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Abstract

This project is to build the system to control the electronic device in the house. By using
Bluetooth Technology in Mobile, user will get more convenient and easier to open or close the home

electronic device.
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2.14 HCI (Host Controller Interface)
fusuii ldeTineludeduudai Her dulislaneadendossnitelilsunsusdunnii
Aueguuszuunily (gu Tﬂmniu‘lum%"aqﬂanﬁamaﬁﬁﬁﬁﬂﬁmuuu CPU x86) fudIu
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1Ay OGF ﬂxaaqﬁfuﬁmﬂqﬂ 6 fia dau OCF vweesiiuil 10 fi
HCI Event Packet gnaiulaogilnsaiugymiendsld Tsminswienay
nJ%i;aumJmﬁtﬁﬂﬁ'u'luqﬂﬂmfugnﬁ w‘%qqﬂnsﬂfﬂgnﬁﬁmmmmiaﬁu HCI
Event Packet 18 255 lud Taguniudauyes HCI Event Packet Header
UtuBYes HCI Event Packet teraalugaldi 2.13
HCI Data  Packet ﬁmﬁ?}ams%agau?mﬁﬂqszn'haqﬂmai’ugmuaz
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7UM 2.12 HCI Command Packet
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Parameter Total
Event Code Event Parameter 0
Length
Event Parameter 1 Event Parameter 2 | Event Parameter 3
Event Parameter N-1 Event Parameter N

3UM 2.13 HCI Event Packet
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iyoudazdaficy  HCI Reject Connection_request §agunsaiugysiisesvenisiFonde uat
o o | v o Ve o o
unsalugysiyniesvensuiumsiFoudefiozaeiids  HCL Accept Connect request 'l
T . g o A 3 : : > ° Ve o
ginsdlugymitehimsiSasnmadonde  nimiuglnsel  wgysie 2 B eshmsdediida
HCI_Connection_Complete llfalaemunadaes momnsudalinsiui  msieudediseuda
myhauezdhulildagii 2.16



Host

1_Comedion
Complee

Bluetooth

Device

ID Packet

Bluetooth

Device

HCI_Connection_Request

HCT_Aco ept_Corne et on_Re ques

[l

HCI_Command_Request

HCI_Connection_Request

!

= A 1 ' a
31 2.16 mIveudesznINgnsaiugys

2.14.4 Msaaazmssudeya

23
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. p [~ A ' dq 9o (Y 19 a = d’d” a '
Connection-Oriented) l'l_luﬂ'15l‘]ﬁ)SJWE)‘VIGI"MTIHiﬂﬂ15ﬁ'\ﬁlﬂgﬁ1’llﬂu1ﬁﬂﬂ ’1uﬂuﬂ$ﬂlﬂﬂﬁﬂ’lﬂﬂ1iﬁ\1

v
uazsudoyauuy ACL immiu
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215 wewndnduseriviuasuoudugysTisIna (Application Software and Bluetooth Profiles)
ueWHAAFUBONILIS (application software) Huduilsznoulusedugs (high-level) voa
ugns  sENBUAIY user interface AT profile A1 9 AT IHLENHARS ST Imsvhany

VBIE13AUIS (hardware) 16 3101 2.18 watns profile 21U 19 uugys

Generic Access

— Service Discovery

— Serial Port

—  Generic OBEX

Object Push

File Transfer

Synchronization

— LAN Access
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2151 tond3aueniwalusIid (Generic Access Profile - GAP)
v b4 I3 b d .
GAP iU profile MTUNUFIMUOL profile DU q Vavua  nd1IAe profile U 9
b4 ] > b 4 o
whnsefondnmuiiiosduves GAP  wamiflesnn profile  HifuRiugivesyaginsainly
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v & S oA o A
AvIMITHUT W Imilouiu fio
- v Yo s 2
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& vy Y Y o A '
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[ Y s ar q’/ T b4 2 a : n’
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Y v dwy v
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i 4 ]
dumgil daqilsraeduns GAP fie MuuANIIA (mode) ML 1ddmsy
transport profile 1Az application profile ttaz d1ilufIusnaauzMIsAads IR VAR U ILA LS
(link) HuiFoudeuazvosdyaas (chanel) MildAndoszniginssiugysdndas
s : d
2152  wodianadnessTsTHa (Service Discovery Profile — SDP)
Taona ludalugaamnssugilnsaiuaysezmandsiulSnamas viiavowsns
M P o A v v Cs 2 & 2 v =4 > ¥ ¥ o
(service) iasnsvfumsiyeudosznInglnsaiugys Fuiuduednsasa axiiuudmthi
493 SDP fio JansoulnsSwes (Procedure) inAssmdmsuyimswiiaan q Waunsaldam
] v w Us k4
Twfufugnsaiugysyauuyla
2153  duawasnlusIa (Serial Port Profile)
b 4
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o ° [y a [ 4 h a A v g .
unsalugysihnuludnyusRoiiudunesneynsu (serial port) NtieuredIuawaYNTY (serial
cable) Yo'l Tavezimsutlasdyanauuy Rs232 Aeuflszinsdadyana lldulaome  de
d o 5 o | v a o
aalaenmaudanezulasdygraniundu iy rs232 e 1dasaldauidis g oy
WOINOYATY (serial port) 121l
t
Serial Port Profile fi 14 lumsiiann profile douq 8n 5 profile 13ud
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4 1 ar a A 3 & Yo LY @ o
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5 =) v o . 3 o fo Y s ° o 4
(security) HIBMTHNTHA (encryption) M3Gs liduiluestimsimuaztuunludrvuszveunaaes
(master) ttaz A (slave) ilouiunmsaadond
J H - 1
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3. 'lada - dwiiinAsnRalilsTWa (Dial-up Networking Profile) 1fu profile i
o & ' o oa < d . ) @ o A v 1 2
AUVAYUMIFOUABALBUABS LN (internet) TAvOIFBRUNSRIUQYETOUABUNU TUIAY (modem) F4
o b 4 } 4 o Y s v s A o 9 a v
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[ o A v Ul
senInglnstivaziFoudony
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9 v @ v 1 4
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4. Page Master 111 Slave flatazapudon 1Y page faru
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MINNUVRITINAIUYUMSIFOUAD

1. Host §0498M13 inquiry
2. inquiry gnal 1/ Taelddrdunandnsz Taan 19 lums inquiry
3. qunsaliims inquiy ABUNAUAIY packet FHS Usznsudisdoyalumsadians
1¥ounD
¥ ] ar @
4. 4oyalu packet FHS gneianaulalda host

