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ABSTRACT

This project presents the design of buses line display appliance which shows the number of
buses line before they arrive and bus driver teller apphance which shows passenger waiting the
bus. The system is controlled by micro controller to encode the bus information in digital format
and madulate the signat in FSK (Frequency Shift Keying) form,

They shows type and the number of buses line at bus stop and shows status of passenger wait

the bus for bus driver by lamp.
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2.3.6.1 I/O Memory
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$IF(E51) SREG Status Register

$3E($5E) SPH Stack Pointer High

$3D($5D) SPL Stack Pointer Low

$3B($5B) GIMSK General Interrupt Mask Register
$IA(55A) GIFR General interrupt Flag Register
$39(559) TIMSK Timer/Counter Interrupt Mask Register
F38(558) TIFR Timer/Counter Interrupt Flag Register
$35($55) MCUCR MCU gencral Control Register
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SOF(82F) SPDR SPI 1YO Data Register
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Bit 0 — C : Carry Flag HEGIITINGA Carry Flag
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12 e LART TX JART. T Compeete
13 MCC ANA_CON= Anakeg Conmcarstn
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2.3.7.3 Power On Reset
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Project: Bus Stop Management
Version: 1.0
Date ;2712722000
Author : MIXS
Company : KMITL
Comments: Bus
Chip type © ATmepal
Program type : Application
Clock frequency @ 11.059200 MHz
Memory model : Small
External SRAM size: O
Data Stack size 256
*****************************************************!‘
#include <mega8.h>
// Standard [nput/Output functions
#include <stdio.h>
#include <delay.h>
flinclude <stdlib.h>
#include <string.h>
#include <ctype.h>
/f Declare your global variables here
#dcfine Armrve SW PINB.2
#define LED_wait PORTC.O
#dcfine PIEZO  PORTC.1
char rx_A;
ficode bus=6666,type:x= normal,$ for check station
fi@y for cheek arrive,# for check wait,* for check confrim

unsigned char codef107 = {"6660xS@#H*"}:



unsigned char rx H0] 00000000 | ;

unsiened charex <l 10] PO00000000" | ;
unsigned char ] 0] 00000000 |«
unsigned char w2 10] RRARR VAT LA seode of Bus

ensigned char passed st[7] 10000007

signed char comp.comp_w.comp_st.comp ¢
:’j**********t***********lgcepcr I‘-LlllttiOIl**************‘**
void beeper()

3
t

it b

for(b=0;h < 2;b++)

PIEZO =1,
delay ms{80);
PIEZO =0;

delay _ms(803;

§

void beeper?()

|
PIEZO =1,
delay_ms(100);
PIEZO =0

i

void main(void}

i

/ Declare your local variables here

/ Input/Output Ports initialization



/f Port 3 mitialization

# Fune? In Funefy-In Funes In Funcd=In Funci=In Func2-+In Funcl In Func In
A State7-T State6 T Stated T Stated =T State3=T State2-T State ] =T StateO-T
PORTB=0x00;

DDRB-0x0U;

/t Port C mitialization

# Funet: In FuneS=In Funcd=In Fung3=In Func2=[n Func!-Out FuncO-Out

/7 stateo=T State3=T Stated~T State3=T State2=T Statel -0 State(t=0
PORTC=0x00;

DDRC=0x03;

/f Port D initialization

// Func7=In Func6=In Func3=In Funcd=In Func3=In Func2=In Funcl=In FuncO=In
// State7=T State6=T State5=T State4=T State3=T State2=T Statc1=T Statc0=T
PORTD=0x00;

DDRD=0x{),

/f Timer/Counier 0 initialization

/ Clock source: System Clock

/f Clock value: Timer 0 Stopped

TCCRO=0x00;

TCNTO=0x00;

/ Timer/Counter 1 inittalization

# Clock source; System Clock

#/f Clock valuc: Timer | Stopped

// Modc: Normal top=FFFFh

/1 OC1A output: Discon.

# OC1B output: Discon.

// Noise Canceler: Off

/f Input Capture on Falling Edge

# Timer 1 Overflow Interrupt: Off

/ Input Capture Interrupt: Off



# Compare A Mateh Imerrupt: OfF
# Compare B Mateh Interrupt: Off
TCCRIA (Ux00:

TCCR SO0

TCONTIH oxix

TONTIL-0xO00:

ICRTH- 0x00:

[CRIL -0x00:

OCRTAH=0x0U;

OCRLAL=0x00;

OCR1BH=0x00;

OCRIBL=0x0G0;

# Timer/Counter 2 initialization

# Clock sourcc: System Clock

{1 Clock value: Timer 2 Stopped

/{ Mode: Normal top=FFh

4 OC2 output; Disconnected
ASSR=0x00;

TCCR2=0x00:

TCNT2=0x00;

OCR2=0x00:

/f External Interrupt(s) initialization
# INTO: Off

#INTIL: Off

MCUCR=0x00;

¢ Timer(s)/Counter{s} Intecrrupt(s) initialization
TIMSK=0x00:

# USART initialization

# Communication Parameters: 8 Data, 1 Stop. No Parity

/7 USART Receiver: On




A USART Transmitter: On

A4 USART Mode: Asvnchronous
A USART Baud rate: 9600
VCSRA-OkDY,

UCSRB=0Ox 1K

UCSRC0xK0:

URRRH- 0x00:

LUBRRL=0x47;

/i Analog Comparator initialization

/{ Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter F: Off
ACSR=0x80;

SFIOR=0x00;

LED wait=1; /fInitial status
While (1)
{
scan_data: /fscan data
strepy(tx,code);

scanfl"%09s" 0x);
comp=strnemp(rx.code.5);  /check data
iflcomp !=0)
| poto scan_data;
!
jpEeeRR ek Chock passed statjon® ¥ HEFRERRRRL e
comp_st = stmemp(rx,passed_st.o);
lcomp_st==0)
{goto scan_data;}

else{printf{"%9s",1x): |



’,’!ﬁ‘***M****mX-k**:k*#k****Chcck “r.uit***************4:**
comp wostrpos{rx,'w)
ilfcomp w ! -1)
PLED wait-=(), #LED STOP
beepert i “heeper

’fl’i********************Chcxk ‘j\rri\,c***¥*************
lAmve SW )
{eoto scan data; )
clse! beeper2(),
LED wai=0; HLED GO
X A=strpos(tx,#'); //set arrive
tx[rx Al="a"

|
J

send data: printf("%9s",1x); //send data
'.n".'******************“,ai[ & scan data***************
delay ms(10);
scanfl("%9s",rx);
."1“********‘*******‘**Chcck Conﬁm*****************
comp_c = strpos{rx,'c');
iflcomp ¢ 1=-1)
{strmcpy(passed st.rx,6);
strepy{r.ex_clr),  /felear rx
LED wait=1; Helear LED wait{ LED STOP)
goto scan_data;  //scan ncw data & new Buos Stop
}

elseipgoto send_data:l  /fsend data




Tsmnsameanieaihusmlazdm
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This program was produced by the
CodeWizardAVR V1.24.6 Professional
Automatic Progrim Generator
< Copyright 1995-2005 Pavel Haidue, HP [nfoTech s.r.l.
http:/fwww hipinfotech.com
e-mail:fficedehpinfotech.com
Project : Bus Stop Program
Version : 4.0
Date : 2/14/2006
Author : MIXS
Company : KMITL

Comments: Bus Stop Management.

Chip type - AT90SES15
Clock frequency  : 7.372800 MHz
Memory model : Small
External SRAM size : 0
Data Stack size  : 128
*******#********t************************************'}
iinclude <90s8515 h>
/f Alphanumeric LCD Moduie functions
#asm

equ_ led port=0x1B ;PORTA
#endasm
#include <icd.h>
fdefine RXBSE |

Hdefine TXBR O



ddeline OV 3
Hdefine VI 4
fdetine GDRE: S
#define RXC 7
Hdefine FRAMING FRROR (1<-FE)
#detime DATA OVERRUN ([-<(OVR)
sdefine DATA REGISTER _EMPTY (1<<UDRIL)
fdetine RX_ COMPLETE (1-=RXC)
# ULART Receiver butter
fidefine RX_BUFFER_SIZE 9
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;
flendif
/{ This flag is set on UART Receiver buffer overflow
bit rx_buffer overflow;
/# UART Receiver interrupt service routine
interrupt {UART RXC] void uart_rx_isr{void)
{ char status,data;
status=USR:
data=UDR;
if ({status & (FRAMING _ERROR | DATA OVERRUN)}==0)
{ m_buffer[rx_wr_index]=data;
if{++rx_wr_index == RX BUFFER SIZE) rx_wr_index=0;
it {=+rx_counter == RX_BUFFER_SIZE)
v rx_counter=0;

rx_buffer_overtlow=I;



