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ABSTRACT
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The thesis is separated into two parts, hardware and software. The hardware consist of IC
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TsunsuiildululnsnouTnsanisdumads
/*ttt*i!#t#tt#t*##tt##*#*tt#iiit*t*t*#tt#tt#*tl#*t#/
Hpragma codc

#include <reg51 h>

#include <intrins h>

#include <stdio h>

#include <trw_tx.c>

#include <delay.c>

#include <serial ¢>

unsigned char ans,comp=0;
unsigned char 1,

bit w,

/t*l*t*‘*..t#ti*t##*tt/

/* interrupt rs-232 */

JRREE RN AR

void scrial_inter(hinterrupt 4

{

if[RI)

{
ans=SBUF,

if(comp==ans)

comp=ans;

RI=0,



ifiTh

TI=0:;

l#**#*t*ltitttt*t*“**#***#t*i‘*"F**t*tt#.#*'ill

T Main Program */

ji.#**#-*.**ti**#t**t*tii#*ttt#lii**t.*t#*t*tt*tl

void mamwn {(void)

{
scnal();
delay_1ms(500),
TX_LED = 0;
delay_1ms(500),

TX_LED =1,
Data =0,
CLK1 =0,
CE =0
CS =0

delay_ 1ms(250),

config_ TRW24(1), // mode | to send mode

delay _ims(100),
while(1)

{

switch{ans}

{



casc Ox61. /fgo

iflw==1)
{
dclay _1ms(50);
iflans==0x61)
{
TX_LED =0,
send_TRW24(0x41);
SBUF =0x41,
TX _LED=1;
;
;
break,
i 1
casc 0x62: /! back
iflw==1)
{
delay_1ms(50);
iflans==0x62)
{
TX_LED =0;
scnd_TRW24(0x42),
SBUF = 0x42,
TX LED=1;
}
}
break;
H /f
casc 0x63 i left
iMw==1)

{
delay_1ms{50):



iflans==0x63)
{
TX_LED =0;

send_TRW24(0x43);

SBUF = 0x43;
TX_LED =1,

H

i

break;
== /!
case Ox64 / right
iflw==1)

{
delay 1 ms(50);

1flans==0x64)

{
TX_LED = 0;
send_TRW24(0x44),
SBUF = 0x44:
TX_LED =1,

}

}

break;
i ===/
case 0x65 /! motor 1

iflw==1)

{
delay_1ms(50);

iflans==0x65)

{
TX_LED =0,

send_TRW24(0x45).



SBUF = 0x45;

TX_LED =1,
}
}
break;
ff== i
case 0x66. /f motor 2
1f{lw==1)
{
delay_1ms(50);
iflans==0x66)
{
TX_LED =0;
send_TRW24(0x46);
SBUF = 0x46;
TX_LED =1;
h
!
break;
i i
case 0x67 /{ motor 3
1w==1)

{
delay_1ms(50),
lans==0x67)
{
TX_LED =0,
send TRW24(0x47),
SBUF =0x47,
TX_LED =1,



break:

break,

break;

i 1/
casc 0x68: // motor 4
iflw==1)
{

delay_1ms(50);
iflans==0x68)
{

TX_LED =0,

send_TRW24(0x48),

SBUF = 0x48;

TX LED =];
}
}
i i/
case 0x69 /f set esc
if{w==1)
{

delay_1ms(50);
10ans==0x69)
{
TX_LED=0;
send_TRW24(0x49);

SBUF = 0x49,
TX_LED = 1,

}

i

It /"

case Ox6A: f/ up
iw==1)



break;

break;

delay 1ms(50),

1flans==0x6A)

{
TX_LED =0,
send_TRW24{0x50),
SBUF = 0x50;
TX_LED =1,

}

‘

1t /f

case 0x6B: // down
iflw==1)
{
delay_1ms(50);
iflans==0x6B)
{
TX_LED = 0:
send_TRW24(0x51),
SBUF =0x51;
TX_LED = |;

b 1/
casc 0x6C. // test 4 rotor
iflw=1)
{

detay_Ims(50);
iflans==0x6C)
{



break,

break;

TX_LED =0;
send_TR W24(0x52);
SBUF =0x52,
TX_LED =1,

i 1
case 0x6D // 4 rotor stop
iflw==1)
{
delay 1ms{(50),
iflans==0x6D)
{
TX_LED =0,
send TRW24(0x53);
SBUF = 0x53,

TX_LED = 1;

i =={{

default

SBUF=0x61;
TX_LED =0,
send_TRW24(0x61),

TX_LED = I;



f*t*i**#*ti#*#tt#*‘*,

f*interrupt R$-232 */

JEER R SRR AR R RS BN

voud serial()

{
SCON=0x50,
TMOD=0x20;
TH1=0xFD, // 9600 bps //

EA=1I:
ES=1,
TRI=1,
TI=t,

}

Jf

/l#**tti‘l*.**i*t#*tl

f*set TRW 24 GHz */

/#1***!#****!****#1,

sbit Data = P174; // Port send data to module 2.4G chanel |
sbit CLK1 =P173; #f Port Clock befor send data chanel 1
sbitCS =PIl"2; /{ Port chip select

sbitCE =PI, /f Port Enable Shift

sbit TX_LED = P3*7;

void dmsec{unsigned int count),

i

i
void Wait(unsigned int x)
{

unsigned nt 1,

for {i=0,i<x;1++)



!

[l====mmrssmrmmme e e === === == ——o==o======= ======={/
void CLK_TRW24(void)
{
CLK!l =0,
dmsec{1);
CLK1 =1,
dmsec(1),
}
i {/
void Write_ TRW24{unsigned char Dat)
{
unsigned char i,
bit Out;
for (1=0,1<8,1++)
{
Out = Dat & 0x80,
Data = Qut,
CLE_TRW24(),
Dat = Dat << [;
}
h
i =====/f

void config_TRW24( unsigned char Mode)
it
Wait(500),
CE=0;
CS=1;
Writc_TRW24(0x8E}, /* Reserved for testing */
Write_ TRW24(0x08), /* Rescrved for testing */

Write. TRW24(0x1C); /* Reserved for testing */



i

Write_ TRW24(0x08); /* Length of Bit Ch 2 */

Writc_TRW24(0x08), /* Length of Bit Ch 1 */

Write_TRW24(0xC0); /* Address 5 Byte Ch 2 */
Write. TRW24(0xAA);

Write_TRW24(0x55).

Write. TRW24(0xAA),

Write_ TRW24(0x55);

Write_TRW24(0xAA), /* Address 5 Byte Ch 1 */
Write. TRW24(0x55);

Write_ TRW24(0XAA);

Write. TRW24(0x55);

Wnte_TRW24(0xAA),

Writc_TRW24(0xA3); /* Number of Address bit + CRC */

Write_ TRW24(0x4F), /* RF Programming */

if (Mode == 1) /* Tx Mode */
{

Write_TRW24(0x14);
}
clse /* Rx_Mode */
{

Wnte TRW24{0x15);

Data=1,

CS5=0,
Wait(200),

1/



void send_TRW24(unsigned char dat)

{

}

!