5. host oswemsisende ldgilnsaifineusums inquiry



27

. A v A v o s 9 a 1y
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2.18 JSR — 82 The Java Bluetcoth API
JSR — 82 1ilu Office Java Bluetooth API éqgﬂﬁmuﬂmmgmiﬂa JSR - 82 Expert Group
JSR - 82 9alsznou'li@au packet $1119U 12 packet fiD '
B javax.bluetooth 1l3 znoul11dae 13 class dmSuasams éams Bluetooth protocol
| javax.obex Usznoulidae 8 class dmSuldlumsdarn Object seriaginsel
OBEX protocol gnlddmiuda object Tihnszningiasalindlunannuudadie mfrared
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M35 layer ae profile 1As Mt vua 59u'141u SDK vosaudag
Bluetooth SDK 1711‘1’5’ JSR-82 9@ 41l Bluetooth Stack Layer 41813 gmﬁ'\idﬂ‘ﬂ'ﬁ
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import javax.bluetooth.*;
import java.io.*;

import javax.swing.*;
import java.awt.event.*;
import java.awt.*;

public class L2CAPServer extends JFrame implements
BTCallback, ComportCallback,ActionListener {
private static final String UUID STRING = "1122334455";
private static final String UUID_SERVICE = "L2CAPchat";
private JTextField incoming = new JTextField();
private JTextField outgoing new JTextField() ;
private JButton startCommand = new JButton("Start Server") ;
private JComboBox SelectComport;
private BTServicAndDeviceAgent BAgent;
private Container contentPane;

private ComportAgent ComportAgent;
private boolean BlueToothBlock = true;
private String tmp = "";

private String portname = "COM1';

public L2CAPServer() ({
String[] comportname = {"COM1", "COM2","COM6","COM10"};
BAgent = new
BTServicAndDeviceAgent(UUID_STRING,UUID_SERVICE,this);
SelectComport = new JComboBox (comportname) ;
contentPane = getContentPane () ;
contentPane.setLayout (null) ;
setResizable (false) ;

incoming.setEnabled (false) ;
incoming.setSize (300,30) ;
incoming.setLocation (50,20) ;

outgoing.setEnabled(false) ;
outgoing.setSize (300,30) ;
outgoing.setLocation (50, 80) ;
outgoing.addActionListener (this) ;

startCommand.setLocation(50,20) ;
startCommand.setSize (300,30) ;
startCommand.addActionListener (this) ;

SelectComport.setSize (300,30) ;
SelectComport.setLocation (50, 80) ;
SelectComport.addActionListener (this) ;
contentPane.removeAll () ;
contentPane.add (startCommand) ;
contentPane.add (SelectComport) ;

addWindowListener (new WindowAdapter () {
public void windowClosing (WindowEvent e) {
try(
BAgent.StopServer() ;
ComportAgent .StopAgent () ;

BAgent.ReleaseResource () ;
BAgent = null;
ComportAgent = null;



System.exit (0) ;
}catch (Exception ex) {
BAgent = null;
ComportAgent = null;
System.exit (0) ;

13K
}

private void StartServer () {
BAgent.StartServer () ;
ComportAgent = new ComportAgent (portname, this) ;
contentPane.removelAll () ;
contentPane.add (incoming) ;
contentPane.add (outgoing) ;
repaint () ;

}

public void actionPerformed (ActionEvent e) {

if (e.getSource () == outgoing) {
BAgent .ToSendData (outgoing.getText ()) ;
}else if (e.getSource() == startCommand) {
StartServer();
}else if (e.getSource() == SelectComport) {
portname = (String)SelectComport.getSelectedItem() ;

}
}

public static void main(String[] argv) {
L2CAPServer frame = new L2CAPServer () ;
frame.setSize(400,150) ;
frame.setTitle ("L2CAP Server'") ;
frame.setVisible (true) ;

}

public void ComportReciveData (String data)
{

BlueToothBlock = false;

System.out .println(data) ;

tmp = data;

}

public void ReciveData (String message)
incoming.setText (message) ;
if (message.equalsIgnoreCase ("rxxxxxxx") )
{
String buff = "v;
ComportAgent.SendData ("r") ;
BlueToothBlock = true;
while (BlueToothBlock) ;
byte tmpl = Byte.parseByte (tmp) ;

for (int 1=0;i<8;i++) {

if ((tmpl & 0x80) == 0x80) {
buff += "1v;

Jelse({
buff += "o";

}

tmpl <<=1;



}else(

outgoing.setText (buff) ;
BAgent .ToSendData (buff) ;

if (message.charAt (0) == '1'){
ComportAgent.SendData ("1") ;
BlueToothBlock = true;

}else({
ComportAgent.SendData("a") ;

BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (1) == '1'){
ComportAgent .SendData ("2") ;
BlueToothBlock = true;

Jelse{
ComportAgent.SendData ("b") ;

BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (2) == '1"){
ComportAgent . SendData ("3") ;

BlueToothBlock = true;
}else{
ComportAgent.SendData ("c") ;

BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (3) == '1'){
ComportAgent.SendData ("4") ;
BlueToothBlock = true;

Jelse{
ComportAgent.SendData ("d") ;
BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (4) == '1')/{
ComportAgent .SendData ("5") ;
BlueToothBlock = true;

lelse(
ComportAgent.SendData ("e") ;
BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (5) == '1'){
ComportAgent.SendData ("6") ;
BlueToothBlock = true;

Jelse{
ComportAgent.SendData ("f") ;
BlueToothBlock = true;

}

while (BlueToothBlock) ;



if (message.charAt (6) == '1'){
ComportAgent .SendData ("7") ;
BlueToothBlock = true;

}else{

ComportAgent .SendData ("g") ;
BlueToothBlock = true;

}

while (BlueToothBlock) ;

if (message.charAt (7) == '1"){
ComportAgent.SendData ("8") ;
BlueToothBlock = true;

}else{
ComportAgent.SendData ("h") ;
BlueToothBlock = true;

}

while (BlueToothBlock) ;

}
}

public void FoundDevice (String[] devices) {}




import java.io.*;
import java.util.*;
import javax.comm.*;

public class ComportAgent implements Runnable,
SerialPortEventListener
private String portName;
private ComportCallback callback;
private boolean running = false;
private Thread runningThread;
private CommPortIdentifier portld;
private Enumeration portList;

private InputStream inputStream;
SerialPort serialPort;
private OutputStream outputStream;
private ComportaAgent () {

}

public ComportAgent (String portName, ComportCallback callback) {
this.callback = callback;
this.portName = portName;
running = true;
portList = CommPortIdentifier.getPortIdentifiers();

while (portList.hasMoreElements()) {
portId = (CommPortIdentifier) portList.nextElement();
if (portId.getPortType() ==
CommPortIdentifier.PORT SERIAL) {
if (portId.getName ().equals (portName)) {

try {
serialPort = (SerialPort)

portId.open ("SimpleKrisMTComportAgent",
2000) ;
} catch (PortInUseException e)
{e.printStackTrace () ; }
try {
inputStream = serialPort.getInputStream() ;
outputStream = serialPort.getOutputStream();
} catch (IOException e) {e.printStackTrace();}

try {
serialPort.addEventListener (this) ;

} catch (TooManyListenersException e)

serialPort.notifyOnDataAvailable (true) ;

try
serialPort.setSerialPortParams (9600,
SerialPort.DATABITS_s,
SerialPort.STOPBITS 1,
SerialPort.PARITY NONE) ;

} catch (UnsupportedCommOperationException e)
{e.printStackTrace () ; }

runningThread = new Thread (this) ;
runningThread.start () ;

}
}

public boolean 'SendData(String data) {



try {

outputStream.write (data.getBytes()) ;
} catch (IOException e) { e.printStackTrace();}

try{
this.w

ait (2000 ;

}catch (Exception e) {};

retu

}

rn true;

public void StopAgent () {

}

public
while (

}
}

running = false;

runningThread.stop () ;

void run() {
running) {
try(

runningThread.sleep (2000 ;
}catch (InterruptedException e){ e.printStackTrace () ;}

public void serialEvent (SerialPortEvent event)
switch (event.getEventType()) {

case
case
case
case
case
case
case
case
case

case

SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
SerialPortEvent.
.OUTPUT BUFFER_EMPTY :

