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Abstract

For military, surveillances are one of the important duties which need to be performing to
reduce forces damage. Especially the insecure area such as bomb filed or in the apposite area which
cannot be ignore in the defense. Therefore the system which can be use in the military surveillance was
developed to help our solider save their life and reduce injury.

Far Away Reconnoiter Robot (FARR} or surveillance robotic have the feature which can be
use in surveillances and observe enemies movement and send information to the closest center in that
area in the form of image or sound. We can then use such information for more effective defense plan
with out risking our solider life, because of the ability to proceed even in rough surface of the endless
belt of a caterpillar tractor allow the FARR to proceed even up or down steps. These qualities make

FARR very useful and adaptable to the special combat unit mission to rescue hostage life.
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MANUIN

Tlsunsufilarau

P6: CJINE A, #06BH, OUT

LCALL DOWN
ORG 0000H LJMP OUT
ouT: RET
jo—————- INTITIAL SERIAL PORT---
R FORWARD— === == om
MOV TMOD, #20H
MOV SCON, #50H FW: MOV PO, $#0F9H
MOV TH1, #0FDH LCALL DELAY
SETB TR1 MOV PO, #0FFH
RET
R MAIN PROGRAM--—=-=-r=w-
e ————— REWARD-———————=~————————
MAIN: LCALL RECV
LCALL PROC BW: MOV PO, #0F6H
LCALL SEND LCALL DELAY
LJMP MAIN MOV PO, #0FFH
RET
4 DATA RECIVE--=—=—=———--
i = BERE S & -~~~ § -
RECV: NCFP
LCOP: JNB RI, LOCP LL: MOV PO, #0FAH
CLR RI LCALL DELAY
MOV A, SRUF MOV PO, #0FFH
RET RET
P DATA SEND-----——------~ 2622 207 I RIGTH-— === === m e ——
SEND: MOV SBUF, A RR: MOV PO, #0F5H
LOOQP1: JNB TI,LOOP1 LCALL DELAY
CLR TI MOV PO, #0FFH
RET RET
P DATA PROCESS~---a—————- ——— ON OFF-=—=mmmmmmm e~
PROC: CJNE A, #077H, POl ONCFFE CPL P3.5
LCALL FW RET
LJMP OUT
s — - ARM UP--==-mmmm e e oo
BOl; CJNE A, #073H, P02
LCALL RW UP: SETB P3.6H
LJMEP OUT CLR P3.7
BOZ; CJNE A, #061H, P03 LCALL, DELAY
LCALL LL SETE P3.7
LJMP (UT RET
PC3: CJNE A, #064H, P4
LCALL RR po——— ARM DOWN-———-———————~~~~
LJMP OUT
P4: CJINE A, #06CH, b5 DOWN: SETB P3.7
LCALL CNOFF CLR P3.%
LJMF QUT LCALL DELAY
P5: CINE A, #06%H, P& SETB P3.6
LCALL UP RET

LIMP OUT



jmm————- DELAY~—=~-mm—m—————————
DELAY: MOV RO, #QFFH
Cl: MOV R1, #0FH
Dz : MOV R2,#0FH
D3: DJINZ R2,D3
DJINZ R1,D2
DJNZ RO, D1
RET
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AlertDialog. java

package controlrabot;
import java.awt.*;
import java.awt.event.*;

public class AlertDialog extends Dialocg implements ActionListener {

public AlertDialog(Frame parent,
String title,
String lineQne,
String lineTwo,
String lineThree)
super {(parent, title, true);

Panal labelPanel = new Panel(};
labelPanel.setLayout (new GridLayout (3, 1});
labelPanel.add {new Label (lineCne, Label.CENTER));
labelPanel.add (new Label{lineTweo, Label.CENTER));
labelPanel.add (new Label {lineThree, Label .CENTER)):
add (labelPanel, "Center");

Panel buttonPanel = new Panel () ;
Button cokButton = new Button ("CK");
ckButton.addActiconListener (this);
buttonPanel .add (ckButton) ;

add {(buttonPanel, "South");

FontMetrics fm = getFontMetrics {getFont ());
int width = Math.max(fm.stringWidth (lineOne),
Math.max {fm.stringWidth(lineTwo},
fm.stringWidth(lineThree)});

setSize (width + 40, 150} ;
satLocaticn(parent.getlocationOnScreen () .x + 30,

parent.getLoccationOnScreen() .y + 30);
setVisible (trueg);

}

public void acticnPerformed (BcticnEvent e) (
setVisible(false);
dispose ()}

}
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Main. java

rackage controlrobot;

import javax.comm.*;

import javea.awt.*;

import java.awt.event.*;

import java.io.File;

import java.io.FilelnputStream;
import java.io.FileCutputStream;
import java.lo.IOException;

import java.io.FileNotFoundException;
import java.util.Properties;

import java.util.Enumeration;

public class Main extends Frame implements ActicnlListener {

final int HEIGHT
final int WIDTH

450;
410;

fl

private MenuBar mb;
private Menu fileMenu;
private Menultem openltem;
private Menultem saveltem;
private Menultem exitltem;

private Button openButton:
private Button closeButton;
private Button breakButten;
private Panel buttonPanel;

private Panel messagePanel;
private TextArea messageArealut;
private TextArea messageArealn;

private ConfigurationPanel configqurationPanel:;
private SerialParameters parameters;
private 3SerialConnection connection;

private Properties props = null;

public static void main{String(] args) {

if {(args.length > 0)
&& {args[0] .equals ("-h")
|l args[0].equals("~-help"))) {
System.out.println ("usage: java Main [configuration

Filel");

System.exit (1)

}

Main serialDemo = new Main(args);
serialDemo.setVisible (true) ;
serialDemo.repaint () ;

}

public Main(String[] args) |
super ("Rcbot Contreller");



parameters = new SerialParameters();

// Set up the GUI for the program
addWindowListener (new CloseHandler (this));

mb = new MenuBar (};

new Menu{"File");

fileMenu

openltem = new Menultem{"Load"};
openltem.addActionlistener (this);
fileMenu.add (openTtem) ;

saveltem = new Menultem("Save"):
saveltem,addActionListener (this);
fileMenu.add (saveltem) ;

exitltem = new Menultem ("Exit");
exitItem.addActionListener (this);
fileMenu.add (exitItem} ;

mb.add (fileManu);

setMenuBar (mb) ;

messagePanel = new Panel();
messagePanel.setlayout {new GridLavout {2, 1)};

messageArealut = new TextArea(}:
messagePanel. add (messageAreadut) ;

messageArealn = new TextAreal);
messageArealn.setEditable (false) ;
messageFanel.add (messageArealn) ;

add (messagePanel, "Center");
configurationPanel = new ConfigurationPanel] (this);
buttonPanel = new Panel();

cpenButtcen = new Button ("Open Port");
cpenButteon.addActionlListener (this);
buttonPFanel .add (openButton) ;

closeButton = new Butteon({"Close Port");
closeButton.addActionlListener (this);
closeButton.setEnabled{false);
buttonPanel.add(cleseButton) ;

breakButton = new Button{"Send Break");
breakButton.addActionListener (this);
breakButton.setEnabled (false);
buttenPanel .add {breakButteon);

Panel southPanel = new Panel();

GridBagLayout gridBag = new GridBagLayout{);
GridBagConstraints cons = new GridRagConstraints{):
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southPanel.setlayout (gridBag) ;

cons.gridwidth = GridBagCenstraints.REMAINDER;
gridBag.setConstraints (configurationPanel, cons);
cons.weightx = 1.0;
southPanel .add (configurationPanel) ;
gridBag.setConstraints (buttonPanel, cons);
southPanel.add{buttonPanel) ;

add (southPanel, "Scuth™);
parseArgs (args};

connection = new SerialConnection{this, parameters,
messageAreaCut, messagelArealn):
setConfigurationPanel () ;

Dimension screenSize =
Toolkit.getDefaultToolkit (} .getScreenSize();

setLocaticn (screenSize.width/2 = WIDTH/Z,
screenSize.height/2 - HEIGHT/2);

setS5ize (WIDTH, HEIGHT);
}

public void setConfigurationPanel ()} {
configurationPanel .setConfigurationPanel (};

}

public void actionPerformed{ActionEvent &) {
String cmd = e.getActionCommand() ;

// Loads a configuration file.
if {(cmd.equals ("Load")) |
i1f (ccnnection.isOpen{)) {
AlertDialog ad = new AlertDialog(this, "Port Open!",
"Configuration may not™,
"be loaded™,
"while a port is open.");
} else |
FileDialog fd = new FileDialog{this,
"Load Pert Configuration',
Filelialog.LOAD) ;
fd.setVisible (true) ;
String file = fd.getFile();
if (file !'= null) {
String dir = fd.getDirectory(};
File f = new File{(dir + file);

try {
FileInputStream fis = new FilelnputStream(f);
props = new Properties();

props.load{fis);
fis.closel();

} catch (FileNotFoundException el) {
System.err.println{el);

} catch (I0Exception e2) {
System.err.println{e2);

}

loadParams () ;



}
}

// Saves a configuration file.
if (cmd.equals ("Save")) {
configuraticonPanel.setParameters();
FileDialcg fd = new FileDialog(this, "Save Port
Configuration"®,

FileDialog.SAVE);
fd.setFile ("serialdemo.properties");
fd.setVisikle (true);

String fileName = fd.getFile();

String directory = fd.getDirectory({):;

if ({(fileName != null) && {directory != null}) {
writeFile (directory + fileName);

}

// Calls shutdown, which exits the program.
if (cmd.equals ("Exit"}) {

shutdown {) ;
1

// Opens a port.

if {cmd.equals {("Open Port')) {
cpenButtcon.setEnabled (false);
Cursor previousCurscr = getCursor();:

setNewCursor {Cursor.getPredefinedCursor (Cursor .WALIT CURSOR) )/
configuraticonPanel.setParameters () ;
try {
connection.openConnection (};
} catch (SerialConnecticnException e2) |
AlertDialeg ad = new AlertDialocg{this,
"Error Opening Port!",
"Error opening port,",
eZ.getMessage{) + ".",
"Select new settings, try again.");
cpenButtcn.setEnabled (true) ;
setNewlurscor (previcusCursor) ;
return;
1
portOpenad() ;
setNewlursor (previousCursocr) ;

}

// Closes a port.

if (cmd.equals("Close Port"}) |
pertClosed();

}

// Sends a break signal to the port,
if (cmd.equals("Send Break"}) {
connection.sendBreak ()

}

public void portOpened() {
cpenButton.setEnabled(false):
closeButton.setEnabled{true):
breakButton.setEnabled (true} ;
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public woid portClosed() {
connection.closeConnection():;
openButton.setEnabled (true);
closeButton.setEnabled(false) ;
breakButton.setEnabled (false);
}

private void setNewCurscr (Curser ¢) |
setlursori{c);
messageArealn.setCurser{c);
messageArealut.setlurscr(c);

1
private void writeFile(String path) {

Properties newProps;
FileOutputStream fileQut = null;

newProps = new Properties();

newProps.put ("portiName", parameters.getPortName());

newProps.put ("baudRate", parameters.getBaudRateString());

newProps.put ("flowControllIn",
parameters.getFlowControlInString{));

newProps.put {("flowControlQut™,
parameters.getFlowCocntrolCutString (});

newProps.put ("parity”, parameters.getParityString()):

newProps.put ("databits", parameters.getDatabitsString());

newProps.put ("stopbits", parameters.getStopbitsString());

try {
fileOut = new FileOutputStream(path):
} catch (IOException e} {
System.out.println("Could not cpen file for writiing");

1
newProps.save(fileOut, "Serial Democ poperties™);

try |
fileGut.close (};
} catch (ICExcepticn e) |
System.cut.println{"Could not close file for writing");
}
!

private void shutdown () {
connection.closeConnection{);
System.exit (1):

}

private void parseArqgs (String[] args) |
if (args.length < 1) {
return;
}
File £ = new File (args[0]);

if (!'f.exists(}) {



f = new File(System.getProperty("user.dir™)
+ System.getProperty{"path.separator")
+ args[0]):
}

if (f.exists(}) {

try {
FileInputStream fis = new FilelInputStream(f);
props = new Properties(};
props.leadifis};
fis.close();
loadParams () ;

