CONDUCTAMCE [1/kLY)

FORCE ig)
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Figure 4 highlizhts the 0-1 kg {0-2.2 Ibs) range of the conductance-force charactenistic. As in Figure 3, the
comesponding resistance valwes are nchided for reference. This range is common te boman inferface
applications. Since the conductance response in this mnge &= fairly linear, the force resolution will be
uniform and dat interpremiion simplified  The typical pan-to-part error band is also shown for this touch
range. In most human touch contrel applications this emer is insignificant, since human teach is faily
inacourate. Human factors sadies have shown that in this force range repeatability ermors of less tham + 30%:
are difficuli o discemn by tonch alons.

FER Integration Guide and Evaluadon Parts Catsiog PageT
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FSR Integration Notes
A Step-by-Step Guide to Optimal Use

For best resulez, follow these seven steps when beginning any new product desipn, proof-of-concept,
fechoology evaluaton, or first protorype implementation:

1. Start with Reasonable Expectations (Know Your Sensor)
The F5SE. s=ns07 is not 3 sirain gauge, load cell or pressure transducer, While it can be used for dynamic
measurement, only qualitative results are generally ob@inable. Farce accuracy ranges from
approsimately + 5% to £ 25% depending on the consistency of the measurement and achuation system,
the repeatability folerance beld in mamufacturing, and the wse of pant calibraton.

Apcuracy should not be confiased with resolotion. The force resolution of FSE devices is better than
+ 0.5% aof fall nse force.

2. Choose the Sensor that Best Fits the Geometry of Your Application
Usually sensor size and shape are the limiting parameters in F5E integration, o0 any evaluation pant
should be chezen to fit the desired mechanical actuation system. In peneral, standard FSE products have
3 common semiconductor make-up and only by varying acuation methods (2 g. overlays and acfutar
areas) or elecimical interfaces can different response characteristics be achieved.

3. Set-up a Repeatable and Reproducible Mechanical Actuation System
When designing the acuation mechanics, follow these paidelmes o achisve the best force repeatabiling:

« Provide a consistent force distmbution. F5SE response is wery sensitive to the dismibution of the
applied force. In general, this prechudes the use of dead weizghts for characterization smce exact
duplication of the weight distribution iz rarely repeatable cycle-to-cycle. A consistent weight (force)
distribution is mere difficult fo achieve than merely obtaining a consistent total appli=d weight
(force]. As long as the distribufion is the same cycle-to-cycle, then repeatability will be maintained.
The use of a thin elastomer between the applisd force and the F3E can belp absorh error Tom
ncomsistent force distribatons.

« [Feep the actuater area, shaps, and compliance consant. Charges in these parameters siznificanthy
alter the response characterisdc of a given sensor. Aoy fest, mock-up, or evaluation conditions
shaould be closely matched to the final use conditions. The greater the cycle-to-cycle consistency of
these parameters, the greater the device repeatability. In buman mierface applicadons where a finger
iz the mode of actuation, perfect conmol of these parmmeters i= not generally possible. However,
buman force sensing is somewhat inacourate; it is rarely sensitive enongh to detect differences of less
than + 50%%.

« Conirol actuator placement. In cases where the actuator is to be smaller than the FSE active area,
cycle-to-cycle consistency of achuatar placement is necessary. (Caution: SR layers are beld
together by an adhesive that summounds the elecmically acdve areas. If force is applied over an area
which includes the adhesive, the resuliing response characteristic will be drastically altered ) Inan
extreme cazs (g, a large, flat, hard acruator that bridzes the bordering adhesive), the adhesive can
present FSE. actuation

Fagz g FER Ink=gration Guide and Evaluaton Paris Catsiog
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« [Eeep actuation cycle fime consistent. Because of the time dependence of the F3E. resistance to an
applied force, it is important when chamcierizing the sensor system to assure that increasing loads
(. force ramps) are applied at consistent mies (cycle-to-cycle). Likewise, sttic force
mexsurements mmst taks mie account FSE. mechanical sefting fime, This time is dependent on the
mechanics of actuation and the ameunt of force applisd and is wsually on the order of s2conds.