SerialPortEvent
break;

SerialPortEvent.
byte[] readBuffer

try {

Bl
OE:
FE:
PE:
CDr:
CTS:
DSR:
REF

DATA_AVAILABLE:
= new byte [1];

while (inputStream.available() > o
int numBytes = inputStream.read (readBuffer) ;

}

callback.ComportReciveData (new String(readBuffer)) ;
} catch (IOException e) {e.printStackTrace();}

break;




import javax.bluetooth.*;
import java.util.*;
import java.io.*;

public final class BTServicAndDeviceDiscovery implements
DiscoveryListener ({
private Vector remoteDevices = new Vector () ;
private ServiceRecord serviceRecord;
private BTServicAndDeviceAgent callback;
private String SERVICE_NAME;
public BTServicAndDeviceDiscovery (String
SERVICE_NAME, BTServicAndDeviceAgent callback) {
thiS.SERVICE_NAME = SERVICE_NAME;
this.callback = callback;

}

public void servicesDiscovered (int transID, ServiceRecordl[]
servRecord) {
for(int i = o; 1 < servRecord.length; i++) {
DataElement serviceNameElement =
servRecord[i] .getAttributeValue (0xo0100);
String serviceName =
(String) serviceNameElement .getValue () ;
if (serviceName.equals (SERVICE NAME) ) {
serviceRecord = servRecord [o];
1

}
}

public void serviceSearchCompleted (int transID, int respCode) {
String message = null;
if (respCode ==
DiscoveryListener.SERVICE_SEARCH_ DEVICE NOT REACHABLE)
message = "Device not reachable";
}

else if (respCode ==
DiscoveryListener.SERVICE_SEARCH_NO RECORDS) {
message = "Service not available";

else if (respCode ==
DiscoveryListener.SERVICE_SEARCH_COMPLETED) {
message = "Service search completed";
}

else if (respCode ==
DiscoveryListener.SERVICE_SEARCH_TERMINATED) {

message = "Service search terminated";
else if (respCode == DiscoveryListener.SERVICE_SEARCH ERROR)
message = "Service search error";

callback.serviceSearchFinished (serviceRecord, message);

}
public void inquiryCompleted (int discType) {
String message = null;

if (discType == INQUIRY_COMPLETED) {
message = "Inquiry completed";
} else if (discType == INQUIRY_ TERMINATED) . {

message = "Inquiry' 'terminated";



} else if (discType == INQUIRY ERROR) ({
message = "Inquiry error";
}

RemoteDevice[] devices = new
RemoteDevice [remoteDevices.size()];
for(int i = 0; i < remoteDevices.size(); i++)
devices [i] = (RemoteDevice)remoteDevices.elementAt (i) ;

callback.deviceInquiryFinished (devices, message) ;

}

public void deviceDiscovered (RemoteDevice btDevice, DeviceClass
cod) {
remoteDevices.addElement (btDevice) ;




import java.io.*;
import javax.bluetooth.*;
import com.atinav.standardedition.io.*;

public final class BTServicAndDeviceAgent
{
private String UUID_STRING;
private String SERVICE NAME;
private LocalDevice localDevice;
private DiscoveryAgent agent;
private L:CAPConnection conn;
private RemoteDevice[] remoteDevices;
private boolean running = false;
private BTCallback callback;
private String msgout;
private String msgin;
private BTServicAndDeviceDiscovery discoverer;
private String[] devices;
private BTServicAndDeviceAgent () {

}

public BTServicAndDeviceAgent (String UUID_ STRING, String
SERVICE_NAME, BTCallback callback) {
this.UUID_STRING = UUID STRING;
this.SERVICE_NAME = SERVICE NAME;
this.callback = callback;
discoverer = new
BTServicAndDeviceDiscovery (SERVICE NAME, this) ;
try{
localDevice = LocalDevice.getLocalDevice () ;
agent = localDevice.getDiscoveryAgent () ;
}catch (BluetoothStateException bse) {
bse.printStackTrace () ;
}

}

public void StartServer () ({

new Thread () ({
public void run() {
try{

localDevice.setDiscoverable (DiscoveryAgent.GIAC) ;

L:CAPConnectionNotifier notifier =
(L2CAPConnectionNotifier)Connector.open("btlacap://localhost:" +
UUID_STRING + ";name=" + SERVICE_ NAME) ;

ServiceRecord record =
localDevice.getRecord (notifier) ;

String connURL =
record.getConnectionURL (ServiceRecord.NOAUTHENTICATE NOENCRYPT,
false) ;

conn = notifier.acceptAndOpen () ;

new Thread () {

public void run() {
running = true;
ToReciveData () ;

}

}.start () ;
} catch(IOException ioce) {
ioe.printStackTrace () ;
}

Yistart'();



}

public void StopServer() {
running = false;
}

public void SearchbDevice () {

try {
agent .startInquiry (DiscoveryAgent .GIAC, discoverer) ;

} catch (BluetoothStateException bse) {
bse.printStackTrace () ;
}
}

public void SearchService (int index) {

int[] attrSet = {oxowo};//return service name attribute

UUID[] uuidSet = new UUID [1];

uuidsSet [0)=new UUID(UUID_STRING, false);

try{
agent.searchServices (attrSet, uuidSet,

remoteDevices [index], discoverer) ;

} catch(BluetoothStateException bse) {

bse.printStackTrace () ;

}
}

public void StopClient () {
running = false;
}

public void deviceInquiryFinished (RemoteDevice[] remoteDevices,
String message) {
this.remoteDevices = remoteDevices;
devices = new String[remoteDevices.length];
for(int i = o; i < remoteDevices.length; i++) {
try {
String name =
remoteDevices [i] .getFriendlyName (false) ;
devices [i] = name;
}catch (IOException ioe) {
ioe.printStackTrace() ;
}
}

callback.FoundDevice (devices) ;

}

public void serviceSearchFinished (ServiceRecord serviceRecord,
String message) {
String url =
serviceRecord.getConnectionURL (ServiceRecord.NOAUTHENTICATE_NOENCRYPT
, false);
try(
conn = (L2CAPConnection)Connector.open(url);
new Thread () {
public void run()
running = true;
ToReciveDatal() ;

}
}.start () ;
}catch (I0Exception ioe) {
ioe.printStackTrace () ;



}

public void ToReciveData() {
while (running)

try{

if (conn.ready()) {
int receiveMTU = conn.getReceiveMTU() ;
byte[] data = new byte[receiveMTU];
int length = conn.receive (data) ;
msgin = new String(data, o, length);
new Thread() {

public void run()

callback.ReciveData (msgin) ;

}

}.start () ;

}catch (IOException ioe)
ice.printStackTrace () ;
}

public void ToSendData (String message) {
this.msgout = message;
new Thread () {
public void run () {
=2 |
byte[] data = msgout.getBytes() ;

int transmitMTU
conn.getTransmitMTU () ;
if (data.length <= transmitMTU) {
conn.send (data) ;
}else {
System.out.println("Message

too long!");
}
} catch (I0Exception ioe) {
ioe.printStackTrace() ;
}
}
}.start();
}
public void ReleaseResource () {
try({
if (localDevice != null) localDevice = null;
if (agent != null) agent = null;
if (remoteDevices != null) remoteDevices = null;
if (conn != null) conn.close();