} catch {(IOException e) |

}

}

private void loadParams () {
parameters.sctPortName (props.getProperty ("portName") ) ;
parameters.setBaudRate (props.getProperty ("baudRate™)) ;
parameters.setFlowControlIn{props.getProperty ("flowControlIn")
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parameters.setFlowControlOut (props.getProperty ("flowControlOut”

parameters,setParity(props.getProperty {("parity™));
parameters.setDatabits (props.getProperty {"databits"™));
parameters,.setStopbits (props.getProperty ("stopbits'));

setConfiguraticonPanel () ;

class CenfiguraticonPanel extends Panel implements ItemListensr {
private Frame parent;

private Label portNamelabel;
private Choice portChoice;

private Label baudLabel;
private Choice baudChoice;

private Label flowControllInLabel;
private Choice flowChoiceln;

private Label flewControlOutLabel;
private Choice flowChoiceOut;

private Label databitsLabel;
private Cholce databitsChoice;

private Label stopbitsLabel;
private Choice stopbitsChoice;

private Label parityLabel;
private Choice parityChoice;

public ConfiguraticnPanel (Frame parent) {
this.parent = parent;

setLayout (new GridLayout (4, 4));



portNamelabel = new Label ("Port Name:", Label LEFT);
add {portNameLabel} ;

portChoice = new Choice();
pertChoice,addItemlistener (this);

add {(portCheoice) ;

listPortChoices();

pertCheoice.select {(parameters.getPortName () ) ;

baudLabel = new Label ("Baud Rate:", Label.LEFT):
add (baudLakel) ;

baudChoice = new Cholice(};
bhaudChoice.addItem("300"};
baudChoice.addItem("2400");
baudChoice.addItem ("4800") ;
baudChoice.addIitem ("S600") ;
baudChoice.addItem("14400") ;
baudChoice.addItem("28800") ;
baudCheoice.addItem ("38400") ;
baudChoice.addItem ("57600") ;
baudCheoice.addltem {("152000™) ;

baudCheoice.select (Integer.toString{parameters.getBaudRate()));

baudChecice.addItemlistener (this};
add (baudChoice} ;

flowControllInLabel = new Label ("Flow Control In:",

Label.LEFT) ;

add {(flowControlInLakel) ;

flowChoiceIn = new Choice{);
flowChoicelIn.addItem ("None") ;
flowCheoicelIn.addItem("Xon/Xcff In");
flowChoiceln.addItem ("RTS/CTS In");

flowCheiceln.select (parameters.getFlowControlInString());

flowCheoicelIn.addItemlListener (this);
add (flowChoicelIn);

flowControlCutlLabel = new Label ("Flcocw Contrcl Qut:'",

Label .LEFT) ;

add (flowControlCutLabel} ;

flewCholeeOut = new Choice{);
flowChoiceCut.addIlten ("None™) ;
flewCheoiceQut.,addIten{"Xon/Xoff Cut");
flowCheiceQut.addItem {"RTS/CTS Out"™);
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flowCheiceQut. select (parameters.getFlowControlOutString());

flewCheoiceOut.addIltemListenaer {this);
add (flowChoiceOut) ;

databitslLabel = new Label ("Data Bits:", Label.LEFT):;
add {databitsLabel);

databkltsCheoice = new Choice{);
databitsCheoice.addItem("5");
databitsChoice.addItem{"&");
databitsCheoice.addItem{"7");
databitsCheice.addItem{"8");

databitsChoice.select (parameters.getDatabitsString());
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databitsChoice,addItemListener (this);
add (datakitsChoice) ;

stopbitsLabel = new Label ("Stop Bits:", Label.LEFT);
add (stepbitsLabel) ;

stopbitsChoice = new Choice();
stopbitsChoice.addItem("1");
stopbitsChoice.addItem ("1.5");
stopbitsChoice.addItem("2"};

stopbitsCheice.select (parameters.getStopbitsString ()} :
stopbitsCheice.addIltemListener (this);

add (stopbitsChoice) ;

parityLabel = new Label ("Parity:", Label.LEFT):
add (parityLabel);

parityChoice = new Choice();
parityChoice.addItem("None") ;
parityChoice.addItem("Even™);
parityChoice.addItem ("0Odd") ;
parityChoice.select {"None"};
parityChoice.select (parameters.getParityString ()}
parityChoice.addItemlistener (this);
add {(parityChoice);

}

public wveoid setConfigurationPanel () {
portChoice.select (parameters.getPortName () ) ;
baudChoice.select (parameters.getBaudRateString ());
flewCheicelIn.select (parameters.getFlowControlInString())
flowCheiceQut.select (parameters.getFlowControlOutString());
databitsChoice.select {parameters.getDatabitsString());
stepbitsChoice.select {parameters.getStopbitsString()):
parityChoice.select (parameters.getParityString());

public void setParameters () {
parameters.setPortName (portChoice.getSelectedIltem() ) ;
parameters, setBaudRate {(baudChoice.getSelectedItem());

parameters.setllowContrelIn(flowCheoiceln.getSelectedItem());

parameters.setFlowContrelOut (flowChoiceQut.getSelectedItem() ) ;
parameters.setDatabits (databitsChoice.getSelectedItem()}
parameters.setStopbits (stopbitsChoice.getSelectedIitem()
parameters.setParity(parityChoice.getSelectedItem());

Y i
)i
}

void listPortChoices () {
CommPortIdentifier portId;

Enumeratiecon en = CommPortIdentifier.getPortIdentifiersi);

// iterate through the ports,
while (en.hasMoreElements(}) |
portId = (CommPortldentifier) en.nextElement () ;
if (portld.getPortType() ==
CocmmPortIdentifier.FCRT SERIAL) |
portChoice.addItem(portid.getName () ) ;
}
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}

portChoice.select (parameters.getPortName () ) ;

}

public void itemStateChanged(ItemEvent e) |
// Check if port is open.
1f (connection.isOpen{)) {
// 1f port is open do not allow port tc change.
if (e.getltemSelectable{) == portChoice) {
// Alert user.
AlertDialeg ad = new AlertDialog(parent, "Port
Open!™,
"Port can not",
"be changed",
"while a port is open.™):

// Return configuraticonPanel to pre-checice settings,
setConfigurationPanel();
return;

1

// Set the parameters from the choice panel.
setParameters () ;
try |
// Bttempt to change the settings on an open port.
connection. setConnectionParameters () ;
} catch (SerialConnecticonException ex) |
// 1If setting can not be changed, alert user, return
to
// pre-cholce settings.
AlertDialcg ad = new AlertDialog(parent,
"Unsupported Configurationl!",
"Configuration Parameter unsupported,",
"select new value.",
"Returning to previous configuration.");
setConfiguraticnPanel () ;
}

} else {
// Since port is not open just set the parameter cbject.

setParameters{);

}

class ClcseHandler extends WindowAdapter |
Main sd;

public CleseHandler (Main sd) {
this.sd = sd;
}

public vold windowClosing (WindowEvent e) |
sd.shutdown () ;
}
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PortRequestedDialog. java

e controlrchot;

Java.awkb.*;
java.awt.event.*;
javax.comm. *;

class PortRegquestedDialog extends Dialog implements
Listener |

ivate Main parent;
blic PortRequestedDialog (Main parent) |

super (parent, "Port Reguested!", true};
this.parent = parent;

String lineOne = "Your port has been requested";
String lineTwo = "by an other application.";
String lineThree = "Do you want tc give up your port?";

Panel labelPanel = new Panel ();
lakelPanel.setlLayout {new GridLayout (3, 1)}:
lakelPanel.add (new Labal (lineOne, Label.CENTER));
labelPanel.add (new Label (lineTwc, Label.CENTER)) ;
labelPanel .add (new Label (lineThree, Label.CENTER)):
add (labelPanel, '"Center");:

Panel buttonPanel = new Panel ();
Button yesButton = new Button("Yes");
yesButton.addActionListener (this) ;
buttonPanel .add {yesButton);

Button noButton = new Button("No"):;
noButton.addActionListener (this);
buttenPanel.add (noButton) ;

add (buttonPanel, "South'™):;

FontMetrics fm = getFontMetrics (getFont{));
int width = Math.max (fm,stringWidth(lineOne),
Math.max (fm,stringWidth(lineTwo),

fm.stringWidth {lineThree)));

}

setSize (width + 40, 150);
setlocation(parent.getlLecationOnScreen().x + 30,

parent.getLocationOnScreen() .y + 30);
setVisible (true};

public void actionPerformed (ActionEvent e} {

String cmd = e.getActionCommand() ;

if (cmd.equals ("Yes"}) {
parent.portClosed(};
1

setVisible (false);
dispose () ;
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SerialConnection, java

package controlrobot;

import javax.comm.*;

import java.io.*;

import java.awt.TextArea;

import java.awt.event.*;

import java.utlil.TooManylListenersException;

public class SerialConnection implements SerialPortEventlListener,
CommPortOwnershipListener |
private Main parent;

private TextArea messagelrealut;
private TextArea messagelArealn;
private SerialParameters parameters;
private QutputStream os;

private InputStream is;

private KeyHandler keyHandler:;

private CommPortIdentifier portld;
private SerialPort sPort;

private beolean open;

pukblic SerialConnection{Main parent,

SerialParameters parameters,
TextArea messagelArealut,
TextArea messageBArealn} |

this.parent = parent;

this.parameters = parameters;

this.messageAreaCut = messageArealut;

this.messageArealn = messageBrealn;

open = false;

}
public void openConnection() throws SerialConnectionExcepticn {

// Obtain a CommPortIdentifier object for the port you want to
open.
try |
pertld =

CommPortldentifier.getPortIdentifier (parameters.getPortName () )
} catch (NoSuchPortExcepticn e) {
threw new SerialConnectionException(e.getMessage());

}

// Open the port represented by the CommPortIdentifier object.
Give

// the open call a relatively long timeout of 30 seconds to
allow

// a different applicaticn to reliquish the port if the user

// wants to.

try {

sPort = (SerialPort)portld.open("Main", 30000);
} catch {(PortInUseException e) |



throw new SerialConnectionException{e,getMessage{));

}

// Set the parameters of the connection. If they won't set,
close the
// port before throwing an exception.
try |
setConnectionParameters{);
} catch (SerialConnectionException e) |
sPort.close();
throw e;
}

// COpen the input and cutput streams fcr the connection. If
they won't
// open, close the port before throwing an exception,
try |
os = sPort.getOutputStream();
is = sPort.getInputStream(};
} catch (ICException e) |
sPort.clese{);
throw new SerialConnectionException("Error opening i/o
streams") ;

}

// Create a new KeyHandler to respond to key strokes in the
// messageAreaOut. Add the KeyHandler as a keyListener to the
// messageArealut.

keyHandler = new KeyHandler (cs);
messageAreaCut.addKeyListener (keyHandler) ;

// Add this object as an event listener for the serial port.
try {
sPort.addEventListener (this);
} catch (TooManyListenersException e) {
sPort.closel();
throw new SerialConnectionException("too many listeners
added™) ;
}

// Set notifyOnDataAvailable to true to allow event driven
input.
sPort.notifyOnDataAvailable (true);

// Set nctifyCnBreakInterrup to allow event driven break
handling.
sPort.notifyOnBreakInterrupt (true);

// Set receive timecut to allow breaking out of polling loop
during
// input handling.
try |
sPort.enableReceiveTimeout (30);
} catch (UnsupportedCommOperaticonExcepticon e) {

]

// Add ownership listener to allow ownership event handling.
portld.addPortOwnershipListener (this) ;

open = true;
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public void setCeonnectionParameters{) throws
SerialConnectionException |

// Save state of parameters before trying a set.
int oldBaudRate = sPort.getBaudRate {);

int oldDatabits sPort.getDataBits () ;

int oldStopbits s3Port.getStopBits();

int oldParity = sPort.getParity();

int oldFlcwControl = sPort.getFlowControlMode () ;

It

// Set connection parameters, if set fails return parameters

object

// to original state.

try {
sPort.setSerialPortParams (parameters.getBaudRate (),

parameters.getDatabits (),
parameters.getStopbits{},
parameters.getParity()):

} catch (UnsupportedCommiperationException e) |
parameters.setBaudRate (cldBaudRate) ;
parameters.setDatabits (oldDatabits);
parameters.setStopbits (oldStopbits);
parameters.setParity{cldParity);
throw new SerialConnectionException ("Unsupported

parameter");