4, Use the Optimal Electronic Interface
In most product designs, the critical charactenstic is Ferce vs. Ouiput Voltage, which is comtrolled by the
thoice of interface electronics. A variety of interface solutions are detailed mn the TecklNote section of
this puide. Snmmarized here are some suggested cirouits for common F5ER. applications.

« For F5EB Pressure ar Force Switches, nse the simples interfaces detailed on pages 15and 17.

« For dynamic F5E measurements ar Variable Confroks, a curment-to-veltages converter (322 pages 18
amd 19) is recommended. This circuif prodoces an output valtage that is inversely proporttenal to
FSE. resistance. Since the PSR resistance & roughly inversely proportional to applied force, the end
regult is a direct propertonality between force and volage; m other words, this cinowit gives roughly
linear increases n puipat voltage for increasss in applied force. This inearization of the responss
optimizes the resolution and simplifies data interpretaton

5. Develop a Nominal Voltage Curve and Error Spread
When a repeatable and reproducible system has been established, data fom a group of F3E. parts can b
collected. Test several FSE. parts i the system. Record the output voltage at various pre-selectad force
points throngheut the moge of interest. Once a fumily of curves is obtaimed, 2 nominal force vs. oufpat
voltage cumve and the tetal force acouracy of the system can be determined.

6. Use Part Calibration if Greater Accuracy is Required
For applications reguiring the highest obtainable force acouracy, part calibration will be necessary. Two
methods can be ufilized- zain and offset mimming, and curve fitting.

« (ram and offset mimming can be used as a simple method of calibmtion. The reference voltage and
feedback resistor of the cument-fo-voltage converter are adjusted for each SR to pull their respanses
closer fo the nominal curve.

« Curve fitting is the most complete calibradon method. A parametnic curve fit is dene for the nominal
curve of 2 set of FSR. devices, and the resultant squation is stored for funre use. Fit paramsters ae
then established for each individoal FSE (or sending element in an amay) in the set. These
parameters, along with the measured sensor resistance (or voltage), are mserted inte the eguation to
obfain the force reading. If needed, temperatre compensation can also be incloded m the equation.

7. Refine the System

Spurieus resalts can normally be traced to sensor error of system emmar. If you have any questions,
centact Interlink Electromics’ Sales Enginesrs fo discuss your system and final data.

FER Intkegration Guide and Evaluadon Pars Catsiog Page
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FSR Usage Tips
The Do’s and Don’ts

+ Do follow the seven steps of the FSE. Inte zration Guids
+ Do, f possible, use a fimm, fat and smeoth meastms surfacs.

+ Do be careful if applying FSE. devices to curved surfaces. Pre-loading of the device can ocom as the two
oppazed layers are forced inte contact by the bending tension. The device will stll fanction, Tt the dynamic
Tange may be redoced and resistance drift cowld ocour. The degree of ourvature over which an F5E canbe
hent s a fonction of the size of the active area. The smaller the active area, the less effect a gven curvanme
will have oo the FAR's respomse.

+ Do avoid air tubbles and conamination when lammatng the FSR. fo any arface. Use only thin, uniform
adhesives, such as Scotch® brand double-sided lammating adhesives. Cover the enfire sarface of the sensor.

+ Dobe carefol of kinks or dents in active areas. They can case false megenng of the sensars.

+ Do protect the device from sharp objects. Use an overlay, such as a polycarbonate film or an elastomer, to
prevent pouging of the FSE. device.

+  Doouse soft mbber or a spring as part of the actuater in desizns raquinng some wavel.

+ Do mot kink or crease the tail of the FSE. device £ you are bending it this can canse breaks in the printed
silver traces. The smallest suzgested bend radmes for the tals of evaliation parts is about 0.17[2.5 mm). In
rustom sensor desizns, f@ils have been made that bend over radii of 0037 (0.8 mm]. Alse, be careful if
hending the @i nsar the active area. This can cause stress on the active ara and may rsult in pre-loading
and false readings.

