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ABSTRACT

This project is about using microcomputer. microcontroller and data transmission via computer
network for application of tower sccurity system. This sysiem consists of two part. the tirst is a alarm
system for cach floor of tower using MCS-31 micorcontrolicr 1o be central processing unit for receiving
32 sensor devices . control 4 clectric device. sending alarmy siznal with siren sound and automatic eall to
house owner or ploice station. The sccond part is Masster  Slave network using microocomputer in
tower security system for indicating an alarm in graphic display and sending all of control data of

system referenced by serial communication RS-485 standard with 992 maxinun nodes at rate 9600 bps.
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0 1 0 1 0
1 0 0 I 0

Output operation (WRITE)

0 0 1 0 0 Port A-> Data Bus
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] ] 1 0 0 Control - Data Bus

Disable Function

X X X X l Port A~ Data Bus
Port B> Data Bus
] ] 0 1 0 Port C~> Data Bus

X X I 1 0 Control & Data Bus
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#include<absacc.h>
#include<reg51.h>
#include<stdlib.h>
#include<stdio.h>

#define pa XBYTE[0XECED)
#define pb XBY.! [OxEOQE1]
#define pc XBY it [OxEQEZ]
#define pcon  XBY ., LC{OxEUVEL,
#define WatchDog ABYTE[OxEL" |

#define Master 80
1
unsigned char Recive_Destination=0 ;
unsigned char Recive Source=0:
unsigned char Recive_ Command=:
unsigned char Recive Data=0;
unsigned char Recive CheckEn-«. =)

unsigned char Destincation_Add=
unsigned char Souice Add=0:
unsigned char Command=0;
unsigned char Data=C:

unsigned char CHK_R=0;
unsigned char Check_Error=0;

unsigned char Check Change_Purt=0;
unsigned char Bit_That_Change=u:
unsigned char Point_That_Chany,.:=0:
unsigned char check rec_Slave=.

sbit P1_0 = 0x90:
sbit P1_1 =0x91:
sbit P1_2 = 0x92;
sbit P1_3 = 0x93;
sbit P1_4 = 0x94;
sbitP1_5 = 0x95;
sbit P1_6 = 0x96;
sbit P1_7 = 0x97;
1
void delay{unsigned int time)
{
unsigned int i:
for(i=0;i<time:i» ~:
{
}

}
I

void setboard(void)

delay(10000),
pcon=0x80 ;
P1_1=0;

void set_serial(voudi)
{
/I Send MASTER
SCON = 0xDO0: Set Mode 3 ,Clear SM2,Set REN,Set TBS,



/I SM0 SM1 SM2 REN TB8 RB8 TI Rl

TMOD = 0x20; /I Set Mode Timer1 to 8 bit auto reload
PCON = PCON & 0x7f; // Clear SMOD =0
TH1 = OxFD; /! set 9600 baud
TR1 =1; /I Start Timer1
ES =1; /! Enable Serial
- ET1 =1. ) Enable Timer1

PS =1
EA =1. /I Enable ALL

}

.

void ConnectMaster(unsigned chui Destination_Add,Source_Add,Command,Data)

if (Destination_Add!=Master) {Pi 1=1}
delay(30);

TI =0;

SBUF = Destination_Ada
while (Tt == C){};
delay(10):

TI =0;

SBUF = Source_Add,;
while (T1 == 0){};
delay(10);

Tl =0;

SBUF = Command:
while (Ti == G;{};
delay(10);

Ti =0;

SBUF = Data:

while (T! == O)}):
delay(10);

Ti =0;

Check_Error= Desiination Adu+Source_Add+Command+Data;
SBUF = Chieck _Error;
while (T1 == C){};

T1=0;

P1_1=0;
}
ll
void CHKConnectMaster(void)

{

Recive_Destination = 0;
CHK_R=1:

if(Rl == 1)
{

Recive Destination = SBUF;
pa=Recive_Destination;
while, CHK_R)

-

RI=0;

1
i (Rl==

. vive_Source = SBUF;
=0



CHK_R=0;
}
CHK_R=1;
while( CHK_R )
{
-~ if (RI== 1)

{
1kecive_Command = SBUF;
pb = Recive_Commaiui:

S VK
JiK R=0;
P
}
CHK R =1,
while( CHK_R )
{
it (RI==1
‘ mve_Data = SBUF;
VRS
(K R=0;
}
CHK R=1;
while{ CHK_R)
{
if (Ri==1,
{
Recive_CheckError = SBUF;
Ri=0:
UK R=0;
}
}
}
St

void Int_serial(void) interrupt 4
CHKConnectMaster();

ConnectMaster(Recive_Destinatiui x,Recive_Source,Recive_Command,Recive_Da
ta);
check_rec_Slave++
pc=check_rec_Slave:
}
|/ A—————— RS
void main(void)

setboard():
set_serial();

while(1)

{
WatchDog=1;

}



Ir- SLAVE 1

#include<absacc.h>
#include<reg51.h>
#include<stdlib.h>
#include<stdio.h>

#define pa XBYTE[OXEOEOQ]
#define pb XBYTE[OXEOE1]
#define pc  XBYTE[OXEOEZ2]
#define pcon XBYTE[OXEOE3]

#define NonSend 99

#define Master 0
#define Slavel 1
#define Slave2 2

#define Clear_all

#define On_relay1
#define On_relay2
#define On_relay3

WN =O

#define Data_clear 0x00
#define Data_onrelayl 0x01
#define Data_onrelay2 0x02
#define Data_onrelay3 0x03

unsigned char Recive_Destination=0 ;
unsigned char Recive_Source=0;
unsigned char Recive_Command=0;
unsigned char Recive_Data=0;
unsigned char CHK_R =0;

1l
void delay(unsigned int time)
unsigned int i;
for(i=0;i<time;i++)
{
}
}
/I
void setboard(void)
delay(10000);
pcon=0x80 ;
}
1
void set_serial{void)
{
/I Send MASTER
SCON = 0xF0; /I Set Mode 3 ,Clear SM2,Set REN,Set TBS,
// SMO SM1 SM2 REN TB8 RB8 TI Rl
TMOD = 0x20; /I Set Mode Timer1 to 8 bit auto reload
PCON = PCON & 0x7f; // Clear SMOD =0
TH1 = OxFA; /I set 4800 baud
TR1 =1; ./l Start Timer1
ES =1; 1/ Enable Serial

ET1 =1; /1 Enable Timer1



PS =1;

EA =1; /I Enable ALL
}
/I
void ConnectMaster(unsigned char Destination_Add,Source_Add,Command,Data)
{
- TI =0;
B8 =1;
SBUF = Destination_Add;
while (T1 == 0){};
delay(10);
TI =0;
TB8 =0;
SBUF = Source_Add;
while (T1 == 0){};
delay(10);
T1 =0;
B8 =0;
SBUF = Command;
while (T1 == 0){};
delay(10);
Ti =0;
TB8 =0;
SBUF = Data;
while (T1 == 0){};

}
void CHKConnectMaster(unsigned char SLAVEnumber)
{

Recive_Destination = 0;

SM2 = 1;

CHK_R=1;

if(RI == 1)
{
RI=0;
Recive_Destination = SBUF;
if ( Recive_Destination== Slave1)

{
SM2 = 0;
while( CHK_R)
{
if (Rl ==1)
{
Recive_Source = SBUF;
RI=0;
CHK_R=0;
}
}
CHK_R=1;
while( CHK_R)

{
if (R == 1)
{

Recive_Command = SBUF,;
RI=0;

CHK_R =0;

}



CHK_R=1,

while{ CHK_R)
{
if (RI==1)
{
Recive_Data = SBUF;
- RI=0;
CHK_R=0;
}
}
}
else
{

Recive_Source = NonSend;
Recive_Command = NonSend;
Recive_Data = NonSend;
}
}
else
{
Recive_Source = NonSend;
Recive_Command = NonSend,;
Recive_Data = NonSend;

}

SM2=1;
Recive_Destination = 0;
}
I
void CHKRecive_Command(void)

switch (Recive_Command)

{

case Clear_all : ppb=Recive_Data,;

break;

case On_relay1 : pb=Recive_Data;
break;

case On_relay2 : pb=Recive_Data;
break;

}

}
I

void Int_serial(void) interrupt 4

CHKConnectMaster(Slavel);
CHKRecive_Command();
ConnectMaster(Master,Slave1,Recive_Command,Recive_Data);

}

7

void main(void)

{ .
setboard();
set_serial();
while(1)
{ pets
pc=0x55;
}

}

N —---END SLAVE 1




Il SLAVE 2

#include<absacc.h>
#include<reg51.h>
#include<stdlib.h>
#include<stdio.h>

#define pa XBYTE[OXEOEOQ]
#define pb XBYTE[OXEOQE1]
#define pc XBYTE[OXxEOQE?2]
#define pcon  XBYTE[OxEOE3J]

#define NonSend 0
/ A— Destination

#define Master 80
#define Slavel 81
#define Slave2 82

e Command_bit7_mode_0Onormal_1check_recieve-------
#define Null 1
#define Start 5
#define Stop 6

#define PollStatus 7
#define Lamp10n 8

#define Lamp10ff 9
#define Lamp20n 10
#define Lamp20ff 11
#define Lamp30n 12
#define Lamp30Off 13
#define Lamp40On 14
#define Lamp4Off 15
#define NotChange 16

Il Data

#define StartD1 21
#define StartD2 22
#define StopD1 23
#define StopD2 24
I set P1

sbit P1_0 = 0x90;
sbit P1_1 =0x91;
sbit P1_2 =0x92;
sbit P1_3 =0x93;
sbit P1_4 = 0x94;
sbit P1_5 = 0x95;
sbit P1_6 = 0x96;
sbit P1_7 =0x97,

I
unsigned char Recive_Destination=0 ;
unsigned char Recive_Source=0;
unsigned char Recive_Command=0;
unsigned char Recive_Data=0;
unsigned char Recive_CheckError=0;

unsigned char Destination_Add=0 ;
unsigned char Source_Add=0;
unsigned char Command=0;
unsigned char Data=0;

unsigned char Slave=0;



unsigned char CHK_R=0;
unsigned char Check_Error=0;

unsigned char Check_Change_Port=0;
unsigned char Bit_That_Change=0,
unsigned char Point_That_Change=0;
uisigned char count=0,count1=0,count2=0;