}catch (I0Exception ioe)
ioe.printStackTrace() ;
}

}
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import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.io.*;
import javax.bluetooth.*;

import java.io.*;

public class Mobile extends MIDlet implements
BTCallback, CommandListener

private Form £ _main = new Form("Main");

private Form f_status = new Form("Status");

private Form f_start = new Form("Start");

private Form f_ search = new Form("Search Device");

private Form f loaddevice = new Form("Load device");

private Command c_connect = new Command ("Connect 2
PC",Command.ITEM, 1;

private Command c_start = new Command ("Start
server",Command. ITEM, 1);

private Command c_status = new Command ("Show status",
Command.ITEM, 1;

private Command c_on = new Command ("Turn on/off", Command.ITEM, 1;
private Command c_back = new Command("Back", Command.BACK, 1);
private Command c_exit = new Command ("Exit", Command.EXIT,1);

private Command c_ok = new Command ("Ok", Command.OK, );

private Command c_select = new Command("Select", Command.ITEM, b);

private Image i_logo = null,i load = null,i main = null;

private ImageItem ii_logo,ii load,ii main;

private Display display;

private List 1 lighton;

private String([] light = {"Device I, "Device 2',"Device 3", "Device
4", "Device s', "Device 6",

"Device 7, "Device s'};

private String tmp;

private String lightrecive;

private BTServicAndDeviceAgent agent;

private static final String UUID STRING = "1122334455";

private ChoiceGroup devices = new ChoiceGroup (null,
Choice.EXCLUSIVE) ;
private boolean block = true;

public Mobile () {

try {
i_logo = Image.createImage ("/giox.png") ;
i load = Image.createImage ("/load.png") ;
i_main = Image.createImage ("/main.png");
ii_logo = new
ImageItem("",i_logo, ImageItem.LAYOUT CENTER, "Image can't Display") ;
ii_load = new
ImageItem("",i_load, ImageItem.LAYOUT CENTER, "Image can't Display") ;
ii_main = new
ImageItem("",i main, ImageItem.LAYOUT CENTER, "Image can't Display") ;

display = Display.getDisplay (this);
1 _lighton = new List("Select
light",List .MULTIPLE, light,null);

/*add component area
f_start.append(ii_logo) ;
f_start.addCommand (c_start) ;

f startiaddCommand|(c connect);



f start.addCommand (c_exit) ;
f main.append(ii_main);
f _main.addCommand (c_status) ;
f main.addCommand(c_on) ;
f main.addCommand (c_exit) ;
f_status.addCommand (c_back) ;
f_status.addCommand (c_ok) ;
f search.append(ii_load) ;
1 lighton.addCommand (c_back) ;
1 lighton.addCommand (c_ok) ;
f loaddevice.addCommand (c_select) ;
f status.setCommandListener (this);
1 lighton.setCommandListener (this) ;
f start.setCommandListener (this);
f main.setCommandListener (this);
f loaddevice.setCommandListener (this) ;
agent = new
BTServicAndDeviceAgent (UUID_STRING, "L2CAPchat", this) ;
} catch(Exception e) { System.out.println("Error :: "
e.getMessage ()); }

public void ReciveData(String message) { // override from
interface

lightrecive = message;
setLight (lightrecive) ;
block = false;

}

public void FoundDevice (String[] devicesname) { // override
from interface

int numberofdevice = devicesname.length;
for (int i=0;i<numberofdevice;i++)

{
}

f loaddevice.append (devices) ;
display.setCurrent (f loaddevice) ;

devices.append (devicesname [i] ,null) ;

}

public void startApp() {
display.setCurrent (f_start);
}

public void pauseRpp () {

}

public void destroyApp(boolean unconditional) {

}

public void commandAction (Command cmd, Displayable source) {

tmp = mn ,.

if (cmd == c_start) {
agent.StartServer () ;
display.setCurrent (f_main) ;

} else if(cmd == c_connect) { // connect to server (client)
display.setCurrent (£f_search) ;
agent.SearchDevice () ;

} else if (cmd == c_select && source == f_loaddevice) {
int index = devices.getSelectedIndex() ;
agent.SearchService (index).;



display.setCurrent (f_main) ;

} else if (cmd == c_status) {
agent . ToSendData ("rxxxxxxx") ;
while (block) ;
display.setCurrent (f_status) ;

} else if(emd == c_on) {

display.setCurrent (1_lighton);

} else if(cmd == c_back) ({

display.setCurrent (f_main) ;

} else if (cmd == c_ok && source == 1 lighton) {
tmp = nn ,.

boolean[] selected = new boolean[light.length];
(List) source) .getSelectedFlags (selected) ;
for (int i=o;i<light.length;i++) {
if (selected[i]) {
tmp += "1v;
} else { tmp += "o'; }
}
agent .ToSendData (tmp) ;
System.out.println("Device :: " + tmp);
display.setCurrent (f main) ;
} else if(cmd == c_exit) {
agent.StopClient () ;
agent.StopServer () ;
agent.ReleaseResource () ;
destroyApp (false) ;
notifyDestroyed () ;
}
}
public void setLight(String s)
display.setCurrent (1_lighton) ;
boolean([] selected = new boolean[light.length] ;
for (int i=o;i<light.length;i++) {

if (s.charAt (i) == "1') {
selected[i] = true;
} else {

selected [i] false;

}
}
(List)1_lighton) .setSelectedFlags (selected) ;
display.setCurrent (1 _lighton);

}
} // end of class Mobile



import javax.bluetooth.*;

import java.util.*;

import java.io.*;

import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.io.*;

public final class BTServicAndDeviceDiscovery implements
DiscoveryListener {
private Vector remoteDevices = new Vector() ;
private ServiceRecord serviceRecord;
private BTServicAndDeviceAgent callback;
private String SERVICE_NAME;
public BTServicAndDeviceDiscovery (String
SERVICE_NAME,BTServicAndDeviceAgent callback) {
this.SERVICE_NAME = SERVICE_NAME;
this.callback = callback;

}

public void servicesDiscovered (int transID, ServiceRecord/(]
servRecord) {
for(int i = 0; i < servRecord.length; i++) {
DataElement serviceNameElement =
servRecord [i] .getAttributeValue (0xo0100); //get the Service Name
String serviceName =
(String) serviceNameElement .getValue () ;
if (serviceName.equals (SERVICE_NAME) ) {
serviceRecord = servRecord [o];
}

}
}
public void serviceSearchCompleted (int transID, int respCode) {

String message = null;

if (respCode ==

DiscoveryListener.SERVICE_SEARCH DEVICE NOT REACHABLE) {

message = "Device not reachable";

}

else if (respCode ==
DiscoveryListener.SERVICE SEARCH NO_RECORDS) {
message = "Service not available";
}

else if (respCode ==
DiscoveryListener.SERVICE_SEARCH COMPLETED) {
message = "Service search completed';
1

else if (respCode ==
DiscoveryListener.SERVICE_SEARCH TERMINATED)

message = "Service search terminated";
else if (respCode == DiscoveryListener.SERVICE_SEARCH_ ERROR)
{
message = "Service search error';