7,
!

void dmsece (unsigned int count) // mSec Dclay 11.0592 Mhz

Wait(100);

Cs=0;

CE=1;

Write TRW24(0xAA),
Write_TRW24(0x55);
Wrnitc_ TRW24(0xAA),
Write TRW24(0x55);

Write_ TRW24(0xAA),

Wrnite_TRW24(dat}, / data
Wait( 100},
CLKI1 =0,
CE =0;
Wait(100);

/f address 5 byte send
/! address S byte send
/! address 5 byte send
/! address 5 bytc send

/! address 5 byte send

{

unsigned int i,
while (count)
{
1 =225, while (i>0) 1--,

count--,

/f

1



JEREREEEAERCRR R ]

/*delay 11.0592MHz*/

/**t*t**t**t*#t*t*/

/*void delay _Sus(void) //delay Sus

fint1;

for(i=0,i<1;1++);

}
4 ——=m====== i/
void delay_10us{int x) //delay 10us

{

int i;

for(i=0,i<x,i++)

_nop_{),

}
i i/
void declay_200us(int x) //dciay 200us

{int iy,

for(i=0;i<x,it+)

for(j=0,)<20,j++),

i/
i 1/
void delay_1ms(int x) //delay 1ms

{

intij,
for(1=0,i<x,i++)
for(j=0,j<100,j++),

t
I 1/




TsunsuildluluTasnouInsanesdiuninsy

/#t.‘*tttt‘l*‘****tt!t***tt***‘*#ti**tttt‘it*i****#/

#include <reg51 h>
finclude <intrins.h>
#hneclude <stdio.h>
fHinclude <scrial.c>
#include <sct_esc.c>

ffinclude <dclay_10us.c>

I‘***t"“i*t*i.*‘i***t*-'*‘..‘.’.t‘i“‘*“*t***.*‘./

* Decfine I/Q Port

*f

/***it#*.i**t**tti*it“***#i.l**t**t*i#iﬁ*l*****t/

unsigned char 1,j,mode;

sbit Data =P174;
shit CLK1 =Pl1~3,

sbit DR1 = P1/5;

sbit CS  =PpP1~2,

sbitCE  =Pi™0;

sbit motorl = P375;
sbit motor2 = P374,
sbit motord = P33,

sbit motord = P3°2,

/l’

/{ Port send data to module 2 4G chanel |
/! Port Clock befor send data chanel |

/f port scicct data to chanell

/f Port chip select

void Wart(unsigned int x)
{
unsigned int 1;
for (i=0,i<x,i++)

{



II**I**!‘#*‘**ﬁ**‘**t*t*t*t*‘**l**li*‘*!lt!t#t!t*/

/* Subrutine for Delay time */

Il**l**tﬂiii‘*t*****#*#***t*lt#l*t*i*!t#t*l*1****/

void dmsec (unsigned int count) // mSec Delay 11.0592 Mhz
{
unsigned int i,
while (count) {
i=225; while (>0} i--,

count=-,

}
I 1

void CLK_TRW24(void)

{
CLKI1 =0;
dmsec(1);
CLKl=1;
dmsee(1);
}
1 i1

void Write_ TRW24(unsigned char Dat)
{
unsigned char i,
bit Out,
for (i=0;1<8;i++)
{
Out = Dat & 0x80;
Data = Out;
CLK_TRW24();

Dat = Dat << 1,



I S /1
void config_ TRW24( unsigned char Mode)
{

Wait(500),

CE=0,

Cs=1,

Write TRW24(0x8E), /* Reserved for testing */

Write_TRW24(0x08), /* Reserved for testing */

Write. TRW24{0x1C), /* Reserved for testing */

Write. TRW24{0x08); /* Length of Bit Ch 2 */
Wnite_ TRW24(0x08); /* Length of Bit Ch 1 */

Write_ TRW24(0xC0); /* Address 5 Byte Ch 2 */
Write._ TRW24(0xAA):

Write_TRW24(0x55);

Write_TRW24(0xAA);

Wnte_TRW24(0x55),

Write. TRW24{0xAA), /* Address 5 Byte Ch | */
Wnite_TRW24(0x55);

Writc_ TRW24(0xAA),

Write. TRW24(0x55);

Write. TRW24(0xAA);

Writc_TRW24(0xA3), /* Number of Address bit + CRC */

Write_ TRW24(0x4F), /* RF Programming */

if (Mode == 1) /* Tx Mode */

{
Writc_ TRW24(0x14);



clse /* Rx_Modc */
i
Write_ TRW24(0x15);

Data=1; DRI=l; CE=1;

Wat(500),
}

i
unsigned char Read_TRW24(void)
{

unsigned char 1, Temp;

bit Out,

Data=1; //P1"4 input
for (i=0,i<8;1++)
{
Temp =Temp << 1; HTemp = 0x00
CLKl=1;
Wait(50);
QOut = Data;
if (Out)
{
Temp = Temp + 0x01,
H
CLK1=0,
Wait(50),
}

rcturn{Temp);



i —
/*****#t#t*tt*t*t*#t**ttitti!*i**lti*#t**t*t*#*#*/
* Mian Program */
/##***-#‘**t*i###."**t#t#****t*tttti*#‘l“t!*‘t‘/
void main (void)
{

unsigned char DATA;

/fsenal(),

ftprintf(Mite”);

delay 10us(1),

DATA = 0xFF;

DRI =10;
CLKI=10;

config_ TRW24(0), // mode rx
set_esc();
while(1)

{

while (DRI = 0);

DATA = Rcad TRW24();
Hprntf("%c" . DATA),
delay_10us(1),

switch(DATA)

{

casc Ox41 figo

for(1=0:i<3;i++)
motor1=0x01; // ml
delay_10us(76),

motor1=0x00;

1



break;

dclay 10us(1155);
molor2=0x01: // m2
dclay_10us(80);
motor2=0x00;
delay_10us(1155),
motor3=0x01, / m3
delay_10us{80);
motor3=0x00,
delay_10us(1155),
motord=0x01, // m4
dclay_10us(84),
motord=0x00;

delay_10us(1145),

i

//

casc 0x42' // back

for(1=0:1<3:14++)

motor1=0x01, // ml
dclay_10us(82),
motor 1=0x00;
delay_10us(1145);
motor2=0x01; // m2
delay_10us(76),
motor2=0x00,

delay 10us(1155),
motor3=0x01, // m3
delay_10us(80),
motor3=0x00;
delay_10us(1155),
motord=0x01; // md
delay 10us(84);

motord=0x00;



delay_10us{1145);

brecak.

/!

I

casc 0x43 W cht

for(1=0;1<3;1++)
motor!=0x01; / ml
dclay_10us(82),
motor | =0x00,
dclay_10us(1145),
motor2=0x01, // m2
delay_10us(80),
motor2=0x00:
delay_10us(1155);
motor3=0x01; / m3
dclay_10us(80);
motor3=0x00;
dclay_10us(1155),
motord=0x01; // m4
delay_10us(76),
motord=0x00;
delay_10us(1155);

brcak;

y

casc 0x44, / right

for(i=0;i<3;i++)
motor1=0x01, // ml
dclay_10us(82);
motor1=0x00;
delay 10us(1145),
motor2=0x01; / m2
delay_10us(80),

motor2=0x00;