[l
‘

Hfitadet DEBUG TERMINAL 16
# Giet a character from the UART Receiver bufler
#define ALTERNATE GETCHAR
#pragma used +
char getchar(void}
b char datag
while (rx_counter==0)};
data=rx_bulfer[rx_rd index]:
if (++rx_rd_index == RX BUFFER_SIZE) rx_rd_index=0):
#asm("cli”)
--rx_counter;
Hasm("sel")
return data;
}
#pragma used-
dgendif
/ Standard Input/Ourtput functions
#include <stdio.h>
#include <delay.h>
#include <stdlib.h>
thinclude <string h>
#include <ctype.h>
/f Standard Input/Qutput functions
#define TYPE1T PORTD.2
#define TYPE2 PORTD.3
#define TYPE3 PORTD 4
int LED_wait BUZZER num_dispID fix,ID_ pass=0x0f1DLnum_key.t.b.k:

charrx_¢;



unsigned char rx] 10] ~ARON0OGO0M |

unsigned char rx_buff 101 = {"000000000™ | -
unsigned char x| 10] = 1"000000000™ ;
unsigned char data[ 10] = 0000600001 ;
unsigned char ¢fr cadef10] = 1"000000000"} :

unsigned char rx_in|6] = {"00000M}:
signed char comp,comp_a.comp_c,comp rx ix.comp TYPELcomp TYPE2 comp TYPE3:
ffeode bus=1 T to 8888.type:x = normaltype:y = Air Bus.tvpe:z = Air Bus Express.
#AB,C....:Bus Stop station's name @@ for check arrive,# tor set wait.* for set confrim
unsigned char data_base_code[8]{10] =1
"I Ly AGg*”,
"2222v AlaH*",
"I33IZA L0,
"4444x AlH ",
"S5SSXA@H*".
"OO6OXAE*",
"TITIRA@EY",
"RBEExA*HE"
B
,}’/***********Function*********#*t******************************
/,f**********************anange data******tt****t**************
void arrange data()
| unsigned char data_buff.data_new[10];
strepy(data_new, data);
for(k=0:k<=9:k++)
{ ifldata_new[8]'="*")
1 data_buff =data_new(8];
data_new{8]=data_new[7];
data_new]7]=data_new[6);

data_new[6]=data_new[5];



data new[5] data new|4):
data_new[4]- data new|3]:
data new[3 ] data new[2]:
data newf2}=data_new([1]:
data_new[1]=data new[(H:
data_new[W]=data_bufr;

it woto ckeck:

+
1

else break:

stmepy(ridata_new.9); /icopy code from rx buffer

’,"f************************************************************
void scan_datat)
1 delay ms(10);
UCR=0x98;
for(b=0:b<=9:b++) Hrecieve data code from bus
{data[b]=rx_buffer[b]; /10 'data’ {buffer)

1
)

if(data[9]1="*")
{ armange data(); }
else
strnepy(rx.data 9); /'copy code from rx buffer
'
i T
void beeper3()
! PORTA 3=1;
delay ms(50);
PORTA.3=0;

delay_ms(30);




[
i

void beeper2()
: PORTA3-I;
delay mst100);

PORTA 3=():

void beeper()

) PORTA.3=I;
delay_ms{50}):
PORTA.3=0:;
detay ms(50);
PORTA.3=1;
delay ms(30):
PORTA.3=0;

4
)

’,"/**********Set Confir]n****************************************
void set_confirm()
borx_c=strpos(ix,'*');
tx[rx_cl='e;
{

//**********Clear disp]ay**************************************

void clear display()
Ioswitch ()
l case (1 {PORTC.0=0; beeperd():
num_disp=9;
set_confinmd};
break:}
case 11 {PORTC.1=0; heeper3();
num_disp=9;

set_confirm();



breax: |

case 20 JPORTC.2-0: beeper3():;
num_disp= 9;
set_conlirm();
break: |

case 3 HPORTC 3=0; beeper3i):
num_disp= Y
set_contfinm();
break; |

case 4: PORTC . 4=0; beeper3();
num_disp= 9;
set_confirm();
break: }

case 5: {PORTC.5=0; beeper3(};
num_disp=9;
set_confirm();
break: }

case 6: {PORTC.6=0; beeper3();
num_disp=9;
set_confirm();
break; }

case 7. {PORTC.7=0; beeper3():
num_disp= 9,
set_condirm();
break; |

SRR AR EEAEK G oy disp]ay*t*************t**t***t****************
void show_display()

' switch (1}



} case 00 SN PINC.0 ==0) tbeeper(;PORTC.O — 10

PORTCO = 1
break: |

case 12 H(PINC.L == {beeper();PORTC.T = 11
PORTC. 1~ 1. hreak;|
case 20 IF(PINC.2 ==0){beeper():PORTC.2 = 1 |
PORTC.2=1; break:|

case 3: 1if (PINC.3 ==0){beeper(::PORTC.3 = 11§
PORTC.3=1; break;!

case 4: {if (PINC .4 ==0){beeper(:PORTC 4 -

PORTC 4 =1: break:}

case 5: {if (PINC.Z ==0}{beeper(}:PORT(C.5 =

|

PORTC.5=1; break;}

case 6; {if (PINC.6 ==0}{beeper{:PORTC.6

PORTC.6=1; Dbreak;}
case 7: {if (PINC.7 ==0){beeper();PORTC.7 = 1. }
PORTC.7=1; break;}
case 9: break;
i
'

/‘/’********SCI \Nai[******** o ok ok 3k ok 3k ok 3 ok 3k N akook Ok ok Rk ok ok ok ook ok ko ok ok ok ke
vold set wait()
{ charrx_key;

rx_key=strpos(rx,'#');

rx[rx_key]='w';

;

SRR Rk Rk R o o l\'cy A R e

void scan_key wait(inl n)

{ switch(n)



Voase O HTPINBOGY - 1)
istrepyitx data base codelnums key|): set wait{), beeper2();

break;

b
i

case L2 itf(PINB.E == 1)
strepy(ix.data_base_code[num_ keyhhset wailldy;  beeper2();

:
f

break:
!
case 2: JIPINB2 == 1)
istrepylix.data_base code[num_key]): set_wait(); beeper2():
¥
break:
!
case 3: J iflPINB3 == 1)
{strepy(tx,data base code[num key]); set wail(); beeper2():

\
!

break:
}
case 4: { iflPINB.4 = 1)
{strepy(txdata base code[num key]): set wait(y;  beeper2();
!
break;

]
|

case 5: JIf{PINB.S =— 1)

istrepy(ix.data_buse code[num_key]); set_ wait(y.  beeper2();

case 6: | ifIPINB.G == 1)



istrepy(ixdata base_codelnum kev]h set_wait(); heeper2iy;
t

f

break:

1
I

case 70 Vif(PINBL7 = 1)
istrepy(ix,data_base code[num key]d: set_wuait(): beeper2e):

break:}
case Y break;

t
{

!
;’J’******************I\duin P;—Ograln*************$****###*****#*********i*****

void mainfvoid)

4

/f Declare your local variables here

# Input/Cutput Ports initialization

// Port A initialization

/f Func7=In Funcé=In Func5=In Func4=In Func3=0ut Func2=In Funcl=In FuncO=In

// State7=T Slate6=T Stale5=T State4=T State3=0 State2=T Statel1=T Statc(=T

PORTA=0x00;

DDRA=0x08;

/1 Port B initialization

/f Func7=In Funco=In Func5=In Funcd=In Func3=In Func2=In Funcl=In Funel=[n

/ State7=T State6=T State5=T Stated=T State3=T Statc2=T Swuc =T State0=T

PORTB=0x00;

DDRB=0x00,

# Port C initialization

# Fune7=Chut Func6=0ut {'unc5=0ut Funcd=0ut Func3=0ut Func2=0ut Funct=0ut FuncO=Cut
/1 State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State | =0 State0=0

PORTC=0x00;



DDRC-0xF):

S Part Y inttialization

< Foene?=1n Funct=In Funcd En Funed=0ut Fune3=0ut Func2=0ut Funcl=In Funciy-In
o State7-T State6-=T State5- T Stated=-0 Stated=0 State2=0 State 1= T State0 -T
PORTD=0x00;

DDRD-0x1C:

# Timer/Counter O initalization

# Clock source: System Clack

# Clock value: Timer 0 Stopped
TCCRO=(x00;

TCNTO=0x00;

S Timer/Counter | initialization

# Clock source: System Clock

ff Clock value: Timer | Stopped

// Mode: Normal top=FFFFh

i OC1A output: Discon.

/1 OCIB output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

/ Timer | Overflow Interrupt: Off
/ Input Capture Interrupt; Off

/# Compare A Match Intermupt: Off
# Compare B Match Interrupt: Otf
TCCRTA=0x00;

TCCRI1B=0x00:

TCNTIH=0x00;

TCONTIL=0x00;

OCRI1AH=0x00;

OCRIAL=0x00;

OCREBH=Ux00;



OCRBL=0x00;
i External Interrupt(s) initialization
A INTO: OfF
A INTE: Off
GIMSK=0x0():
MCOUCR=0x00;
/A Timer(s)iCounter(s) Interrupt(s) initialization
TIMSK=0x00;
# UART inttialization
/# Communication Parameters: 8 Data, ! Stop, No Parity
# UART Receiver; On
#UART Transmitter: On
// UART Baud rate: 9600
UCR=0x9%;
UBRR=0x2F;
/f Analog Comparator initialization
/! Analog Comparator: Off
// Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x&0;
/# LCD module initialization
led_init(16);
// Global enable interrupts
Hasm("sci")
,'ff.*********************'FEST LED****************************#****
PORTC.0=1;
delay ms(50);
PORTC.1=1;
delay_ms(50);
PORTC.2=1;

delay_ms{50):




PORTC.3 1
delay ms(50);
PORTC 4= 1;
delay_ms(30);
PORTC.S5+1;
deiay mstaoy
PORTC .6-1;
deluy ms(30);
PORTC.7=1;
delay ms{30);
PORTC.0=0;

delay ms(50):
PORTC.1=0;
delay_ms(50);
PORTC 2=},
delay ms(50);
PORTC.3=0;
delay ms(50);
PORTC.4=(};
delay ms(50);
PORTC.5=0;
delay ms(30);
PORTC.6=0,
delay_ms(50);
PORTC.7=0;
delay ms(50);

AR o K o oK O K o o K ok kK ok o ok R o o ok ok ok ok o o oK ok ok ko K ok K K K Ok K

while(}
]