}

// Set flow control.
try {
sPort.setFlowControlMode (parameters.getFlowCentrolIn ()
| parameters.getFlowControlQut (}));
} catch {UnsupportedCommOperationExcepticn e) {
throw new SerialConnectionException ("Unsupported flow
control™);
}
}

public void closeCennection() {
// If port is alread closed just return.
if (lopen} {
return;

}

// Remocve the key listener.
messageArealut.removeKeylListener (keyHandler};

// Check to make sure sPort has reference to avoid a NPE.
if {sPort != null) {
try {
// close the i/c streams.
os.close ()
is.close{);
} catch (ICException e)
System.err.printlnie);

}

// Close the port.
sPort.close(};

// Remove the ownership listener.
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pertId.removePortOwnershiplistener (this);

cpen = false;

]

public void sendBreak () {
SsPort.sendBreak (1000} ;

}

public beoolean isOpen{) {
return open:

}

public void serialEvent (SerialPortEvent e) {
// Create z StringBuffer and int to receive input data.
StringBuffer inputBuffer = new StringBuffer(};
int newlata = 0;

// Determine type of event.
switch {(e.getEventType (}) |

// Re=ad data until -1 is returned. If \r is received

substitute
// A\n for correct newline handling.
case SerialPortEvent.DATA AVAILABLE:

while (newbData != -1) {
try {

newbData = 1s.read():

if (newbData == -1) {
break;

}

if {('\r' == (char)newData) {
inputBuffer.append('\n'");

} else {

inputBuffer.append{ (char)newData);
1
} catch (IOException ex) {
System.err.println (ex) ;
return;
}
}

// hppend received data to messageArealn.
messagehrealn.append (new String(inputBuffer)):
break;

// 1f break event append BREAK RECEIVED message.

case SerialPertEvent.BI:
messageArealn.append ("\n--- BREAK RECEIVED ---\n"};

}

public veid ownershipChange {int type) {
if (type == CommPortOwnershiplistener.PORT OWNERSHIP REQUESTED)

PortRequestedDialog prd = new PortReguestedDialog(parent);



class KeyHandler extends KeyAdapter |
QutputStream os;

public KeyHandler (QutputStream os)
super () ;
this.os = os;

public void keyTyped(KeyEvent evt) |
char newCharacter = evt.getKeyChar();
try |
os.write((int)newCharacter);
} catch (IOException e}
System.err.println("OutputStream write error:
H

+ e);
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SerialConnectionException. java

package controlrobot;

pukblic class SerialConnectionException extends Exception

public SerialConnectionException(String str)
super (str);

}

public SerialConnecticnException{) |
super () ;

}

{
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SerialParameters. java
package controlrobot;
impert javax.comm. *;
public class SerialParameters {

private String portName;
private int baudRate;
private int flowControlln;
private int flowContrclOut;
private int databits;
private int stopbits;
private int parity;

public SerialParameters () {
this{"",

9600,
SerialPort .FLOWCONTROL NONE,
SerialPort.FLOWCONTROL_NONE,
SerialPort.DATABRITS 8,
SerialPort.STOPBITS 1,
SerialPort.PARITY NONE );

public SerialParameters (String portName,
int baudRate,
int flowControllIn,
int flowControlOut,
int databits,
int stopbits,
int parity) |

this.pertName = portName;
this.baudRate = baudRate;
this.flowCeontrollIn = flowControlln;
this.flowControlOut = flowControlQOut;
this.databits = databits;
this.stopbits = stopbits;

this.parity = parity:

public vold setPortName (5tring portName) {
this.portName = portName;

}

public String getPortName(} {
return portName;

}

public void setBaudRate (int baudRate} {
this.baudRate = baudRate;
}

public vold setBaudRate (String baudRate) {
this.baudRate = Integer.parselnt (baudRate)

}



public int getBaudRate() {
return baudRate;

1

public String getBaudRateString() |
return Integer.toString(baudRate):
}

public void setFlowControlIn(int flowContrcelIn) {
this.flowControlIn = flowControllIn;
1

public void setFlowControllIn(String flowContreollIn)
this.flowCeontrollIn = stringToFlow(flowContrellIn)
}

public int getFlowControlln{) {
return flowContrellIn;

}

public String getFlewControlInString() {
return flowToString(flowControllIny;
}

public void setFlowControlOut {int flowControlOut) {
this.flowContrelOut = flowControlOut;
}

pukblic void setFlowControlOut (String flowlontrolOut) (
this.flowContraolOut = stringToFiow(flowControloOut);
}

public int getFlowControlCut () {
return flowContrcloOut;

h

public String gastFlewCeontrolOutstring() |
return flowToString(flowControclOut) ;
1

public wveoid setDatabits({int databits) {
this.databits = databits;
}

public void setDatabits(String databits) |
if (databits.equals("5")) |
this.databits = SerialPort.DATABITS 5;
1
if (databits.equals("é")) {
this.databits = SerialPort.DATABITS 6;
1
if (databits.equals("7")) |
this.databits = SerialPort.DATABITS 7;
}
if {databits.equals("8")) {
this.databits = SerialPort.DATABITS 8;
}
}

public int getDatabits(} {
return databits;



}

public String getDatabitsString() |
switch{databits) /{
case SerialPort.DATABITS 5:
return "5h";
case SerialPort.DATABITS 6:
return "e";
case SerialPort.DATABITS 7:
return "7";
case SerialPort.DATABITS 8§:
return "8";
default:
return "8";

}

public void setStopbits (int stopbits) |
this.stopkits = stopbits;
}
public void setStepbits(String stopbits) |
if (stopbits.equals{("1")} {
this.stopbits = SerialPort.STOPRITS 1:
}
if (stopbits.equals("1.5")) {
this.stopbits = SerialPort.STOPBITS 1 5:
1
if (stopbits.equals("2")) |
this.stopbits = SerialPort.STOPBITS 2;

}

public int getStopbits{) {
return stopbits;

}

public String getStopbitsString() {
switch(stopbits) {
case SerialPort.STCPBITS 1:
return "1";
case SerialPort.STOPBITS 1 5:

return "1.5";

case SerialPort.STCPBITS 2:
return "2";

default:
return "1";

}

public void setParity({int parity)} {
this.parity = parity;
}

public void setParity(String parity) f{
if (parity.equals("Nocne"™)) {
this.parity = SerialPort.PARITY NONE;
1
if (parity.equals("Even")) /{
this.parity = SerialPort.PARITY EVEN;

1
if (parity.equals("Odd")) {
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}

this.parity = SerialPort.PARITY ODD;

public int getParity() {

}

return parity;

public String getParityString() |

}

switch (parity) {

case SerialPort.PARITY NONE:
return "None";

case SerialPort.PARITY EVEN:
return "Even";

case SerialPort.PARITY ODD:
return "0dd";

default:
return "None';

private int stringToFlow (String flowContrcl) |

}

1f (flowContrcl.equals{"None"}) {
return SerialPort.FLOWCONTROL_NONE;

}
if (flowControl.equals ("Xon/Xcff Out")) {

return SerialPort.FLOWCONTROL_XONXOFF_OUT;

}

if {(flowControl.equals ("Xon/Xoff In")) {
return SerialPort.FLOWCONTROL_XONXOFF_IN;

}

if (flowContrecl.equals ("RTS/CTS In™)) |
return SerialPort.FLOWCONTROL_RTSCTS_IN:

}

if (flcwContrel.equals {("RTS/CTS Qut")} {
return SerialPort.FLOWCONTROL_RTSCTS_OUT;

1
return SerialPort.FLOWCONTROL NONE;

String flowToString(int flowControl) |

switch (flowControl) |

case SerialPort.FLOWCONTROL_NONE:
return "None";

case Serial?ort.FLOWCONTROL_XONXOFF_OUT:
return "Xon/¥cff Cut”; :

case SerialPort.FLOWCONTROL XONXOFF IN:
return "Xon/Yoff In";

case SerialPort,FLOWCONTROL RTSCTS IN:
return "RTS/CTS In":

case SerialPort.FLOWCONTROL_RTSCTS_OUT:
return "RTS/CTS Qut";

default:
return "None";
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TOSHIBA TA7279P/AP

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT  SILICON MONOLITHIC

TA7279P,TA7279AP

DUAL BRIDGE DRIVER

The TA7279P, TAT279AP are dual bridge driver designed for DC
motor rotation control.

FEATURES

® Wide Range of Operating Voltage
' Vee (apr) = 6~18 V (P, AP),
VS (opr) = 0~16 V(P) / = 0~18 V (AP)

® Output Current Up to 1.0 A (AVE)), 3.0 A (PEAK)
@ Built—in Thermal Shut Down and Current Limiter
® Input Hysteresis for Stable Operation

HDIP14-P-500-2.54A

BLOCK DIAGRAM Weight: 3.00 g (Typ.)

é @ V5. A

— x 3

viny-a (] @) ourt-a
CTRL (5) outza

G

ViN2-A G:_I T I_l P | _ﬁ

TSO-CL D vsg
ST

% Y ¥ 1
vinz-a (13 l () ourt-s

CTRL d
vinis 8B (9) outz-s

] 3% 5 o
o ORI

9681001EBA1

« TOSHIBA is continually warking to improve the quality and the reliability of its products. Nevertheless, semiconductar devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of
the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to aveid situations in which a malfunction or
failure of 2 TOSHIBA product could cause loss of human life, bodily injury or damage to property. In devefoping your designs,
please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most recent products
sHpeciﬁcations. Also, please keep in mind the precautions and conditions set forth in the TOSHIBA Semiconductor Reliability

andbook.

« The products described in this document are subject to foreign exchange and foreign trade control laws.

« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA CORPORATION for any infringements of intellectual property or ather rights of the third parties which may result from its
use. ridn license is granted by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION
or others.

« The information contained herein is subject to change without notice,
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TOSHIBA

TA7279P/AP

PIN FUNCTION
PIN No. SYMBOL FUNCTIONAL DESCRIPTION
! Vinz-a A-ch input terminal
2 ViNZ-2
3 VINT-A A-ch input terminal
4 OUT1-A A~ch output terminal
5 Vg-a A-ch Mator drive power supply
5 OuUT2-A A-ch output terminal
7 GND
GND terminal
8 GND
9 OuUT2-B B-ch output terminal
10 Vs-B B-ch Moter drive power supply
11 QUT1-B B-ch qutput terminal
12 ViN1-B B-ch input terminal
13 ViNz-B B-ch input terminal
14 Veo Logic power supply
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TOSHIBA TA7279P/AP

APPLICATION NOTE

(1) Input circuit

5k{2
1k$2

3o
© 2
®©©
s

!

5.6k0%

30kl

5012

Input terminals of (2), {3}, {12) and (13) Pin are all high active type and have a hysteresis.

3 pA Typ. of input current is required.

The input circuit is an active high type, as shown in the diagram. When voltage higher than the specified
VIN (H) is applied, the output is logic “H”. When voltage lower than the apecified

VIN (L} is applied or if the input is grounded, the output is logic “L". Since the input current IN flows to the
input when logic “H”, be careful with the output impedance at the previous step.