}

callback.serviceSearchFinished (serviceRecord, message) ;

}
public void inquiryCompleted (int discType) {
String message = null;

if (discType == INQUIRY COMPLETED) ({
message = "Inquiry completed";

} else if (discType == INQUIRY TERMINATED) {
message = "Inquiry terminated";

} else if {(discType == INQUIRY, ERROR). {



message = "Inquiry error";

}

RemoteDevice [] devices = new
RemoteDevice [remoteDevices.size ()] ;
for(int i = 0; i < remoteDevices.size(); i++) {
devices [i] = (RemoteDevice)remoteDevices.elementAt (i) ;

callback.deviceInquiryFinished (devices, message) ;

}

public void deviceDiscovered (RemoteDevice btDevice, DeviceClass

cod) {
remoteDevices.addElement (btDevice) ;




import javax.microedition.midlet.*;
import javax.microedition.lcdui.*;
import javax.microedition.io.*;
import javax.bluetooth.*;

import java.io.*;

public final class BTServicAndDeviceAgent
{
private String UUID_STRING;
private String SERVICE NAME;
private LocalDevice localDevice;
private DiscoveryAgent agent;
private L2CAPConnection conn;
private RemoteDevice [] remoteDevices;
private boolean running = false;
private BTCallback callback;
private String msg;
private BTServicAndDeviceDiscovery discoverer;
private String(] devices;
private BTServicAndDeviceAgent () {
}
public BTServicAndDeviceAgent (String UUID_STRING, String
SERVICE_NAME, BTCallback callback) {
thiS.UUID_STRING = UUID_STRING;
this.SERVICE NAME = SERVICE NAME;
this.callback = callback;
discoverer = new
BTServicAndDeviceDiscovery (SERVICE NAME, this) ;
try{
localDevice = LocalDevice.getLocalDevice() ;
agent = localDevice.getDiscoveryAgent () ;
}catch(BluetoothStateException bse) {
bse.printStackTrace() ;
}

}

public void StartServer() ({
new Thread () {
public void run()
try{

localDevice.setDiscoverable (DiscoveryAgent .GIAC) ;

L2CAPConnectionNotifier notifier =
(L2CAPConnectionNotifier)Connector.open("btl2cap://localhost:" +
UUID_STRING + ";name=L2CAPchat");

ServiceRecord record =
localDevice.getRecord (notifier) ;

String connURL =
record.getConnectionURL (ServiceRecord.NOAUTHENTICATE NOENCRYPT,
false);

conn = notifier.acceptAndOpen() ;

new Thread () {

public void run()
running = true;
ToReciveData () ;

}

}.start () ;
} catch(IOException ioe)
ioce.printStackTrace () ;
}

}.start () ;



}

public void StopServer () ({
running = false;
}

public void SearchDevice () {

try {
//non-blocking
agent.startInquiry (DiscoveryAgent.GIAC, discoverer) ;

} catch(BluetoothStateException bse) {
bse.printStackTrace() ;
}
}

public void SearchService (int index) {

int[] attrSet = {0x0100};//return service name attribute
UUID[] uuidSet = new UUIDI[1];

uuidSet [0] = new UUID(UUID_STRING, false);

try{
agent .searchServices (attrSet, uuidSet,

remoteDevices [index], discoverer) ;
} catch(BluetoothStateException bse) {
bse.printStackTrace () ;
}

}
public void StopClient () ({

running = false;
}

public void deviceInquiryFinished (RemoteDevice[] remoteDevices,
String message) {
this.remoteDevices = remoteDevices;
devices = new String[remoteDevices.length];
for(int i = 0; 1 < remoteDevices.length; i++) {
tryéi
String name =
remoteDevices [i] .getFriendlyName (false) ;
devices [i] = name;
}catch (I0Exception ioe) {
ioe.printStackTrace () ;
}

callback.FoundDevice (devices) ;

}

public void serviceSearchFinished (ServiceRecord serviceRecord,

String message) {
StE¥ang Uurl =
serviceRecord.getConnectionURL (ServiceRecord.NOAUTHENTICATE NOENCRYPT

false) ;

try(
conn =

1

(L2CAPConnection) Connector.open (url) ;

new Thread () {
public void run() {
running = true;
ToReciveData () ;
}
}.start () ;
}catch (I0Exception ioe)
ioce.printStackTrace () ;
}
}

public void ToReciveData()
while (running) {



try{
if (conn.ready ()) {
int receiveMTU = conn.getReceiveMTU() ;
byte[] data = new byte[receiveMTU];
int length = conn.receive(data);
String message = new String(data, 0, length);
callback.ReciveData (message) ;
}
Jcatch (IOException ioe) {
ice.printStackTrace() ;
}

}
}
public void ToSendData (String message) {
msg = null;
msg = message;
new Thread () {
public void run() {
try {
byte[] data = msg.getBytes();
int transmitMTU = conn.getTransmitMTU () ;
if (data.length <= transmitMTU) {
conn.send (data) ;
Jelse {
System.out.println ("Message too long!");
}
} catch (IOException ioe)
ioe.printStackTrace() ;

}
}

}.start () ;
}
public void ReleaseResource () ({
try{
if (localDevice != null) localDevice = null;
if (agent != null) agent = null;
if (remoteDevices != null) remoteDevices = null;
if(conn != null) conn.close();

}catch (IOException ioe) {
ioe.printStackTrace () ;
}
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#include <reg51.h>
#include <stdio.h>
#define DELAY_SERIAL_SEND 100

sbit P00 = 0x80;
sbit P01 = 0x81;
sbit P02 = 0x82;
sbit P03 = 0x83;
sbit P04 = 0x84;
sbit P05 = 0x85;
sbit P06 = 0x86;
sbit P07 = 0x87;

sbit P10 = 0x90;
sbit P11 = 0x91;
sbit P12 = 0x92;
sbit P13 = 0x93;
sbit P14 = 0x94;
sbit P15 = 0x95;
sbit P16 = 0x96;
sbit P17 = 0x97;



void delay (unsigned char count)

{

}

unsigned char i, j;

for (i
for (3

0
0

; 1 < count ; i++)
i J < 200 ; J++);

void Display LED(unsigned char led)

{

switch(led)

{

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

break;

case

Ill:
P20 = 1;
l2l:
P21 = 1;
l3l:
P22 = 1;
l4l:
P23 = 1;
|S|:
P24 = 1;
l6'=
B250Y={ i ;
I'7I:
P26l=11¢
l8l:
RAL = %
Ia‘:
P20 = 0;
lbl:
P21 = 0;
'C':
P22 = 0;
ldI:
P23 = 0;
Iel:
P24 = 0;
Ifl:
P25 = 0;
Igl:
P26 = 0;
Ihl:
P27 = 0;
lrl:

SBUF=buf;



break;