SRR ot R R R KRR R R R AR AR A AR AR AR R R R R R KRR KRR KRR R KRRk ¥




clear_display();

Aed clear():

strnepy(r bufterclr code,9):

TYPE1=0;

TYPE2:==0),

TYPE3=,

for (1=0:1<8;t4-4} M=address in diva base
5

PERERFERRRERL IR | ([l (T )® st ok o ok o ok ok o R A R Kok % X Kk

struncpy(data,clr_code,9);
printf{"%9s\" data_base_code[t]); //send code to bus
strepy(ix,data_base code[t]);  /tx = data sent
delay _ms( 100}, /iwait data

Med_potoxy{12.9), {#LCD View Code

Hed_puts(ix);

JEEFREARREREARQ L [z Do Rx R Rt ok ok ko sk ok d ok % ROk ok

scan_data(}; /scan data
Hled_gotoxy(0,0); H#LCD View Code
Hed puts(rx);

Mttt TEST TY PE+ 4+ttt e b bbb
comp_TYPE] = strrpos(rx,’x');  /Type normal bus
it (comp_TYPEI = -1)
{ TYPEL=I;}
comp_TYPEZ2 = strrpost(rx,'y'). /' Type Air bus
i {comp_TYPE2!=-1)
t TYPE2=]; |
comp_TYPE3 = strmos(rx.'z");  #Type Express bus
i {comp_TYPE3 !=-1)
} TYPE3=];}

FHAER R SO OR R OR R R Ok (Cha L code send s sean R EE SRR ook



comp X _1x strmemplec xSy scheck ey
it tcomp e tx - 0)
| eoto next; | ~new code o send
’#’:*************'0'-*********#*********************’:‘***************
deluy ms(l);
sean_datal);
\'J«"J****************h***(‘hcck E“Ti\"l: h“,\. Codc*******************
comp_a = strrpos(rs,'a’); feheck arrive bus?
iflcomp_a'!=-1)
v clear_display():  /clear Display & sct confirm
m_c=strpos(tx,'™*'); //Set confirm
x[rx_cl='e"
printf{"%9s" tx); //send confirm
beeper(); /{Beeper

20to next; /fmext code

else! num_disp=t;
show _display();  //show coming bus
scan_key wait(t); /check wait key

strepy(tx,rx);

J . . » * £ d 3
.f’:*”‘****************bendicodc.**"***************** # ok kK K Kk kK

print{{"%69s". 1x}; isend code
fled gotoxy(4,1): ALCD View Code
next:
!
1
L.
1.
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~gatures

- High-performance, Low-power AVR" 8-bit Microcontroller
- Advanced RISC Architecture
— 130 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
- Nonvolatile Program and Data Memories
- 8K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 1K Byte Internal SRAM
— Programming Lock for Sottware Security
' Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode
- One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
—~ Rea! Time Counter with Separate Osciilator
- Three PWM Channels
~ 8-channel ADC in TQFP and QFN/MLF package
Eight Channels 10-bit Accuracy
— 6-channel ADC in PDIP package
Eight Channels 10-bit Accuracy
-- Byte-oriented Two-wire Seria! interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
-~ On-chip Analog Comparator ’
- Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— Externat and internal Interrupt Sources
— Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* VO and Packages
— 23 Programmable I/O Lines
— 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF
* Operating Voltages
- 2.7 - 5.5V (ATmegasL)
- 4.5-5.5V (ATmega8)
' Speed Grades
— 0 -8 MHz (ATmegaBL)
— 0-16 MHz (ATmegaB)
» Power Consumption at 4 Mhz, 3V, 25°C
— Active: 3.6 mA
- Idle Mode: 1.0 mA
— Power-down Mode: 0.5 pA

AIMEL

-

Y

8-bit AVR'
with 8K Bytes
In-System
Programmable
Flash

ATmega8
ATmega8L

Summary

2386PS-AVR-02/0€



Pin Configurations

AIMEL
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Overview

Block Diagram

24R6PS5-AVA -02/06

The ATmega8 is a low-pewer CMOS B-bit microcontroller based on the AVR RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega8
achieves throughputs approaching 1 MIPS per MHz, allowing the system designer to
oplimize power consumption versus processing speed.

Figure 1. Block Diagram
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The AVR core combines a rich instruction st with 32 general purpase working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit {ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture s more code efficient whiie achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega8 provides the following features: 8K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 512 byles of EEPROM, 1K byte of SRAM, 23
general purpose 1O lines, 32 general purpose working registers, three flexible
Timer/Counters with compare modes, internal and external interrupts. a serial program-
mable USART, a byte orniented Two-wire Serial interface, a 6-channel ADC (eight
channels in TQFP and QFN/MLF packages) with 10-bit accuracy. a programmable
Watchdog Timer with Internal Oscillator, an SPI senal port, and five software selectable
power saving modes. The fdle mode staps the CPU while allowing the SRAM,
Timer/Counters, SPI port, and interrupl system to continue functioning. The Power-
down mode saves the register contents but freezes the Oscillator, disabling all other
chip functions until the next Interrupt or Hardware Reset. In Power-save mode, the
asynchronous timer continues to run, allowing the user to maintain a timer base while
the rest of the device is Sleeping. The ADC Noise Reduction mode stops the CPU and
all I/0 modules except asynchronous timer and ADC, to minimize swilching noise during
ADC conversions. in Standby mode, the crystal/resonator Oscillator is running while the
rest of the device is sleeping. This allows very fast start-up combined with low-power
consumption.

The device is manufactured using Atmel's high density non-volatile memory technology.
The Flash Program memory can be reprogrammed In-Sysiem through an SP{ serial
interface, by a conventional non-volatile memory programmer, or by an On-chip boot
program running on the AVR core. The boot program can use any interface to download
the application program in the Application Flash memory. Software in the Boot Flash
Section will continue to run while the Application Flash Section is updated, providing
true Read-While-Write operation. By combining an 8-bit RISC CPU with In-System Self-
Programmable Flash on a monolithic chip, the Atmel ATmega8 is a powerful microcon-
troller that provides a highly-flexible and cost-effective solution to many embedded
control applications.

The ATmega8 AVR is supported with a full suite of program and system development
tools, including C compilers, macrc assemblers, program debugget/simulators, In-Cir-
cuit Emulators, and evaluation kits,

Typical values contained in this datasheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

ATmega8d(L) me———————————
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Pin Descriptions
vCcC
GND

Part B (PB7..PBO)
XTAL1/XTAL2/TOSC1/TOSC2

Port C (PC5..PCO)

PC6/RESET

Port D (PD7..PDO)

14B6PS-AVR-02/06

Digital supply voltage.
Ground.

Paort B is an 8-bit bi-directional I/O porl with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high stnk
and source capability. As inputs, Port B pins thal are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the invert-
ing Oscillator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the
inverting Oscillator amplifier.

If the Internai Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as
TOSC2. 1 input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate Functions of Port B"
on page 56 and "System Clock and Clock Options” on page 23.

Port C is an 7-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

If the RETDISBL Fuse is programmed, PC6 is used as an /O pin. Note that the electri-
cat characteristics of PC6 differ from those of the other pins of Port C.

i the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low leve! an
this pin for longer than the minimum pulse length will generate a Reset, even if the clock
is not running. The minimum pulse fength is given in Table 15 on page 36. Shorter
pulses are not guaranteed to generate a Reset.

The various special features of Port C are elaborated on page 59.

Port D is an 8-bit bi-directicnal /O port with internal pull-up resistors {selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega8 as listed on
page 61.

Reset input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum puise length is given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset.

AIMEL - 5
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AV AV.c 15 the supply voltage pin for the A/D Converter, Port C (3..0), and ADC (7..6). It
should be externally connected 1o V-, even if the ADC is not used. If the ADC is used,
it should be connected to V... through a low-pass filter, Note that Porl C (5..4) use digital
supply vollage, Vqc.

AREF AREF is the analog reference pin for the A/D Converter.

ADC7..6 (TQFP and QFN/MLF  In the TQFP and QFN/MLF package, ADC7..6 serve as analog inputs to the A/D con-

Package Only) verler. Thase pins are powered from the analog supp!y and serve as 10-bit ADC
channels.
Resources A comprehenstve set of development tools, application notes and datasheets are avail-

able for download on http//www atmel com/avr.