(2) Output circuit

our

D0 ® @O

2001-01-22 3/8



FUNCTION
IN1 IN2 ouTH ouT2 MODE
1 1 L Brake
0 1 L H CW/CCW
1 0 H CCw/Ccw
0 0 High Impedance STOF
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
AP 25
Supply Voltage —— Vec (MAX) v
20
AP 25
Motor Drive Voltage Vg (MAX.) v
P 18
PEAK lg (PEAK) 30
Qutput Current A
AVE. o (AVE.} 1.0
Power Dissipation Pp (Note) 23 w
Cperating Temperature Topr -30~75 °'c
Storage Temperature Tatg =556~150 °C
Nole: No heat sink.
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX [ UNIT
CUIT
Vee = 18 V, Output Off, Stop
lcct 1 mode 14 28 41
Vee = 18 V, Qutput Of,
Supply Current lcca 1 CW £ COW mode 10 29 38 mA
Ve =18 V, Output Off,
lcca T /| Brake mode 8 - 35
1 (High VAN (H — (Tj=25°C 340 — Vee
Input Cperating Voitage g N H) | '
2 (Low) VIN(L) — |Fj=25°C — —_ 0.8
Input Current IIN 2 |Sink, V=3V — 3 10 HA
lo=01A, _
Upper VSATU-1 3 Voo = Vg = 18V — 1.1
lo=01A
Lower VBATL-1 3 = — —_ 1.0
Output Saturation Veg=Vg =18V v
Voltage lo=10A
o=10A, _
Upper VsaTu-z 3 Vee=Vg =18V 12 15
lo=1.0A, _
Lower VsaTL-2 3 Voo = Vg = 18V 1.0 1.4
Upper 1 — Vg=25V _ — 50
Leakage Current i Ly uA
Lower ILL — [Vg=25V —_ — 50
Upper Vry 4 |lp=1A — 240 -
Diode Forward Drop PP \'
lL.ower VEL 4 |lFp=1A — 1.3 —_
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TOSHIBA TA7279P/AP
TEST CIRCUIT 1.
lcct, 2,3
@lcc
5) (1d ézb
TAT7279P / AP Lovee
18v
D20 (3) 7) (8
LT -
ViNt-A
Wy
VIN2-A
W
] P~ a\v VINT-B
] o VIN2B
) SWa o
Vin L
3V
J! A! Foad

TEST CIRCUIT 2.
N ), (L

V= 18Vl

14

5

1L,

TA7279P/ AP

3
ViNT-a
SWq

N

—a
e VIN2.A
Wy
> o VINI-B
] I
o VIN2B
S\Wa
PO
N
Al m
VIN
v

1.2)G2 (3 TT
GND
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TOSHIBA TA7279P/AP

TEST CIRCUIT 3.
Vsatu-1, 2/ VSATL-1, 2

SWq .
G e ’ :VSATLB
VsaTua 5‘~c5w5 LI
SWg
W11 V5ATLA
swy Wha :j‘@}“'
o o
g SWy
VSATUA RLA WA AR B
@& O
v,
| Veo @ 3
I G) TA7279P/ AP
-—_(VS'B 10
V=18V 3
[ 3
led
Wy ViNT-A ”~
° VINZ-A
] SWa
SWs ‘\u ViNi-B
ViN2-B
vil ¥ ] SWy
3y i
~r
TEST CIRCUIT 4.
VFu, L
SWo Somme 7]
= -
SWy o—
VEuB VEUA \T J.’ [
® ® O O oToraYo RS
G [
—@

TA7279P /AP

14D @ ve

1
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TOSHIBA TA7279P/AP

Pp - Ta

12
— Rih (j-¢) = B°C/W
S

Rih (j-a) = 54°C/W

£ \

8 A}
g \
o
= A
2 A
7 10°C/W HEAT SINK N INFINITE HEAT SINK
[a] r " a 1
« 4 i ™ \L
=z NG HEAT SINK
O \\ A
& [S— \\\

s P \
0 o
0 50 100 150 200

AMBIENT TEMPERATURE Ta (°C)

APPLICATION CIRCUIT

. ? OVCC
Tt
°
14 S 10

7y _OUT1-A

O"'II\J#'@ : OUT2-A
SETNE @ TA7279P / AP m_OUT1-E
ViNz-g @ % ouTZ-B I,:C)

7 8
GND GND

Problems may result if a capacitor is inserted in parallel to the motor as a measure against noise.
H measures against noise are necessary, connect capacitors as shown in the diagram below,

A larger bypass capacitor between Vo and GND is effective against noise and other problems.
{A capacitance higher than 100 pF is recommended.)

ouT1 - QUT2
{M} O
o L
e A
P~ r~
| o | <

Note:  Utmost care is necessary in the design of the output line, Vg and GND line since IC may be destroyed due to
short-circuit between outputs, air contamination fault, or fault by improper grounding.
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TOSHIBA

TA7279P/AP

OUTLINE DRAWING
HDIP14-P-500-2.54A

14 N/
o B e B e Ml I o EE
S
] 3
bas id
T T T 3 T T
1 7
27.0MAX
1 26.540.2
§.2520.2
3.240.2
[~ o
™
Il %
(=]
ol G
' ™
N g
U +
. p-0550.1 575 s
1821|254 1.240.1

Weight: 3.00 g (Typ.)

Unit: mm

}ﬁ
o
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Radiometrix =)

Issue 0144-2-1WU BiM2-433 12 February 2002

433MHz high speed FM radio transceiver module

The BiM2 transceiver is an enhanced
replacement for our original BiM module, It
offers greater transmit power, higher data
rates, greatly improved receiver
interference rejection and a lower profile. .
The module is ideal for enabling bi-

directional wireless connectivity in battery

powered or handheld applications .

=avavacaramamac

2

qadlometri*

Features BiM2 Transceiver

CE Certified by independent Notified Body according to the R&TTE Directive (1999/5/EC)
Verified to comply with Radio standard ETSI EN 300 220-3 by UKAS accredited Test Laboratory
Verified to comply with EMC standard ETSI EN 301 489-3 by UKAS accredited Test Laboratory
Usable range to 200 metres external, 50 metres in building

Data rates up to 160kbps

SAW controlled 10mW FM transmitter

Double conversion FM superhet receiver

SAW front end filter and full screening

Plug in replacement for Radiometrix BiM-433-40

3V or 5Volt supply at < 20mA

* & 5 & & ©® & &

The BiM2 is a half duplex radio transceiver module for use in high-speed bi-directional data transfer
applications at ranges up to 200metres. The module operates on the European licence exempt frequency
of 433.92MHz. The small footprint of 23 x 33mm and low profile of 4mm together with low power
requirements of <20mA @ 3 to 5 Volts enable convenient PCB installation. The high raw data rate
capability of 64kbps and fast state change times will support high data throughput of up to 3 kbyte/s in
‘streaming’ applications or alternatively allows very short air time utilization in multi-node scanning
networks,

Applications

PDA’s, organizers and laptops

Handheld terminals

EPOS equipment, barcode scanners, belt elip printers
Data loggers

Audience response systems

In Building environmental monitoring and control
High end security and fire alarms

Restaurant ordering systems

Vehicle data up/download

Further information will be auailable imminently, however, BiM-433-F data sheets contains applications
information that is equally applicable to the new BiM2.

Radiometrix Lid, BIM2 Datag Sheet page 1



Functional overview

The transmit section of the BiM2 comprises of a SAW stabilised and FM modulated 433.92MHz oscillator feeding a
10mW bufTer/output stage. Operation is controlled by a TX select line, the output achieving full power within 100us of
this line being pulled low. Modulation is applied at the TXD input and may be cither a serial digital stream at the same
levels as the module's supply rails (digital drive) or a high level analogue waveform with a pk to pk amplitude close to
the modules supply level (linear drive). Modulation shaping is performed internally by a 2nd order 44kiz LPF to
minimize spectral spreading. The RF output is filtered to meet the requirements of EN 300-220-3 and fed via a fast
antenna changeover switch to the 502 antenna pin,

The receive section of the BiM2 is a double conversion FM supethet with IF’s of 16MHz and 150kHz. The dual gate
MOSFET LNA is followed by a 730kHz bandwidth SAW filter to provide >60 dB’s rejection of all out of band signals.
The receiver is controlled by an active low sclect line and will power up in <lms. A post-detection 2nd order 35kHz
LPF establishes the signal bandwidth and ensures the clean operation of the subsequent adaptive data slicer. The slicer
has a 2ms averaging time constant and is optimised for balanced data, e.g. bi-phase codes. A fast acting carrier detect
output will indicate the presence of any RF signals,

GND (1) = -- zzuphl—lf = Gnd (18}
0 Vio4—1 TX/RX .T e Voo (17)
1 Supply 1642
1 Wi Switch .
) = e T —e= RX select (16)
; 43ba Mde | TXiRX A kb e |
o] pen ' Y 44 kHz 2 h
Antenna (2) [t pass e ’ 'sw;lch } i e [ ) *_,, . order LPF —I—_ X select (15)
REGND (3) ——¢—Lbit | [y {7/ e (1N
i SAW-stliabt»hsed - i TD (4
Ll ... Oscillator A NR
NC (d) = N Fres f0 d1s v L
samglifier” SAW conlrelled| .
GND {5} == 'L g 8/ - = AR (13)
oscillatar 2" local Adaptive Dala Slicer
NC(6) = - N v ——
-' o 7;7217&2AF"35RH2' LA ! iy/‘;- Data oul (12)
NC (7} = SAW bana] [ {% f e LS 8
pass filter LT IF amplifier = I' I CD (11)
NC (8) = ,,LL‘, N demodulatory FAS v
1" mixer &-FAns _E .
Gnd (9) = 1 4?mU X GND (10)

Figure 1: Block diagram
Pin description:

RF GND pin 1 &3
RF ground pin, internally connected to the module screen and pin 5, 9, 10, 18 (0 Volt). This pin should
be connected to the RF return path (e.g. coax braid, main PCB ground plane etc.)

Antenna pin 2
50Q RF input from the antenna, it is DC isolated internally. (see antenna for suggested antenna/feeds).

0Volt pins 5, 9, 10, 18
Supply ground connection and screen.

CD pin 11

Carrier Detect - When the receiver is enabled, a low indicates a signal above the detection threshold is
being received. The output is high impedance (50kQ) and should only be used to drive a CMOS logic
input,

RXD pin 12
This digital output from the internal data slicer is a squared version of the signal on pin 13 (AF). It may
be used to drive external decoders. The data is true data, i.e. as fed to the transmitter. Load impedance

should be >1kQ and <1nF

Radiometrix Ltd, BIM2 Data Sheet page 2



AF pin 13

This is a buffered and filtered analogue output from the FM demodulator. It has a standing DC bias of
1.2 volts and 400mV p.p base band signal. Tt is useful as a test point or to drive linear decoders. Load
impedance should be >2kQ and <100pF.

TXD pin 14
This DC coupled modulation input will accept either serial digital data (OV to Vec levels) or High level

linear signals. Input impedance is 10kg.

TX select pin 15
Active low transmit select. 10kQ internal pull up to Vee.

RX select pin 16
Active low receive select. 10k} internal pull up to Vee.

Pin 15 TX DPPin 16 RX Funection

power down (<1pA)
receiver enabled

transmitter enabled

o R e R
[

self test loop back

Note: Loop test allows the receivers to monitor the transmitted signal. The receiver will not receive
external signals whilst the TX of the module is enabled.

Vee pin 17
+ve supply pin. +3.0 to +5.5 volts @ <20mA . The supply must be clean < 20mVer ripple. A 2.2uF de-
coupling capacitor and 10Q series resistor are used internally to filter the supply.

side view side views

fop view

M B 5il2-433-160 1B eLAE

(116 RX select
NC 4 [ ) CEO889® 15%;:;

GND 5 [ ] 14 TXD 23 mm

nesCl Radiometrix Kl co

GND 8 [0 Ol1oovan |,
30.48 mm
<€ > recommended PCB hole size: 1.2 mm
< 33 mm . pin pitch: 2.54 mm

Figure 2: Physical dimension

Weight: 5g (typical with pins)

Radiometrix Ltd, BIM2 Data Sheet page 3



Survival Maximums:

Operating temperature: -10°C to + 55°C

Extended operation at -20°C to + 70°C

Reduced specification

Storage temperature -40°C to + 100°C

Vee (pin 17} -0.1V to +10.0V

All other pins 0.1V to +Veet0.6V

Antenna (pin 2) +50V @ <10MHz , +20dBm @ > 10MHz

Note:  Operation of the BiM2 above 5.5 volt with efficient antenna may result in radiated power levels above the
licensed power level.