1
void delay(unsigned int time)
{

unsigned int i;

for(i=0;i<time;i++)

{

}

}
I

void setboard(void)

delay(10000);
pcon=0x80 ;
P1=0;
}
I
void set_serial(void)

{

/I Send MASTER

SCON = 0xD0; /I Set Mode 3 ,Clear SM2,Set REN,Set TBS8,
/I SM0 SM1 SM2 REN TB8 RB8 TI Rl

TMOD = 0x20; /I Set Mode Timer1 to 8 bit auto reload

PCON = PCON & 0x7f; /I Clear SMOD =0

TH1 = OxFD; /I set 9600 baud

TR1 = 1; Il Start Timer1

ES =1; ! Enable Serial

ET1 =1; " Enable Timer1

PS =1;

EA =1, /I Enable ALL

}
I

void ConnectMaster(unsigned char Destination_Add,Source_Add,Command,Data)

P1_7=1;delay(30);

Ti =0;

SBUF = Destination_Add;
while (T1 == 0){};
delay(10);

TI =0;

SBUF = Source_Add;
while (T == 0){};
delay(10);

TI =0;

SBUF = Command;
while (T1 == 0){};
delay(10);

TI =0;

SBUF = Data;

while (T == 0){;



delay(10);

T1=0;
Check_Error= Destination_Add+Source_Add+Command+Data;
SBUF = Check_Error;
while (T1 == 0){};
Ti=0;
delay(30);
P1_7=0;
}
1
void CHKConnectMaster(unsigned char SLAVEnumber)

{

Recive_Destination = 0;
CHK_R =1,

if(Rl == 1)
{

Recive_Destination = SBUF;
pa=Recive_Destination;
if ( Recive_Destination== SLAVEnumber)

Rl =0;

{
while( CHK_R)
{
if (RI == 1)
{

Recive_Source = SBUF;
pb=Recive_Source ;

RI=0;
CHK_R =0;
}
}
CHK_R=1;
while( CHK_R)

{
if (RI==1)
{
Recive_Command = SBUF;
pc = Recive_Command;

Ri=0;
CHK_R=0;
}
}
CHK R =1;
while( CHK_R)

{
if (RI==1)
{
Recive_Data = SBUF;
//IP1 = Recive_Data,
RI=0;
CHK_R=0;
}

}
CHK_R = 1;
while( CHK_R )

{
if (R == 1)
{



Recive_CheckError = SBUF;
Ri=0;

CHK_R=0;

}

}

Recive_Destination = 0;
}
1
void CHKCommand(void)

switch (Recive_Command)

{
case Start :ConnectMaster(Master,Slave,Start,StartD1);

casg?okliStatus:ConnectMaster(Master,SIave,NotChange,Null);
casziaat;lMOn :ConnectMaster(Master,Slave,Lamp10n,Null);
casl:arizﬁmmf :ConnectMaster(Master,Slave,Lamp10ff,Null);
cast:ereLaakr;lpZOn :ConnectMaster(Master,Slave,Lamp20n,Null);
casl:ereLaaI:;wp2Off :ConnectMaster(Master,Slave,Lamp20ff,Null);
cast:erelz_aatﬁp30n :ConnectMaster(Master,Slave,Lamp30n,Null);
brc?::é Lamp30ff :ConnectMaster(Master,Slave,Lamp3Off,Null);
brgaa:é Lamp4On :ConnectMaster(Master,Slave,Lamp4On,Null);
brgsls} Lalznp40ff :ConnectMaster(Master,Slave,Lamp4Off,Null);
reak;

Recive_Command=0;
}
1
void Int_serial(void) interrupt 4

CHKConnectMaster(Slave),
CHKCommand();
count++;
/I pc=count;
}
1
void main{void)

setboard();
set_serial();

Slave=SlaveZ,

while(1)

{

}

I END SLAVE 2




M e e e DELPHI
unit UnitTah;

interface

uses
Windows. Messages. SysUlils, Classes, Graphics, Controls, Forms, Dialogs.
ExtCins, Buttons. ToolWin. ComCuils, StdCirls, Async32, ThdTimer;

wpe
Trorm: = class(TForm)
Shape30: TShars:
Imagei Timage.
Shapel. TShape.
Shape3: TShape:

Shape?2
Shaped
Shape5
Shapeb
Shapel
Shape9
Shapeii

Shapei0:
Shapelz:
Shape13:
Shapei4:
Shape15:
Shape19:
Shape16:
Shape22:
Shape23:
Shape27:
Shape28

Shape?26:

TShape:
* 1Shape:
TShape:
. TShape:
. TShape:
: TShape:

TShape:
TShape.
TShape:
TShape.
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:

ToolBari: TToolBar:
SpeedBution4: TSpeedBution;
SpeedZution 1 SpeedButton;
SpeedBution2: TSpeedButton:
Memo1: TMemo:

Labell: TLabel:

Comm1: TComm:

StatusBarl. TS:zusBar:
ConirolBar1: TControiBar;
SpeedButton3 TSpeedBution:
Timeri: TTimer,

Panel1: TPane!:

Image2: Timage.

Label2: TLabel:

Image3: Timage.

ControiBar2: TControlBar;
SpeedBution5: TSpeedButton;
SpeedButton6: TSpeedButton;
SpeedButton7: TSpeedButton:
SpeerButton8: TSpeedButton:
SpeedButton9: T SpeedButton;
SpeedButton10: TSpeedButton;
SpeedButton11: TSpeedButton:
SpeedSutton12: TSpeedButton;

Shape31:
Shape32:
Shape33:
Shape34:
Shape36:
Shape37:
Shape38:
Shape39:

TShape:
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:
TShape:

Label3: TLabe!:
Labei4: TLabel:
Label5: TLabet:
LabelG: TLabei:
Label?7: TLabel:
Labeld: TLabei:
Label9: TLabel:
Label10: TLabel:
Label11: TLabel:
Label12: TLabel:
tabel13: TLabel:



Panel2: TPanel;
SpeedButton13: TSpeedButton;
Label14: TLabel;
Label15: TLabel;
Label16: TLabel:
Label17: TLabel;
Labe!18: TLabel:
Label19: TLabel:
Label20: TLabel:
«Label21: TLabel:
procedure Memolines:
procedure ChkRecCommand(RecCommand:nteger);
procedure ChkRecData(RecData:integer);

procedure SentToControtier(DestinationV.SourceV,CommandV,DataV:integer),

procedure Comm1RxChar(Sender TObject, Count: Integer);
procedure FormCreate(Sender: TObject);
procedure SpeedButton4Chick(Sender: TObject);
procedure SpeedButton1Click(Sender: TObject):
procedure SpeedButton2Click(Sender: TObject):
procedure Timer1Timer(Sender: TObject).
procedure SpeedButton13Click(Sender: TObject),
procedure SpeedButton5Click(Sender: TObject).
procedure SpeedButton6Click(Sender: TObject).
procedure SpeedButton7Click(Sender: TObject):
procedure SpeedButton8Click(Sender: TObject);
procedure SpeedButton9Click(Sender: TObject):
procedure SpeedButton10Click(Sender. TObject):
procedure SpeedButton11Click(Sender: TObject):
procedure SpeedBution12Click(Sender: TObject).

private
{ Private declarations }
FCurrentLine:Integer;

public
{ Public declarzations }

end:

val

Form1: TForm1;
Destination,Source,Command.Data,Check&rror, SpeedM,SpeedMCinteger;
Rec_Destination,Rec_Command,Rec_Data,Rec_CheckError:integer;
StateCommand1.StateCommand2.StateData:Integer;
S:string:ArrayStr:string[6}:

AnalogValue:real,

Permit_Send:Boolean;

CheckErrorV count:integer;

Const

1/---Controllef----+-s-vemex-

Master =80;

Slavel =81;

Slave2 =82;
/l---Command---+-=--=====--

Null  =1;

Start =5;

Stop =6;

PoliStatus=7;

Lamp10On =8;

Lamp10ff=9;

Lamp20n =10;

Lamp20ff=11;

Lamp30n =12;

Lamp30ff=13;

Lamp4On =14;

Lamp40ff=15;

NotChange=16;

Change =17;

StartD1 =21;
StantD2 =22;
StopD1 =23;
StopD2 =24;
DoorOpen=25;
DocrNpen=26;
Alarm1=27; -
Alarm2=28;
implementation

{$R *.DFM}



procedure Tform1.Memolines;
begin
Memo1.Lines[FCurrentLinel:=Memo1.Lines[FCurrentLine] +
Memo1.Refresh;
Memo1.Lines.add(’");
Inc(FCurrentline);
end;
procedure Tform1.SentToController(DestinationV,SourceV,CommandV ,DataV:integer);
var Sir_Data.Str_Add:string;
Check.ChangTolnt:integer;
begin
R SendDestination
Str_Add:=IntToStr{DestinationV):
ChangTolnt;=StrTolnt(Str_Add):
Check:= Comm1.Wtite(ChangToint Length(Str_Add[1}));

it Check=-1then
begin
Statusbar1.SimpleText:='Status:Error Sending Command’
end

else
begin
Statusbar1.SimpleText:="Status:Transmitting Command”;
end:;

e SendSouice

Comm 1.Parity:=paMark;
Str_Add:=IntToStr(SourceVy).
ChangTolnt:=StrTolnt{Str_Add);
Check:= Comm1.Write{ChangTo!nt Length(Str_Add{1]));
if Check=-1then
begin
Statusbar1.SimpleText:='Status:Error Sending Comriand’;
end -
else

Statucharl SimoleText:="Status Transmitting Command’;
end:

/e SendAddress
Str_Acd:=IntToStr(CommandV);
ChangTolnt:=StrTolnt(Str_Add);

Check:= Comm1.Write(ChangTolnt.Length(Str_Add[1]}).