+ Do mot bleck the vent. FSR. devices typically have an air vent that rans fom the epen active area down the
length of the fail and cut to the amosphers. This vent assures pressure equilibriom with the eovironmesnt, as
well as allowing even loading and unloading of the d=vice. Blocking this vent could canse F5Rs to respond
10 any achaation in a noo-repeatable manner. Ako note, that if the device is to be used in a pressure chamber,
ihe vemted end will ne=d to be kept vented to the outside of the chamber. This allows for the measumement of
the differential pressure.

+ Do mot solder directly to the exposed silver aces. With Sexible substrates, the solder jomt will not hold
and the subsirate can easily melt and distort during the soldering. Use Inferdmk Electronics” stmdard
connecton technigues, sach as soldemble fabs, boused female contacts, Z-axis conductive tapes, of ZIF (zero
insertion force) style conpmectors.

+ Do motuse cyameacrylate adhesives (2.2 Kzy Glue®) and solder fim remenving agents. These degrade the
aubstrate and can kead to cacking

+« Do mot apply excessive shear force. This can cause d=lamination of the layers.

+ Do mot excesd ImA of omrent per square centimeter of appliad force (actaator arsa). This can imeversibly
damaze the device.

Fage 10 FER Ink=gration Guide and Evaluaton Pars Catsiog
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Descriptions and Dimensions

“l—l- — 1300 [T

L

— 2,250 [BA]

Figure &
Part Mo. 400 {0.2" Circle]

Active Area: .17 [5.0] diamster
Nominal Thickness: 0.0127 [0.30 mm]
Material Build:

Semiconductive layer
0.004" [0.10] PES

Spacer adhesive

0.002" [0.05] Acrylic
Conductive layer

0.004" [0.10] PES

Rear adhesive

0.0027 [0.05] Acrylic
Connector options

1 Mo connector

b. Saolder Tabs (not shown)
¢ AMP Female connecter

Do 7 f

re &
Part ND.IE [nfsﬂ Circla)
Active Area: 057 [12.7] diamster

Mominal thickness: 00127 [0.46 mm]

Material Build:
Semiconductive Layer
0,005 [0.13] Ultem
Spacer Adhesive
0.0047 [0.15] Acrylic
Conductive Layer
0.005™ [0.13] Ultem
Rear Adhesive
0.0027 [0.05] Acrylic
Connector
3. No conmector
b. Solder Tabs (not showm)
r. AMP Female connector

Dimensions in backels, milmerrs © Dimensional Toieance: + D015 D4 « Thickness Toeranoe: £ 10%

FER Int=gration Guide and Evaluadon Parts Catsiog Fage 11
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- - Active Area: 157[38.1]= 157 [38.1]

137

MWominal thickness: 00187 [[44 mm)

Material Build:
Semiconductive Layer
0.0057 [0.13] Ultem
Spacer Adhesive
0.0047 [0.15] Acrylic

1720 Conductive Layer

Ll 0.0057 [0.13] Ultem

Rear Adhesive

(.002" [0.08] Acrylic

Connectors

1 3. Mo connsctor

- b. Solder Tabs (not shewn)

] £ AMP Female connector

g | — [, 300 [T

Figure 7
Part No. 406 [1.5" Squars)

Dimerrsions v brackets: milmeders * Dimensional Tolsrance: £ 0076 {04 » Thickness Toieance £ T0%

Fags 12 FER Inksgration Guide and Evaluadon Paris Catsiog
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Active Area: 247 [§00.6] = 0.257 [£.3]
Mominal thickness: 01357 [0.34 mm]

Material Build:
Semiconductive Layer
0.0047 [0.10] PES
Spacer Adhesive
0.0035" [0.080] Acrylic
Conductive Layer
0.004” [0.10] PES
Rear Adhesive
0.0027 [0.05] Acaylic
Connectors

a. Noconmector

T b. Solder Tabs (not shown)

£, AMP Female connector

7/
AN
)i

J
[T

Figure &
Pﬂ'tHn.-lllﬂiz-?"’lTrlmmHm;n]

Démensions i brackets: millimeters
Dimensional Tolemanme: + 0015 0.4
Thickness Toderance: + 10%
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General FSR Characteristics

These are typical parameters. The FAE is a custom device and can be made for nss ouizide these
characteristics. Consult Sales Enginesring with your specific requirements.