6 ATmegaB(L) Y
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gister Summary

ddress Name Ba 7 Bit 6 Bit 5 Bit 4 i Bit 3 Bit 2 Bit 1 Bit 0 Page
IF 10 OF ) SREG | T e 5 o H c 4
i) | sPb ; - o - - 5P9 SPE 1
o sPh s Py ser SPi 5w "
ity | e
Wwee | GICR T N - I P owsec | wCE 47,65
A ety | iwER NTF i PO o 7 ! e i ! - [
RUTLOLA “IMSK DUEy L TOEZ T -1 CE1A OTIEE TUET - TOIE 7r, 100, 120
38 058 CER_ OcFe | Towe F aeFia | ocrim | 1o - 10v0 71, 101120
EPMCR S0 E PAYSE SANSRE 0 BLBSIT | PGART FGERS SPMEL n
: T FWCR Vet WEA TveLTa TWSTO .« 1w ToEN - TWIE 150
W () FCLCR st sMz srar s 1 s 15001 ISCon 3164
29 thefia MACICER ] B 7 i EXTRE PORF ) 38
33 (s ICORD I EE - ; cs 500 70
A2 (D52 - TONTU e Tlr]W[?L'Ctal.rutﬁrO (8 B=) mn
31 (D51 HOSCCAI. Caniator Calbraton Regsle 29
30 (D50 SFIOR - - ! PuD PSR PSRI1G 55,73, 121,191
2F ([DxdF) 1CCRI1A COMAT COMIAD CUMIBI COMIBL . FOcE WG WEM1L a5
2E (Dr4E) TCCRIB ICHG1 ICES1 - WGMT3 | WoIaZ | Csi2 csn c510 98
20 (x4 Dy TCNTH T.mer Zounter] - Zounter Redsster High bvte 99
2C x4y TCNTIL TimerJounter] - Counter Reasler Low hyts 99
7B 1Dx48) ":'.JICRMH TirnerCouier? — Ouipu! Compare Reg ster A High ivte 99
2A (Dx4A) OCR1AL TimarCounert - Quiput Compare Reqster A Low L.le 99
24 (a9 QCR18H ﬂmEn’CULm:en ~ Qutput Compare Register B Fgh Dyvie 9y
28 (Nxif) OCRIBL TimerCoumer! - Oulput Compare Reqister 8 Low byte 99
27 (a7} ICR1H Timer/Courter1 — Input Capture Rrgister rhgh byte 100
26 (xd6) _IERIL TimerCounter! - Inpet Captuse Regisler Low byt 100
25 Dxas) TCCR2 Foc2 | | wemzu conz comzo WGz cs2z | cs: | cso 15
24 (Oxd4) TONT2 TimerCounter? (8 Birs) 117
23 (x43) QOCR2 TimerCounter? Ounut Compare Register 117
22 fxd) ASSR - - - AS2 _TCcn2us | OCR2UB TCR2UB 117
21 ed1) WIDTCR - - WOCE WOE woez | wopt wohg 41
% om0 |- UBRRH URSEL - - - ‘ UERRI1.8] 156
UCSRC URSEL UMSEL  © UPMt UPMO USBS UCSZ1 LCS20 UCPCL 154
1F {353F) EEARH - - - - - - EEARE 18
1E {n3E} EEARL EEART EEARE EEARS EEAR4 EEAR3 | EEARZ EEART EEARD 18
1D {0x3D) EEDR EEPROM Data Regrsier 18
AC{0xAC) EECR - i - - | - [ Eere EEMWE |  EEWE EERE 18
B [Ox3B} Reserved
1A {Ox3A) Rasarved
<19 [0x39) Reserved
18 {0x38) PORTE PORTE? PORTBB PORTES PORTB4 PORTE3 PORT&2 PORTB1 PORTE) 63
A7 [0x37) DDRB DDB? DoBE oDes DDB4 Doe3 DDB2 DOB1 oDeo 63
15 [0x36) PINE PINGT PINBE PINBS PINGA PINES PINB2 PING1 PINBO &3
15 [0x35) PORTC - PORTCS PORTCS PORTCS PORTC2 PORTC2 PORTCA PORTCO 63
w14 [0x34) DDRC - 0CCe opcs 0DC4 DoC3 [l o] DOCY oDco 63
«13 [0x33) PING - FINCE FINCS PINCA PiNG PiNC2 FINC1 PINCO 63
«12 [0x32) PORTD PORTD? PORTDS PORTDS PORTDM4 PORTD2 PORTD?2 PORTD1 PORTDO 83
£11 [0x21) DBRD onD7? DDD& ODOS | ODD4 DDo3 ¢ poD2 [olels]] DD 83
10 {0x30) FIND PIND7 PINDG PNDS | PIND4 PNCY | PiNDZ PIND? FINDO 63
«OF (0x2F) SPOR SPI Data Register 129
<DF [0x2F) SPSR SPIF WCOL - - i - - - SPi2x 129
0D [0x2D) SPCR SPIE SPE DORD MSTR | CPOL CPHA SPR1 SPRO 127
(C [0x20C) _UDR USART { D Data Regisler 151
0B [0x28) UCSRA RXC TXC UDRE FE DOR PE u2x MPCM 152
DA {Dx2A) UCSRE RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 153
#09{0x25) UBRRL USART Baud Rate Register Low hyle 156
XOB{DXZ8) ACSR ACD ACEG ACO ACI ACIE ACIC ACIST ACISO 192
*07 {0x27) _ADMUX REFS1 REFSO ADLAR - MU MUX2 MUX1 MUX0 203
x06 (0x261) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPSD 206
205 {1225} ADCH ADC Data Regisler High byta 206
Eﬂni’d) __ADCL ADC Data Ragister Low byle 206
03 {23} TWOR Two-ware Senal Inlerface Dala Regisler 171
02 (0a223 TWAR Twas | Twas | twas | twas | Twaz | TwAl | Twao | TWGCE 171

AIMEL -7
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Register Summary (Continued)

Address Name Bit7 Bit6 |  Bits Bit 4 Bit 3 Bit 2 8it 1 Bit 0 Page |
i oo twsr | Twsr | Twss 1 Twss | vwss  rtwsa | twest R T
__(_w\_\M:__ I_Tﬂ:"{_ e T _f:m.w_:—' Stmrﬂ_\]ﬁldu; =111 é;llt- Ripster e B H’nf?i J
Nates: 1. Hefer to the USART description for details on how to access UBRRH and UCSRC.

2. For compatibility with future devices, reserved bits should be wrilten 10 zerc if accessed. Reserved /O memory addresses
should never be writien.

3. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on
all bits in the /O Register, writing a cne back into any flag read as set, thus clearing the flag. The CBIl and SBI instructions
wark with registers 0x00 to Ox1F only.

8 ATmega8(L) mresseseses————————
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nstruction Set Summary

Mnemonics . Operands : Description Operation I Flags ! #Clacks
ARITHMETIC AND LOGIC INSTRUCTIONS o
sor T T Re R ] two Ruog e Ru. RusRr JrchivH v
N D_(‘ Rr o ) - nvwfrl-.Ca’!J r-\.'u-u-i_:{!:_'u_w:ra = R« F{( 0.Rr + ACHVH i 1
RuiK Aodlmmenae s Word | ngure . RanRa+K ZLNYS 2]
R Rr B BIract e Bamistors e Firr e RG-Rr ZCHVH 1 '
o ko Sehtract © cstant teorn Reogust _ R Rty Rd-K ZCHVRH 1 o
Ra Rr i DoBraet vt Sarry e Pegistt B Fia Ry R C Z.CM v’,H- . 1
Rl 1 b s g LRac ek 0 lackyw b 0
Em L7 o | subtract rnmediate o o Roh Ral « RdvRdl - & ZOHMS | '-“-2"__ )
R, Rr L i _')\:;\ral_ﬂfi_lzi Effiqlblm‘; R+ R eRr PRV RY 1 b
R, K Ll AND RE-;;’:S‘E sl Conslan Rl RdsaK ZMN 1 i
Rd Ry U _peat O el o ) ool mavRr PN 1
Rﬂ K Fequsler and Coesane 3 Rne Rowvi z N,'JV 1 i
) 7 RA. Rr s e T2 Regesters T . 7 7 R« R Rr FRRY 1
Rd A “ne's Conpemenl R+ OxFF Rd ZONY 1
(25 | “wo's Compsment ) }_'“_d .__gxnu - Rd ZCNVH 1
Ra K Y Sat Bitls) in Regsler Rd+ RdvK ZNV 1 )
e : RaK | Ziear Br{spin Rogister e Rd « Rd = [JxFF - K) Z NV 1
NC . Ry | InCrement B . Rd« Rd+1 ZNNV 1
ned R | Decrement Rl +- Rif - 1 ZNV 1
TST Rd i Teslfor Zern of Minus Rd« RdeRd ZNV 1
CiR R Zlear Regripr Rd 1_4@1 % Rd ZNV 1
SeR Rd b et Register Rd« OxFF None i
AU Rd. Rr Muhipty Unsigned R1:R0« RdxRr pllo] 2
MULS Ry, Rr Hulliply Sigred | RIRU. RdxRr ZC 2
MULSU Ro. Rr Muylhipky Signed with Unsigned =1.R0« Rox Rr ZC 2
FrAL | Ro.Re Fraclional Mufligly Unsigned R1RD (Rdx R << ] ZC 2
FIIULS Rd. Rr Fraclonal Multiply Signed RIR0+- (RdxR << 1 2L 2 )
LU Re. Rr Feaclonal bulhply Signed with Unsigned R1-R0. (Rdx R << 1 7.C 2]
BRANCH INSTRUCTIONS
RN P [ Relatve Jump C+- PC+k +1 Nane ?
LIAP ) Indirect Jump ta {Z2) PC_«'-___Z None 2 N
RCALL k Retanve Subroutine Call PC. PCk+1 None 3
HotX B L indirecl Call 1o {Z) e PC. 2 None 3
RET ; Subroutine Return PC « STACK None 4
RETI tnterrypt Retum PC « STACK i 4
CPSE Rd,Rr Cornpare, Skig it Equal HIRA=RrPC+PC+20Dr3 None 1/2/3
CpP Rd.Rr Compare Rd - Rr 2 NV.CH 1
CPL Rd.Rr Compare with Camry Rd-Rr-C Z NVCH 1
CPt Rd.K Compare Register wilh Immediale Rd - K 2 NNCH 1
S8AC Ri. b Skip if Bl in Register Cleared i (Rrib)=0)PC « PC +20r 3 Nong 123 |
S8R5 Rr b Skip if Bil n Register 1s Sel HRIbI=1)PC« PC+20r3 Narng 1123
S8 b Skip il Bil n "0 Register Ciaared M PN PG« PC+20r 3 None 1/2i3
SEIS P.b Skip if Bil in I/C Register is Set W{Pb=1PC—PC+20r3 None 11273
BRES 5.k Branch f Status Flag Sel il (SREG(5) = 1) then PCa-PC+k + 1 Nong 112
BREC 5. k Branch if Status Flag Clearad il (SREG(s) = 0) then PCs-PC+k + 1 HNong 112
BRED . K Brarch of Equal {2 =3then PC+- PFC+k+1 None 112
BRHE K Branch 1f Nol Equal iiZ=0vthen PC +— PC+k+1 Nong 172 7
BRCS K, i Branch if Carry Set H{C=11kenPC«—PC+k+1 None 1/2
BREC k j Branch if Carry Cleared FiC=0thenPC« PC+k+1 None 172
BREH Lok ¢ Branch if Same or Higher itiC =0jthenPC« PC+k+1 hNone 1i2 N
8RLC k Branch if Lower o H{C =1}thenPC«- PC+k+1 Nane 1i2
BRI Kk Branch # Minus H{N=1}then PC+-PC +k+1 hong 142
BRPL k Branch if Pius if (N=0)then PC - PC +k +1 Nane 1/2
BR{E 3 Branch il Greater or Equal, Signed (N T Y= 0] then PC+— PC +k + 1 None 12 ]
BRL.T k Branch if Less Than Zero, Signed (N V=1)lhenPC«-PC+k+1 None 172
BRHS 3 Brangh if Half Carry Flag Set f{H=NthenPC e PC+k+1 None 112
BRHC 3 Branch if Half Carry Flag Cleared d(H=0then PC e« PC +k+1 hone 172
ERTS k Branch T Flag Set (T =1)then PC«-PC + +1 Norg 1.2
BRIC k Branch if T Flag Cleared AT =0 then PCa- PC + Kk + 1 None 12
BRYS k Branch if Overflow Flagis Set tiV=1)lhenPC+« PC+k+1 None 1:2 |
BRI k ﬁ'aﬂf‘h i On?rﬂgw F\as is Cleared #iv = hen PC« PC +k+1 N&)ne 1/2
#inemonics Operands Description Operation Flags #Clocks