if Check=-1 then
begin
Statusbari.SimpleText:="Status:Error Sending Command’;
end

else
begin
Statusbar1.SimpleText:="Status:Transmitting Command’;
end:

1/ SendData
Str_Data:=IntToStr(DataV).
ChangTolnt:=StrTolnt(Str_Data);

Check:= Comm1.Write(ChangTolnt,Length(Str_Data[1}));
if Check=-1then
begin
Statusbar 1.SimpleText:="Status:Error Sending Data’;
end
else
begin
Statusbar1.SimpleText:='Status: Transmitting Data’,
end;

B e SendCheckError
CheckError:=DestinationV+SourceV+CommandV+DataV,
Str_Data:=IniToStr(CheckErrorVy),
ChangTolnt:=StrTolny(Str_Data):

Check:= Comm1.Write(ChangToint,Length(Str_Data[1])}:
if Check=-1then
begin
Statustar1.SimpleText:='Status:Error Sending Data’;
end
else
begin
Statusbar1.SimpleText:='Status:1ransmitting Data’;
end;

1l
end;

procedure TForm1.Comm1RxChar{Sender: TObject; Count: integer).
var ReadBufSize: array|0. 4096] of Char; -




Bytes:integer;
begin
Statusbar1.SimpleText:="RxChar signal Now ",
Fillchar(ReadBuliSize,Sizeof(ReadBuffSize),0);
Bytes:=Comm1.Read(ReadBulfSize,Count);
if Bytes = -1 then
Statusbar1.SimpleText:= ‘Error Reading
else
Destination:=ord(ReadBuf{Size[0)):
if Destination=Master then
begin
Memo1.Lines[FCurrentLine]:=Memo1.Lines{F CurrentLine] +
IntToHex({ord(ReadButfSize(1]).2)+" Source------------—- "
Memolinecs;
Source:=ord{ReadBuffSize[1]):
Memo1.Lines|F CurrentLine}:=Memo1.Lines|{FCurrentlLine] +
IniToHex(ord(ReadButfSize[2]),2)+ Command”.
MemolLines;
Command:=ord{ReadBulfSize|[2]):
Memo1.Lines|FCurrentLine}:=Memo1.Lines[{FCuirentLine] +
IntToHex(ord(ReadBuffSize(3}).2)+" Data
Memolines;
Data:=ord(ReadBufiSize(3}):
Memo?1.Lines{FCurrentLine}:=Memo1.Lines{FCurrentLine] +
intToHex(ord(ReadButfSize{4)).2)+" CheckError
MemolLines:
CheckError:=ord(ReadBut{Size[4]);
Permit_Send:=true;
ChkRecComimand{Command);

end:
end:
procedure TForm1.ChkRecData(RecData:integer);
begin
Case RecData of
DoorOpen:
begin
if Souice=Siavel then
begin
Shape10.Brush.Color:=ciLime;
Label16.Caption:= "Slave 1(S1) Door is opening’
cnd
else if Souice=Slave?2 then
begin
Shape27.8rush.Color:=ciLime;
Label16.Caption:= "Slave2(S2) Door is opening’
end
end;
DoorNpen:
begin
if Source=Slave1 then
begin
Shape10.Brush.Color:=cIRed;
Label16.Caption:= 'Slave1(S1) Door can not open acces denied’
end
else if Source=Slave2 then
begin
Shape27.8rush.Color:=cIRed,;
Label16.Caption:= 'Slave2(S2) Door can not open acces denied’
end
end;
Alarm1:
begin
il Source=Slave1 then
begin
Shape29.8rush.Color:=clRed,;
Label16.Caption:= ‘Slave1(S1) Cntical Temperature’
end
else if Source=Slave2 then
begin
Shape22.Brush.Color:=clRed:
Labe!i6.Caption:= "Slave2(S2) Critical Temperatuie’
end
end;
end;
StateCommand2:=PoliStatus;
end;

proéedure TForm1.ChkRecCommand{RecCommand:integer);



begin
Case RecCommand of
Starn :begin
if(Data=StanD -)then
begin
StateData:=Null;
StateCommand1:=PoliStatus;
end:

ii(Data=StanD2)then

- begin

StateDats. =Null;
StateCommand2:=PoliStatus.
end;

end;

tamptOn begn
StateCommand 1:=PoliStatus.
Shape34.Brush.Color:=clYellcw,
Labei16 Capiuion:= ‘Lamp1 O
end:;

Lamp10fi.begin
StateCommand 1:=Pol!Status.
Shape3s.Brush.Color:=ciWhite,
Label16.Capron:= ‘Lampt O
enc.

Lamp20n-begin
StateCemmand 1:=PoliStatus:
Shape33.Brush.Color:=ciYellow.
Label16.Caption:= ‘Lamp2 On’
ond;

Lamp20ff:begin
SiateCommand 1:=PollStatus:
Shape33.Brush.Color:=clWhite:
Labe!16.Caption:= ‘Lamp2 Cff’
end:

Lamp30n:begin
SiateCommandZ:=PoiiStitus.
Shape39.8rush.Color:=ct Yelov:
1 abel16.Caption:= ‘Lamp3 On’
end;

Lamp30tibegin
Stat:Command2:=PoliStatus.
Shape39.Brush.Color:=ciWhite.
Labe!16.Caption:= ‘Lamp3 Off’
end,

Lamp4On:begin
StateCommandZz:=PoliStatus;
Shape36.8rush.Color:=clYellow:
Label16.Caption:= ‘Lamp4 On’
end:;

Lamp4Off:begin
StateCommand2:=PoliStatus;
Shape36.8rush.Color:=ciWhite:
Label16.Caption:= ‘Lamp4 Off’
end:

Change:begin
ChkRecData(Data):
end;

eng:

end,

procedure TForm1.FormCreate(Sender: TObject),

begin
SpeedButtont1.Enabled:=True;
SpeedButton2.Enabled:=False:
SpeedButton4 Enabled:=False:
Timer1.Enabled:=False;
SpeedButton5.Enabled:=False:
SpeedButton6.Enabled:=False.
SpeedButton7.Enabled:=False:
SpeedButton8.Enabled:=Faise:
SpeedButtonS.Enatled:=False
SpeedButtori10.Enabled:=False:
SpeedBution11.Enabled:=Faise.
SpeedButiton12.Enabled:=False:

end:

procedure TForm1.SpeedButtondClick(Sender: TObject),



begin
Timer1.Enabled:=False;
Statusbar1.SimpleText:="Status:Close CommPort’;
Comm1.Close;
SpeedButton1.Enabled:=True:
SpeedButton2.Enabled:=False:
SpeedButton4.Enabled:=False:
SpeedButton5.Enabled:=False;
SpeedButton6.Enabled:=False:
SpeedButton?.Enabled:=False:
SpeedButton8.Enabled:=False:
Sp.eedButton9.Enabled:=False:
SpeedButton10.Enabled:=F alse:
SpeedButton11.Enabled:=Faise:
SpeedButton12.Enabled:=False:

end:

procedure TForm1.SpeedButtoniChck(Sender: TObject):
begin
Statusbar1.SimpleText:='Status.Open CommPort’,
Comm1.0Open:;
SpeedButton1.Enabled:=False:
SpeedButton2.Enabled:=True;
SpeedButton4 .Enabled:=True.
end;

procedure TForm1.SpeedBution2Click(Sender: TObject):
begin
Statusbar1.SimpleText:='Status.Connect CommPort & Send DataControl’;
StateCommand1:=Start;
StateCommand2:=Start:
StateData:=Null;
Permit_Send:=true;
Timer1.Enabled:=True;

SreedButton5.Enabled:=True.
SpeedBution6.Enabled:=True.
SpeedBution7.Enabled:=True:
SpeedBution8.Enabled:=True;
SpeedButton9.Enabled:=True:
SpeedButton10.Enabled:=True,
SpeedButton11.Enabled:=True.
SpeedButton12.Enabled.=True,
end;

procedure TForm1.Timer1Timer(Sencer: TObject);
var OddEven:integer;
begin
count:=count+1;
OddEven:=count mod 2;
if{OddEven=1)then
SentToController(Slave 1,Master,StateCommand1,StateData)
elsa
SentToController{Slave2 Master,StateCommanc2,StateData);
end;

procedure TForm1.SpeedButton13Click(Sender: TObject):
begin

SentToController(Slave 1.85.20,StateData);
end;

procedure TForm1.SpeedButton5Click(Sender: TObject);

begin
SpeedButton5.Enabled:=false:
SpeedButton6.Enabled:=true;
StateCommandi:=Lamp10n;

end;

procedure TForm1.SpeedButton6Click(Sender: TObject);

begin
SpeedButlonS.Enabled:=false;
SpeedButton3.Ensbled:=true.
StateCommiand1:=Lamp10f{;

end;

procedure TForm1.SpeedButton7Click{Sender: TObject):
begin



SpeedBution7.Enabled:=false;

SpeedButton8.Enabled:=true;

StateCoemmand1:=Lamp20n:
end;

procedure TForm1.SpeedButton8Click(Sender: TObject).
begin
SpeedBution8.Enabled:=false:
SpeedBution7.Enabled:=true:
- StateCommand1:=Lamp20fi.
end;

procedure TForm1.SpeedButton9Click(Sender: TObject):
épechuuch.Enabled:=!a|sc.
SpeedBuiton10.Enabled.=tiue:
StateCcmmand2;=Lamp30n:

end:

procedure TForm1.SpeedBuiion10Chick(Sender TObject):

begin
SpeedBuiton10.Enabled:={alse:
SpeedBution9.Enabled:=tiue:
StateCommand2:=Lamp30i:

end:;

procedure TForm1.SpeedBuiton11Click(Sender: TObject).

begin
SpeedButton11.Enabled:=false:
SpeedButton12.Enabled:=true;
StateCommand2:=Lamp40n;

end;

procedure TForm1.SpeedBuiton12Click(Sender: TObject).
begin
SpeedBuiton12.Enabled:=false:
SpeedBitiont1.Enabled:=irue:
StateCommand2:=Lamp4Off;

end:;

end.
Heommmemmomeecenee --END DELPHI--------
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ChipCorder”

TECHNOLOGY BY iSD

ISD1400 Series

Single-Chip Voice Record/Playback Devices
16- and 20-Second Durations

GENERAL DESCRIPTION

information Storage Devices' 1SD1400 ChipCorder®
series provides high-quality, single-chip record/
playback solutions to short-duration messaging
applications. The CMOS devices include an on-
chip oscillator, microphone preamplifier, auto-
matic gain control, antialiasing filter, smoothing fil-
ter, and speaker amplifier. A minimum record/
playback subsystem can be configured with a mi-
crophone, a speaker, several passives, two push-
buttons, and a power source.