Figures apply to 5V versions unless otherwise noted
Temperature 20° C unless noted

DC Levels

supply voltage, Vee (std. version) 17 4.0 5 5.5 Vv

supply voltage, Vee (2V version) 17 3.0 3.3 4.0 V

TX supply current, Vee (std) 17 10 14 16 mA

TX supply current, Vee (3.3V) 17 6 8 10 mA 3.3V supply
RX supply current, Vec (std) 17 12 18 21 mA

RX supply current, Vec (2.3V) 17 10 14 17 mA 3.3V supply
supply ripple allowed 17 - - 20 mVpkpk | below 1MHz
AF output DC level 13 1.0 1.25 1.5 V

load capacitance on AF / Data 12,13 - - 100 pF

CD output load resistance 11 220 - - kQ

Interface levels

data cutput high, 100pA source 12 - Vie-0.6 - v RXD high
data output low, 100UA sink 12 - 0.4 A% RXD low
TX & RX select, high (deselect) 15,16 | Vee-0.5 Vee \%
low (select) 15, 16 0 0.5 v
Internal select pull-ups 15,16 - 10 - kQ
TXD, high 14 Vee-0.5 Vee v
low 14 0 0.5 vV

RF Parameters

Antenna pin impedance 2 - 50 - Q TX or RX
RF centre frequency - - 433.92 - MHz

Transmitter

RF power output, Vee std 2 +7 +10 +12 dBm 5V
RF power output, Vee 3.3V 2 +3 +6 +8 dBm 3.3V
Initial frequency accuracy . -50 0 +50 kHz

Overall frequency accuracy - -100 0 +100 kHz

FM deviation - 20 30 40 kHz

Modulation bandwidth - DC - 32 kHz

Modulation bandwidth DC - 80 kHz 160kpbs
Modulation distertion - - - 15 %

Receiver

BF sensitivity, 10dB S/N 2,13 -95 -101 dBm

RF sensitivity, 10dB S/N 2,13 -91 -96 dBm 3.3V
RF sensitivity, 10dB S/N 2,13 -94 dBm 160kbps

Radiometrix Lid, BIM2 Data Sheet page 4



RF Parameters pin min. typ. max. units notes
RF sensitivity, 1ppm BER 2,12 -87 -93 dBm 5V
RF sensitivity, 1ppm BER 2,12 -82 -88 dBm 3.3V
RF sensitivity, 1ppm BER 2,12 -90 dBm 160kbps
CD threshold 2,11 -98 -104 dBm 5V
CD threshold 2,11 -92 -98 dBm 3.3V
CD threshold 2,11 -96 dBm 160kbps
IF bandwidth - - 500 - kHz

CD bandwidth 2,11 - 400 kHz

Ultimate (S+N)/N, -70dBm input 13 - >40 dB

Ultimate (S+N)/N, -70dBm input 13 30 dB 160kbps
maximum operating RF input 2 +10 - dBm

AF output level 13 - 400 - mV peak to peak
Initial frequency accuracy - -5( 0 +50 kHz CD centre
EMC Parameters pin min. typ. max. units notes
Rejections: rejection figures are relative to a 15dB (S+N)/N wanted signal

Co-channel rejection 2 - -10 - dB

Image rejection (fre-2f1x) 2 - 64 - dB 402.0MHz=
Out of band rejection 2 >70 - dB DC to 2GHz
AM rejection 2 >30 - dB

Out of band blocking level 2 >-158 - dBm

Out of band IP3 2 +1 dBm

Radiations

RX LO leakage, conducted 2 - -60 -57 dBm

RX LO leakage, radiated - - -70 - dBm

TX 2nd harmonic 2 -42 -36 dBm

TX harmonics >1GHz 2 -40 -30 dBm

TX gpectral bandwidth @-40dBe 2 4 250 kHz worst casge

Baseband Transfer

Performance

TX2> RX

Linear baseband BW @-3dB 13 0.08 - 34 kHz TXD to AF

Linear baseband BW @-3dB 13 0.08 - 80 kHz TXD to AF

Balance code bit rate 12 ) 64 - kbps

Time between code transitions 14 15.6 1000 1L}

Time between code transitions 14 15.8 120 Us S version

Time between code transitions 14 6.25 - 100 ps 160kbps

Averaged code mark:space 14 30 5{ 70 % in any 2ms

preamble duration 14 3 - - ms 01010101

pattern

reamble duration 14 1 - - ms S version

link delay 14,12 15 - us T%D to RXD

Dynamic Timing

Power up with signal present

Power up to valid CD, teucp 11 - 0.7 1 ms

Power up to stable AF, tpyu.ar 13 0.5 1 ms

Power up to stable data, tPU-daa 12 3 ] ms

Power up to stable data, tpu.data 12 1 ms 1, S version

Power up to stable data, tru.data 12 0.8 ms 160kbps

Radiometrix Lid, BiM2 Data Sheet page &



Baseband Transfer in. max. units

Performance

| Stgnal applied with supply on
Signal to valid CD, teig.cp 11 - 0.25 0.5 ms
| Signal to stable data, tsigdata 12 - 3 4 ms
Signal to stable data, teig-data 12 - - 1 ms 1, 8 version
| Signal to stable data, taig-data 12 - - 0.5 ms 160kbps
TX power up to full RF 2 - 100 - Ls

Note 1: from 45% 10 55% duty cycle

Antenna requirements
Three types of integral antenna are recommended and approved for use with the module:

A) Helical  Wire coil, connected directly to pin 2, open circuit at other end, This antenna is very
efficient given it's small size (20mm x 4mm dia.). The helical is a high § antenna, trim
the wire length or expand the coil for optimum results. The helical de-tunes badly with
proximity to other conductive objects.

B) Loop A loop of PCB track tuned by a fixed or variable capacitor to ground at the 'hot' end and
fed from pin 2 at a point 20% from the ground end. Loops have high immunity to
proximity de-tuning,

C) Whip This is a wire, rod ,PCB track or combination connected directly to pin 2 of the module.
Optimum total length is 16cm (1/4 wave @ 433MHz). Keep the open circuit (hat} end
well away from metal components to prevent serious de-tuning. Whips are ground plane
sensitive and will benefit from internal 1/4 wave earthed radial(s) if the product is small
and plastic cased

helical

Ultimate performance L oy
Easy of design set-up S * ¥
Size kR *h *
Immunity proximity effects *k L " o
Range open ground to similar antenna 200m

The antenna choice and position directly controls the system range. Keep it clear of other metal in the
system, particularly the 'hot’ end. The best position by far, is sticking out the top of the product. This is
often not desirable for practical/ergonomic reasons thus a compromise may need to be reached. If an
internal antenna must be used, try to keep it away from other metal components, particularly large
ones like transformers, batteries and PCB tracks/earth plane. The space around the antenna is as
important as the antenna itself.

Radiometrix Lid, BiM2 Data Sheet page 6



0.5 mm enameied copper wire
% close wound on 3.2 mm diameter former
)—ORF

iy

(v

A, Helical antenna

oy

433 MHz = 24 turns

Feed point 15% to 25% of total loop length
RE-GND frack width = Tmm

z. .
, ﬂcﬁr 4 to 10 cm” inside area

S RF

B. Loop antenna

15.5cm wire, rod, PCB-frack or a combination
> of these three

C. Whip antenna RF 433 MHz = 15.5 cm total from antenna pin 2.

Ordering information

The standard BiM2, order code BiM2-433-64 is supplied with pins fitted for operation on 5 volt
supplies (4 to 5.5v)

Versions and Varianis

BiM2-433-64-3V
A 3 volt version is available, BiM-433-64-3V for operation af 8.3volts (3.0 to 4.0 V) it is identical

to the standard version but has been tested and aligned for operation at 3.3v.

BiM2-433-64-8
This is intended for RPC or Manchester code only and has fast settling time (maximum Ims)

Additionally, for volume orders, Radiometrix can supply the BiM2 to the customers’ PCB pin
requirements or even without any pins.

Radiometrix Ltd, BiM2 Data Sheet page 7
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CE Certificate for BiM2-433-64 and its variants
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Manufacturers Details

Manufacturars Company Name.  Radicrmeiia (it

Address  Harlcrar House, Gitos Coucht Sarpenle's Park, Yatioeg Herls
WLt 5E7

Contact Name: Mr 5 Paramananihan

Product Details

Product Mame: H-82 4343

Model Numbar(s): [WMZ433 64 5Y
A:M2-a0%-44-3Y
HKL 405645

TCF Rafaronce Mumber RV 0L
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AN 220 3 W 1 (A0S0
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Radiometrix Ltd
Hartcran House, Gibbs Couch, Watford, WD19 SEZ, ENGLAND
Tel: +44 (0)20 8428 1220, Fax: +44 (0)20 8428 1221
info@radiometrix.co.uk
www.radiometrix.co.uk

UK Distributors
Low Power Radio Solutions Ltd
Two Rivers Industrial Estate, Station Lane, Witney, Oxon OX28 4BH
Freephone: 0800 0744157, Tel: 01993 709418, Fax: 01993 708575

info@lprs.co.uk
RS Components Farneli CPC
Tel: 01536 201201 Tel: 0870 1200 200 Tel: 08701 20 25 30

Copyright notice

This product data sheet is the original work and copyrighted property of Radiometrix Ltd.
Reproduction in whole or in part must give clear acknowledgement to the copyright owner.

Limitation of liability

The information furnished by Radiometrix Lid is believed to be accurate and reliable.
Radiometrix Ltd reserves the right to make changes or improvements in the design, specification
or manufacture of its subassembly products without notice. Radiometrix Ltd does not assume
any liability arising from the application or use of any product or circuit described herein, nor
for any infringements of patents or other rights of third parties which may result from the use of
its products. This data sheet neither states nor implies warranty of any kind, including fitness
for any particular application. These radio devices may be subject to radio interference and may
not function as intended if interference is present. We do NOT recommend their use for life
critical applications.

The Intrastat commodity code for all our modules is: 8542 4090,

RE&TTE Directive

After 7 April 2001 the manufacturer can only place finished product on the market under the

provisions of the R&TTE Directive. Equipment within the scope of the R&TTE Directive may

demonstrate compliance to the essential requirements specified in Article 8 of the Directive, as

appropriate to the particular equipmendt.

Further details are available on Radiocommunications Agency (RA) web site:
httpJfwww.radio.gov.uk/topics/conformity/conform-index.htm

The Library and Information Service Furopean Radiccommunications Office (ERQ)
The Radiocommunications Agency Midtermolen 1

Wyndham House DK 2100 Copenhagen

189 Marsh Wall Denmark

London E14 98X Tel. +45 35250300

United Kingdom Fax +45 35250330

Tel: +44 (0)20 7211 0502/0505 ero@ero.dk

Fax: +44 (0)20 7211 0507 www.ero.dk

library@ra.gsi.gov.uk

For further information on radio matters
contact the Agency's 24 Hour Telephone
Enquiry Point: +44 (0)20 7211 0211

Radiometrix Lid, BiM2 Daia Sheet page 11



Radiometrix Ltd
Worldwide Distributors

Radiometrix Ltd
Hartcran House

Gibbs Couch

Watford

WD19 5EZ

ENGLAND

Tel: +44 (0)20 8428 1220
Fax: +44 (0020 8428 1221
info@radiometrix.com
www.radiometrix.com

Telelink Communications

PO Box 5457, North Rockhampton, Queensland 4702
AUSTRALIA (including South Pacific)

Tel: +61 749340413, Fax +61 7 49340311

24 hour Message Service +61 7 38300233
sales@telelink.com.au

RS dao Brasil Ltda.

Av. Brigadeiro Faria Lirna 2413 (6° andar)

01451-001 S3o Paulo - SP

BRAZIL

Tel: +55 11 3819 0429, Fax: +55 11 3097 0009 or 11 3815 1162
vendas@rsdobrasil.com.br

C-88 AS

Savsvinget 7, DK-2970 Harsholm

DENMARK

Tel: +45 7010 4888, Mobtle: + 45 2320 8589, Fax: +45 7010 4859
jr@c88.dk

Lextronic

36/40 Rue du Gal de Gaulle, 94510 1.a Queue en Bric
FRANCE

TEl: +33 (01 4576 8388, Fax: +33(0)1 4576 8141
infos@lextronic. fr

Haril

2A Tsokopoulou Street, 152 37 Filothei, Athens
GREECE

Tel : +30 1 6810338, Fax: +30 | 6853359
haricol@otenet.gr

Microrobot Co. Lid.