AlMEL e
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truction Set Summary (Continued)

AIMEL

LU

k Branclol imerrum Eratiod _: R |ty T 1phen PC-. « PCen+ 162
Tt l Heane bt dntierrugt Gisabibeg i =i thee B0 4 PO o+ N
4 TRANSFER INSTRUCTIONS R . . X .
T 1 }:{.f“-- T M-()VQE E‘:lw(’i!l\ Hf‘ﬂlh"il?. " Rd« Rr 1 T
" R Coapy Reagister W B DL N ) )
- _ Sl K Loknd Iromigediati Sd o K N ] B 1
e, X Load Inmkeecl . _ Rude X4 _ 2
) 1A Load Inebfecl and Prst nc ) - (e X1 ’ &
.. b Lonaackie L ang Fri Ore e AL iX) 7
[ Lo 1Vrrr,»'r|_r B R« ) ) 2]
Loaw abrect ang Post-in 3 Rl ¥ Yol . tiogis 7 —
Load indirect ang Pr{--Dﬂm‘ T Yo Ree (Y] Loang Z
l}-i.} Y4 Load vdrect with Displacenw Rds Y+ e _ 2 7
Load "iehriect o Rda (2} o 2
o . Lm}i Inehrect anc Fost-hne .__._---};- 412) 2. Z1 <
T Laad Indrect andg Pré-Oed FTa F-1 Rae (2) A ) ei
Lead Indirect wath D\splécp1r-e<1t Rd« (Z+g) -N')ra.eg ’ 2‘
Load Direct from SRAM Rd - (k) e 2
Stare Indrrect {X}« Rr Hone 2
X, Hr Siora Inqerect and Post-Ing §%)e RroX s X 41 L 2 |
SX R Store Indirect and Pre-Dec. A4 X -1 (Xa- Rr Hene 2 i
Y, Rr Store Ingwrect (VY- Rr Hone 2 7743
¥ :3’ Store Indirect and Post-ing (Y14 Fr Y. ¥Y+i Hone 2 .
- \ Rr Store Inmrect and Pre-Dec Ya-¥-1 (Yt Rr Tione 2
v oqRr Store Ingirect wath Displacernart (¥ + Q)+- Rr e 2 !
Z, Rr Store Incirect iZe- Rr Hione 2 i
Z+, Rr Slore indirect and Post-Inc 2y« R, Z+ 241 rHone 2 i
-2, Rr Store ingirecl and Pre-Dec Ze-Z-1, 144 R None 2
7+ Rr St~ indirect with Displacernent (Z+q)« Rf Hone 2
kR Store Direct 10 SRAM (K}« Rr Nore 2
Load Program Memory RO « (Z) None 3
Rd. 7 Load Program Memory Rd « (Z) None: 3
Rd. Z+ L.oad Program Memory and Post-Inc Rd« (2).2+« Z411 None 3
Slore Program Memory {2}« RT:RD MNone -
Rd, P In Port Rds- P Nore 1
P Rr Cut Port P Rr I MHane 1
4 E{r Push Registar on Stack STACK « Rr | None 2
Rd Fop Reﬁi&er fram Slalc;k Rd « STACK I Mone 2
NDBIT-TEST INSTRUCTIONS
Pb Set Bt wn /0 Regisler UOIP.AH) 1 None: 2
Ph Clear 81l n /O Regisier OPDY« O None 2
R Logical Shift Left Rdin+1)« Rd{n), Rdi0) « C ZCNY 1
R Logical Shift Right Rd{n) +- Ra(n+1}, Rd(7) « 0 FASRY 1
Rd Rotate Lefl Through Carry Ro{0}e-C RN+ 1) - RAin),Cy -Ra{ ¥ ZCNV 1
Rd Ralate Righl Through Carry Ril{7 }+C.Rdin}— Rain+1},C.-RaA{0) ZCMNY 1
Rd Arthinelic Shift Right Rd{n) + Re{n+1) n=0.6 ZCNV 1
P R Swap Mibbles Rd{3 0%-Rd[7..4)Rd(7..4)«-Rd{3. 0} None 1
r 3 Flag Sel SREG(S}+ 1 SREG(s} 1
2 5 Flag Ciear SREG{s}+- 0 SREG(s) 1
Rr b Bil Store from Regisler o T Ta Rrin) T 1
R, b Bil lvad from T o Register Ralb}+- T MNong 1
Set Carry Ce- 1 C 1
Clear Carry Ca O C 1
Set Negative Flag N« 1 N 1
Clear Negatwve Flay Nae 0 N 1
Set Zero Flag Ze 1 Z 1
Clear Zero Flag Ze-0 Z 1
Global imerrupt Enable [EE! | 1
Global Interrupt Disable le O 1 1
Set Signad Test Flag S5 1 5 1
Clear Signed Tesl Flag S4 0 S 1
Set Twos Cormplement Dverflow Vot 1 1
Clear Twos Complement Qverflow Ve D v 1
Set Tan ﬁ(} T« 1 T 1
»emonics Operands Description Operation Flags HClocks
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Instruction Set Summary (Continued)
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c Clear T n SREG T o g

SEH C Sl Hall Carry Fhag i SREG s m 7’

LoH | Cluar Half Carry Flag i SRE G - e e T S T .

| MCU CONTROL INSTRUCTIONS -

NOP i Na Operation _None

SLEEP | Sleep rsee specific deser. for Sleeg function) MNone T

WOR : Watchdog Reset (see specific descr, for WDRTmer) Nahe ]
11



Features

* AVR - High Performance and Low Power RISC Architecture
+ 118 Powerlul Instructions - Most Single Clock Cycle Execution
* BK bytes of In-System Reprogrammable Flash
— SP{ Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles
* 512 bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles
* 512 bytes Internal SRAM
* 32 x B General Purpose Working Registers

* 32 Programmable I/0Q Lines -Ri VR@
* Programmable Serial UARY 8 Blt A

IMEL

viiveiaiiviing Microcontroller

* Fuily Static Operation g
- 0-8MHz4.0-6.0V, with 8K bytes
—0-4MHz2.7-4.0V

* Up to 8 MIPS Throughput at 8 MHz |n-SyStem

* One 8-Bit Timer/Counter with Separate Prescaler

* One 16-Bit Timer/Counter with Separate Prescaler P rog ra mmable

and Compare and Capture Modes
* Dual PWM Flash

= External and Internal Interrupt Sources
* Programmable Watchdog Timer with On-Chip Osciilator
* On-Chip Analog Comparator

* Low Power Idle and Power Down Modes
* Programming Lock for Software Security ATgO 8851 5
Preliminary

Description
The AT90S8515 is a low-power CMOS 8-bit microcontroller based on the AVR ®
enhanced RISC architecture. By executing powerful instructions in a single clock
cycle, the AT9058515 achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.
The AVR core combines a rich instruction set with 32 general purpose working regis-
ters. All the 32 reqgisters are directly connected to the Arithmetic Logic Unit (ALU),
allowing two independent registers to be accessed in one single instruction executed
in one clock cycle. The resulting architecture is more code efficient while achieving
throughputs up to ten times faster than conventional CISC microcontrollers.
(continued)
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Block Diagram
Figure 1. The AT90S8515 Block Diagram
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The AT9058515 provides the following features: 8K bytes
of in-System Programmable Flash, 512 bytes EEPROM,
512 bytes SRAM, 32 general purpose I/O lines, 32 general
purpose working registers, flexible timer/counters with
compare modes, internal and external interrupts, a pro-
grammabie serial UART, programmable Watchdog Timer
with internal oscillator, an SPI serial port and two software
selectable power saving modes. The Idle Mode stops the
CPU while allowing the SRAM, timer/counters, SPI port
and interrupt system to confinue functioning. The power
down mode saves the register contents but freezes the
oscillator, disabling all other chip functions until the next
interrupt or hardware reset.