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through 1SD's patented multilevel storage
technology. Voice and audio signals are stored
directly into memory in their natural form, providing
high-gudiity, solid-state voice reproduction.

Figure: 1SD1400 Series Block Diagram
XCIK O—f—s——— Intemai Clock_|——{___Timing —
3 . ®
o N TECHNOLOGY BY 15D
Hof A
~ A B 5-Pole Active | -
ANAIN O o ‘lNy Anticiasing Fiter __’ Andlog Transcebvers |-
e 4 1 [
ANAOUT O 2 %; ]2BKCeI I )
o I 51 i | 5Pole Active O+
i ¢ Mdhlevel 0'096 Srnoothing Filter
MC O Gy o §l Amay Gl > SP-
MIC REF O 5
L ddn A | Automatic
AGC O ——@——| Gain Conhidl
o {AGC)
B u®
. | Power Conditioning ] Address Buffers ": : | Device Conhol i
A R i ! Bh
i e, TTTTT T |
fJJ & @] Y O O D 0 0 0o J) ¢ &
Veea Vssa Vsso Voco AD Al A2 A3 A4 A5 A6 AT REC PLAYE PLAYL RECLED
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1SD1400 Series

FEATURES

Easy-to-usesingle-chip voice record/playback
solution

High-quality, natural voicefaudio reproduction
Push-button intefface

- Playback can be edge- of level-
activated

Single-chip durations of 16 and 20 seconds
Automatic power-down mode

— Enters standby mode immediately fol-
lowing a record or playback cycle

— Standby current 0.5 pA (typical)
Zero-power message storage
— Eliminates battery backup circuits

Fully oddressable o handle multiple
messoges

100-yeor message retention (typical)
100,000 record cycles (typical)
On-chip clock souice

No programmer or development system
needed

Single +5 volt power supply

Available in die form, DIP, and SOIC
packaging

industrial temperature (-40°C to +85°C)
versions available

Table: ISD1400 Series Summary

Part. Minimﬁum;Di(Jra}iqn Input Sample Rate Typical Filter Pass
‘Nurmber? ~ {Seconds}: (KHz) Band (KHz)
1SD1416 16 8.0 3.3
1ISD1420 20 6.4 2.6

. - . ope ™
Voice Solutions in Silicon



1SD1400 Series

DETAILED DESCRIPTION

-

SPEECH/SOUND QUALITY

The ISD1400 series includes devices offered at 6.4
and 8.0 KHz sompling frequencies, allowing the
user a choice of speech quality options. The
speech samples are stored directly into on-chip
nonvolatiie memory without the digitization and
compression associated with other solutions. Di-
rect analog storage provides a very true, natural
sounding reproduction of voice, music, tones,
and sound effects not available with most solid-
state digital solutions.

DURATION

To meet end system requirements, the 1SD1400
series offers single-chip solutions at 16 and 20 sec-
onds.

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
is the use of on-chip nonvolatile memory, providing
zero-power message storage. The message is re-
tained for up to 100 years typically without power.
in addition, the device can be re-recorded typi-
cally over 100,000 times.

BASIC OPERATION

The 1SD1400 ChipCorder series devices are con-
trolled by a single record signal, REC, and either of
two push-button control playback signals, PLAYE
(edge-activated playback), and PLAYL (level-acti-
vated playback). The ISD1400 parts are config-
ured for simplicity of design in a single-message
application. Using the address lines will allow mul-
tiple. message applications. Device operation is
explained on page 15.

AUTOMATIC POWER-DOWN MODE

At the end of a playback or record cycle, the
ISD1400 series devices automatically retum to a
low-power standby mode, consuming typically
0.5 pA. During a playback cycle, the device pow-
ers down automatically ot the end of the mes-
sage. During a record cycle, the device powers
down immediately after REC is released HIGH.

ADDRESSING {OPTIONAL)

In addition to providing simple message playback,
the ISD1400 series provides a full addressing ca-
pability.

The 1SD1400 series storage array has 160 distinct
addressable segments, providing the following
resolutions. See Application Information for 1ISD1400
address tables.

Table 1: Device Playback/Record
Durations
“Part Nuinber Minimum Duration
-7 (Seconds)
1SD1416 100 ms
1SD1420 125 s

I1sD



I1SD1400 Series

Figure 1: 1SD1400 Series Pinouts

1SD1400
A0 []1® 28 [ Veco
Al ]2 27 1 REC
A2 3 26 [3 XCLK
A3 4 25 [ 1 RECLED
A4 5 24 [ PLAYE
A5 6 23 [ PLAVL
NC 7 22[NC
NC s 21 3 ANAOUT
A6 ]9 20 [ ANAIN
A7 10 19 [ AGC
NC CIn 18 [ MIC REF
Vgsp ] 12 17 3 MIC
Vssa []13 16 I3 Veea
SP+ [—]14 15 [ SP-
DIP/SOIC
NOTE: NC means must Not Connect.
PIN DESCRIPTION

NOTE The REC signal Is debounced for 50 ms on
the rising edge to prevent a false retriggenng
from a push-button switch.

VOLTAGE INPUTS (Veca » Vecp)

Analog and digital circuits intermnal to the 1SD1400
sefies use separate power buses to minimize noise
on the chip. These power buses are brought out to
separate pins on the package and should be tied
together as close to the supply as possible. It is im-
portant that the power supply be decoupled as
close as possible to the package.

GROUND INPUTS (Vs , Vsp)

Similar to Veea and Veep, the analog and digitai
circuits internal to the 1ISD1400 series use separate
ground buses to minimize noise. These pins should
be tied together as close as possibie to the device.

RECORD (REC)

The REC input is an active-LOW record signal. The
device records whenever REC is LOW. This signal
must remain LOW for the duration of the record-
ing. REC takes precedence over either playback
(PCAYE or PTAYL) signal. If REC is pulled LOW during
a playback cycle, the playback immediately
ceases and recording begins.

A record cycle is completed when REC is pulled
HIGH or the memory space is filled.

An end-of-message marker (EOM) is internally re-
corded, enabling a subsequent playback cycle
to terminate appropriately. The device automati-
cally powers down to standby mode when REC
goes HIGH.

PLAYBACK, EDGE-ACTIVATED (PLAYE)

When a LOW-going transition is detected on this
input signal, a playback cycle begins. Playback
continues until an EOM is encountered or the end
of the memory space is reached. Upon comple-
tion of the playback cycle, the device automati-
cally powers down into standby mode. Taking
PLAYE HIGH during a playback cycle will not termi-
nate the cunent cycle.

PLAYBACK, LEVEL-ACTIVATED (PLAYL)

When this input signal transitions from HIGH to
LOW, a playback cycle is initiated. Playback con-
tinues until PLAYL is pulled HIGH, an EOM marker is
detected, or the end of the memory space is
reached. The device automatically powers down
to standby mode upon completion of the play-
back cycle.

NOTE In playback, If elther PLAYE or PLAYL Is held
LOW during EOM or OVF, the device will still
enter standby and the internal osciliator
and timing generator will stop. However,
the rising edge of PLAYE and PLAYL are nol
debounced and any subsequent falling
edge (particularly switch bounce) present
on the input pins will initiate another
playbcck.

. . - PN ™
Voice Solutions in Silicon



1SD1400 Series

RECORD LED OUTPUT (RECLED)

The output.RECLED is LOW.during a record cycle.
It can be used to diive an LED to provide feed-
back that a record cycle is in progress. In addition,
RECLED pulses LOW momentarily when an EOM is
encountered in a playback cycle.

MICROPHONE INPUT (MIC)

The microphone input transfers its signal to the on-
chip preamplifier. An on-chip Automatic Gain
Control {AGC) circuit contols the gain of this
preampilifier from -15 to 24 dB. An extemal micro-
phone should be AC coupled fo this pin via a se-
ries capacitor. The capacitor value, together with
the internal 10 KQ resistance on this pin, deter-
mine the low-frequency cutoft for the ISD1400 se-
ies passband. See Application Information for
additional information on low-frequency cutoff
calculations.

MICROPHONE REFERENCE (MIC REF)

The MIC REF input is the inverting input fo the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input to the
device when connected differentially to a micro-
phone.

AUTOMATIC GAIN CONTROL (AGC)

The AGC dynamically adjusts the gain of the
preampilifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of sound, from whispers fo loud sounds, to
be recorded with minimal distortion. The “altack”
fime is detemined by the time constant of a 5 KQ
intemal resistance and an external capacitor (Cé
on the schematic in Figure 4) connected from the
AGC pin to Vgga analog ground. The “release” fime
is determined by the time constant of an external
.resistor (R5) and an external capacitor (C6) con-
nected in parallel between the AGC Pin and Vgsa
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

Table 2:

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier output to the us-
er. The voltage gain of the preampilifier is deter-
mined by the voltage level at the AGC pin.

ANALOG INPUT (ANA IN)

The ANA IN pin transfers the input signal fo the chip
for recording. For microphone inputs, the ANA OUT
pin should be connected via an external capaci-
tor to the ANA IN pin. This capacitor value, togeth-
er with the 3.0 KQ input impedance of ANA IN, is
selected to give additional cutoff at the low-fre-
guency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The external clock input for the ISD1400 devices
has an intemal pull-down device. The ISD1400 is
configured at the factory with an internal sam-
pling clock frequency that guarantees its mini-
mum nominal record/playback time. For
instance, an I1SD1420 operating within specifica-
tion will be observed to always have a minimum
of 20 seconds of recording time. The sampling fre-
quency is then maintained o a variation of +2.25
percent over the commercial femperature and
operating voltage ranges, while still maintaining
the minimum specified recording duration. This
will result in some devices having a few percent
more than nominal recording time.