Bowoo Bldg., 40-26, Cheongdam-dong, Kangnam-gu,
Seoul, 135-102

KOREA

Tel: +82 2 540 1710, Fax: +82 2 540 1720
maroboss@microrobot.com

Wireless World AG

Im Gree 79, CH-8566 Ellighausen
SWITZERLAND

Tel: +41-71-698 6480, Fax: +41-71-658 6481
info@wirelessworldag.ch

IDVISION B.V.B.A

Augustijnenstraat 44

B-8900 [eper

BELGIUM (including NETHERLANDS, LUXEMBOURG)
Tel.: +32 57 216141, Fax: +32 57 216434

info@idvision.net

Advanced Radio Telemetry

Francouzskd 82, 602 00 Brno

Tel.: +420 (5)4521 1403, Fax: +420 (5)4521 0506
CZECH REPUBLIC

art{@artbrno.cz

TQ Electronic Oy

Suurlohjankatu 22, 08100 Lohja

FINLAND

Tel: +358 19 326451, Mohile: +358 400 670 657, Fax: +358 19
326452

raimo@tgelectronic. fi

HY-LINE Communication Products GmbH

[nselkammerstraBe 10, D-82008 Unterhaching

GERMANY (including AUSTRIA)

Tel: +49 89 61450319, Fax: +49 89 6140560
communication@@hy-line.de

Avnet Components Israel Lid

P.O.BOX 48, Tel Mond, 40600

ISRAEL

Tel : +972 9 7966999, Fax: +972 3 7601115
shuki herzlinger@avnet.com

Rotrax Technologies

P.O. Box 2499, North Riding, 2162,
SOUTH AFRICA

Tel: +27 11 794 4270, Fax: +27 11 794 5527
rotrax(@iafrica.com

Lemos International Co.Inc.

48 Sword Street, Aubum, MA 01501
UNITED STATES OF AMERICA

Tel: +1 508 798 5004, Fax: +1 508 798 4782
sales@lemosint.com




HARRIS ICL232

+5V Powered Dual RS-232

December 1983 Transmitter/Receiver
Features Description
« Meets All RS-232C Specifications The ICL232 is a dual RS-232 transmitterfreceiver interface
+ Requires Only Single +5V Power Supply circuit that meets all EIA R5-232C specifications. It requires

a single +5V power supply, and features two onboard charge
* Onboard Voltage Doubler/nverter pump voltage converters which generate +10V and -10V
« Low Power Consumption supplies from the 5V supply.

¢ 2 Drivers

. The drivers feature true TTL/CMOS input compatibility, slew-
- 8V Qutput Swing for +5V Input

rate-limited output, and 300Q power-off source impedance.

- 3000 Power-off S?urr:'e Impedance The receivers can handle up to +30V, and have a 3k} to 7k}
- Output Current Limiting input impedance. The receivers also have hysteresis to
- TTL/ICMOS Compatible improve noise rejection.
- 30Vius Maximum Slew Rate
* 2Receivers Ordering Information
- 30V Input Voltage Range
= 3kQ to 7k Input Impedance TEMPERATURE
- 0.5V Hysteresis to Improve Noise Rejection PART NUMBER RANGE PACKAGE
* All Critical Parameters are Guaranteed Over the Entire | icL232CPE 0°C to +70°C 16 Lead Plastic DIP
Commercial, Industrial and Military Temperature
Ranges ICL232CJE 0°C te +70°C 16 Lead Ceramic DIP
- . Q )
Apphcatlons ICL232CBE 0°C to +70°C 16 Lead SOIC (W)
_Ane 0, ;
+ Any System Requiring RS-232 Communications Port | '©-232PE el € | 16590 Jegtic DIP
- Computer - Portable and Mainframe ICL2321JE -40°C lo +85°C | 16 Lead Ceramic DIP
- Peripheral - Printers arld Terminals |CL23ZIBE 20°C to +85°C 16 Lead SOIC (W)
- Portable Instrumentation
- Modems ICL232MJE -859C ta + 125°C | 16 Lead Ceramic DIP

Dataloggers

Pinouts Functional Diagram
iCL232
(FDIP, CDIP, SOIC) [a= 7| 5V TO +10V
TOP VIEW ci+ [7] voLTAGE bousLER [118] Yee
v, | |
C1+ E EI Vee v+ E +10V TO -0V EI GND
y I: :] VOLTAGE INVERTER
+[2 15| GhD
ci- E E Tour
ci-[3 [14] T10ur Skiz
cz+E [13] Rt cz+ [4]

3 E Rl
c2-[s E Rigur R1
v-[s E Ty cz- [5] ZS [12] Riour

T2our E 1'-] T2 V- E j TN
R2 | 8 E R2gut W
T2out E E T2y
>— :I R2aour

e ]
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procadures. File Number 3020.2
Copyright © Harris Corperation 1993 11-8
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Specifications ICL232

Absolute Maximum Ratings

VegtoGround ... (GND -0.3V) <V < BV Thermal Resistance
VetoGround ... ... .. .. (Voo -0.3V) <+ < 12V Ceramic DIP Package . ..............
V-toGround. ... ... L -12V < Ve < (GND +0.3V) Plastic DiP Package . ...............

Input Vollages SOICPackage. . ...................
T T2 e {V--0.3V) < Vi < (V+ +0.3V)  Maximum Power Dissipation
RWw Ry 30V Operating Temperature Range
Output Voltages ICL232C
T1aum T2oute e vvvennenanns (V- -0.3V) < Vyypur < (V4 +0.3V)
Rigumn R2gyt - oo vv vt (GND -0.3V) < Vpyour < (Vo +0.3V)
Short Circuit Duratfion
Tloun T20ur oo Continuous
R OuT: RZGUT ............................... Continuous

Storage Temperature Range ... .............
Lead Temperature (Soldering 10s). ........ ..

Thermal Information

-65°C 1o +150°C

........ +300°C

8 Bc
B0°C/W  249C/W
100°C/W -
100°C/W -
0°C to +70°C

-40°C to +85°C

-55°C to +125°C

CAUTION: Siresses above those listed in “Absolufe Maximum Ralings™ may cause permanent damaga o the device. This is a siress only rating and cperation

of the device al these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Test Canditions: Vi, = +5V +10%, T, = Operating Temperature Range. Test Circuit as in Figure 8
Unless Otherwise Specified

LIMITS
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Transmitter Output Voltage Swing, Tayr T1gyr and T2y loaded with 3kQ to 15 8 110 v
Ground
Power Supply Current, fee Qutputs Unloaded, T, = +25°C - 5 10 mA
Ty, Input Logic Low, V) - - 0.8 \'
Ty Input Logic High, ¥V, 2.0 - - \'
Logic Pullup Current, Ip T T2 = OV - 15 200 pA
RS-232 Input Voltage Ranga, V) -30 - +30 vV
Receiver Input Impedance, Ry Vi = 13V 30 5.0 7.0 ke
Receivar input Low Thrashold, v,y {H-L} Vee = 5.0V, T, = +25°C 0.8 1.2 - v
Receiver Input High Threshold, v (L-H) Voo = 5.0V, Ty = +25°C - 1.7 2.4 v
Recaiver Input Hysteresis, Viyst 0.2 0.5 1.0 v
TTL/CMOS Receiver Output Valtage Low, Vg, | gyt = 3.2mA - 0.1 0.4 v
TTL/CMOS Recsiver Qutput Valtaga High, Vo | loyt = -1.0mA 35 4.6 - v
Propagation Delay, tpp RS-232 10 TTL - 0.5 - us
Instantaneous Slew Rate, SR CL=10pF, Ry = 3k{, T, = +25°C - - 30 WVius
{Notes 1, 2)
Transition Region Slew Rate, SR Ry = 3k, C| = 2500pF Measurad - 3 - Vius
from +3V to -3V or -3V fo +3V
QOutput Resistance, Rg 1 Vg = V+ = V- = 0V, Vgur = 12V 300 - - Q
RS-232 Output Short Circuit Current, Igg Tyt or T2oyr shorted to GND - +10 - mA,

NOTES;
1. Guaranteed by design.
2. See Figure 4 for definition.
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ICL232

Typical Performance Curves

550

450

400

350

300

250

V+, V- SUPPLY IMPEDANCES {Q)

200

150

INPUT SUPPLY VOLTAGE Ve (V)

Ta = +25°C MA._V- suppLY |
EXTERNAL SUPPLY LOAD \
1ki} BETWEEN V+ + GND
ORV-+ GND
TRANSMITTER OUTPUT
OPEN CIRCUIT
GUARANTEED
QPERATING
v+ SUPPLY . DANGE
‘h—.r
"'“—‘--u‘4
3 4 5 6

FIGURE 1. V+, V- OUTPUT IMPEDANCES vs V.

10
]
-~ [ V¥ VoG = 5V)
> 3 = V+ (Vg = 4.5V)
= Ty cC b
“r.'}l \\ [——
g7 N
g N )
E 6 V- (Veg = 4.5V) V- (Vgg = 53—
a I \
5 s P,
5 [ N \
4| Ta=+25°C \ N
TRANSMITTER OUTPUTS N \
5 LOPEN CIRCUIT \
¢ 1 2 3 4 5 6 7 8 9 10
[loapl (mA)

FIGURE 2. V+, V- QUTPUT YOLTAGES vs LOAD CURRENT

Pin Descriptions

PLASTIC DIP, PIN
CERAMIC DiP S0IC NAME DESCRIPTION
1 1 C1+ External capacitor “+" for internal voltage doubler.
2 2 V+ Internally generated +10V (typical) supply.
3 3 C1- External capacitor “-" for intemal voliage doubler.
4 4 C2+ Exiernal capacitor "+" internal voliage inverter.
5 5 cz- Exiernal capacitor "-" intarnal voltage inverter.
8 B V- Internally generated -10V {typical) supply.
7 7 T2qut R&-232 Transmitter 2 output +10V (typical).
8 8 R2y RS3-232 Receiver 2 input, with internal 5K pulldown resistor ta GND.
g 9 R2out Receiver 2 TTL/CMOS oulput.
10 10 T2y Transmitter 2 TTL/CMOS input, with internal 400K pullup resistor to Vgg.
11 11 Tl Transmitter 1 TTL/CMOS input, with internal 400K pullup resistor to V.
12 12 Rigur Receiver 1 TTL/CMOS output.
13 13 Rl RS-232 Receiver 1 input, with internal 5K pulldown resistor ta GND.
14 14 Tlout RS-232 Transmilier 1 output 210V (typical).
15 15 GND Supply Ground.
16 16 VCC Pasitive Power Supply +5V £10%

11-10




ICL232

Detailed Description

The ICL232 is a dual RS-232 transmitter/receiver powered by
a single +5V power supply which meets all EIA RS232C spec-
ifications and features low power consumption. The functional
diagram illustrates the major slements of the ICL232. The ¢ir-
cuit is divided into three sections: a voltage doublerfinverter,
dual transmitters, and dual receivers.

Voltage Converter

An equivalent circuit of the dual charge pump is illustrated in
Figure 3.

vl i
|+ ¢2\, S1
-c3 1 C1+
0.3 52
< -
R+S p G
J
+5V 8
2
INPUT 42
b4 1 54
GND
| ) D2\, 57
R - :: LG4 =
b4 58
V-
e o
OSCILLATOR [} 40 s et ateim =02

FIGURE 3. DUAL CHARGE PUMP

The voltage quadrupler contains two charge pumps which use
two phases of an internally generated clock to generate +10V
and -10V. The nominal clock frequency is 16kHz. During
phase one of the clock, capacitor C1 is charged to Vec.
During phase two, the voltage on C1 is added to Ve,
producing a signal across C2 equal to twice V. Atthe same
time, C3 is also charged to 2V, and then during phase one,
it is inverted with respect to ground to produce a signal across
C4 equal to -2V... The voltage converter accepls input
voltages up to 5.5V. The output impedance of the doubler (V+)
is approximately 200Q, and the output impedance of the
inverter (V-)} is approximately 450Q. Typical graphs are
presented which show the voltage converters output vs input
voltage and output voltages vs load characteristics. The tast
circuit {Figure 8) uses 1uF capacitors for C1-C4, however, the
value is not critical. Increasing the values of C1 and C2 will
lower the ocufput impedance of the voltage doubler and
invarter, and increasing the values of the reservoir capacitors,
C3 and C4, lowers the rippls on the V+ and V- supplies.

T T2 / \

90% V
oL
tg tR-

instantaneaus _ (0.8) {Vor - Vou) or (0.8) (Vo - Vor)

Slew Rate (SR) ~ ts I
FIGURE 4, SLEW RATE DEFINITION

Transmitters

The transrnitters are TTL/CMOS compatible inverters which
translate tha inputs to RS-232 outputs. The input logic
threshold is about 26% of V¢, or 1.3V for Vo = 5V. Alogic
1 at the Input results in a voltage of batween -5V and V- at
the output, and a logic O results in a voltage between +5V
and (V+ -0.8V). Each transmitter input has an internal 400k{}
pullup resistor so any unused input can be left unconnected
and its output remains in its low state. The output voltage
swing meets the RS-232C specification of 5V minimum
with the worst case conditions of: both transmitters driving
3k minimum lead impedance, Ve = 4.5V, and maximum
allowable operating temperature. The transmitters have an
internally limited output slew rate which is less than 30V/us.
The outputs ara short circuit protected and can be shorted to
ground indefinitely. The powered down output impedance is
a minimum of 300Q with 2V applied to the outputs and
VCC =0V.