.
e

PORTO DRIVERS
i ’
s

X [ ¥ ,
| | »
v L2 2 N

FDo - PD7

The device is manufactured using Atmel's high density
non-volatile memory technology. The on-chip in-system
programmahble Flash allows the program memory to be
reprogrammed in-system through an SPI serial interface or
by a conventional nonvolatile memory programmer. By
combining an enbanced RISC 8-bit CPU with In-System
Programmable Flash on a menolithic chip, the Atmel
AT90S8515 is a powerful microcontroller that provides a
highly flexible and cost effective solution to many embed-
ded control applications.

The AT90S8515 AVR is supporled with a full suite of pro-
gram and system development tools inctuding: C compil-
ers, macro assemblers, program debugger/simulators, in-
circuit emulators, and evaluation kits.
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Pin Descriptions

Vee
Suppiy voltage

GND
Ground

Port A (PAT7..PAQ)

Port A is an 8-bit bidirectional 1/O port. Port pins can pro-
vide inlernal pull-up resistors (selected for each bil). The
Fort A output buffers can sink 20mA and can drive LED dis-
plays directly. When pins PAQ to PAT are used as inputs
and are exiernally pulled low, they will source current if the
internal pull-up resistors are activated.

Part A serves as Multiplexed Address/Data input/output
vhen using external SRAM.

Port B (PB7..PB0)

Port B is an 8-bit bidirectional I/O pins with internal pull-up
resistors. The Port B output buffers can sink 20 mA. As
inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port B atso serves the functions of various special features
of the AT9058515 as listed on page 46.

Port C (PC7..PCD}

Part C is an 8-bit bidirectional /O port with internal pult-up
resistors. The Port C output buffers can sink 20 mA. As
inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port C also serves as Address output when using external
SRAM.

Port D (PD7..PD0O)

Port D is an 8-bit bidirectional /O port with internal pull-up
resistors. The Port D output buffers can sink 20 mA. As
inputs, Porl D pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port D also serves the functions of varigus special features
of the AT90S8515 as listed on page 52.

RESET
Reset input. A low on this pin for two machine cycles while
the oscillator is running resets the device.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
OQutput from the inverting oscillator amplifier

ICP
ICP is the input pin for the Timer/Counter1 Input Capture
function.

oc1B
QOC1B is the output pin for the Timer/Counter1 Qutput
CompareB function

ALE

ALE is the Address Latch Enable used when the External
Memory is enabled. The ALE strobe is used to laich the
low-order address (8 bits) into an address latch during the
first access cycle, and the ADQ-7 pins are used for data
during the second access cycle.

Crystal Osciliator

XTAL1 and XTALZ are input and output, respectively, of an
inverting amplifier which can be configured for use as an
on-chip oscillator, as shown in Figure 2. Either a quartz
crystal or a ceramic resonator may be used. To drive the
device from an external clock source, XTALZ2 should be left
unconnected while XTAL1 is driven as shown in Figure 3.

Figure 2. QOscillator Connections

c2

o -o-—| x1AL2
ct I

® —)|—@ | XTAL1

. ~———— GND

Figure 3. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILLATOR XTALt
SIGNAL
GND

AIMEL - 3
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AT90S8515 Architectural Overview

The fast-access register file concept contains 32 x 8-hit
general purpose working regislers with a single clock cycle
access time. This means that during one single clock cycle,
one ALU {Arithmetic Logic Unit) operation is executed. Two
operands are output from the register file, the operation is
executed, and the result is stored back in the register file -
in one clock cycle.

Six of the 32 registers can be used as three 16-bits indirect
address regisier pointers for Data Space addressing -
enabling efficient address calculations. One of the three
address pointers is also used as the address paointer for the
constant table look up function. These added function reg-
isters are the 16-bits X-register, Y-reqister and Z-register.

Figure 4. The AT90S8515 AVR Enhanced RISC Architecture

AVR AT90S8515 Architecture
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(4> Timer/Counter
¥ 512x8 with PWM
Dala
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The ALU supports aritbhmetic and logic functions between
registers or between a constani and a register. Single reg-
ister operations are also executed in the ALU. Figure 4
shows the AT3058515 AVR Enhanced RISC microcontrol-
ler architecture.

in addition to the register operation, the conventional mem-
ory addressing modes can be used on the register file as
well. This is enabled by the fact that the register file is
assigned the 32 lowermost Data Space addresses ($00 -
$1F), allowing them to be accessed as though they were
ordinary memory locations.

The I/O memory space contains 64 addresses for CPU
peripheral functions as Control Registers, Timer/Counters,
A/D-converters, and other I/O functions. The /O Memaory
can be accessed directly, or as the Data Space locations
following those of the register file, $20 - $5F,

\/

The AVR uses a Harvard architecture concepl - with sepa-
rale memories and buses for program and data. The pro-
gram memory is executed with a two stage pipeline. While
one instruction is being executed, the next instruction is
pre-fetched from the program memaory. This concept
enables instructions {o be executed in every clock cycle.
The program memory is in-system programmable Flash
memory.

With the relative jump and call instructions, the whole 4K
address space is directly accessed. Most AVR instructions
have a single 16-bit word format. Every program memory
address contains a 16- or 32-bit instruction.

During interrupts and subroutine calls, the return address
program counter {PC) is stored on the stack. The stack is
effectively allocated in the general data SRAM, and conse-
quently the stack size is only limited by the total SRAM size
and the usage of the SRAM. All user programs must initial-



ize the SP in the reset routine {before subroutines or inter-
rupts are executed). The 16-bit stack pointer SP is
read/write accessible in the I/O space.

The 512 bytes data SRAM can be easily accessed through
the five different addressing modes supporied in the AVR
architecture.

The memorsy spaces in the AVR architecture are all linear
and regular memory maps.

A flexible interrupt module has its control registers in the
/O space with an additional global interrupt enahle bit in
the status register. All the different interrupts have a sepa-
rate interrupt vector in the interrupt vector table at the
beginning of the program memory. The different interrupts
have priority in accordance with their interrupt vector posi-
tion, The lower tne interrupt vector address the higher the
priority.

Figure 5. Memaory Maps
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T90S8515 Register Summary

I !

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit o Page

§3F (85F) SREG | T H g v N 2 ‘ C 18

$3E ($5€) | SPH. SP15 SPi4 SP13 SF12 SP11 SP1G P9 sPy 19

$30 (35D} SPL SP7 SP6 SPS SP4 5P3 SPZ SP* Sk 19

$3C ($5C) Reservied L

538 ($5B) | GIMSK INT:_ {INTO - - - - i - 24 ]
$34($5A) | GIFR INTF1 INTFQ ! 24
$39($59) | TIMSK TCIET OGIE1A QCIE1B - TICIE - TOIED | . g

$38 ($58) TIFR TOV1 QCF 1A OCF1B - 1CF1 | - | TOVO i - 5

$37 (857) Neserved i
36 (S56) Reserved ;
§35 (555) | MCULR sRe | srRw | SE [ sv ] sen 1 1scio | 1scot 1 1SCO0 _ 2

$34 {354) Reserved ,

$33 ($53) TCCRO - i - | - [ } ] - [ csoz [ cspi | csto 29

$32 ($52) TCNTO Timer/CounterQ (8 Bit) 30

$31 (§51) Reserved

$30 ($50) Reserved

$2F (B4F) TCCRI1A COM1A1 COM1AD COM1B1 COMIBO - - PWM1I . PWHMI0 3z

B2E (S4E) TCCRIB JCNCH ICES1 - - CTC1 Cs12 s i C510 33

320 (540) TCNTIH Timer/Counter1 - Counter Register High Byte 34

$2C {$4C) TCNTIL Timer/Counter1 - Counter Register Low Byte 34

$2B (34B) OCR1AH TirnerCounter1 - Qutput Compare Register A High Byte 35 i
$24 (54A) OCR1AL Timer/Countert - Qutpu! Compare Register A Low Byte 35

$29 ($49) QCR1BH Timer/Counler! - Quiput Compare Register B High Byte 35

$28 (540} QCRI1BL Timer/Countert - Gutput Compare Register B Low Byte a5

$27 (3471 Resarved ]
526 (5486) Reserved

$256 (545) ICR1H Timer/Counter1 - Input Capture Regisier High Syte 36

§24 (344) ICRIL Timer/Counter1 - Input Capture Register | aw Byle 36

$43 ($43) Reserved

$22 (542} Reserved

$71 (541} | WDTCR - ] - [ - T WDTOE_ | WDE__| wDP2 | WDP1 | wDPQ 38

520 (340} Reserved

$1F ($3F) | Reserved - [ - | - [ . | - [ } [ - ] EEARS 39

$1E {$3E) EEARL EEPROM Address Register Low Byte a5

$1D ($3D) EEDR EEPROM Data Register 39

$1C ($3C) EECR - - - - - EEMWE EEWE EERE 40

%18 (338} PORTA PORTAT PORTAGE PORTAS PORTA4 PORTA3 PORTAZ PORTA1 PORTACQ 54

$1A (BIA) DDRA DDA7? DDAB DDAS DDA4 ODA3 DDAZ DDA DDA 54

$19 (339) PINA PINAT PINAGE PINAS PINA4 PINA3 PINAZ PINA1 PINAG 54

$1B ($38) PGRTB PORTBY PORTBG PORTBS PCRTB4 PORTH3 PORTB2 PORTE1 PORTBO 56
S17{%37) DDRB ooB7 DDRe DDBS DCB4 DDB3 DDE2 DDB1 [3]8]20] 56 i
$16 {$36) PINB PINB7 PINBE PINBS PINB4 PINB3 PINB2 PINB1 PINBD 56