The infemal clock has a =5 percent tolerance
over the industial temperature and voltage
range. A regulated power supply is recommend-
ed for industrial temperature parts. If greater pre-
cision is required, the device can be clocked
through the XCLK pin as follows:

External Clock Sample Rates
s o e gL g - s -
. cParty o) S CEn
© . Nuraber: =4[5 | Reauired Clock.¢]
e 5 ¥ BE % &
1SD1416 8.0 KHz 1024 KHz
1SD1420 6.4 KHz 819.2 KHz

I1sD



1SD1400 Series

These recommended clock rates should not be
varied because the antialiasing and smoothing fitters
are fixed, and aliasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as
the clock is immediotely divided by two intemnally.
i the XCLK Is not used, this input should be
connected to ground.

SPEAKER OUTPUTS (SP+, SP-)

The SP+ and SP- pins provide direct drive for loud-
speakers with impedances as low as 16 Q. A sin-
gle output may be used, but, for direct-drive
loudspeakers, the two opposite-polarity outputs pro-
vide an improvement in output power of up to
four times over a single-ended connection, Fur-
themmore, when SP+ and SP-are used, a speaker-
coupling capacitor is not required. A single-end-
ed connection will require an AC-coupling ca-
pacitor between the SP pin and the speaker. The
speaker outputs are in a high-impedance state
during a recerd cycle, and held at Vgga during pow-
er down.

ADDRESS INPUTS (A0-A7)

The Address Inputs have two functions, depending
upon the level of the two Most Significant Bits (MSB)
of the address.

If either of the two MSBs is LOW, the inputs are all
interpreted as address bits and are used as the
start address for the current record or playback
cycle. The address pins are inputs only and do not
output internal address information as the opera-
tion progresses. Address inputs are latched by the
falling edge of PLAYE, PLAYL, or REC.

OPERATIONAL MODES

The 1SD1400 series is designed with several built-in
operational modes provided 1o allow maximum
functionality with a minimum of additional com-
ponents, described in detail below. The opera-
fional modes use the address pins on the 1ISD1400
devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A6 and A7), the remaining ad-
dress signals are interpreted as mode bits and not
as address bits. Therefore, operational modes
and direct addressing are not compatible and
cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
fially at address 0, which is the beginning of the
ISD1400 address space. Later operations can be-
gin at other address locations, depending on the
operational mode(s) chosen. In addition, the ad-
dress pointer is reset to 0 when the device is
changed from record to playback but not from
playback to record when A4 is HIGH in Operation-
al Mode.

Second, an Operational Mode is executed when
any of the control inputs, PLAYE, PLAYL, or REC, go
LOW and the two MSBs are HIGH. This Operational
Mode remains in effect until the next LOW-going
control input signal, at which point the curent ad-
dress/mode levels are sampled and executed.

NOTE The lwo MSBs are on pins 9 and 10 for
each iISD1400 series device.

. . N ape ™
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OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontrolier, or they can be hard-
wired to provide the desired system operation.

A0 — MESSAGE CUEING

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each control input
LOW pulse causes the internal address pointer to
skip fo the next message. This mode should be
used for playback only, and is fypically used with
the A4 Operational Mode.

A1 — DELETE EOM MARKERS

The Al Operational Mode aliows sequentially re-
corded messages to be combined into a single
message with only one EOM marker set at the end
of the final message. When this operational mode
is configured, messages recorded sequentially
are played back as one continuous message.

A3 — MESSAGE LOOPING

The A3 Operational Mode allows for the automat-
ic, continuously repeated playback of the mes-
sage located at the beginning of the address
space.

A message can completely fill the 1SD1400 de-
vice and will loop from beginning fo end. Pulsing
PTAYE will start the playback and pulsing PLAYL will
end the playback.

A4 — CONSECUTIVE ADDRESSING

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The A4 Operational Mode inhibits the
address pointer reset, allowing messages to be re-
corded or played back consecutively. When the
device-is in a static state; i.e., not recording or
playing back, momentarily taking this pin LOW will
reset the address counter to zero.

A5 — UNUSED
A2 — UNUSED
Table 3: Operational Modes Table

Addresscrit: -l X7 ‘ . S " Jointly

. (HiGH) > [z Function P B, TyplealUser . 3& | compatible{™:
R Ak ¥ ¥ main” < oad w " agm Ty < , R o
AQ Message cueing Fast-forward through messages A4
Al Delete EOM markers Position EOM marker at the end of the last me%scge A3, A4
A2 Unused
A3 Looping Continuous playback from Address 0 Al
A4 Consecutive addressing | Record/play multiple consecutive messages AO, Al
A5 Unused

1. Additional operational modes can be used simultaneously with the given mode.

ISD
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TIMING DIAGRAMS
Figure 2: Record
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2. RECLED functions as an EOM during playback.

REC must be HIGH for the entlre duration of a playback cycle.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)
Chart 7: Standby Current (Isg)

Chart 5: Record Mode Operating Current
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Figure 4: Application Example
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FUNCTIONAL DESCRIPTION EXAMPLE

The following example operating sequence dem-
onstrates the functionality of the ISD1400 series
devices.

1.

Record a message filing the address
space.

Pulling the REC signal LOW initiates a record
cycle from the beginning of the message
space. If REC is held LOW, the recording
continues until the message space has
been filed. Once the message space is
filed, recording ceases. The device will
automatically power down after REC is
pulled HIGH.

Edge-activated playback.

Puling the PLAYE signal LOW initiates a
playback cycle from the beginning of the
message space or at a selected location.
The rising edge of PLAYE has no effect on
operation. if a recording has filed the
message space, the entire message is
played. When the device reaches the EOM
marker, it automatically powers down. A

57"

subsequent falling edge on PLAYE initiates
a new play cycle from the start address.

Level-activated playback.

Puling the PLAYL signal LOW initiates a
playback cycle from the beginning of the
message space or a selected location. If
recording has filled the message space,
the entire message is played. When the
device reaches the EOM marker, it
automatically powers down. A subsequent
faling edge on PIAYL initiates a new play
cycle from the starting address.

Level-activated playback (fruncated).

If PTAYL is pulled HIGH any time during the
playback cycle, the device stops playing
and enters the power-down mode. A
subsequent falling edge on PLAYL initiates a
new play cycle from the start address.

Record (interupting playback).

The REC signal takes precedence over
other operations. Any LOW-going transition

ISD
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on REC initiates a new record operation
from the beginning of the start address or
at a selected location, regardless of any
cunent operation in progress.

Record a message, partially filing the ad-
dress spoce.

A record operation need not fill the entire
message space. Releasing the REC signal
HIGH before filing the message space
causes the recording to stop and an EOM
to be placed. The device powers down
automatically.

Play back a message, partially filing the
address space.

Puling the PTAYE or PIAYL signal LOW
initiates a playback cycle which is then
completed when the EOM marker is
encountered. Playback ceases and the
device powers down.

RECLED operation.

The RECLED output pin provides an active-
LOW signal which can be used fo drive an
LED as a “record-in-progress” indicator. It
returns o a HIGH state when the REC pin is
released HIGH or when the recording is
completed due to the message space
being filled. This pin also pulses LOW to
indicate an EOM at the end of a message
being played.

APPLICATIONS NOTE

Some users may experience an unexpected re-
cording taking place when their circuit is powered
up, or the batteries are changed and Vg rises
faster than REC. This undesired recording prevents
playback of the previously recorded message. A
spurious End Of Message (EOM) marker appears ot
the very beginning of the memory, preventing ac-
cess to the orginal message, and nothing is
played.

To prevent this occunence, place a capacitor
(approx. 0.001 uF) between the control pin (REC)
and Ve This pulls the control pin voltage up with
Ve os it rises. Once the voltage is HIGH, the pull-
up device will keep the pin HIGH until intentionally
pulled LOW, preventing the false EOM marker.

Since this anomaly depends on factors such as
the capacitance of ‘the users printed circuit
board, not all circuit designs will exhibit the spuri-
ous marker. However, it is recommended that the
capacitor is included for design reliability. A more
detailed explanation and resolution of this occur-
rence is described in Application Information.

16
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ISD1400 SERIES PHYSICAL DIMENSIONS

-

Figure 5: 28-Lead 0.600-Inch Plastic Dual Inline Package (PDIP) (P)

iminlininicalialclicialisiaEninBe]
28 27 26 25 24 23 22 21 20 19 18 17 16 15

A : B2 BI Fg;z’

i & INCHES.
_ Min Nom. 5 1:fc

A 1.445 1.450

Bl 0.150

B2 0.065 0.070 0.075 1.65 1.78 1.9
C 0.600 0.625 15.24 15.88
C2 0.530 0.540 0.550 13.46 13.72 13.97

D 019 4.83
D1 0.015 0.38

E 0.125 0.135 3.18 3.43

F 0.015 0.018 0.022 0.38 0.46 0.56

G 0.055 0.060 0.065 1.40 1.52 1.65

H 0.100 2.54

J 0.008 0.010 0.012 0.20 0.25 0.30

S 0.070 0.075 0.080 1.78 1.9 2.03
‘q 0° 15° 0° 15°

NOTE: lead coplanarlty to be wlthin 0.005 Inches.
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Philips Semiconductors Product specification

Low voltage transmission circuits with

dialler interface TEA1062; TEA1062A

-

FEATURES GENERAL DESCRIPTION

The TEA1062 and TEA1062A are integrated circuits that
perform all speech and line interface functions required in
fully electronic telephone sets. They perform electronic
switching between dialling and speech. The ICs operate at
line voltage down to 1.6 V DC (with reduced performance)
to facilitate the use of more telephone sets connected in
parallel.

o Low DC line voltage; operates down to 1.6 V (excluding
polarity guard)

« Voltage regulator with adjustable static resistance
« Provides a supply for extemal circuits

» Symmetrical high-impedance inputs (64 kQ) for
dynamic, magnetic or piezoelectric microphones