}
}
1111711771717 777771117777 Serial [1111717717777171777777
void init serial() {
SCON = 0x50; // mode 1: 8-bit UART, enable receiver
TMOD = 0x21; // set timer
TH1 = OXFD; // set baud rate
TL1 = OXFD; // set baud rate
TR1 = 1; // set timerl enable
EA = 1;
ES = 1;
}
void serial send( int c ) {
SBUF = c;

serial () in
/* use regis
char c

1117111117
if (RI

terrupt 4 using 2 {
terbank 2 for interrupt */

receive

o L /* if receiver interrupt */
buf2 = SBUF;

c = buf2; /* read character */

delay ( DELAY SERIAL SEND ) ;
Display LED(c);

buf = P2;
RI{ 5 OF /* clear interrupt request flag */
}
/////7/1///  transmit
if (TI) | /* if transmitter interrupt */
T == /* clear interrupt request flag */
}
}
[1T1777T1000 70777 Serial HITTTETTI L7700 7177177
void init ()
PO % OxBf,;
Pl = Oxff;
P2 = Oxff;
P3 = Oxff;
init_serial() ;
P2 = 0x00;
}
void main()
init () ;
while (1) {
}



Features

» Compatible with MCS-51™ Products

¢ 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

 Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

* 128 x 8-Bit Internal RAM

¢ 32 Programmable I/O Lines

« Two 16-Bit Timer/Counters

¢ Six Interrupt Sources

¢ Programmable Serial Channel

* Low Power Idle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’'s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)
Pin Configurations N
feirits W |
P1.0 1 40 pvce
P1.10 2 39 0 P0.0 (ADO)
P1.20 3 38 0 PO.1 (AD1)
P1.3C] 4 37 0 P0.2 (AD2)
P1.405 36 1 P0.3 (AD3)
P1.50] 6 35 [ P0.4 (AD4)
P1.6 007 34  P0.5 (ADS5)
P1.7C] 8 33 [ P0.6 (AD6)
RST O 9 32 b PO.7 (AD7)
(RXD) P3.0C 10 31 b EAIVPP
PQFP/TQFP (TXD) P3.1 O 11 30 [ ALE/PROG
scas (TNTO) P3.2 0 12 29 b PSEN
caocaao (TNTT) P3.3 O] 13 28 1 P2.7 (A15)
b (TO) P3.4 ] 14 27 D P2.6 (A14)
INDEX coneo AW (T1) P3.5 ] 15 26 1 P2.5 (A13)
CORNER EEKKE%§EEEE (WR) P3.6 ] 16 25 0 P2.4 (A12)
(RD) P3.7 17 24 0 P2.3 (A11)
\ nngﬂﬂ)”ﬂ,n rénaﬂ‘ XTAL2 O] 18 23 b P2.2 (A10)
4342440638365 XTAL1 O 19 22 b P2.1 (A9)
P1.5 1 33 [OP0.4 (AD4) GND ] 20 21 O P2.0 (A8)
P1.6 (] 2 32 P0.5 (ADS)
P1.7 3 31 [JP0.6 (ADB) PLCC
RST ] 4 30 MP0.7 (AD7)
(RXD) P3.0C] 5 29 B EA/VPP soos
NC ] 6 28 [ONC aaaa
(TXD) P3.1J 7 27 (O ALE/PROG e T
(INTO0) P3.2 8 26 (QPSEN INDEX cdaro” pornen
(TNTT) P3.3a ] ® 25 (P27 (A15) GORNER - __ _ 0 oggn%
(To) P3.4H 10 24 [1P2.6 (A14) \n.n.u.u.n.z>n.nmn.
(T1) P3.5 11 23 (P2.5 (A13)
1213147561 715' %202 22 plsr 5 3 1 43 4139po.4 (AD4)
gooUooougooy P1.6 C]8 38[1P0.5 (AD5)
ensS00anany P1.7 ]9 370 P0.6 (AD6)
feffooaaana RST CJ10 361P0.7 (AD7)
XX (RXD) P3.0C]11 350 EAIVPP
EE S DO o NC 12 34O NC
A —— g (TXD) P3.1413 331 ALE/PROG
(INTO) P3.2Q14 320 PSEN
(TNTT) P3.3CJ15 31QP2.7 (A15)
(T0) P3.4C]16 30[1P2.6 (A14)
T1) P3.5CJ17 29
i) 18'%202 122232 %62 58 P25 (A13)

IMEL

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port O pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

AlmEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3 : -

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (|, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

-P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P37 RD (external data memory read strobe)

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

RST

Reset input. A high on this pin for fwo machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANpp —

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or 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 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by

It should 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 two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle 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.

Figure 1. Oscillator Connections

c2
—N—T XTAL2
L]
C1 :
T—% XTAL1
_T_ GND

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

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

NC\T—w =< JTAL2
EXTERNAL
OSCILLATOR XTALA
SIGNAL

software. The content of the on-chip RAM and all the spe- GND

cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their 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 operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three 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:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 LB3
1 u u u No program lock features.
2 P u u MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.
P P U’ Same as mode 2, also verify is disabled.
P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective

top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp=5V
Top-Side Mark AT89C51 AT89C51
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

MEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate

BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is 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.

Flash Programming Modes

Mode RST PSEN ALE/PROG ﬁNPP P2.6 | P2.7 P3.6 P3.7
Write Code Data H L H/12V L H H H
2
Read Code Data . H L H H L L
Write Lock Bit - 1 H U If H/12V H H
BT
Bit-2 H L5 H/1M2V H H L L
SRR
Bit-3 H by H/M2V H L H L
MRIL2m
Chip Erase H 13 ) H/12V H L L L
=~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.

AT89C51
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Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +S5V
AT89C51 T AT89C51
DR, A0- AT ) b Voo apor, PO - AT ™
OOOOH/OFFFH PGM OOOOH/OFFFH | PGM DATA
P20 - P23 PO [¢— patA P20 - P23 PO [ (USE 10K
A8 - Al1 A8 - Al1 PULLUPS)
—»| P26 —> P26
SEE FLASH —» P27 ALE |¢«—— PROG SEE FLASH — P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —»| P36 MODES TABLE | —®] P36 -
J
——» P3.7 —»| P37 "
XTAL2 EA |&—— V/Vpp T— XTAL2 EA
3-24 MHz 3-24 MHz |
1 ]
XTAL1 RST je—— Vv, XTAL1 RST f¢— Vy
GND PSEN ——_—L GND PSEN ——_L

Flash Programming and Verification Characteristics
Tp=0°Cto 70°C, Vo = 5.0+ 10%

Symbol Parameter Min Max Units
Vppl" Programming Enable Voltage 11.5 12.5 v
It Programming Enable Current 1.0 mA
el Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t oL

taHAX Address Hold After PROG 48t oL

toveL Data Setup to PROG Low 48tc oL

taHDX Data Hold After PROG 48tc oL

teHsH P2.7 (ENABLE) High to Vpp 48t oL

tshaL Vep Sétﬁpgm Low 10 us
tons ! Vpp Hold After PROG 10 us
toLcH PROG Width 1 110 us
tavav Address to Data Valid 48tc oL

terav ENABLE Low to Data Valid 48t oL

o Data Float After ENABLE 0 48tcicL

toHsL PROG High to BUSY Low 1.0 Hs
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

PROGRAMMING VERIFICATION
P10 - P17 |
P20 - P23 ADDRESS -j ADDRESS
«— tavav
PORT O DATA IN ( DATA OUT p——m
» tover  toox [
taveL > * tonax
ALE/PROG
tset [ et ou—,
_ A Ve ]
EANge el lOGICO
ka— § t
P2.7 > teav U ez
(ENABLE)
toreL —
P34
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low Voitage Mode (Vpp = 5V)

PROGRAMMING

VERIFICATION
P10 - P17
P20 - P2.3 ADDRESS —j ADDRESS
«— tavav
PORT 0O DATA IN DATA OUT p——m
N tDVGL tGHDX =
t:’-\VGL = ~ Bt tGHAX
ALE/PROG )
fset ‘F—tGLGH—_’
_ LOGIC 1
EANpp cw. *YMNardom ~nALQGIC 0\ #F e
t : ¢
— * lensn — = *— tenaz
(ENABLE)
toneL —
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature -55°C to +125°C

Storage Temperature -65°C to +150°C

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device

Voltage on Any Pin

with Respect to Ground -1.0V to +7.0V
Maximum Operating Voltage 6.6V
DC Output Current 15.0 mA

DC Characteristics

Tp =-40°C to 85°C, Vg = 5.0V + 20% (unless otherwise noted)

reliability.