$15 ($35) PORTC PORTCY PORTCE PORTCS PORTCA FPORTC3 PORTC2 PORTCA PORTCO 61

$14 {534} NDRC bpC? DDCE DDCS DDC4 [nja]ex] DDC2 DDC1 DoCo 61 )
$13($33) PINC PINCY PINCE PINCS PINC4 PINC3 PINC2 PINCA PINCC 61

$12 (532} PORTD PORTDY PORTD6 PORTDS PORTD4 PORTDA PORTDZ2 PORTD1 PORTDRO 63

$11 (331) DDRD DoDD7 DOD8 DDDS DDD4 oDo3 DDD2 o]a]8)] | DDDO 63

510 ($30) PIND PIND?7 PIND& PINDS PIND4 FIND3 PIND2 PIND1 : PINDO 63 }
$OF ($2F) SPFDR SPt Data Register 45

$O0E (S2E) | SPSR SPIF WCOL - B } } . R Py

00D ($2D} SPCR SPIE SPE DORD MSETR CPOL CPHA SPR1 SPRQ 44

$0C {$2C) UDR UART 11O Dala Register 48

$0B {$28) USR RXC TXC UDRE FE COR - - - 48

$0A (524} UCR RXCIE TXCIE UDRIE RXEN TXEN CHRY RXBE8 TXBE 49

$09 ($29) UBRR UART Baud Rale Register 51

S0B ($28) | ACSR ach | - [ Aco | acl | aclE | acic [ acist 1 ACISO 52

Reserved
500 ($20) Reserved

ATO0S S515 1 s ———
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AT9058515 Instruction Set Summary

Mnemonics l QOperands l Description J COperation Flags #Clocks |
_ARITHMETIC AND LOGIC INSTRUCTIONS .
ALD Rd, Rr Add two Reqg slers - "Rd < Rd+Rr TONVH T
ARG Rd. Rr Add with Carry twa Registers Rd«-Rd +Rr+C 2Z.CNVH 1
AW RdlK Add Immediale lo Word Rdh Rdl « Rdh:Rdl + K ZCNVS 2
SUB Rd, Rr Subtract two Regislers Rd « Rd - Rr ZCMNVH 1
_sugt _ Rd, ® Subtract Canstant from Register Rd « Rd_K_ ZENVH 1
_SEC Rd. Rr 1 Subtract with Carry two Regislers 7 Rd«-Rd-Rr.-C ZCNVH 1
SGC Rd. K Subtract wilh Carry Constant frorn Reg Rd—Rd-K-C ZCNVH [
SEIW Rl K Suzteact Immediate ‘ror, Word | RdFRdl - Rl - K ZCNVS 2
AND Rd. Rr Logical AND Registers R « Rd » Rr 2NV 1]
_ANDI | Rd. K Logical AND Register and Constant R «- Rd s K ZNV 1
OR ! Ra, Rr Logical OR Registers | Rd« RdvPRr ZNV ]
| ORI | RaK Logical OR Register and Constan Rd «— Rdv K ZNV 1
|_ECR Ra, Rr Exclusive OR Registers Rd«— Rd @Rr ZNV 1
' COM Fd QOne's Compiement Rd « $FF - Rd ZCNV 1
_NEG Rd Two's Complement Rd «- $00 ~ Rd ZCNVH 1
} SHR Rd K Set Bit{s) in Regisler Rd« RdvK ZNV 1
CER Rd,K Clears Bil(s} in Register _ Rd «— Rd « {(§FF - K) ZNNV 1 ]
INC Rd Incremant Rd <- Rd +1 ZNV 1
_DEC B Rd Decrement _JRdeRg-1 ZNV 1
TS57 Rd Test for Zero or Minus Rd — Rd » Rd ZNV 1
CLR Rd Clear Register Rd «— Rd @ Rd ZNV 1
SER Rd Sel Register Rd : . §FF None 1
BRANCH INSTRUCTIONS
RJIMP k Relative Jump PC+—PC+k +1 Naone 2
IUMP Indirect Jump to {Z) PCZ None 2
{ RCALL k Relative Subrouting Call PC e PC+k+1 None 3
ICALL Indirect Call io (Z) — PC e« 7 None 3
RET Subroutine Return PC « STACK None 4
RETI Interrupt Return PC « STACK | 4
i CPSE Rd.Rr Compare, Skip if Equal T{Rd=RrPC+—PC+20r3 None 1/2
CF Rd,Rr Compare Rd - R Z, NV.CH 1
CrC Rd.Rr Cornpare with Carry Rd-Rr—C Z NMCH 1
+ CPI Rd.K Compare Register with Immediale Rd -K ZNVCH 1
{ SBRC Rr, b Skip if Bit in Regisler Cleared T{RAB=0)PC + PC+20r3 None 112 ]
|_SBRS Rr. b Skip 1 Bit in Register is Set i (Rr{b)=1)PC PC+20r3 None 1/2
| SBIC P. b Skip 1 Bit in /O Regisler Cleared if (P{b)=0)PC « PC+20r3 None 1/2
SBIS P.b Skip i Bit in /O Register is Set F(PD)=1)PC~PC+20r3 Nong 112
BRBS s k Branch if Status Flag Set F(SREG(s) = 1) then PC—PC+k + 1 Nong 112
8RBC s k Branch if Status Flag Cieared it {SREG(s) = 0) then PC—PC+k +1 None 1/2
BREQ k Branch if Equal d{Z=1)then PC « PC + k +1 MNane 12
BRNE k Branch if Not Equal F{Z=0)then PC « PC+k +1 None 1/2
BRCS K Branch if Carry Sel d{C=1thenPC &« PC+k+1 None 112
BRCC % Branch if Carry Cleared if(C=0)then PC < PC+k+1 None 1/2
BRSH K Branch if Sarme or Higher if{C = D) then PC « PC +k +1 None 112
BRLO k Branch if Lower H{C=NthenPC—PC+k+1 None 112
BRM! k Branch if Minus f(N=1)then PC « PC+k+1 None 112
BRPL 1k Branch if Plus H{N = 0) then PC + PC + k + 1 None 112
BRGE k Branch if Grealer or Equal, Signed fIN®V=D0)then PC « PC+k +1 None 1/2
BRLT k Branch if Less Than Zero, Signed FIN@V=1)then PC + PC +k +1 None 102
BRHS k Branch if Half Carry Flag Set if(H=13then PC « PC+k+1 Nong 112
BRHC k Branch if Halt Carry Flag Cleared . if(H=0}then PC « PC+ k +1 None 12
BRTS k Branch if T Flag Set e f(T=Nthen PC e PC+k +1 Nonre 112 ]
BRTC K Branch if T Flag Cleared H(T=0)then PC « PC +k +1 None 1/2
BRVS k Branch if Overflow Flag is Set it (W =1)thenPC « PC+k + 1 None 1/2
BRVC k Branch if Overflow Fiag is Cleared if (V=0)then PC «~ PC + k + 1 Nope 1/2
BRIE k Branch if Interrupt Enabled H{l=1}thenPC + PC+ k+1 None 2|
BRID k Branch if Interrupl Disabled if (1=0)then PC « PC + k +1 Nong 1/2

AIMEL
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AT90S8515 Instruction Set Summary