4



break;

delay_10us{1155),
motord=0x01; // m3
delay_10us(76),
motor3=0x00,

delay 10us{1155);
motord=0x01, // md
delay_10us(83),
motord=0x00;

delay 10us(1145),

i

ff

/*case 0x45: /{ motor 1

for{i=0:i<3,i++)

break,

motor1=0x01; // ml
delay 10us(67);
motor1=0x00,

delay 10us(1175);
motor2=0x01, // m2
delay 10us(67).
motor2=0x00;
delay_10us(1175);
motor3=0x01; # m3
delay_10us(67),
motor3=0x00,
delay_10us(1175),
motor4=0x01, // md
delay_10us(67);
motord=0x00,

delay 10us(1175);

f#

==

case 0x46 /{ motor 2



for(i=0.i<3 1++)
motor|=0x01; // mli
delay_10us(78);
motor 1=0x00,
delay_10us{1155);
motor2=0x01, //m2
delay_10us(76);
motor2=0x00;
delay 10us(1155),
motord=0x01; # m3
delay_10us(76),
motor3=0x00;
delay 10us(1155),
motord=0x01; // m4
delay 10us(79),
motord=0x00,
delay 10us(1155),

break,

i 1/
casc 0x47 /f motor 3
for(1=0,i<3;1++)
motor1=0x01; / ml
delay_10us(82);
motor | =0x00,
delay_10us(1145),
motor2=0xQ1, // m2
delay_10us(80);
motor2=0x00,
delay 10us(1155Y;
motor3=0x01, /f m3
delay_10us(80);

motor3=0x00;



delay_10us(1155).,

motord=0x01; // m4

delay_10us(83);

motord=0x00,

delay_10us(1145),
break:

I i

casc 0x48 // motor 4

for(i=0,i<3;1++)
motor1=0x01: // ml
delay_10us(106),
motor] =0x00,
delay_10us(1125);
motor2=0x01, //m2
delay_10us(104),
motor2=0x00;
delay_10us(1125);
motor3=0x01t, / m3
delay_10us(104);
motord=0x00,
delay 10us(1125),
motord=0x0], / m4
delay_10us(107);
motord=0x00;
delay_10us(1125),

break,*/

1/ //

case 0x49 //set esc
set_esc(),

break,

i i



/*casc 0x50: ff up

for(i=0.i1<3:1++)

break,

it

motor1=0x01; / ml
delay_10us(72);
motor 1=0x00:
delay_10us(1165),
motor2=0x01; // m2
dclay_10us(70);
motor2=0x00;
delay_10us(1165),
motor3=0x01; // m3
delay_10us(70),
motor3=0x00,

delay 10us(1165);
motord=0x01; // m4
delay_10us(73);
motord=0x00;

delay_10us(1165);

case Ox5 1 {/ down

for(i=0,1<3.i++)

motor1=0x01; / ml
delay_10us(80);
motor 1=0x00,
delay_10us(1155),
motor2=0x01; // m2
deiay_10us(78),
motor2=0x00,
delay_10us(1155),
motor3=0x01, // m3

delay_10us(78);



break,

motor3=0a00,
delay_10us(1155);
motor4=0x01, /# md
delay_10us(82),
motord=0x00;

delay_10us(1155);

H

ffcasc 0x52.

/*for(1=0;1<3 1++)

break,

motor1=0x01, // ml
delay_10us(72),
motor 1=0x00,
delay_10us(1165);
motor2=0x01; // m2
delay_10us(70);
motor2=0x00;
dclay_10us{1165),
motor3=0x01; / m3
delay_10us(70);
maotor3=0x00;
delay_10us(1165);
motord=0x01; // m4
delay_10us(73);
motord=0x00;

delay_10us(1165),

/! test 4 rotor /* *test**/

i

case 0x53:

for(1=0:1<3.1++)

motorl=0x01, / ml

delay_10us(83);

/1 4 rotor stop

"

i



motor 1=0x00;

delay_10us(1145},

motor2=0x01: // m2

delay 10us(80);
motor2=0x00:

delay_10us(1155).

motor3=0x01, // m3

delay_10us(81),
motor3=0x00,

detay_10us(1155),

motord=0x01; /# md4

delay_10us(81);
motord=0x00,
delay_10us(1155),

break,*/

I
default.
sel_esc(),
b

}

SET ESC
void set_esc();

void timc_set{int count).

shit m_1=P372,
sbit m_2=P3"3;
sbit m_3=P3"4,

sbit m_d=P345,

1



voud sct_csc() //*set esc*//
{
nt 1,
for(i=0,i<10;i++)
{
m_1=0x01,
m_2=0x01;
m_3=0x01,
m_4=0x01,
time_set(50),
m_1=0x00,
m_2=0x00;
m_3=0x00,
m_4=0x00;,
time_sct(1200);
¥
}

void time_set(int count} //*delay 10us*//
{

int1;

for(1=0,1<count;i++)

_nop_(),

}
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Features

+ Compatible with MC5-51™ Products

* 4K Bytes of Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

3.0V to 6V Operating Range )

Fully Static Operation: 0 Hz to 24 MHz

Two-Lavel Program Memory Lotk

128 x §-Bit Internal RAM

16 Programmabie VO Lines

Two 16-Bit Timer/Countars :

Six Interrupt Sources 8-B lt

Programmable Serial UARY Channel -
Direct LED Drive Outputs Microcontroller
On-Chip Analog Comparator .

Low Power Idle and Power Down Madas W!th 4K Bytes
Brown-Out Detection

Flash
Description

The AT89C4051 is a low-voltage, high-performance CMOS B-bit microcomputer with
4K Bytes of Flash programmable and erasabie read only memory (PEROM) The § AT89C4051
device is manufactured using Atmel's high density nonvolatile memory technology . .
and is compatible with the industry standard MCS-51™ instruction set. By combining Pre||m|nary
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C4051 is a pow-
erful microcomputer which provides a highly flexible and cost effective solution to ﬂ
many embedded control applications.

The AT89C4051 provides the following standard features: 4K Bytes of Flash, 128
bytes of RAM, 15 I/ Iines, two 16-bit timer/counters, a five vector two-level intermupt
architecture, a full duptex setial port, a precision analog comparator, on-chip oscillator
and clock circuitry In addition, the AT89C4051 1s designed with static logic for opera-
tion down 1o zero frequency and supporls two software-selectable power saving
modes The Idle Mode stops the CPU while allowing the RAM, timer/counters, senal
port and interrupt system to continue functioning. The Power Down Mode saves the
RAM contents but freezes the oscillator disabling all other chip functions umiil the pext
hardware reset.

Pin Configuration

PDIP/SOIC
RSTAPP O] 1 20 \:v Ve
(RXDy P3.0 O 2 18 13 P17
(TXD) P3.1 I} 3 1B P1E
xTarz O 4 7 5 piLs
XTaL1 O & 6Pl
(N P32 @ 1513 PL3
(INT1)P3.3 00 7 14 Emz
(ThyPaac]e 13 1 P11 (AINT)
(T P35 9 12 {3 P10 (ALNGY
GND O 10 11 [3 P37

Rev {001A-D2/9D

AINEL
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Block Diagram

P3.0-P3.5

Veo |
RAM ADOR
GND REGISTER »| RaM FLASH |4
i b 3
= ¥ 5
4 3 A
v ¥ v
PROGRAM
B STACK <
REGISTER acc POINTER Py ]
A J
“4—» BUFFER |«
™P2 T™P1
PC -
ALU INCREMENTER
INTERRUPT, SERIAL PORT,
AND TIMER BLOCKS
r
. PAOGRAM |,
PSW COUNTER
TIMING  liNsTRUCTION Y. y 4
RST »  AND > DPTR L —p
cONTROL | REGISTER
¥
POAT 1 ’ PORT 3
ANALOG LATCH LATCH
COMPARATOR
0sC 4 A 4
PORT 1 DRIVERS I —4 PORT 3 DRIVERS
3 F Y r 57
"_'H'_‘ YYYYVYYVYYY vYYVYVYVYTY V¥
T_Ar:,k P1O-PLY
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Pin Description

Veeo
Supply voltage

GND
Ground. -

Port 1

Port 1 is an 8-bit biduwectional IfC port. Port pins P1.2 to
P1.7 provide intemal puilups P1 0 and P1.1 require exter-
nal pullups. P1.0 and P1 1 also serve as the positive input
{AIND) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator The Port 1 output
puffers can sink 20} mA and can drive LED displays directly
When 1s are wntten to Port 1 pins, they can be used as
inputs. When pins P1.2 to P1.7 are used as inputs and are
externally pulled low, they will source current (I ) because
of the intemal putlups.