» Asymmetrical high-impedance input (32 kQ) for electret

> All statements and values refer to all versions unless
microphones

otherwise specified.
o DTMF signal input with confidence tone

« Mute input for pulse or DTMF dialling
— TEA1062: active HIGH (MUTE)
— TEA1062A: active LOW (MUTE)

« Receiving amplifier for dynamic, magnetic or
piezoelectric earpieces

« Large gain selting ranges on microphone and earpiece
amplifiers

« Line loss compensation (line current dependent) for
microphone and earpiece amplifiers

« Gain control curve adaptable to exchange supply
« DC fine voltage adjustment facility.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vin line voltage line = 15 MA 355 140 425 |V
line operating line current

normal operation 11 - 140 mA
with reduced performance 1 - 11 mA
lcc internal supply current Vec=28V - 0.9 1.35 [(mA
Vee supply voltage for peripherals line = 15 MA
TEA1062 lp = 1.2 mA; MUTE = HIGH | 2.2 27 - Y
lp=0mA; MUTE=HIGH |- 34 - Y
TEA1062A lpb=12mA;MUTE=LOW |22 |27 |- \%
lp=0mA; MUTE = LOW |- 34 |- Vv
Gy voltage gain
microphone amplifier 44 f— 52 dB
receiving amplifier 20 - 31 dB
Tamb operating ambient temperature -25 - +75 °C
Line loss compensation
AG, gain control - 5.8 - dB
Vexch exchange supply voltage 36 - 60 \%
Rexch exchange feeding bridge resistance 0.4 - 1 kQ

1997 Sep 03




Philips Semiconductors Product specification

Low voltage transmission circuits with

, i TEA1062; TEA1062A
dialler interface
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
TEA1062 DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1
TEA1062M1 DiP16 plastic dual in-line package; 16 leads (300 mil) SOT38-4 or
SOT38-9
TEA1062A DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1
TEA1062AM1 DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-4 or
SOT38-9
TEA1062T S016 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
TEA1062AT SO16 plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
BLOCK DIAGRAM
Vee LN
13 1
IR 12 % —\_ [ - 51 car
TEA1062A  — :\- [> AL oRr
—1+
] ‘> e ]
A
mc+ -+ +% 21 Gast
mc- - - —l_ [ _
4 | E— o\. I>
i { o —+
— ¢+
DTMF ;) |> ——l—-—l L 31 Gas2
(1 MUTE 12
SUPPLY AND
REFERENCE
CONTROL LOW VOLTAGE
. CURRENT CIRCUIT
I .
CURRENT
REFERENCE
9 14 {15 8 16 | msasss- 1
!
Vee REG AGC STAB SLPE

(1) Pin 12is active HIGH (MUTE) for TEA1062.

Fig.1 Block diagram for TEA1062A.
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Product specification

Low voltage transmission circuits with

dialler interface

TEA1062; TEA1062A

-

PINNING
SYMBOL PIN DESCRIPTION
LN 1 positive line terminal
GAS1 2 | gain adjustment; transmitting
amplifier
GAS2 3 gi:r;liaﬁtij::stment. transmitting w (1] U 78] sLpe
QR 4 | non-inverting output; receiving cas1 2] 15] Ace
amplifier Gas2 (3] [14] rEG
GAR 5 gain ?djustment; receiving ar [ E Vec
amplifier TEA1062A
MIC- 6 inverting microphone input GAR {5 1__2.] MUTE
MIC+ 7 | non-inverting microphone input mic— (6] 1] DTMF
STAB 8 |current stabilizer MIC+ [7] 10] IR
VEe 9 negative line terminal STAB l—_—*l__ E Vee
IR 10 | receiving amplifier input —
DTMF 11 | dual-tone multi-frequency input
MUTE 12 | mute input (see note 1)
Vee 13 | positive supply decoupling
REG 14 | voltage regulator decoupling
AGC 15 | automatic gain control input Fig.2 Pin configuration for TEA1062A.
SLPE 16 | slope (DC resistance) adjustment
Note

1. Pin 12 is active HIGH (MUTE) for TEA1062.

1997 Sep 03
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Product specification

Low voltage transmission circuits with

dialler interface

TEA1062; TEA1062A

FUNCTIONAL DESCRIPTION
Supplies Vce, LN, SLPE, REG and STAB

Power for the IC and its peripheral circuits is usually
obtained from the telephone line. The supply voltage is
derived from the line via a dropping resistor and regulated
by the IC. The supply voltage Vcc may also be used to
supply external circuits e.g. dialling and control circuits.

Decoupling of the supply voltage is performed by a
capacitor between V¢ and Vge. The internal voltage
regulator is decoupled by a capacitor between REG and
VEE-

The DC current flowing into the set is determined by the
.exchange supply voltage Vexeh, the feeding bridge
resistance Rexch and the DC resistance of the telephone
line Rijine-

The circuit has an internal current stabilizer operating at a
level determined by a 3.6 kQ resistor connected between
STAB and Vge (see Fig.9). When the line current (line) is
more than 0.5 mA greater than the sum of the IC supply
current {lcc) and the current drawn by the peripheral
circuitry connected to Ve (Ip) the excess current is
shunted to Vgg via LN.

The regulated voltage on the line terminal (Vin) can be
calculated as:

VIN = Vief + Istpe X R9
ViN = Viet + {(liing — lcc — 0.5 % 10-3 A) - I} x R9

Ve is an internally generated temperature compensated
reference voltage of 3.7 V and R9 is an external resistor
connected between SLPE and Vge.

In normal use the value of R9 would be 20 Q.

Changing the value of R9 will also affect microphone gain,
DTMF gain, gain control characteristics, sidetone level,
maximum output swing on LN and the DC characteristics
(especially at the lower voltages).

Under normal conditions, when g pe >> lcc + 0.5 mA + 1,
the static behaviour of the circuit is that of a 3.7 V regulator
diode with an internal resistance equal to that of R9. in the
audio frequency range the dynamic impedance is largely
determined by R1. Fig.3 shows the equivalent impedance
of the circuit.

1997 Sep 03

LN o—
Leq Rp R1
Vit ] REG Vee
R9 +] c3  tlct
200 T 47 yF T 100 uF
Vgg 00—
MBA454
Leq=C3xRIXR,.
R, =16.2kQ.
Fig.3 Equivalent impedance circuit.

At line currents below 9 mA the internal reference voltage
is automatically adjusted to a lower value (typically 1.6 V
at 1 mA). This means that more sets can be operated in
parallel with DC line voltages (excluding the polarity guard)
down to an absolute minimum voltage of 1.6 V. At line
currents below 9 mA the circuit has limited sending and
receiving levels. The internal reference voltage can be
adjusted by means of an external resistor (Rva).

This resistor when connected between LN and REG will
decrease the intemal reference voltage and when
connected between REG and SLPE will increase the
internal reference voltage.

Current (Ip) available from V¢ for peripheral circuits
depends on the external components used. Fig.10 shows
this current for Ve > 2.2 V. If MUTE is LOW (TEA1062) or
MUTE is HIGH (TEA1062A) when the receiving amplifier
is driven, the available current is further reduced. Current
availability can be increased by connecting the supply IC
(TEA1081) in paralle! with R1 as shown in Fig.19 and
Fig.20, or by increasing the DC line voltage by means of
an external resistor (Rya) connected between REG and
SLPE (Fig.18).
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Product specification

Low voltage transmission circuits with
dialler interface

TEA1062; TEA1062A

Microphone inputs MIC+ and MIC- and gain pins
GAS1 and GAS2

The circuit has symmetrical microphone inputs. Its input
impedance is 64 kQ (2 x 32 kQ2) and its voltage gain is
typically 52 dB (when R7 = 68 kQ, see Figures 14

and 15). Dynamic, magnetic, piezoelectric or electret (with
built-in FET source followers) can be used. Microphone
arrangements are illustrated in Fig.11.

The gain of the microphone amplifier can be adjusted
between 44 dB and 52 dB to suit the sensitivity of the
transducer in use. The gain is proportional to the value of
R7 which is connected between GAS1 and GAS2.

Stability is ensured by two external capacitors, C6
connected between GAS1 and SLPE and C8 connected
between GAS1 and Vee. The value of C6is 100 pF but this
may be increased to obtain a first-order low-pass filter.
The value of C8 is 10 times the value of C6. The cut-off
frequency corresponds to the time constant R7 x C6.

Input MUTE (TEA1062)

When MUTE is HIGH the DTMF input is enabled and the
microphone and receiving amplifier inputs are inhibited.
The reverse is true when MUTE is LOW or open-circuit.
MUTE switching causes only negligible clicking on the line
and earpiece output. If the number of parallel sets in use
causes a drop in line current to below 6 mA the speech
amplifiers remain active independent to the DC level
applied to the MUTE input.

Input MUTE (TEA1062A)

When MUTE is LOW or open-circuit, the DTMF input is
enabled and the microphone and receiving amplifier inputs
are inhibited. The reverse is true when MUTE is HIGH.
MUTE switching causes only negligible clicking on the line
and earpiece output. If the number of parallel sets in use
causes a drop in line current to below 6 mA the DTMF
amplifier becomes active independent to the DC level
applied to the MUTE input.

Dual-tone multi-frequency input DTMF

When the DTMF input is enabled dialling tones may be
sent on to the line. The voltage gain from DTMF te LN is
typically 25.5 dB (when R7 = 68 kQ) and varies with R7 in
the same way as the microphone gain. The signalling
tones can be heard in the earpiece at a low level
(confidence tone).

1997 Sep 03 6

Receiving amplifier IR, QR and GAR

The receiving amplifier has one input (IR) and a
non-inverting output (QR). Earpiece arrangements are
illustrated in Fig.12. The IR to QR gain is typically 31 dB
(when R4 = 100 kQ). It can be adjusted between

20 and 31 dB to match the sensitivity of the transducer in
use. The gain is set with the value of R4 which is
connected between GAR and QR. The overall receive
gain, between LN and QR, is calculated by subtracting the
anti-sidetone network attenuation (32 dB) from the
amplifier gain. Two external capacitors, C4 and C7, ensure
stability. C4 is normally 100 pF and C7 is 10 times the
value of C4. The value of C4 may be increased to obtain a
first-order low-pass filter. The cut-off frequency will depend
on the time constant R4 x C4.