Mnemonics I Operands ‘ Description Operation * Flags l #Clocks
_DATA TRANSFER INSTRUCTIONS _ N o o B
MOV B Rd, Rr Move Between Registers Rd — Rr ; MNonge 1
_Lol Rd K Load Immediate Rd <K | None 1
LD | Rd.x Load Indirecl Rd — (X) I Mane 2]
LD | Rd. x+ Load indirect and Post-Inc Rd — (X}, X = X +1 ! tione 2
LD Rd. - X Load indirec! and Pre Dec Ko X -1 Rd e (X} . Mone ] 2 -
_EQ Rd ¥ Laad Indirect Rd. (¥) e " Hone 2 ]
LD o Rd, Y+ Load Indirect and Post-Inc Rd«e (Y], Ye-Y+1 i None 2 B
__L_D Rd, -Y Load indirect and Pre-Dec Yo ¥ -1, Rae- (V) . MNone Z2 ]
LDD . Rd Y+q Load Indirect with Dispiacement Rd « (Y +q) Mone 2
LD Trd.z Load Indirect Rd « (2) None 2]
LD Ryg, 7+ Load Indirect and Post-Inc. Rd«— (Z). 7 v Z+1 Mone 3
[15) Rd, -Z Load Indirect and Pre-Dec. ZeZ2-1.Rd<- {2} Mone 2 :
LDOD _|.Rd, Z+g Load Indirect with Dispfacement Rd «— (Z+q) Nane 2
LDS Rd, k |.oad Direct from SRAM Rd « {k} MNone 2
3T X Rr Store Indirect {X) +- Rr None 2|
1 X+, Rr Store Indirect and Pest-Inc () Rr, XX+ 1 I None 2
ST - X, Rr Store Indirect and Pre-Dec X X-1,(X)—Rr ! None 2
57 Y.Rr Store Indirect {¥}+Rr i None 2 T
5T ¥+, Rr Store Indirect and Pgst-Inc (Y]« Rr Ye-¥+1 None Z
ST -Y.Rr Store Indirect and Pre-Dec Ye—Y-1{¥}=Rr Ncne 2
STD Y+q.Rr Store Indirecl with Displacement {Y+q)«Rr None 2 -
ST Z,Rr Store tndirect {2}« Rr i None 2
57 Z+ Rr Stare indirect and Post-inc. Z}e—RrZ—Z+1 None z
ST -Z, Rr Stare Indirect ang Pre-Dec. Z+Z-1,1Z)« Rr None 2
_8TD Z+q,Rr Store _Indirect with Displacemeant {£+ag)— Rr i None 2 -
515 TkRe Store Direct to SRAM {k} — Rr i None 2 "j
LPM Load Program Memory RO« (Z) None 3
IN Rd, # in Pon Rd « P Nene 1
ouT P, Rr Out Port P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr Norie 2
PR Rd Fop Reqwiter Jrom Stack Rd - STACK None 2
_BIT AND BIT-TEST INSTRUCTIONS
58l Pb Set Bit in I!0 Register I1O{P b) — 1 T None 2
“cal Ipo Clear Bil in /0 Register VO(P.b) — O None 2 |
L5L Rd Logical Shift L eft Rd{n+1) « Rd{n), Re{0) «— 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) « Rd{n+1), R&{F)+ 0 ZCNNM 1
ROL Rd Rotale Left Through Carry Rd(0)«C.Rd{n+1}— Rd(n).C«Rd(7) ZCNV 1
" ROR Rd Rotate Right Through Carry Rd(7)C.Rd{n}— Rd(n+1),C«Rd{0) ZLCNV 1
" ASR Rd Arithmetic Shift Right Rd(n) « Rd{n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3. 0)--Ra{7.4)}.Rd(7. 4)-Rd(3..0) None 1
. BSET 5 Flag Set SREG(s) — 1 SREG(s) 1 _
BCLR ) Flag Clear SREG(s)— D SREG{s) 1
| BST Rr. b Bit Store from Register to T T « Rr{bl T 1
"BLD 1 Ra.b Bit Ioad from T to Register Rd(b) « T None 1
| SEC - Set Carry Ce1 C 1
"o Ciear Carey Ce 0 C 1
SEN B Set Negative Flag N 1 i N 1]
'“QLN %_ Clear Negative Flag N«0 N 1 N
| SEZ Set Zero Fiag 21 Z 1 N
" CLE Clear Zero Flag Z«+0 Z 1
| SEb Glabal Interrupt Enable le-1 1 1
| CLl Global Interrupt Disable (] I 1 ]
SES Set Signed Test Flag S S 1 ]
CLS Clea: Signed Test Flag S« 5 4 |
SEV Set Twos Compiement Overllow. Ve \4 1
CLV Clear Twes Complement Overflow V0 PV 3 N
5ET SetTin BREG Te1 T 1
CLT Clear T in SREG Te-Q P T 1
SEH Set Hall Carry Flag in SREG He- 1 | H 1 1
CLH Clear Half Garry Flag in SREG He 0 H 1
NOP No Operation None 1
SLEEP Sleep {see specific descr. for Steep funclion) Nane 3
WDR Watchdog Reset {see specific descr. for WORRimer) Nane 1 |
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The LWM-433H is u miniature PCB |
mounting FSK data transceiver module. The
LWM-433H is a dual channel data transceiver
module designed to operate in 433 MHz ISM
Sfrequency band. The module cnables the
siniple implementation of a data fink at 5 mW
transmitted power and data rate of 4800 or
9600 bit/s. LWM-434H module enables half-
duplex directional wireless connectivity using
SV battery powered or handheld applications.

s 433.93 or 434.33 MHz version

» Frequency Shift Keying (FSK) transceiver for digital data transmission

e  Operate with 5 VDC supply (Vee)

¢« 5mW (+7 dBm} output power @ 5 VDC supply

¢ Low current consumption <25 mA @ 5 VDC supply

* -105 dBm receiver’s sensitivity @ supply = 5 VDC. BR = 9600 bit/s and BER < 10~
* Standard UART data connectivity

e Data rate 4800 or 9600 bit/s in packet mode

¢ Continues data up to 4000 bytes per packet in package mode

¢ Data rate 1200 to 9600 bit/s in direct mode (not available now)

* Usable range up to 500 meters in open ground (used with AMB-434UM)
¢ Crystal based oscillator

* High trequency stability with frequency error < 100 ppm

e Small size and very low cost

¢ Enable facility

The LWM-433H module is a high performance-data transceiver module. With high effictency and
high data rate, the modules will suit one-to-one and multi-node wireless links. Because of their small size.
high pertormance and low voltage requirement a module is ideal for use in portable, battery-powered
applications such as alarm and security system. automatic meter reading (AMR). home automation, remote
control. surveillance. wireless communication, EPOS and inventory tracking. remote industrial process
monitoring and computer networking,
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Block diagram

Vee (pin 17) DC power supply at 5.0 VIDIC

ID4 — 1D {pin 11-15) 4 bits identify code for selection of receiver in communications
TxD (pin 4) Transmitted data input {U{ART-RxD)

RxD (pin §5) Received data output {UART-TxD)

RST (pin 3) Master reset of micro-controller (build-in)

MO (pin 6) Bit raic selector. fowic =17 for 9600 bit/s and 0™ for 4800 bit/s.

This pin used for package transfer mode only.

Ml (pin 7) Mode selector, logic =17 for packet transfer mode and logic “07
for real-time transter mode fRed-tiame ot no avaifabic now}

M2 (pin &) Request to send (RTS) used to transmit data in real-time mode,
active high at this pin to turn on transmitter and active low to turn
on receiver (. Nof aitiluble o)

page 2
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Vi
iption: (continue)

FS (pin i6) Frequency selector, logic =07 for 433.93 Mtz and logic 1™ for
434.33 MHz frequency operation

RF infout (pin 1) 5002 RF input from antenna connected to this pin and DC isolated
internally. (300 antenna are recommended for high efficiency
data transmissions)

GND (pin 2,910,18) Ground pin {these pin should be connected to RF return path)
|
KT v
O dsrme
LW -4331H
top view
I9.95 mm
32 mn.
|[6] st o
o] 1 o]
119l o]
- 0] o]
T 5] o]
v |19 [©]

| '
1} 1)
| — 2445 ;. —> !
' [}
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QOperating temperature:
Storage temperature;
Opcerating supply voltage:
Antenna (pin 5):

i E'Fa' Specifications:

(0 °C 1o +35°C
A3 0 w0 H8SRC
6 VDU

+ 50 VDC

Parameter Conditions Min Typ Max Unit
Povec Main supply voltage Vee at pin 17 4.5 5.0 5.5 \Y
i . - T
‘ lee Main supply current lee at pin 17 @ Vee=5Y 25 ! mA
I P e B - —
“ Input logic *1™ at pin 15-11 Vee-0.1 Vee Veet0.6 v
\. IN4-110 | ldentify code -
)» {nput logic “0” at pin 15-11 -0.1 ¢ 0.8 v
i s Master reset II_Normal operation @ pin 3 -0.1 0 1.2 v
| \ . 4 X - ‘ e — —r————— A T
l I (Active high) ! Reset operation @ pin 3 Vee-0.1 Yee Vee+(.0 \%
{ ,,,,, i et o e
: : UART received Data Input logic =17 at pin 4 Vee-0.1 Yee Vee+0.6 Vv
BB (Normal High Level — o B
(Normal High Level) i Inputiogic “0™ at pin 4 -0.1 0 0.8 Vv
N UART transmitted Data Input logic *17 at pin 5 Vee-0.1 Vee | Veet+0.6 Vv
UD 1 (Normal High Level : o i
(Normal High Level) i Input logic *0” at pin 5 -0.1 0 0.8 \Y
Bit rate selector Input logic *1” at pin 6 Vee-0.1 Ve Veet.6 vV o
MO (40 for 4800 bit/s) — ‘ e
| (*1”" for 9600 bit/s) Input logic “0™ at pin 6 0.1 0 0.8 v
Mode selector Input logic *t at pin 7 Vee-0.1 Vee o Veetho Vv
ML (<0 for real-time made) - o oo - ' ——
] (0™ for package mode) [nput logic *0™ at pin 7 -0.1 0 i 68 IV
Doy | Maximum Data 5 in package mode 4000 ; byte
Request to send Input logic *1” at pin 8 Vee-0.1 Ve Veet0.6 A% ‘
M2 (in real-time mode) — m e - - !
High = Tx, Low = Rx Input logic “0” at pin 8 -0.1 0 0.8 v o
J— e — - "
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1] Specifications: (continue)

o e —_ ! e
i Symbol ‘ Parameter ‘ Conditions [ Min 1 Typ Max Unit i
j | Freguency selector Input logic “1™ at pin 16 J Veelll 1 Ve | Veer0.6 { v .‘t
1 ps {0 for 433.93 MHz) e —————— S T S S
(“1” for 434.33 MH7z) Input fogic “07 at pin {6 | 0.1 ! 0 0.8 Vo
R ! —— | — |
Output frequency 433.93 MHz operation i 433.88 } 433.93 43398 MHz
o | {**0™ Tor 19200 bit/s) T ] '*‘k“k‘lgk“h—““* e
(17 lor 9600 bit/s) 434.33 MHz operation [ 43428 | 434.33 43438 | MHz
Fer Frequency Error 43393 and 43433 MHz S0 ‘, 70 100 ppm
SR —+ . S I
Po Output power | Output power @pint 1 | 45 +6 mw
hA Second harmenie 25°C l*{ i -30 -20 dBc
e W e 1 S|
Niote: Case temperature = 25°C, Test source impedance = 50 ohms.
HOME PAGE: htip://www.p-Hz.com page 5
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