Simple FSR Devices and Arrays

PARAMETER
Size Range
Device thickness

Faorce Sensitivity Range

Pressure Sensitivity Range

Part-to-Part Force Repeatability

Single Part Force Repeatability
Force Resolution
Break Force {Turn-on Force)

Stand-Off Resistance

Switch Characteristic

Device Rise Time

Lifetime

Temperature Range
Maximum Current
Sensitivity to Noise/Vibration
EMI/ESD

Lead Attachment

VALUE

Max =20" % 247 (51 % 6l cm)
Mn=02"s027{05% 0.5 an)

0.008" 0 0.0507 (0.20 to 1.5 mm)
<100 gto > 10 kg

< 1.5 psi to = 150 psi
(= 0.1 kg'em® to > 10 kgiem’)

+ 15% 1o + 25% of established
nominal resistance

£ 2% 0 £ 5% of established nominal
Iesisfance

Better than 0.5% full scale
Wzto 10007 0z to 3.5 02)

= ML

Eszentially zero ravel
1-2 mz2¢ (mechanical)

= 10 million actuations
-30FC o +70°C

I mA o’ of appliad force
Wat significantly affectad
Passive device

Standard flex circuit techmques

FER Integration Guide and Evaluaton Parts Cabiog
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NOTES
Any shape
Dependent on materials

Dependent on mechanics
Diependent on mechanics

With a repeatable
actuation system

With a repeatable
actoation system

Diependent on mechanics
and F5E. build

Unloaded, unhent

Dependent on materials
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For Linear pots

PARAMETER VALUE NOTES
Paositional Resolution 0.003" 0 0.027 (0.075 10 0.5 mm) Dependent oo actuator size
Positional Accuracy Bedter than + 1% of full length

F5E werminology it defined on pages 14 amd 15 of this puide.

The product information containsd in this document is desizned fo provide geperal information and
guidelines only and must not be used as an implied contract with Inteclink Electromics. Acknowledging
our policy of continual product development, we ressrve the right to change without notice any defail in
this publication. Since Interlink Electremics bhas mo control ower the conditions and method of uss of our
products, we suggest that any potential ussr confirm their suitability befors adopting them for
commercial uss.
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Glossary of Terms

Active Area The area of an FSE. device that responds o nommal force with a decreass in resistance.
Actuator The ehject which confacts the senser surface and applies force to FSRs.
Applied Force  The force applisd by the actoator on the active area of the senser.

Array Any sreuping or maimix of F5E. sensors which can be individually acuated and
measured.

Break Force The minirmm force required, with a specific achiator size, to cause the onset of the F5E

TBSpOnEE.

Cross-talk Meagurement nodse of maccuracies of a sensar a5 a result of the actuation of another
sensor on the same substrate. See also false Tiggening.

Diriff The changs in resistance with tme wmdsr a constant (statc) Joad Also called resistance drift

Durometer The measure of the hardness of rubber.

EMI Electromaznatic interfarence,

ESD Electrostatic discharge.

False friggering The unwanted actuation of a FSE. device from unexpectad stimali; & g., bending or
cross-falk.

Fixed Resistor  The primt=d resistor on linear potentiometers that is ussd to measure position.
Footprint Surface area and force distmibution of the acmator in contact with the sensor surface.
Force Resolution The smallest measurable difference in farce.

FSR™ Force Sensing Fesistors®. A polymer thick film device with exhibits a decrease m
Tesistance with an increass in force applisd normal to the device surface.

Graphic Overlay A printed subsirate that covers the FSE. Usnally nsed for esthetics and protection.

Housed Female A stitched on AMP connactar with a receptacle (femals) ending. & black plastic housing
prodecis the contacts. Suitable for remosable ribben cable conmector and header pin
armchment.