Port 1 also receives code data during Flash programming
and vernfication.

Port 3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional HO
pins with intemat pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose QO pin. The Port 3 output buffers can
sink 20 mA When 1s are written to Port 3 pins they are
putied high by the internal pullups and can be used as
inpuls. As inputs, Port 3 pins that are externally being
pulled low will source current {I; } because of the pullups.
Port 3 also serves the functions of various special features
of the AT89C4051 as listed below:

Port Pin
P30 RXD {senal mput port)
P3n TXD {senal output port)

Altemate Funclions

P32 TNTO {external intetsupt )
P33 INTA (external interrupt 1)
Pl4 TO (timer 0 external input}
P35 T1 (tmer 1 external input)

Port 3 also receives some control signals for Flash pro-
gramming and verification

RST

Reget input All /O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cycles
while the oscillator is running resets the device

Each machine cycle takes 12 oscillator or clock cycles
XTALY

input to the inverting oscillator amplifier and input to the
internal clock operating circurt

AlmEL

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and autput, respectively,
of an verting amplifier which can be configured for use as
an on-chip gscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ shoutd be ieft
unconnected while XTAL1 1s dnven as shown in Figure 2.
There are no requirements on the duty cycle of the extemal
clock signal, since the inpul to the internal clocking circuitry
ts through a divide-by-two flip-flop, but mnimum and maxi-
mum voltage high and low time specifications must be
observed

Figure 1. Qscillator Connections

c2
I———I——4 XTAL2
c1 ]
XTAL1
GND

Note: C1,C2 =30 pF t 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Dnve Configuration

NG ——————— XTAL2

EXTERNAL
OSCILLATCR XTALY
SIGNAL
GND

i
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Special Function Registers

A map of the on-chip memory area called the Special Func-  User software should not write 1s 1o these unlisted loca-
tion Register (SFR) space is shown in the table below. tions, since they may be used in future products to invoke
Note that not all of the addresses are occupied, and unoc-  New features. In that case, the reset or inactive values of
cupied addresses may not be implemented on the chup,  the new bits wilt always be 0.

Read accesses to these addresses will in general retum

random data, and write accesses will have an indetermi-

nate effect.
Table 1. ATB9C4051 SFR Map and Reset Values
OF8H OFFH
OFOH B OF7H
00000000
OESH OEFH
OECH ACC OE7H
00000000
0D8H . ODFH
ODOH PSW 0D7H
00600000
OC8H OCFH
OCOH OC7H
0BSH P 0BFH
JOCX 00000
0BOH P3 0B7H
1111111
OABH IE 0AFH
0XX000G0
0ACH OATH
98H SCON SBUF 9FH
00000000 OO AXAAX
S0H P1 97H
11111111
8s8H TCON T™MOD TLO L1 THO TH1 BFH
00000000 00000000 00000000 | 00000000 | 00000000 | COOOOO00
80H sp DPL DPH PCON a7H
00000111 00C00000 | 00ODOODO 0XXX0000

4 AT89C4051 mwensssssssssssssssseesesss——
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Restrictions on Certain Instructions

The AT89C4051 is an economical and cost-effective mem-
ber of Almel's growing family of microcontrollers It contains
4K bytes af flash program memory. It is fully compatible
with the MCS-51 architecture, and ¢an be programmed
using the MC5-51 instruction set. However, there are a few
considerations one must keep in mind when ulilizing cerain
instructions to program this device

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which is
4K for the AT89C4051. This should be the responsibility of
the software programmer For example, LJMP OFEQH
would be a vatid instruction for the AT89C4051 (with 4K of
memory), whereas LJMP 1000H would not

1. Branching instructions:
LCALL, LUIMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
comrectly as long as the programmer keeps in mind that the
destination branching address must fall within the physical
boundaries of the program memory size (locations 00H to
FFFH for the 89C4051). Viclating the physical space limits
may cause unknown program behavior.

CJNE [.. ], DINZ[ .}, JB, JNB, JC, JNC, JBC, JZ, JNZ With
these conditional branching instructions the same rule
above applies. Again, violating the memory boundanes
may cause ematlic execution.

For applications involving interrupts the normal interrupt
service routine address locatons of the 80C51 famity archi-
tecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C4051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C4051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is exter-
nal PROGRAM memory execution Therefore, no MOVX
[...] instructions should be included n the program.

A typical 80C51 assembler will still assemble instructions,
even if they are wnitten in violation of the restrictions men-
tioned above It is the responsibility of the controlier user to
know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed {U) or can be programmed (P) to obtain the addi-
tional features listed in the table below;

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 u U No program lock features,
2 P u Further programming of the Flash
18 disabled
3 P P Same as mode 2, also venfy is
disabled
Nota. 1 The Lock Bits can only be erased with the Chip Erase
operation
idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idie mode can be terminated by any enabled
interrupt or by a hardware reset

P10 and P1.1 should be set to '0’ if no external pullups are
used, or setto '1’ if extemal pullups are used

i shouid be noted that when idle is terminated by a hard-
ware reset, the device normally resumes program execu-
tion, from where it left off, up to twa machine cycles before
the internal reset algonthm takes control. On-chip hardware
inhibits access to intemal RAM n this event, but access to
the pori pins is not inhibited To eliminate the possibility of
an unexpected write to a port pin when idfe is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Power Down Mode

In the power down mode the oscillator 1s stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-~
ters retain therr values until the power down mode is termi-
nated. The only exit from power down is a hardware reset,
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operaling level and must be held
active long enough to allow the osciliator to restant and sta-
bilize.

P1.0 and P1 1 should be set to "0’ i no externa! pullups are
used, or set to '1' if external pullups are used

AIMEL 5
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Brown-Qut Detection

When V¢ drops below the detection threshold, all port
pins (except P1.0 and P1.1) are weakly pulled high, When

Ve goes back up again, an intemal Reset 1s automatically
generated after a delay of typically 15 msec. The nominal
brown-cut detection threshold is 2 3V 1+ 10%.

Vee 23V £33V
PORT PIN L
INTERNAL RESET lﬂ_
15 msec '

Programming The Fiash
The AT89C4051 is shipped with the 4K bytes of on-chip
PEROM code memory array in the erased state {f ., con-
tents = FFH) and ready to be programmed The code mem-
ory array is programmied ane byte at a time. Once the

is al‘ra
S prg b4

entlre gr arn

lntem &gra'\!he ATSQC4051 contains an

intemal PEROM a 3&’%@ Wi isg s reset to

000H on the rising edge of RST ar{é%ﬁd Bytapriy;

ing a positive going pulse to pin XTAL1 Cally,

Programming Algorithm: To program the AT89C4051,

the following sequence is recommended,

1. Power-up sequence: )
Apply power between V¢ and GND pins
Set RST and XTAL1 to GND

2 SetpinRSTto'H'
SetpinP3.2to'H'

3. Apply the appropriate combination of 'H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the
programming operations shown in the PEROM Pro-
gramming Modes table.