Txin
GND < Tyyy < Ve

Tour
V- < Vrgur < V+

V-

FIGURE 5. TRANSMITTER
Receivers

The receiver inputs accept up to £30V while presenting the
required 3kQ to 7k input impedance even it the power is off
(Ve = 0V). The receivers have a typical input threshold of
1.3V which is within the £3V limits, known as the transition
ragion, of the RS-232 specification. The receiver output is
0V to Ve The output will be low whenever the input is
greater than 2.4V and high whenever the input is floating or
driven between +0.8Y and -30V. The receivers feature 0.5V
hysteresis lo improve noise rejection.

Vee

Ryin o=t

30V < Ryy < 430V 3

Rout
GND < Vrout < Vec

GND

FIGURE 6. RECEIVER

R, Ry

Tioun T2ayr
OR
Riour R2out

teLH

tppL + 4
Average Propagation Delay = E-HE;?-?E-@

FIGURE 7. PROPAGATION DELAY DEFINITION
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ICL232

Test Circuits

+4.5VTO
+5.5V INPUT

vee [T
v+ GND 15}‘:

- 3kQ

o Tiour [lthg—MA——y
T1 OUTPUT =

N

C1+

*.L_E c2+ r1yy [13 = RS-232
W +30VINPUT
- ) TTUCMOS
] 5 |C2 Rigyt |12 OUTPUT
WF C4
My TTUCMOS
. __I:"‘EV T M INPUT
7 | T2our T2y, [10}—¢ TTLCMOS
= T2 OUTPUT g INPUT
RS-232 8 R2 g TTL/CMOS
130V INPUT RZm out CUTPUT

FIGURE 8. GENERAL TEST CIRCUIT

[lov  veo s
_E v+ GND E,—n
[Z]c Tiour [14]
E ca+ Rl E
E ca- Riour E
+—e]v T [11 ]
7 | T2our T2y E—
E RZin R20uT El
Rout = Vil Tzo)uj
' el

Tiout

FIGURE 9. POWER-OFF SQURCE RESISTANCE CONFIGURATION

Applications

The ICL232 may be used for ali RS-232 data terminal and
communication links. It is particularly useful in apptications
where =12V power supplies are not available for conven-
tional R3-232 interface circuits. The applications presented
represent typical interface configurations.

A simple duplex RS-232 port with CTS/RTS handshaking is
illustrated in Figure 10. Fixed output signals such as DTR
(data terminal ready) and DSRS (data signaling rate select)
is generated by driving them through a 5k resistor
connected to V+.

+5V >""—'"""—'—0-—'—-—1: c3

'|: 1uF
16 2|  SK2  orp i20) DATA

12 13
TTLCMOS RD +— [~—< RD (1) RECEIVE DATA

1
e+ "1 .07  TERMINAL READY
1F T 3 DSRS (24} DATA
-L4 IcL232 N SIGNALING RATE
SELECT
cat Acs
WF T 5 4L wF RS-232
T1 = INPUTS & OUTPUTS
11
™ >— -D-T — TD (2) TRANSMIT DATA
INPUTS  RTs 1Y _D._ 7, RTS (4) REQUEST TO SEND
OUTPUTS J
RZ A R1

]

CTS +— L

—< CT5 (5) CLEAR TO SEND

15 SIGNAL GROUND (7}

FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS
HANDSHAKING

In applications requiring four RS-232 inputs and outputs
{Figurs 11), note that each circuit requires two charge pump
capacitors (C1 and C2) but can share common reservoir

capacitors (C3 and C4). The benefit of sharing common res-
ervoir capacitors is the slimination of two capacitors and the
reduction of the charge pump source impedance which
effectively increases the output swing of the transmitters.

1 4
1

*e2
uF 3 5= 1uF
1| N 14
0 >— ——— T0(2) TRANSMIT DATA
10

INPUTS >— L7, RTS (4) REQUEST TO SEND

OUTPUTS 12 13
TTLCMOS RD +— ——4— < RD (3) RECEIVE DATA
2 R2 R1

8_< CTS (5) CLEAR TO SEND

iC1.232

6 2
c4 c3 +5V
+ ! - | | + T -
) RS-232
= W & 2 cl INF;UTSAND
16 OUTPUTS
IcL232
1 4
1+ *c2
1uF T3 5= 1uF

1n| N 14  DTR (20) DATA TERMINAL
DTR >— T2 | READY
7 DSRS (24) DATA SIGNALING

INPUTS  psRrs >4 —Db-  RATE SELECT
OUTPUTS 12 13
ourputs 2  DCD (B) DATA CARRIER

RZ ¢ Ry ~ DETECT
R1 - -< 8 < R1(22) RING INDICATOR

15_t——< SIGNAL GROUND (7}

FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232
INPUTS AND OUTPUTS
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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-leve! 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 AT89CS51 is a low-power, high-performance CMQOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel's high-density nonwvolatile 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 conven-
tionat 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 applications.

Pin Configurations Rl
7
o 40[1VEC
P12 34 PO.D ADD)
PzOs 24 0 PO (ADTY
P13[]4 37 1 PDZ 1ADR)
P45 a8 [1£0.3 (AD3)
PiSI]E A5 [IPOA (AD4}
Pie7 34 [1P0.5 (ADS)
P1.7]8 331 PO.5 ADE)
RSTOI % 32 [1F0.7 [ADT)
PQFP/TQFP A PAB T 10 al JEAVPR
- TXoPILON 30 [ ALEFADG
m i {iINTO) PA2 Z] 12 28 [1PSEN
o 8 5 8 8 {INTT) PR 93 281 P2.7 {A15)
CE A (T0) Pa.4 14 27 P28 (A14)
rTad-es8ac9e T PAS )18 26 [1P2.5 tA13)
G 0B oo >na E n {WA) P36 18 25 [1P2.4 {A12)
n”r":'r‘;"—”:” . {AD) PAT 1117 24 P23 A1)
IGYLTIERERYI KTALZ ] 18 23[1P2.2 (A10)
' NTALY 2|18 22 [1P2.1 [A9)
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(RXD) PA.0O5 25 [1EANPP
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(TXD) P []7 27 [J ALE/PROG § 24da9
(INTO) Pa2 08 26 [) FSEN tmN—8 U8 -—an
(1) Pa30e 25 P27 (A1) tiiaa2S8EEER
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= (TXD) P31 (13 31 ALE/PRCO
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Block Diagram
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The ATBICS51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 |/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex seriai port, on-chip oscillator and clock cir-
cuitry. In addition, the ATBSC51 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/countars,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling afl other chip functions until the next
hardware reset.

Pin Description

vcc
Supply voltage.

GND
Ground.

Port ¢

Port 0 is an B-bit open-drain bi-directional O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 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
pullups.

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

Port 1

Port 1 is an 8-bit bi-directional /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,
Part 1 pins that are externally baing 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 bi-directional 1/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 15 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 puliups.

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 @
DPTRY). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use B-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port 3

Port 3 is an 8-bit bi-directional IO 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 pulied low will source
current (I, ) 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)
. P33 INTT {external interrupt 1)
P3.4 TO (timer 0 external input}
P3.5 T1 (timer 1 external input)
P3.6 WR (external dala memory write strobe)
P3.7 RD (external data memory read strobe) i

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

RST

Resst input. A high on this pin for two 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

AIMEL 3
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 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

Frogram Store Enable is the read strobe to external pro-
gram memory.

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.

EA/VPP

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
executions.
This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12‘V0|t 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, XTAL2 should be left

Status of External Pins During Idle and Power-down Modes

unconnacted 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
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

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 algarithm 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
memary.

Figure 1. Oscillator Connections

ce
| ® XTALZ2
c1 o
e ® XTAL1
® GND

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

= 40 pF £ 10 pF for Ceramic Resanalors

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 o 7 ¢ 0 Data : Data Data D;ta o
Power-down External 0 0 Float 'l Data Data Data

a AT89C51 e
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Figure 2. External Clock Drive Configuration

NC —— 1 XTAL2
EXTERNAL

OSCILLATOR XTAL1
SIGNAL

L™

Power-down Mode

in the power-down mods, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mods is
terminated. 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 Vg
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

Cn the chip are three lock bits which can be left unpro-
grammed (U) or can be programmaed (P) to obtain the
additional 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 activatad. it is nec-
essary that the latched value of EA be in agresmant with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

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 resst,
and further programming of the Flash is disabled

3 P U Same as mode 2, also verify is disabled

4 P Same as mode 3, also external execution is disabled

ANMEL 5
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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 pregrammead. The programming interface
accepts gither a high-voltage (12-volt) or a low-voltage
{Vce) program enable signal. The low-voltage pragram-
ming mode provides a convenient way to program the
ATB9C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EFROM programmers.

The ATB9CS51 is shipped with either the high-voltage or
low-voltage pregramming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table,

Vep = 12V Vop= 5V |
Top-Side Mark AT89C51 AT89C51 :
XXXX XXXK-B
yyww yyww
Signature | (030H) = 1EH (030H) = 1EH
(031H) = 51H (031H) = 51H
(032H) =F FH (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.

Programming Algorithm: Before programming the
ATB8C51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.

1. Input the desired memaory 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/Vq to 12V for the high-voltage program-
ming 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 untii the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write ¢ycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQ.7. Once the write cycle
has been completed, true data are valid on alf 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.

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 hits 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 3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

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

(032H) = FFH indicates 12V programming
(032H) = O5H 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 oparation 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.

6 AT89C51 m————— s sssssssss————



Flash Programming Modes

Mode RST PSEN ALE/PROG EAVp. . P26 | P27 | P36 | P37
Write Code Dala H Hizv DL H H H
-~
Read Code Data L H H
White Lock Bit - 1 L H/12V H H
NS
Bit-2 H L HAz2v H H L L
e
Bit - 3 H L H12V H L H L
A\ L7
Chip Erase H L (1) Hi12v H L L L
N~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Flgure 4. Verifying the Flash
+5V +5V
ATBICS1 T ATBIC51
ADDR, A0 AT b Vee |- ADDR. A9 ATl by Voo oo
OQODOH/OFFFH PGM COOOH/OFFFH PGM DATA
P20 - P23 PO |4— DATA P2.0 - P23 PO »(USE 10K
AB - A1 A8 - Al PULLUPS)
- » P26 % P28
SEE FLASH —» P27 ALE |¢—— PROG SEE FLASH ——m P27 ALE |4
PROGRAMMING - PROGRAMMING
MODES TABLE | — ~— ® P38 MODES TABLE | —» P36 Ly
. ———b{ P37 ——p P37 "
——— XTAL2 EA [—— V/Vps — @ XTAL2 EA f4—
|
324 MHz | L 324 MHz | o
] L]
T = TV
—&———— XTAL1 RST [—— V, Lo — ) XTALY RST [&— V,,
GND PSEN GND PSEN |-

|I||

i—
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 - ADDRESS — % ADDRESS
*— tavay
PORT 0 —omoe «t DATAIN DATA OUT
tDVGL tGHDX b
tayaL [+ N taHax
ALE/PROG -
fsau [+ +—tagn
_ S Vep
EAVg Y o el
— R /
P2.7 \\L | [/ o7 .
(ENABLE) o
topp —*
P3.4 e
(RDY/BSY)

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

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS ﬁ.‘f ADDRESS
*2 *+— tavay
PORTO t DATA N > DATA OUT
_ tover  tonox ¢
tA\.v'GL ~ s d tGHAX
ALE/PROG i A (R
tsriat = m"_tGLGH_’
_ ‘ LOGIC 1
EANV, . 1 walge |l T
P27 Ny oy > e e
(ENABLE) e
taneL —™
P34
(RDY/BSY) BUSY READY
twe
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Flash Programming and Verification Characteristics
TA = OQC lD TOGC, VCC = 50 + 10?/0

Symbol Parameter Min Max Units
Vep(! Programming Enable Voltage 11.5 12.5 v
lpp!" Programming Enable Current o 1.0 mA
ool Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low - 48to o

tanax Address Hold After PROG 48tc oL

toveL Data Setup to PROG Low 4Bt o

tanox Data Hold After PROG 48tc oL

tepss P2.7 (ENABLE) High to Ve 48t o

tenaL Vpe Setup 1o PROG Low e \ 10 us
tams ! Vop Hold After PROG . 10 — ys
teLan PROG Width 1 110 ps
tavav Address ta Data Valid 48to oL

teLqv ENABLE Low to Data Valid 48to o,

tenaz - Data Float After ENABLE 0 48ty o

taneL PROG High to BUSY Low 1.0 HS
twe Byte Write Cycle Time 17 1} 2.0 ms

Note: 1. Only used in 12-volt programming mode.