Hysteresis In a dynamic measurement, the difference betwesn insfantansous force measurements at
a given force for an ncreasing load versus a decreasing load.

Interdigitating Electrodes The conductor mrid. An interweaving patem of linsarly offsst conducior
traces used to achieve electrical contact. This grid is shunted by the semiconductor layer

to give the FSE response.

Lead Out or Busing System  The methed of elecmically accessing each individual sensar.

Lexan® Polycarbonate. A substrate used for zraphic overlays and labels. Available in a variety of
surface texhures.
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Melinex® A brand of polyester{PET). A substate with lower temperanmre resistance than Ultermd®
of PES, bat with excellent flexibility and low cost. Similar to Mylar™.

Part or Device The FSE. Consists of the PSR, semiconductive material, conductor, adhesives, graphics

or overlays, and connectors.

PES Polyethersulfone. A transparent substrate with excellent temperatore resistance,
moderats chemical resistance, and zeod flexibility.

Pin Cut The descripdons of a FER's electrical access at the connector pad (tail).

Repeatability  The ability to repeat, within a telsrance, a previous respense charactenistic
Response Characteristic The relationship of farce or pressure vs. resistance.

Saturation Pressure The preszure level beyond with the FSE response characteristic deviates fom it
inverse power law characteristic. Past the saturation pressure, inoreases m force yisld
Little ar no decrease in registance.

Sensor Each area of the F5R. device that is independently force sensitive (s m an amy).
Solder-tabs Stitched on AMP comnectors with tab endimgs. Suitable for direct PC board comnection
of for seldermg to wires.

Space and Trace The widths of the zaps and fingers of the conductive grid; alse callsd pitch.
Spacer Adhesive The adhesive used to laminate F5F devices tighter. Dictates stand-off

Stand-off The gap ar distance between the epposed polymer film layers when the sensar in
unlpaded and unbent.

Stand-off Resistance The FSE. resistance when the device i= unlsaded and umbent.

Substrate Any base material on which the F5E :smi-conductive or metallic pelymers are printed.
(Faor example, palyetherimide, polyethersulfoms and polysster flms),

Tail The region where the lead out or busing svstem terminates. Generally, the tadl ends ma
CONDecinT.

UktermE Palyetherimide (PET). A vellow, semi-transparent subsimte with excellent tempemne

and chemical resistance and limitad flexibility.

Inturlink Flactronics, Inc. bolds intemational patents for it Forcs Sensign Resistor technology.
FER is a mradomonk amed Forrn Sansing Resistor & 2 mgivered rademark of Inmrimk Flecmonic.. Ivarlink and fh sx dot lgniype
are mgivtared marcs or Interiink Flactronics.

Uttarn and Laoee amm registared trademarks of GE., hlalinex 5 a rgstred traderma—k of ICT, and Mplar is 2 tradeeark of EL
Dupont & Co.
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Suggested Electrical Interfaces
Basic FSRs
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Figure 3
F5R Wofiage Dhvider
FSR Voltage Divider

For a simple force-to-veltage conversion, the F5E. device is fied to 2 measurimg resistor i a veltags divider
confipuration. The eoipat is descobed by the equation

VOUT = (V+) /[1 + RESR/RM].

In the shown configuration, the eufpat voltage increaszes with mcreazing force. I BFSE and B are
swapped, the utpat swing will decreaze with increasing force. These two eatput forms are mimer imagss
abaout the line VOUT = (V+) /1.

The measuring resistar, B, is chosen to masimize the desired force sensitivity range and to limit oorent.
The current through the FSE. should be limited to less than 1 mA sgoars cm of applied force. Suggested op-
amps for single sided supply desizns are LM338 apd LM324, FET input devices such as LF355 and TLO22
are also gond. The low bias cuments of thess op-amps reduce the emor due to the source impedance of the
volfaze divider.

A family of FORCE ws. WOUT ourves is shown on the graph abowe for a standard FSR. in a voltage divider
confizunton with various BM resistars. A (V=) of +3V was used for these examplas,
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