To Program and Venly the Array:

4. Apply data for Code byte at location 000H to P10 to
P1.7.

5. Raise RST to 12V to enable programming

6. Pulse P3.2 once to program a byte in the PEROM amay
or the lock bits. The byte-write cycle is self-timed and
typically takes 1.2 ms,

7. To venly the programmed data, lower RST from 12V to
logic 'H’ level and set pins P 3.3 to P3.7 to the appropnate
levels. Quiput data can be read at the port P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pinonceto advance the interna) address counter
Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing

the address counter for the entire 4K bytes array or until
the end of the object file is reached.

10.Power-off sequence;
set XTAL1to 'L’
set RSTto 'L’
Tum Ve power oft

Data Polting: The AT89C4051 features Data Polling to

indicate the end of a write cycle During a write cycle, an

attempted read of the last byte wntten will result in the com-

plement of the written data on P1.7. Once the write cycle

has been completed, true data i2 valid on all outputs, and

the next cycle may begin. Data Polling may begin any time

after a write cycle has been intiated.

Ready/Busy: The Progress of s of byte programming can also

be monitored by the RDY/BSY output signal Pin P3.1is

pulled low after P3 2 goes High during programming to indi-

cate BUSY PJ.1is pulled High again when programming is

done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back wvia the data lines

for venfication.

1. Reset the intemal address counter to 000H by bringing
RST from 'L' to "H',

2. Apply the appropriate control signals tor Read Code data
and read the output data at the port P1 pins

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins

5. Repeat steps 3 and 4 until the entire array s read.

The lock bits cannct be verified directly. Verification of the

lock bits is achieved by observing that their features are

enabled.

Chip Erase: The entire PEROM array (4K bytes} and the

two Lock Bits are erased electrically by using the proper

combination of control signals and by holding P3 2 low for

10 ms. The code array is wntten with all *1°s in the Chip

Erase operation and must be executed before any non-

tlank memory byte can be re-programmed.

6 AT89C4051 musssssssesessssese———



s A T89C 4051

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000R, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed are
as follows. -
(000H) = 1EH indicates manufactured by Atmel
{001H) = 41H indicates 89C4051

Flash Programming Modes

Programming Interface

Every code byle in the Flash array can be written and the
entire array ¢an be erased by using the appropriate combi-
nation of control signals. The write operation cycle 1s self-
timed and once initiated, will automatically time itself to
completion )

All major programming vendors offer worldwide support for
the Atmel microcontroller series Please contact your local
programming vendor for the appropriate software revision,

Mode RSTVPP PLUPROG P33 P4 P3.5 P.T
Write Code Datal'X%) 12v L H H H
—~_
Read Code Datal" H H L L H H
Write Lock Bit-1 12v H H H
NS
Bit-2 12v H H L L
N
Chip Erase 2v @ H L L L
e
Read Signature Byte H H L L L L
Notes: 1. Theinternal PEROM address counter is resel to O00H on the rising edge of RST and 15 advanced by a positive pulse at

XTAL 1 pin
2. Chip Erase requires a 10-ms PROG pulsa.

3. P3.1is pulled Low during programming to indicate RODY/BSY.

-
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Figure 3. Programming the Flash Memory Figure 4. Venfying the Flash Memory
5V ‘ Y
ATB9CA051 ATBOCA051
ROYBSY «——{ P31 Vec —]- . Vee _._I
PROG ——+| P32 2 L""—'EET'R V., — P32 P1 SETF;:
—# P33 —» P33
SEE FLASH | ——»] P34 SEEFLASH | -] P34
PROGRAMMING : PROGRAMMING
MODES TABLE | —# P35 MODES TABLE | ——» P35
——» PAY —» P37
I » XTAL1 AST —— /v, T =] xTaut RST l4— V¥,
TO INCREMENT GND GND
ADDRESS COUNTER J;' f
Flash Programming and Verification Characteristics
To=0°Cte70°C, V=501 10%
Symbol Parameter Min Max Units
Vep Pregrammung Enable Voltage 115 125 A%
lpp Programming Enable Current 250 pA
toveL Data Setup to PROG Low 1.0 1S
taHoX Data Hold After PROG 1.0 ps
tensh P3.4 (ENABLE) High to Vpp 1.0 ps
tsHGL Vpp Setup to PROG Low 10 ps
tGHSL Vpp Holg After PROG 10 ps
GLGH PRGG width 1 110 ps
teLav ENABLE Low fo Data Vald 10 ps
tenoz Data Float Afler ENABLE 0 10 ps
tanet PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 20 ms
tgHiH ROY/BSYA to Increment Clock Delay 10 ps
tae Increment Clock High 200 ns

Note 1. Only used in 12-volt programrming mode.

g AT89C4051 e ——————————————
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Flash Programming and Verification Waveforms

PORT 1 ¢ DATA IN (" DATA QUT P———
“— lpsl  torox [+
P3.2
(PROG) ™~ /F
t .
SHGL ot qpy—* tonsL
RST A Ve N\ LOGIC 1
(Vpp) LOGIC 0
l—
tensH teray L *— lenoz
P3.4
(ENABLE)
e "
P31
(RDY/BSY) BUSY READY
— g —— = L
XTAL1 tBHlH "_‘J
(INCREMENT ; .
ADDRESS)
Absolute Maximum Ratings*
Omra"ng Temperature ...... ... ... .. ... . «55°C to +125*C *NOTICE: Stresses be)‘Ond those listed under “Absolte
. Maximum Ralings” may cause permanent dam-
Storage Temperature ..=85°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with RespecttoGround . . .. .. ... .. ...-10Vig+70V operational sections of this spacification s not
imphed Exposuré to absolute maximum rating
Maximum Operating Voltage ... . ... o o - e . . 6.6V conditions for extended peniods may affect device
reliability
DC Qutput Current,...... . . ..250mA

3



DC Characteristics
Ta=-40°C to 85°C, Vge = 3.0V 10 6.0V (unless otherwise noted)

AMEL

Symbol Parametor Condition Min Max Units
ViL Input Low Vottage -0.5 02Vee-01 v
Viy lnput High Vottage (Except XTAL1, RST) 02Vee+09 Vee+ 05 v
'—Vm, Input High Voitage {(XTAL1, RST) Q7 Vee Vee+05 v
Voo Output Low Voltage! lop =20 MA, Ve = 5V 05 Vv
(Ports 1, 3) ‘ loL = 10mA, Vee = 2.7V
Von Output High Voltage lon = B0 pA, Ve =5V + 10% 24 v
(Ports 1. 3) lops = -30 A 075 Ve v
loy =-12 pA 0.9Vcc v
n Logical 0 Input Current Vi =045V -50 pA
(Ports 1, 3)
In Logicat 1 to 0 Transition Current | Vyy =2V, Ve =5V 1 10% -750 pA
(Ports 1. 3)
tu input Leakage Current 0<Viy < Ve X0 MA
{Port P10, P1.1}
Vos Comparator input Offset Voltage | Ve =5V 20 my
Vem Comparator input Common 0 Vee v
Mode Veltage
RRST Resat Pulidown Resistor 5Q 30 KQ
Co Pin Capacitance Test Freq =1 MHz, T, = 25°C 10 pF
Ice Power Supply Current Actrve Mode, 12 MHz, Ve = 6VAV 15/5 5 mA
idle Mode, 12 MHz, Voo = 6VAR3V 51 ma,
P10&PI1=0VorVec
Power Down Mode(? Ve =6V P10& P11 =0V or Ve 100 pA
Vee =3VPILO0EPL1 =0V or Ve 20 PA
Notes: 1. Under steady state (non-transient) conditions, |y must be externally hmited as follows:

Maximum 1o per port pin 20 mA

Maximum total Iy for ail output pins 80 mA

If iy, exceeds the tast condition, Vo, may exceed the related specification Pins are not guaranteed to sink current greatar
than the isted test conditions

2. Minmum Vg for Power Down is 2V

10 AT89C4051 msesssssessssssss s ————
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External Clock Drive Waveforms

tencx

- — l—
VCC - 05V tCl-.CH chCL

202 Vgv 01V

0.45V
— lgiex —
toLce ’
External Clock Drive

Symbol Parameter Voo = 3.0V to 6.0V Veg = 4.0V 10 6.0V Units

Min Max Min Max
1fcLeL Oscillator Frequency 0 12 0 24 MHz
eweL Clock Period 83.3 41.6 ns
touex High Time 30 15 ns
folex Low Tame 30 15 ns
teLeh Rise Time 20 20 ns
toneL “Fall Time 20 20 ns

11 AT89C4051 e ————
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Serial Port Timing: Shift Register Mode Test Conditions

{Vce = 5.0V £ 20%, Load Capacrtance = 80 pF)

Symbol Parametar 12 MHz Osc Variable Oscillator Units
Min Max Min Max
(KLXL Serial Port Clock Cydﬁ Tine 10 1%LCL s
v Output Data Setup to Clock Rising Edge 700 10lc o133 ns
temox Output Data Hold After Clock Rising Edge 50 2oy o117 ns
txHoX Input Data Hold After Clock Rising Edge 4] 0 ns
txroy Clock Rising Edge to input Data Valid 700 10t c1-133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 1 h—2 | f_4 ] 5 | % 1 —7 -1 -8 _1

}“‘_" bxexe
1

CLOCK L[] o o 7
‘vaH’-ﬂ—o |
—+ I‘— berox

WRITE TO SBUF S 0 DX T 2T 5 6 X 1 S
v t

OUTPUT DATA triow [* -;j_. [+ oo seTmi |

_CLEARRL, S i X i e i G O
+

INPUT DATA SET ail

AC Testing Input/Output Waveforms!"

Voo - 0.5V

02 Voo + 08V

TEST POINTS
0.2 Vg - 0.1V

045V

Note: 1 AC inputs dunng testing are drniven atVee - 0 5V for
alogic 1 and Q0 45V for a logic 0 Timing measure-
ments are made at Vi mun, for a logic 1 and Vy_

max for alogic 0

Float Waveforms(?
o =DV
Y] Timung Relerence
LoAD b Pomnts
VLM' o1 ot 0.av
Note 1. Fortiming purposes, a port pin is no longer float-

ing when a 100 mV change from load voltage
occurs. A part pin begins to float when 100 my
change frothe loaded VoV level occurs

ATMEL L




AT89C4051

ATB9C4051
TYPICALICC - ACTIVE (85°C)
# Veewo v |
1 15
c /W;': _,.-/’
C 10 :_—-,;.-'":‘;"'/"j_._;,._-"ﬂ —— -
Veee3 OV}
m s e
A ._—-—’-_’
————"—'F-—__-—-"-____
'D ——— ittt et e — == i | = Trra 2 cer] e m Lo
o] 6 12 18 24
FREQUENCY {MHz)
AT89C4051

TYPICAL ICC - IDLE (85°C)

FREQUENCY (MHz)

AT89C4051
TYPICAL 1CC va. VOLTAGE- POWER DOWN (B5°C)

C 105 /
1
i

13 i/

A 5P - . - . -

IV AoV 50v 14
vee YOLTAGE

Noles 1 XTAL1 ted to GND for lec (power down)
2. P1Qand P11 =V or GND
3 Lock bits programmed

AIMEL
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Ordering Information

Speed Power
{MHz) Supply Ordering Code Package Qperation Range
12 30Vio 6.0V ATB9CA4051-12PC 20P3 Commeraal
ATBIC4051-128C 205 {0*C 1o 70°C)
ATB9C4051-12P1 20P3 Industnial
ATB9C4051-128I 208 (-40°C to B5°C)
ATBICA051-12PA 20P3 Automotive
ATBICA4051-125A 205 (-40°C to 105°C)
24 40Vio 60V ATBSC4051-24PC 20P3 GComwmertial
ATBSC4051-245C 205 (0°C to 70°C)
ATB9C4051-24P! 20P3 Industrial
AT89C4051-245! 205 (-40°C to 85°C)
Package Type
20P3 20 Lead, 0 300" Wide, Plastic Dual in-line Package (PDIP}
205 20 Lead, 0 300" Wide, Plastic Gull Wing Small Quthne (SOIC)

14 AT89C4051 messesssss————————
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Packaging Inforiation

20P3, 20-Lead, 0.300" Wide, Plastic Dual Inline
Package (PDIP)

Dimensions in Inches and (Millimeters)

JEDEC STANDARD MS-001 AD

1 9

LI

|——- 0052 :9)
900(72 86) REF
21005 3 005( 127)
_W MIN
SEATING
PLANE '
ST D15( 301) MIN
'nﬂsa_ s
014(
orou 78
uon m T 131
3288 26)
300(? 82)
2 pEr
006, 703}
] 43010 82) MaX

20S, 20-Lead, 0.300" Wide, Plastic Gull Wing Small
QOutline (SQIC)
Oimensions in Inches and (Millimeters)

ON(SDB]
B
Lt
1 1 |
H { |
. T E0) 42010 7)
;'; a“rnas; 930 98]
i
i Y
___} —  030{1 27} BSC
L Amaa_ 1032 8N
mmw ' r w2 )
iipiE(mig! [Ifﬂm_._ _
0120 305) ! ,
003{ 078)
S . 013 330
E‘;--'*‘m“ - --ﬂﬂ"'I—""--fl-‘s____L o0 229;
\ mspomy  if

g REF 1% 301} d

AIMEL
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TRF-2.4G Transceiver
Data Sheet

High frequency 2.4G Wireless Transceiver
Antenna, Codec and CRC built in

Data Rate up to 1Mbps

Laipac Technology Inc. www.laipac.com Phone +1-905-7621228 Fax +1-905-7631737



HBigh frequency TRF-2.4G Transceiver module

Specification

Frequency Range: 2.4~2.524 GHz 1SM band

& Modulate Mode' GFSK

Data Rate: 1Mbps; 250Kbps

Multi channel operation: 125 channels, Channel switching time<200uS,
Support frequency hopping

Emulated full duplex RF link due to the 1Mbits/s on the air data rate
Simuitaneous dua!l receiver

Data slicer / clock recovery of data

Including decoder, encoder and data buffer and CRC computation
ShockBurst mode for ultra-low power operation and relaxed MCU
performance

Sensitivity: -90dBm

Built in antenna

Power supply range: 1.9t0 3.6 V

Low supply current (TX), typical 10.5mA peak@ -5dBm output power

Low supply current {RX), typical18mA peak in receive mode

Supply current in Power Down Mode: 1 uA

Operating Temperature: -40~+85 Centigrade

Size: 20.5*36.5"2.4mm

100% RF tested

Competitive price

Applications

Wireless mouse, keyboard, joystick
Wireless data communication
Alarm and security systems

Home automation

Wireless Earphone

Telemetry

Surveillance

Automotive

GENERAL DESCRIPTION

Laipac TRF-2.4G Module is an easy to use radio transceiver for the world wide
2.4 - 2.5 GHz ISM band. The transceiver consists of an antenna, a fully integrated
frequency synthesizer, a power amplifier, a crystal oscillator and a modulator.
Output power and frequency channels are easily prograrnmable by use of the
3-wire serial interface. Current consumption is very low, only 10.5mA at an output
power of -5dBm and 18mA in receive mode. Built-in Power Down modes makes
power saving easily realizable.