The output voltage of the receiving amplifier is specified for
continuous-wave drive. The maximum output voltage will
be higher under speech conditions where the peak to RMS
ratio is higher.

Automatic Gain Control input AGC

Automatic line loss compensation is achieved by
connecting a resistor (R6) between AGC and Vge.

The automatic gain control varies the gain of the
microphone amplifier and the receiving amplifier in
accordance with the DC line current. The control range is
5.8 dB which corresponds to a line length of 5 km for a
0.5 mm diameter twisted-pair copper cable with a DC
resistance of 176 Q/km and average attenuation of

1.2 dB/km). Resistor R6 should be chosen in accordance
with the exchange supply voltage and its feeding bridge
resistance (see Fig.13 and Table 1). The ratio of start and
stop currents of the AGC curve is independent of the value
of R6. If no automatic line-loss compensation is required
the AGC pin may be left open-circuit. The amplifiers, in this
condition, will give their maximum specified gain.
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-

Sidetone suppression

The anti-sidetone network, R1//Zsne. R2, R3, R8, R9 and
Zva. (see Fig.4) suppresses the transmitted signal in the
earpiece. Maximum compensation is obtained when the
following conditions are fulfilled:

~ R8xZ,,,)
RIxR2 = R1x|R3+ ———— &)
R8+Z, .,
Zbal lene
Z,_+R8 Z, +R1 (2)

bal line

if fixed values are chosen for R1, R2, R3 and RS9, then
condition (1) will always be fulfilled when |R8//Zpaf) << R3.

To obtain optimum sidetone suppression, condition {2) has
to be fulfilled which results in:

R8

Zbal=mx2 kxZ

line — line

Where k is a scale factor; k = -g%
The scale factor k, dependent on the value of R8, is

chosen to meet the following criteria:

« compatibility with a standard capacitor from the E6 or
E12 range for Zpg

o |Z,//R81 << R3 fulfilling condition (a) and thus
ensuring correct anti-sidetone bridge operation

o |Zp, + R8| >> RO to avoid influencing the transmit gain.

In practise Z;,e varies considerably with the line type and
length. The value chosen for Zya should therefore be for
an average line length thus giving optimum setting for
short or long lines.

1997 Sep 03 7

EXAMPLE

The balance impedance Zp, at which the optimum
suppression is present can be calculated by:

Suppose Zjine = 210 Q + (1265 /140 nF) representing a
5 km line of 0.5 mm diameter, copper, twisted-pair cable
matched to 600 Q (176 Ukm; 38 nF/km).

When k = 0.64 then R8 = 390 Q;
Zpa = 130 Q + (820 /220 nF).

The anti-sidetone network for the TEA1060 family shown
in Fig.4 attenuates the signal received from the line by
32 dB before it enters the receiving amplifier.

The attenuation is almost constant over the whole
audio-frequency range.

Figure 5 shows a conventional Wheatstone bridge
anti-sidetone circuit that can be used as an alternative.
Both bridge types can be used with either resistive or
complex set impedances. (More information on the
balancing of anti-sidetone bridges can be obtained in our
publication “Applications Handbook for Wired telecom
systems, 1C03b", order number 9397 750 00811.)
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Zjine

LN

VEE

R1

R2

>0k 5

R9

SLPE

R3

R8
Zpal

MSAS500- 1

Fig.4 Equivalent circuit of TEA1060 family anti-sidetone bridge.

Ziine

Fig.5 Equivalent circuit of an anti-sidetone network in a Wheatstone bridge configuration.

1997 Sep 03



Philips Semiconductors

Product specification

Low voltage transmission circuits with
dialler interface

TEA1062; TEA1062A

-

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VN positive continuous line voltage - 12 A"
VINR) repetitive fine voltage during switch-on - 13.2 A"
or line interruption
VinRry) | repetitive peak line voltage fora1ms [R9=20Q;R10=13Q; - 28 \Y%
pulse per5s see Fig.18
line line current R9 =20 Q; note 1 - 140 mA
Vi input voltage on all other pins positive input voltage - Vec+0.7 |V
negative input voltage - -0.7 A
Piot total power dissipation R9 =20 Q; note 2
TEA1062; TEA1062A - 666 mwW
TEA1062M1; TEA1062AM1 - 617 mwW
TEA1062T; TEA1062AT - 454 mwW
Tamb operating ambient temperature -25 +75 °C
Tsig storage temperature -40 +125 °C
T; junction temperature - 125 °C
Notes

1. Mostly dependent on the maximum required Tamp and on the voltage between LN and SLPE (see Figs 6, 7 and 8).

2. Calculated for the maximum ambient temperature specified (Tams = 75 °C) and a maximum junction temperature of

125 °C.

HANDLING

This device meets class 2 ESD test requirements [Human Body Model (HBM)], in accordance with
“MIL STD 883C - method 3015".

THERMAL CHARACTERISTICS
SYMBOL PARAMETER VALUE UNIT
Rihja thermal resistance from junction to ambient in free air
TEA1062; TEA1062A 75 KIW
TEA1062M1; TEA1062AM1 81 KW
TEA1062T; TEA1062AT (note 1) 110 KIW

Note

1. Mounted on glass epoxy board 28.5 x 19.1 x 1.5 mm. -
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TEA1062; TEA
dialler interface 10 1062A
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(2) Tomb = 56 °C; Py = 934 mW.
(3) Tamp = 65 °C; Pioy = 800 mW.
(8) Tamp = 75 °C; Pyy = 666 mW.

area.

(1) Tamb = 45 °C; Pioy = 1068 mW.

Vin-Vsiee M

Fig.6 TEA1062 and TEA1062A safe operating

Vin~VsipeW)
(1) Tano = 45 °C; Py = 988 mW.
(2) Tamb = 55 °C; Py = 864 mW.
(3) Tamp =65 °C; Piy = 741 mW.
(4) Toms = 75 °C; Pioy = 617 mW.

Fig.7 TEA1062M1 and TEA1062AM1 safe
operating area.

(1) Tamb = 45 °C; Pioy = 727 mW.
(2) Tamb =55 °C; Py = 636 mW.
(3) Tamp = 65 °C; Pyt = 545 mW.
{4) Tomb = 75 °C; Py = 454 mW.

area.
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Fig.8 TEA1062T and TEA1062AT safe operating
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LLow voltage transmission circuits with

dialler interface TEA1062; TEA1062A

-

CHARACTERISTICS
line = 11 10 140 MA; Vgg = 0 V; f = 800 Hz; Tamp = 25 °C; unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Supplies LN and V¢ (pins 1 and 13)
ViN voltage drop over circuit between LN MIC inputs open-circuit
and Vgg line = 1 MA - 1.6 - v
line = 4 MA - 19 - \Y
line = 15 MA 3.55 4.0 425 |V
line = 100 mA 4.9 5.7 6.5 \
liine = 140 mA - - 7.5 \Y
AV /AT | variation with temperature line = 15 MA - -03 |- mV/IK
VIN voltage drop over circuit between LN line = 15 mA
and Vgg with external resistor Rya Rva(LNto REG)=68kQ |- 35 |- v
Rva (REG to SLPE)=39kQ | - 4.5 - Y,
lee supply current Ve =28V - 0.9 1.35 |mA
Vee supply voltage availabie for peripheral | ljne = 15 mA; MUTE = HIGH
circuitry
TEA1062 lp=1.2mA 22 2.7 - Y,
lp=0mA - 3.4 - Vv
Vee supply voltage available for peripheral | line = 15 mA; MUTE = LOW
circuitry
TEA1062A b=12mA 2.2 27 - \Y
lpb=0mA - 34 - \Y
Microphone inputs MIC— and MIC+ (pins 6 and 7)
|Z;] input impedance
differential between MIC- and MIC+ - 64 - kQ
single-ended MIC- or MIC+ to Vgge - 32 - kQ
CMRR common mode rejection ratio - 82 - dB
Gy voltage gain MIC+ or MIC—to LN line = 15 MA; R7 = 68 kQ 505 |52.0 |53.5 dB
AGy gain variation with frequency f =300 and 3400 Hz - 0.2 |- dB
referenced to 800 Hz
AGyt gain variation with temperature without R6; ljine = 50 mA,; - +0.2 - dB
refereficed to 25 °C Tamb = —25and +75 °C
DTMF input (pin 11)
1Zil input impedance . - 20.7 |- kQ
Gy voltage gain from DTMF to LN line = 15 MA; R7 = 68 kQ 240 |255 |270 |dB
AGys gain variation with frequency f =300 and 3400 Hz - 0.2 |- dB
referenced to 800 Hz . _
AG,T gain variation with temperature line = 50 MA; - +0.2 - dB
referenced to 25 °C Tamb =—252and +75 °C

1997 Sep 03 1
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Low voltage transmission circuits with

. . TEA1062; TEA1062A
dialler interface
SYMBOL PARAMETER CONDITIONS MIN. [ TYP. | MAX. | UNIT
Gain adjustment inputs GAS1 and GAS2 (pins 2 and 3)
AGy transmitting amplifier gain variation by -8 - 0 dB
adjustment of R7 between
GAS1 and GAS2
Sending amplifier output LN (pin 1)
Vingms) | output voltage (RMS value) THD = 10%
line = 4 MA - 0.8 - Vv
line = 15 MA 1.7 23 - Vv
Vhno(rms) noise output voltage (RMS value) line = 15 MA; R7 = 68 kQ; - -69 - dBmp
200 Q between MIC- and
MIC+; psophometrically
weighted (P53 curve)
Receiving amplifier input IR (pin 10)
|z | input impedance [ - {21 [- [k
Receiving amplifier output QR (pin 4) )
12l output impedance _ 4 _ Q
G, voltage gain from IR to QR line = 15 MA; R =300 Q 295 |31 32.5 dB
. (from pin 9 to pin 4)
AGyt gain variation with frequency f = 300 and 3400 Hz - 0.2 |- dB
referenced to 800 Hz
AGT gain variation with temperature without R6; ljine = 50 mA; - +0.2 - dB
referenced to 25 °C Tamp = ~25and +75°C
Vo(rms) output voltage (RMS value) THD = 2%; sine wave drive;
R4 = 100 kQ; ljne = 15 MA;
b= 0mA
R =150 Q 022 |033 |- Y/
R =450Q 0.3 048 |- Y/
Vo(rms) output voltage (RMS value) THD = 10%; R4 = 100 kQ; - 15 - mV
RL =150 Q; ljne =4 MA
Vro(rms) noise output voltage (RMS value) line = 15 MA; R4 = 100 kQ; - 50 - uv
IR open-circuit
psophometrically weighted
. (P53 curve); Ry =300 Q
Gain adjustment input GAR (pin 5)
AGy receiving amplifier gain variation by -1 - 0 dB
adjustment of R4 between GAR and QR
Mute input (pin 12)
Vin HIGH level input voltage . 1.5 - Vee Y
Vi LOW level input voltage - - 0.3 \%
IMUTE input current - 8 15 MA
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Low voltage transmission circuits with