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) 0.5 0.2 Ve - 0.1 v
ViL1 Input Low Voltage (EA) 05 0.2Vcc-03 v
ViH Input High Voltage (Except XTAL1, RST) 0.2V +0.9 Vee+ 0.5 \Y
Vi1 Input High Voltage (XTAL1, RST) 0.7 Vee Vee+ 05 v
VoL Output Low Voltage(") (Ports 1,2,3) loL = 1.6 mA 0.45 Vv
Vit Output Low Voltage(") loL =3.2mA 0.45 v
(Port 0, ALE, PSEN) 3
Vou Output High Voltage lon =-60 pA, Ve = 5V + 10% 24 \Y
(Ports 1,2,3, ALE, PSEN) "2 1A 075 Voo 5
lon =-10 pA 0.9 Ve \%
VoH1 Output High Voltage lo = -800 pA, Ve = 5V + 10% 24 \%
(Port 0 in External Bus Mode) lon = -300 jA 0.75 Vee v
lon = -80 A 0.9 Vee \%
I Logical 0 Input Current (Ports 1,2,3) Vin = 0.45V -50 HA
I Logical 1 to 0 Transition Curmrent ViN=2V,VCC=5V+10% -650 [T
(Ports 1,2,3)
I Input Leakage Current (Port 0, EA) 0.45< V< Ve +10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
lec Power Supply Current Active Mode, 12 MHz 20 mA
ldle Mode, 12 MHz 5 mA
Power Down Mode(? Ve =6V 100 pA
Ve =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum lg per port pin: 10 mA

Maximum lg, per 8-bit port: Port 0: 26 mA

Ports 1, 2,3: 15 mA
Maximum total I, for all output pins: 71 mA
If Io_exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink curent greater

than the listed test conditions.
2. Minimum Vg for Power Down is 2V.
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
1htcreL Oscillator Frequency 0 24 MHz
tuHL ALE Pulse Width 127 2tcL o140 ns
taviL Address Valid to ALE Low 43 torcL-13 ns
tLax Address Hold After ALE Low 48 torcL-20 ns
tLuv ALE Low to Valid Instruction In 233 4tc o165 ns
tLpL ALE Low to PSEN Low 43 toro-13 ns
tpLpH PSEN Pulse Width 205 3tg o 20 ns
teLiv PSEN Low to Valid Instruction In 145 3to o145 ns
texix Input Instruction Hold After PSEN 0 0 -ns
tpxiz Input Instruction Float After PSEN 59 toLc-10 ns
texav PSEN to Address Valid 75 torc-8 ] ns
taviv Address to Valid Instruction In 312 Ste o -55 ns
tpaz PSEN Low to Address Float 10 3 1o ns
tRLRH RD Pulse Width 400 6to L -100 ns
twLwH WR Pulse Width 400 6tc; o -100 ns
trLDV RD Low to Valid Data In 252 5tey o -90 ns
tRHDX Data Hold After RD 0 0 ns
trHDZ Data Float After RD 97 2ty o128 ns
tLov ALE Low to Valid Data In 517 8tg o -150 ns
tavov Address to Valid Data In 585 Moo -165 ns
towe ALE Low to RD or WR Low 200 300 3tc 50 3te o 50 ns
tavwi Address to RD or WR Low 203 4ty o175 ns
tavwx Data Valid to WR Transition 23 torcL-20 ns
tavwH Data Valid to WR High 433 Tto oL -120 ns
twHax Data Hold After WR 33 toLc 20 ns
triAz RD Low to Address Float 0 0 ns
tWHLH RD or WR High to ALE High 43 123 toLc -20 tor oL +25 ns
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External Program Memory Read Cycle

b —
ALE

AT89C51

| M R » torpy
tAVLL ] tLLIV
— tyup
PSEN "] teuv
<—Ltpxay
—»| |t
- PLAZ texiz
toxix—  fe—
PORT 0 > A0 - A7 —_INSTRIN > a-a7 <
< tAVN v
PORT 2 A8 - A15 X A8-A15

External Data Memory Read Cycle

th—
ALE v
—>] twHLH -
PSEN
—— tuoy —
fe— trirn —
— tw —
- PN e o A
R L o Ly N __; > lRiLDv DZ
—— tRHDX
PORT 0 _ A0 - A7 FROM RI OR DPLYX DATA IN A0 - A7 FROM PCL><INSTR IN
tavwe o
o tapv

PORT 2 )

P20 - P27 OR A8 - A15 FROM DPH

X A8 - A15 FROM PCH
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External Data Memory Write Cycle

b —
ALE L
—ﬂ tWHLH
PSEN
e— tyw —fe—twwn —>
WR SH
le— tavi —»] tavwx < — 1 twhax
— tCNWH —P
PORT 0 _ > A0 - A7 FROM RI OR DPL DATA ouT X XAO - A7 FROM PCL><INSTR IN
tavwe ®
PORT 2 X P20 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
External Clock Drive Waveforms
tCHCX
toren — < tewa

Vg - 0.5V

0.2 Vgg- 0.1V

0.45V
et 7 M
terel P
External Clock Drive
Symbol Parameter Min Max Units
1htcLcL Oscillator Frequency 0 24 MHz
— Clock Period 416 ns
tcHex High Time 15 ns
toLex Low Time 15 fis
toicH Rise Time 20 ns
teHeL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vee = 5.0V + 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

txixL Serial Port Clock Cycle Time 1.0 12tq oL pus

tquxH Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns

txHax Output Data Hold After Clock Rising Edge 50 2o o -117 ns

txHDX Input Data Hold After Clock Rising Edge 0 0 ns

txHDV Clock Rising Edge fo Input Data Valid 700 10tgy ¢ -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | o | 1 [ 2 | 3 | 4 | 5 | 6 | 7 | 8 |
ae _ [T T IDNDNWNUNAAA T T NRL LT L
“ » tXLXL
CLOCK E-NI A= e T NN LT L
tCNXH
SNy
WRITE TO SBUF, AP YT, X/ 2 3 X a 5 X 6 X 7
v — |<—t
OUTPUT DATA tyrov BHRX SET T T
_ CLEARRI |
INPUT DATA SET RIT

AC Testing Input/Output Waveforms(!)  Float Waveforms(")

Vge- 0.5V ;
cc 02 Vg + 0.9V o.v

TEST POINTS
02 Vg - 0.1V

oL

Timing Reference

V
LoAZ Points

- 0.1V V__ + 04V

Vioan oL

045V

Note: 1. AC Inputs during testing are driven at Vo - 0.5V for Note: 1. For timing purposes, a port pin is no longer floating

alogic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V;y min. for a logic 1 and V,;_ port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Von/ VoL level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V + 20% AT89C51-12AC 44A Commercial
. AT89C51-12JC 44J (0°C to 70°C)

AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44) (-40°C to 105°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q

16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 44) (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 444 (40°C to 105°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q

20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44] (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20JI 44) (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 5V £20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 4Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 44J (-40°C to 85°C)
AT89C51-24PI 44P6
AT89C51-24Ql 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Octal High Voltage,
High Current Darlington
Transistor Arrays

The eight NPN Darlington connected transistors in this family of arrays
are ideally suited for interfacing between low logic level digital circuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
feature open—collector outputs and free wheeling clamp diodes for transient
suppression.