ATmEL
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Absolute Maximum Ratings*
Operating TeMperaturg............oovcoveniveseienins -55°C t0 +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ... e -65°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 Respect to Ground ..o -1.0V 1o +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage ............c.cocoiiiiin, 6.6V conditions for extended periods may affect device
reliability.
DC Output CUITent ... 15.0 mA
DC Characteristics
T, =-40°C to 85°C, Vi = 5.0V £ 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) 0.5 0.2 Vep- 01 v
Vi Input Low-valtage {EA) -0.5 0.2Ve--03 v
Viy Input High-voltage 1 (Except XTAL1, RST) 0.2V, +0.8 Ve + 0.5 \
m Input High-voltage (XTAL1, RAST) 0.7 Ve Ve + 0.5 v
Vau Output Low-voltage'" (Paris 1,2,3) loL= 1.6 mA 0.45 v
Output Low-voltage!™ &,
Vous " (Port 0, ALE, PSEN) lor = 3.2 mA 0.45 v
lon = -60 A, Vo = 5V + 10% 2.4 v
Output High-voltage -
Vou (Ports 1,23, ALE, PSEN) | 2 dra 0.75 Voo v
lon = -10 pA 0.9 Vg v
loy = -800 PA, Vg = 5V £ 10% 2.4 v
Output High-voltage n
Vor {Port 0 in External Bus Mode) log Sl 0.75 Voo v
Ioy = -80 pA 0.9 Vg v
I Lagical 0 Input Cusrent {Ports 1,2,3) Vi = 0.45V -850 pA
Lagical 1 to O Transition Current _ s 5
I (Ports 12.3) V= 2V, VCC = 5V £ 10% -850 pA
I Input Leakage Current (Port 0, EA) p 045 <V < Ve 10 RA
RRST Reset Pull-down Resistor ‘ 50 300 KQ
Co Pin Capacitance . Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
Idle Mode, 12 MHz 5 mA
I T
o Vg = 6Y 100 uA
Power-down Mode'®
Voo =3V 40 A

Notes: 1. Under steady state (non-transient) conditions, |5, must be externally limited as follows:
Maximum Ig_per port pin: 10 mA
Maximum Iy, per 8-bit port: Port (: 26 mA
Ports 1,2, 3: 15 mA
Maximum total |, for all output pins: 71 mA
It I exceeds the test condition, Vi, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum VY. 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 = B0 pF.

External Program and Data Memory Characteristics

12 MHz Osclllator 16 to 24 MHz Oscillator
Symbol Parameter Min ) Max Min - Max Units
oL Oscillator Frequency 0 24 MHz
i ALE Pulse Width : 127 2lg g 40 _ ns
byl Address Valid to ALE Low 43 torol-13 ns
tLax Address Hold After ALE Low 48 tro-20 ns
tuw ALE Low to Valid Instru"ction In \ 233 . M o 65 ns
typ ALE Low to PSEN Low ~ 43 toe -13 ns
tpL i PSEN Pulse Width 205 oo -20 ns
toLy FSEN Low to Valid Instruction In ( 145 Bt o 45 ns
toxix Input Instruction Hold After PSEN 0 0 ns
Input Instruction Float After PSEN > |/ 59 teLcL-10 ns
toxay FSEN 1o Address Valid 75 teic-B ns
tav Address to"VaIid Instruction In 312 StoLo-55 ns
traz PSEN Low to Address Float 10 10 ns
tem RD Pulse Width 400 Bt o 100 ns
tocwn WR Pulse Width 400 Bl o - 100 ns
trLov RD Low to Valid Data in 252 Bto o -90 ns
tRHDX Data Hold After RD 0 0 ns
trupz Data Float After RD 97 2t 28 ns
tov ALE Low to Valid Data In 517 8teLc-150 ns
tavoy Address to Valid Data in 585 Bt o -165 ns
twe " ALE Low to RD or WR Low 200 300 BtooL-50 Bte o +50 ns
tavwL © Address to RD or WR Low 203 A o, -T5 ns
tavwx Data Valid to WR Transition 23 tore 20 ns
tovwn Data Valid to WR High N 433 Ttoc-120 N ns
tuhax Data Hold After WR 33 toLg, 20 ns
taiaz RD Low to Address Float N 0 ] ns
b RD or WA High to ALE High 43 123 a0 | lgat25 ns
ATMEL i
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External Program Memory Read Cycle

Yy, Y
ALE )
tavie h—_:
PSEN 7
Uiax
texix "~ |
PORTO > AR P (RSN o meAr
—F 4 tAVIV =
PORT 2 ___AB-Al5 AB - A15

External Data Memory Read Cycle

<ty

ALE
L I YL
PSEN
% LY, e
« fppn »
« towe >
RD - tLLAX >
t s »loov < »tRupz
- AVLL  ® t
RLAZ » % t
» « IpHDx
PORT O A0 - A7 FROM RI OR DPL DATA IN AQ - A7 FROM PCL INSTR IN
< tavint >
tAVDV L4
PORT 2 P2.0 - P27 OR A8 - Al5 FROM DPH A8 - A15 FROM PCH

12 AT89C51 meee——————————
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External Data Memory Write Cycle

ALE

PSEN

WR

PORT 0O

PORT 2

<« W

-

AQ - A7 FROM RI OR DPL

t.‘\\.’LL

F2.0 - P27 OR A8 - A15 FRCM DPH

»

>

-«

tLLWL

tLLAX
tovwx

tavwt

External Clock Drive Waveforms

0.45V

External Clock Drive

Yy

»
>«

<« oy

DATA OUT

|
[
*

twHLH

tWHOX

Al - A7 FROM PCL

toioL

INSTA IN

A8 - A15 FROM PCH

tCHCL

Symbol Parameter Min Max Units
ool Oscillator Frequency 0 24 MHz
teroL Clock Period 41.6 ns
lonex High Time o 15 ns
lorex Low Time 15 ns
lecen Rise Time 20 ns
tenoL Fall Time 20 ns

ATMEL
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Serial Port Timing: Shift Register Mode Test Conditions

(Voo = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
Ixext Serial Port Clock Cycle Time 1.0 12t 00 Us
tavxH Output Data Setup to Clock Rising Edge 700 10tg ¢ 133 ns
typox Output Data Hold After Clock Rising Edge 50 2o 117 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
tnov Clock Rising Edge to Input Data Valid 700 10te ¢, -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 1 2 4 5 6 7 8
ALE
- L
CLOCK
tavxn -« »
>« tuax
WRITE TO SBUF 0 1 2 a 4 5 8 7
v >t typpx N
QUTFUT DATA tupiov 4 - SETTI
CLEAR RI VALID VALID VALID VALID VALID VALIO vaLID VALID
v &
INPUT DATA SET Al

AC Testing Input/Output Waveforms(!

- 08— O ;
Ve~ 05 . 7_/ 0.2 Vo + 0.8V 2
< TEST PONTS
045V -—— 02 Vo - 01V et

AC Inputs during testing are driven ai V., - 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements
are made at v, min. for a logic 1 and V,_ max. for a
logic 0.

Note: 1.

Float Waveforms'"

Vioant o.1v/4 S
v Timing Reference N

LA AT Paints
A~V

Loap” BTV e 0L+ v

Far timing purpases, a port pin is no longer floating
when a 100 mV change from toad voitage occurs. A
port pin begins to float when 100 mV change from
the loaded Vg /Vg, level occurs.

Note: 1.
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Ordering Information

Speed Power
{MHz) Supply QOrdering Code Package Operation Range
12 5V + 20% ATBI9C51-12AC 44A Commercial
ATBICH1-12JC 44 (0°C to 70°C)
ATBIC51-12PC 40P6
ATBIC51-12QC 44Q
ATBOC51-12Al 444 Industrial
ATBICS1-12JI 44, {(-40°C to 85°C)
ATBOC51-12PI 40P86
ATB9C5E1-12Q1 440
16 5V £ 20% AT89C51-16AC 44A Commercial
AT89C51-18JC 44, (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 440
AT89C51-16Al 44A Industrial
AT89C51-16J 44) (-40°C 1o 85°C)
ATBICH1-16PI 40P6
AT89C51-16QlI 44Q
20 5V £ 20% ATBIC51-20AC 44A Commercial
ATBIC51-204C 44) (0°C to 70°C)
ATBIC51-20PC 40P6
ATB9C51-20QC 44Q
© ATBIC51-20Al 44A Industriat
AT88C51-20J| 44 (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Q 4402
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44 (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24Q0C 440
AT89C51-24A1 BT Industrial
AT89C51-24J1 44J (-40°C 10 85°C)
AT89C51-24PI 40P6
AT89C51-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gult Wing Quad Flatpack (TQFP}
444 44-lead, Plastic J-leaded Chip Carrier (FLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
444Q 44-lead, Plastic Gull Wing Quad Flatpack (FQFP)

AIMEL
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFPF)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0478) o

FIN 11D 11.75(0.458)

o]

__ D45{D.018
0.80{0.031) BSC 0.30(0.012)
} _1
$0.10{0.394;
§.90(0.386) OO
. - 1.20(0.047) MAX
0.20( 008} 7 Iy i

0.08(.003} j /

SO

r J ‘ _0,75(0.030) 0.15(0.008) J ?
"~ "0.45(0.018) ©0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters})
JEDEC STANDARD MS-018 AC

045(1.14} X 45°  PIN N?#L BA5(1.14) X 30° - 45" 1400 305
FIDENT [ienn| mand
S~ [P I ) \”ID_L'_I’_'I_.. ——— . . 'ODB(‘EGH)
R S i
[N JESBIB T ¢ b ewien
p-B50(16.5) | i .s90(15.0
o033 § | easarn, |, 0215
L26(660) ¢ 1 . . T aaL
(0 !; 1 .GBS(IT.d)SQ r.]l 0130350
l - | . f T“.in - !
080(127) TYP = —asvé—rorr = ! T 043(1.00)
= . 500{12.7) REF 5Q - 020(.508)
120(3.05)
et S ET LR RIS ~ ogoi2.29)
‘.f_:JH-J “{H lﬂﬂ b, _ 1804.57)
% = [E : 165{4,19)
12 g
I5 E:
: -

i

1,

e

5 i D22(.550) X 45° MAX (3X)
}

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

- o ZOTs2E)
"’ 2.04(51.8) AIN
1
SR PN s EnEa SN IS Nul ,
iy 3! i
| ! J [}
f S s66(14.4)
i/ / H | saopas
\\ || l\ t 1
TR UTT I TTIT, T

| |-7 090(2.26)
l=——  1.600(48.26) REF MAX

220(5.50) — = .005(.127)
MAX | MIN

By ) st § s
SEATING i@mﬂ. ﬁf‘-{ﬂ ARG v
PLANE § || | \ l ! o ! oesq1.e5)
A61(4.09) A i C15(.381)
A28 | -I .022{.558)
. 10[ 085(1.85) 014356}
1102.79) 041(1.04)
.0a0(2.29) e3(160)
B50(15.0}
012(308) L - |
aps(.203 ¢

7|
.810(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

1345 (0.528) ¢
T2.85 (0.506)
PIN 1102

0.5C {0.02¢]

0.35 {D.014)

0.80 (0.031) BSC 1 =
=
=

e

Wi

10.10 (0.394)

9.90 (0.386) se

2.45 {0.006) MAX
o J
0.17 (0.007 7 —
o13(0.008) | ¢ ‘U[’ 13‘
%’T—»i - *:t_t',
\ - L ot - 0.25 (0.010) MAX

0.78 (0.030)
Controlling dimension: millimeters
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