2

Laipac Technology Inc. www.laipac.com Phone +1-905-7621228 Fax +1-905-7631737



ELECTRICAL SPECIFICATIONS
Conditions: VCC = +3V, VSS =0V, Ta=-40Q°C to + 85°C

Symbol Parameter {condition) l Notes I Min. Ttp. 41 Max, LUnlts
Operating conditions

vce Supply voltage 1.9 3.0 3.6 v

TEMP Operating Temperature -40 +27 +85 *C
Digital input pin

Vin HIGH level input voltage VCC-03 vCC v

ViL LOW level input voltage Vss 03 v
Digital output pin

Vor HIGH level output voltage (IOH=-0 SmA} VCC-o3 VCC ¥

VoL LOW level output voltage (10L=0.5mA) Vss 03 v
General RF conditions

for Operating frequency 1 2400 2524 MHz

af Frequency deviation +156 kHz

RGFSK Data rate ShockBurst >0 1000 kbps

RGFsK Data rate Direct Mode 2) 250 1000 kbps

FcHANNEL | Channel spacing 1 MHz
Transmitter operation

Prr Maximum Output Power 3. 0 +4 dBm

PRFC RF Power Control Range 16 20 dB

PRFCR RF Power Control Range Resotution +3 dB

Paw 20dB Bandwidth for Modulated Carrier 1000 kHz

Prr2 2nd Adyacent Channel Transmit Power 2MHz =20 dBm

PrF3 3rd Adjacent Channel Transmit Power IMHz -40 dBm

Ivce Supply current @ 0dBm output power 4) 13 mA

Ivee Supply current @ -20dBm cutput power 4) g8 mA

Ivce Average Supply current @ -5dBm output | 5) 0.3 mA
power, ShockBurst

Ivce Average Supply current 1n stand-by mode | 6) 12 pA

Ivce Average Supply current in power down | PA
Receiver operation

Ivee Supply current one channel 250kbps 18

Ivce Supply current one channel 1000kbps 19 mA

Ivce Supply current two channels 250kbps 23 mA

Ivee Supply current rwo channels 1000kbps 25 mA

RXSENS Sensitivity at 0.1%BER (@2 50kbps) -90 dBm

RXsENS Sensitivity at 0.1%BER (@ 1000kbps} -80 dBm

3
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TRF-2.4G has two active (RX /TX) modes:
® ShockBurst
® Direct Mode

The device functionality in these modes is decided by the content of a
configuration word. This configuration word is presented in configuration section.

Absolute Maximum Ratings

Supply voltages

VCC.iieiereerrveeee, -0.3Vito+3.6V

VES vt ov
Input/Output voltages

| R -03Vto VCC+0.3V

VO oo -0.3Vto VCC+ 0.3V
Total Power Dissipation
Po{TA=85°C)..cccrrerrrerereccrarerrnns 90mWwW
Temperatures

Operating Temperature. ... - 40°C to + 85°C
Storage Temperature....... -40°Cto+ 125°C

ShockBurst Mode

The ShockBurst technology uses on-chip FIFO to clock in data at a low data rate
and transmit at a very high rate thus enabling extremely power reduction.

When operating the TRF-2.4G in ShockBurst, you gain access to the high data
rates (1 Mbps) offered by the 2.4 GHz band without the need of a costly,
high-speed micro

controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocol on-chip, the
TRF-2.4G offers the following benefits:

+ Highly reduced current consumption
e Lower system cost (facilitates use of less expensive micro controller)
» Greatly reduced risk of ‘on-air' collisions due to short transmission time

The TRF-2.4G can be programmed using a simple 3-wire interface where the
data rate is decided by the speed of the micro controller.

By allowing the digital part of the application to run at low speed while maximizing
the data rate on the RF link, the nRF ShockBurst mode reduces the average
current consumption In applications considerably.

6
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ShockBurst principle

When the TRF-2.4G is configured in ShockBurst, TX or RX operation is
conducted in the following way (10 kbps for the example only).

Y [/ —
McU Contramns s | oe o as || ] [
LT FIFO
(M) ShockBurst {Mbps

Figure O Clocking in data with MCU and sending with ShockBursttechnology

without ShockBurst  running at speed dictated by 10Kbs MCU

< 10mA penode >

[— )

10mA penod  10Kbs MCU with ShockBurst

0 0 40 60 £0 00 120 140 160 180 200 220 230
Time mS

Figure 1 Current consumption with & without ShockBursttechnology

TRF-2.4G ShockBurst Transmit;

MCU interface pins: CE, CLK1, DATA

1. When the application MCU has data to send, set CE high. This activates
TRF-2.4G on-board data processing.
2. The address of the receiving node (RX address) and payload data is
clocked into the TRF-2.4G. The application protocol or MCU sets the speed
<1Mbps (ex: 10kbps).
3. MCU sets CE low, this activates a TRF-2.4G ShockBurst transmission.
4. TRF-2.4G ShockBurst:

+ RF front end 1s powered up )

« RF package is completed (preamble added, CRC calculated)

« Data is transmitted at high speed (250 kbps or 1 Mbps configured by

user).
e TRF-2.4G return to stand-by when finished

7
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TRF-2 4G
in ShockBurst
X(CE=Hi)

Data content of registers:

MCU Loading
ADDR & PAYLOAD
data ADDR PAYLOAD
r
TRF-2.4G
Calculating CRC ADDR PAYLOAD CRC

— - - - —Maximm 256 Byis

TRF-2.4G —
Adding Preamble ; ADDR PAYLOAD CRC

anble

TRF-2.4G Sending
ShockBurst Package
{ 250K or 1Mbps )

Input FIFO not Empty

Sending
completed?

Figure 2 Flow Chart ShockBurst Transmit of TRF-2.4G

]
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TRF-2.4G ShockBurst Receive:

MCU interface pins: CE, DR1, CLK1 and DATA (one RX channel receive)
1. Correct address and size of payload of incoming RF packages are set’
when TRF-2.4G is configured to ShockBurst RX
2. To activate RX, set CE high.
3. Ater 200 s settling, TRF-2.4G is monitoring the air for incoming
communication.
4, When a valid package has been received (correct address and CRC
found), TRF-2.4G removes the preamble, address and CRC bits.
5. TRF-2.4G then notifies (interrupts) the MCU by setting the DR1 pin high.
6. MCU may (or may not) set the CE low to disable the RF front end (low
current mode).
7. The MCU will clock out just the payload data at a suitable rate (ex. 10
kbps).
8. When all payload data is retrieved TRF-2.4G sets DR1 low again, and is
ready for new incoming data package if CE is kept high during data
download. If the CE was set low, a new start up sequence can begin, see
Figure 2.