The ULN2803 is designed to be compatible with standard TTL families
while the ULN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

MAXIMUM RATINGS (Tp =25°C and rating apply to any one device in the
package, unless otherwise noted.)

Order this document by ULN2803/D

ULN2803
ULN2804

OCTAL PERIPHERAL
DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Output Voltage Vo 50 \%
Input Voltage (Except ULN2801) Vi 30 \Y A SUFFIX
7 PLASTIC PACKAGE
Collector Current — Continuous Ic 500 mA CASE 707
Base Current — Continuous IB 25 mA
Operating Ambient Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg -55t0 +150 °C
Junction Temperature Ty 125 °C PIN CONNECTIONS
Rgya = 55°CW
Do not exceed maximum current limit per driver. =\
f—Do @
p
ORDERING INFORMATION E D&. E
Characteristics Ll-o
Operating E Dc | M E
Input Temperature
Device Compatibility VeE(Max)ic(Max) Range [4] DOT_._‘ 15]
4
ULN2803A | TTL, 5.0 VCMOS _ - E Dc E
ULN2804A | 61015V CMOs, PMos | 20 VP0MA ] TA=0to+70°C - Lyd
C i3]
[ 12]
[¢] i)
o S0

Gnd

® Motorola, Inc. 1996 Rev1



ULN2803 ULN2804
ELECTRICAL CHARACTERISTICS (T = 25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Output Leakage Current (Figure 1) ICEX pA
(Vo =50V, Ta = +70°C) All Types - - 100
(Vo =50V, Ta = +25°C) All Types - - 50
(Vo =50V, Tp=+70°C,V|=6.0V) ULN2802 - - 500
(Vo =50V, TAo=+70°C,V|=1.0V) ULN2804 - - 500
Collector-Emitter Saturation Voltage (Figure 2) VCE(sat) \
-~ (Ic =350 mA, Ig =500 pA) All Types - 1.1 16
(Ilc =200 mA, Ig =350 pA) All Types - 0.95 13
(Ic = 100 mA, Ig = 250 pA) All Types - 0.85 1.1
Input Current — On Condition (Figure 4) li(on) mA
Vi=17V) ULN2802 - 0.82 1.25
(V|=385V) ULN2803 - 0.93 1.35
(Vi=50V) ULN2804 - 0.35 0.5
Vi=12V) ULN2804 - 1.0 145
Input Voltage — On Condition (Figure 5) Vi(on) \%
(Vce =2.0V, I =300 mA) ULN2802 - - 13
(Vce=2.0V, Ic =200 mA) ULN2803 - - 24
(VCE=2.0V, Ic =250 mA) ULN2803 - - 27
(VCE=2.0V, Ic =300 mA) ULN2803 - - 3.0
(VCe=2.0V,Ic =125mA) ULN2804 - - 5.0
(Vce=2.0V, Ic =200 mA) ULN2804 - - 6.0
(VCE=2.0V,Ic=275mA) ULN2804 - - 7.0
(VCe =2.0V, Ic =350 mA) ULN2804 - - 8.0
Input Current — Off Condition (Figure 3) All Types li(off) 50 100 - uA
(Ic =500 pA, Ta = +70°C)
DC Current Gain (Figure 2) ULN2801 hFe 1000 - - -
(VCe=2.0V, I = 350 mA)
Input Capacitance Cy - 15 25 pF
Tum-On Delay Time ton - 0.25 1.0 us
(50% Ej to 50% EQ)
Turn-Off Delay Time toff - 0.25 1.0 us
(50% E| to 50% EQ)
Clamp Diode Leakage Current (Figure 6) Ta = +25°C IR - - 50 pA
(VR=50V) Tp = +70°C 100
Clamp Diode Forward Voltage (Figure 7) VE - 15 20 \
(IF = 350 mA)
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ULN2803 ULN2804
TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 1.

Open  Vce

Figure 7.
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TYPICAL CHARACTERISTIC CURVES - Tp = 25°C, unless otherwise noted
Output Characteristics

Figure 8. Output Current versus Figure 9. Output Current versus

Saturation Voltage Input Current
E : / £
£ 600 / £ 600
Lt / i .
& z )
3 All Types / 3 All Types /
x 400 / e 400 /‘
= =
Q Vi 2 <
3 / 3 a
8 200 7 8 200 v
£ // — //
0 ll 0 A
0 05 1.0 15 20 0 200 400 600 800
VCE(sat)- SATURATION VOLTAGE (V) IiN, INPUT CURRENT (pA)
Input Characteristics
Figure 10. ULN2803 Input Current Figure 11. ULN2804 Input Current
versus Input Voltage versus Input Voltage
20 20
€15 ’/ g 15
= L] =
2 ¥ ¥
] 1.0 3 10 =
o U DAY —
&
Z05[—— Z 05 //
0 0
20 25 30 3.5 4.0 45 5.0 55 6.0 5.0 6.0 70 8.0 9.0 10 1 12 13
VN, INPUT VOLTAGE (V) Vi, INPUT VOLTAGE (V)
Figure 12. Representative Schematic Diagrams
1/8 ULN2803 1/8 ULN2804
I & =
27k ¢—P——+tornto 105k ¢—P—+t-ornt0
{ |
| 72k L r l 72k L =
! 30k i ! 30 i
| AAA- 4 l AAA- 4
Lo - ~ Lo - - =
4
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OUTLINE DIMENSIONS

AN AOAON
18 10

D
O 9

TR PAYRTRPRVRVEY

A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC

NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM

2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.

MILLIMETERS INCHES
MIN | MAX | mMIN | mAX
22 | 2324 | 0875 | 0915
610 | 660 | 0.240 | 0.260
356 | 457 | 0140 | 0.180
036 | 056 | 0014 | 0022
127 | 178 | 0.050 | 0.070
254 BSC 0.100BSC
102 | 152 | 0.040 | 0.060
020 | 030 | 0008 | 0012
262 | 343 | 0115 | 0135
762BSC 0.300BSC
0°] 15°| o©0°] 150
051 | 1.02 | 0020 | 0040

z:r—::u-::nmuam)li
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters which may be provided in Motorola
data sheets and/or specifications can and do vary in different applications and actual performance may vary overtime. All operating parameters, including"Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products forany such unintended or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.
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How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.; Tatsumi-SPD-JLDC, 6F Seibu-Butsuryu—Center,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800—441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244—-6609 ASIA/PACIFIC: Motorola Semiconductors HK. Lid.; 88 Tai Ping Industrial Park,
INTERNET: hitp://Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

0 ULN2803/D

00 0 R O