9
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in ShockBurst
RX 7

Data content of registers:

TRF-2 4G
—» Detects Preamble & Pre- ADDR PAYLCAD CRC

bl
Incoming Data me

ADDR PAYLOAD CRC

TRF-2.4G
Receives Data &
Checking CRC

NO ¢
ADDR PAYLOAD CRC

YES

ADDR PAYLOAD CRC

TRF-2.4G

Set Data Ready
(DR1/2) High PAYLOAD

I

MCU
Clock out Payload PAYLOAD

Register

Empty?

YES

TRF-2.4G
Set Data Ready Output Register Empty
{DR1/2} Low

Figure 3 Flow Chart ShockBurst Receive of TRF-2.4G
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TRF-2.4G Direct Mode:
In direct mode the TRF-2.4G works like a traditional RF device. Data must be at
1Mbps, or 250kbps at low data rate setting, for the receiver to detect the signals.

Direct Mode Transmit:

MCU interface pins: CE, DATA
1. When application MCU has data to send, set CE high
2. The TRF-2.4G RF front end is now immediately activated, and after 200
seconds settling time, data will modulate the carner directly.
3. All RF protocol parts must hence be implemented in MCU firmware
{preamble, address and CRC).

Direct Mode Receive:

MCU interface pins' CE, CLK1, and DATA
1. Once the TRF-2.4G 1s configured and powered up (CE high} in direct RX
mode, DATA will start to toggle due to noise present on the air.
2. CLK1 will also start to toggle as TRF-2.4G is trying to lock on to the
incoming data stream.
3. Once a valid preamble arrives, CLK1 and DATA will lock on to the
incoming signal and the RF package will appear at the DATA pin with the
same speed as it is transmitted,
4. To enable the demodulator to re-generate the clock, the preamble must be
8 bits toggling hi-low, starting with low if the first data bit low.
5. in this mode no data ready (DR} signals is available. Address and
checksum verification must also be done in the receiving MC.

DuoCeiver Simultaneous Two Channel Receive Mode
In both ShockBurst & Direct modes the TRF-2.4G can facilitate simultaneous
reception of two parallel independent frequency channels at the maximum data
rate,
This means:
* TRF-2.4G can receive data from two 1 Mbps transmitters, 8 MHz (8
frequency channels} apart through one antenna interface.
« The output from the two data channels is fed to two separate MCU
interfaces.
« Data channel 1: CLK1, DATA, and DR1
» Data channel 2: CLK2, DOUT2, and DR2
« DR1 and DR2 are available only in ShockBurst.
The DuoCeiver technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.

il
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—
Clock ADDR, DR1
Fary [— Recovery, t» CRC | CLK1 > Data(F.,)
DataShcer Check |l DATA
<
Clock ADDR, [ DR2
Fres=Fre*8MHz | ——m Recovery, = CRC o CLK2 ? Data(Fqe,)
DataShcer Check [—p! DOUT?2
-

Figure 5 DuoCeiver with two simultaneously independent receive channels.

Configuration Mode

In configuration mode a configuration word of up to 15 bytes is downloaded to
TRF-2.4G. This is done through a simple 3-wire interface (CS, CLK1 and DATA).
For more information on configuration please refer to the TRF-2.4G Device
configuration chapter on next 2nd page.

Stand-By Mode

Stand by mode is used to minimize average current consumption while aintaining
short start up times. In this mode, part of the crystal oscillator is active. Current
consumption is dependent on crystal frequency {(Ex: 12uA @ 4 MHz, 32uA@
16MHz). The configuration word content 1s maintained during stand by.

Power Down NMode

In power down the TRF-2.4G is disabled with minimal current consumption,
typically less than 1 A. Entering this mode when the device is not active
minimizes average current consumption, maximizing battery lifetime. The
configuration word content is maintained during power down.

13
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MAX232, MAX232i

DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047L - FEBRUARY 1988 - REVISED MARCH 2004

® Meets or Exceeds TIAJEIA-232-F and ITU

Recommendation V.28

Operates From a Single 5-V Power Supply

with 1.0-xF Charge-Pump Capacitors

Operates Up To 120 kbit/s
Two Drivers and Two Receivers
+30-V Input Levels

ESD Protection Exceeds JESD 22

Low Supply Current . .. 8 mA Typical

~ 2000-V Human-Bedy Mode) (A114-A)

Upgrade With Improved ESD {15-kV HEM)

and 0.1-uF Charge-Pump Capacitors is

Available With the MAX202
® Applications

~ TIA/EIA-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers

description/ordering information

MAX232...D, DW, N, OR NS PACKAGE
MAX232!...D, DW, OR N PACKAGE

(TOP VIEW)
Ci+ [ ‘l—U 16 :] Veo
Vss [] 2 15]] GND
c1-[]3 1af} T1IOUT
C2+[] 4 13[] R1IN
cz-fis 12]] R1OUT
vs-[Is ]I TN

T20UT |7 0[] T2IN
R2IN{] 8 sf] R20UT

The MAX232 1s a dual dnver/receiver that includes a capactive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels
These recevers have a typical threshold of 1 3 V, a typical hysteresis of 0 5 V, and can accept 130-V inputs
Each dnver converts TTL/CMOS input levels into TIAJEIA-232-F levels The dnver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LInASIC™ library

ORDERING INFORMATION

Ta PACKAGE? PARTNUMBER | MARKING
PDIP {N) Tube of 25 MAX232N MAX232N
Tube of 40 MAX2320
. ) soIc O Reel of 2500 MAX2320R MAX232
0°C o 70°C Tube of 40 MAX2320W
SOIC O™ ["Reet of 2000 MAX232DWR MAX232
SOP (NS} | Reelof 2000 MAX232NSR MAX232
PDIP (N) Tube of 25 MAX232IN MAX232IN
Tube of 40 MAX232ID
-a0Crossec | OO Reel of 2500 MAX232/DR Max232!
Tube of 40 MAX232IDW
SOIC (DW) MAX2321
Reel of 2000 MAX232IDWR

t Package drawings

gudetines are availlable at www | comVsc/package

standard packing quantites, thermal data symbolization, and PC8 design

Please be aware lhal an mportant nolice concermng avalatwity standard warranty and use in cntical applicatons of
Texas Instruments semiconductor products and disclaimers therelo appears at the end of this data sheet

LInASIC 15 a trademark of Texas Instruments

PRODUCTION DATA wiwmaton & curert a3 of publicston dale
Produets conionm jo speciStaiony per tha terim ol Texas Intruments
Proxh [ D Joas not necassarily inciuda

Weting of Bl parameters

“-’}‘ TEXAS

Copynght = 2004 Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 555303 ® DALLAS TEAAS 75265



MAX232, MAX232

DUAL EIA-232 DRIVERS/RECEIVERS

SLLSO47L - FEBRUARY 1989 - REVISED MARCH 2004

logic diagram (positive logic)
TUN
T2IN

R10UT

R20UT

Function Tables

EACH DRIVER
INPUT | QUTPUT
TIN TOUT
L H

H L

H = high level, L = low

level

EACH RECEIVER

INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = ow

levet

"

12

4
7
3

Do—
10%

—o<—

—o<q]

Ti0UT

T20UT

R1IiN

R2IN

‘t’;” TEXAS

INSTRUMENTS

FOST OFFICE BOX 655303 ® DALLAS TEXAS 75265
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