. : TEA1062; TEA1062A
dialler interface
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Reduction of gain
AGy MIC+ or MIC-to LN
TEA1062 MUTE = HIGH - 70 - dB
TEA1062A MUTE = LOW - 70 - dB
Gy voltage gain from DTMF to QR R4=100kQ; R . =300 Q
TEA1062 MUTE = HIGH - ~-17 - dB
TEA1062A MUTE = LOW - -17 - dB
Automatic gain control input AGC (pin 15)
AGy controlling the gain from IR to QR R6 =110 kQ2
and the gain from MIC+, MIC-to LN (between AGC and Vgg)
gain control range line = 70 MA - -58 |- dB
NineH highest line current for maximum gain - 23 - mA
lineL lowest line current for minimum gain - 61 - mA
Rine  line R
g pg + 0.5mA vice :
|
TEA1062 N vee }
Rexch [] TEA1062A _ * Ip
DC 0.5 mA s
AC l . C1t: peripheral
Voxch C) N circuits
REG STAB stee | VEE 7
J_ Istpey {
+ I
c3 RS R9 \
|
|
MBA357 - 1

Fig.9 Supply arrangement.
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dialler interface TEA1062; TEA1062A
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] ! \\
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The supply possibilities can be increased by setting the voltage drop over the circuit Vy to a higher value by resistor Ry connected between REG and
SLPE.

Vee> 2.2V line=15mAatVin=4V;R1=620Q; R9=20 Q.
(1) 15 =2.1 mA.Is valid when the receiving amplifier is not driven or when MUTE = HIGH (TEA1062), MUTE = LOW (TEA1062A).

(2) 1p=1.7 mA. Is valid when MUTE = LOW (TEA1062), MUTE = HIGH (TEA1062A) and the receiving amplifier is driven; Voims) = 150 mV,
R =150Q.

Fig.10 Typical current |, available from V¢c for peripheral circuitry.
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dialler interface
ol R6 = oo MSAS0T - 1
AG,
(dB)
-2}
-4}
78.7 kQ \ 110 kQ\ 140 kQ
-6
0 2 20 50 80 200 120 0
line (MA)

R9=201Q.

Fig.13 Variation of gain as a function of line current with R6 as a parameter.

Table 1 Values of resistor R6 for optimum line-loss compensation at various values of exchange supply voltage
{Vexeh) and exchange feeding bridge resistance (Rexcn); R9 = 20 Q.

R6 (kQ)
Vexch (V)
Rexch = 400 Q Rexch = 600 Q Rexch = 800 Q Rgxch = 1000 Q
36 100 78.7 - -
48 140 110 93.1 82
60 - - 120 102
1997 Sep 03 16
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Low voltage transmission circuits with

) . TEA1062; TEA1062A
dialler interface
PACKAGE OUTLINES
DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
D Me

|<— sealing plane

|

Ry PPN ——_

—lllac
(ey)
My
—
)
1 I 8
0 5 10 mm
| I VT WA S SN N SR WO S 1
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Ag Az {1 1 z ()
UNIT | ax. | “min. | max. b by ¢ ot et e 1 L Me My |- W max.
1.40 0.53 0.32 218 6.48 3.9 8.25 9.5
mm | 47 | 051 | 37 | (90 | o35 | 023 | 214 | 620 | 2% | 782 | 34 | 780 | 83 | 02| 22
. 0.055 | 0.021 0.013 0.86 0.26 0.15 0.32 0.37
inches 0.19 | 0.020 { 0.15 0.045 | 0.015 | 0.009 0.84 024 0.10 0.30 0.43 0.31 0.33 0.01 0.087
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC - PROJECTION
92-16-62-
SOT38-1 050G09 MO-001AE == @ AR
1997 Sep 03 22
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ISO2-CMOS MT8880C

Integrated DTMF Transceiver

Features

+  Complete DTMF transmitter/receiver
- Central office quality

» Low power consumption

- Microprocessor port

- Adjustable guard time

- Automatic tone burst mode

.+ Call progress mode

Applications

« Credit card systems

» Paging systems

+ Repeater systems/mobile radio
- Interconnect dialers

+ Personal computers

ISSUE 6 March 1997

Ordering Information

MT8880CE 20 Pin Plastic DIP
MT8880CS 20 Pin SOIC
MT8880CN 24 Pin SSOP
MT8880CP 28 Pin Plastic LCC

~40°C to +85°C

Description

The MT8880C is a monolithic DTMF transceiver with
call progress filter. It is fabricated in Mitel's ISO2-
CMOS technology, which provides low power
dissipation and high reliability. The DTMF receiver is
based upon the industry standard MT8870
monolithic DTMF receiver; the transmitter utilizes a
switched capacitor D/A converter for low distortion,
high accuracy DTMF signalling. Internal counters
provide a burst mode such that tone bursts can be
transmitted with precise timing. A call progress filter
can be selected allowing a microprocessor to
analyze call progress tones. A standard
microprocessor bus is provided and is directly
compatible with 6800 series microprocessors.

__
Row and ; Data — 0
D/A C Transmit Data Bus D1
TONE € Converters olumn Register Buft
Counters uiter
D2 J
Status H — D3
Tone Burst Control Register Interrupt
Gating Cct. Logic 1 Logic __
1 5 > [RQ/CP
IN+ + Dial Control
Tone | - Register
IN-—TL Filter High Group Digital A "] D o2
’ Filter i
Algorithm
GS € and Code .  Control o cs
L1 Low Group Converter Register Control
0SC1 =1 Oscillator Filter 8 ome RIW
osc2 Circuit 1
Control ; Receive Data ¢ RSO
Bias Logic Steering ot
Circuit Logic egisier
T I I ) §
| | |
Vpp Veer Vss ESt  SUGT

Figure 1 - Functional Block Diagram
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MT8880C

ISO2-CMOS

N+ ] 4 L_l_ 20[Jvop IN+[] 4 o 24[] vOD
iN- 2 19 JsvGT IN-[] 2 2317 suGT L NG
s a3 18{JESt s} 3 22[] ESt ) NG
VRet ] 4 171]o3 VRet[] 4 21{1] 03 5 NC
vss(] 5 16 ]D2 vss] 5 20{] D2 5 D3
oscil] e 15101 oscil] s 191] D1 5 D2
osc2{] 7 1400 oscz2[}7 18] Do P D1
TONE[] 8 13[JRQ/CP Nc[ 8 17 NC =]
RW[] 9 12002 NC] 9 161 NC
cs(J10 11[JRS0 TONE[] 10 15[ ] IRQ/CP
RW[] 1 1417 o2
cs12 1317 RS0
20 PIN PLASTIC DIP/SQIC 24 PIN SSQP,

Pin Description

.
Figure 2 - Pin Connections

Pin #
20|24 | 28 Name Description
1 1 | IN+ |Non-inverting op-amp input.
21 2| 21 IN- {[Inverting op-amp input.
3|31 4] GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.
4 | 4| 6 | Vget |Reference Voltage output, nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 13).
5|5 | 7| Vgg |Ground input (OV).
6 | 6 { 8 {OSC1|DTMF clock/oscillator input.
71719 |0SC2|Clock output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes the
internal oscillator circuit. Leave open circuit when OSC1 is clock input.
8 | 10| 12 | TONE |Tone output (DTMF or single tone).
9 {11113 | R/W |Read/Write input. Controls the direction of data transfer to and from the MPU and the
transceiver registers. TTL compatible.
10{12[14| CS [Chip Select, TTL input (CS=0 to select the chip).
11113 15| RSO |Register Select input. See register decode table. TTL compatible.
12114117 | @2 |System Clock input. TTL compatible. N.B. ®2 clock input need not be active when the
device is not being accessed.
13( 15|18 | IRQ/ |Interrupt Request to MPU (open drain output). Also, when call progress (CP) mode has
CP |been selected and interrupt enabled the IRQ/CP pin will output a rectangular wave signal
representative of the input signal applied at the input op-amp. The input signal must be within
the bandwidth limits of the call progress filter. See Figure 8.
14-118-|19-|D0-D3|Mjcroprocessor Data Bus (TTL compatible). High impedance when CS =1 or ®2 is low.
1712122 . -
18{22126| ESt |Early Steering output. Presents a logic high once the digital algorithm has detected a valid
tone pair (signal condition). Any momentary loss of signal condition will cause ESt to return to
a logic low. ~
19| 23127 | SYGT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vtg; detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vg, frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the voltage on St.
20|24 |28 | Vpp |Positive power supply input (+5V typical).
89135 NC [No Connection.
18. | 10,
7n,
16,
23-
25
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Functional Description

The MT8880C Integrated DTMF Transceiver
architecture consists of a high performance DTMF
receiver with internal gain setting amplifier and a
DTMF generator which employs a burst counter such
that precise tone bursts and pauses can be
synthesized. A call progress mode can be selected
such that frequencies within the specified passband
can be detected. A standard microprocessor
interface allows access to an internal status register,
two control registers and two data registers.

Input Configuration

The input arrangement of the MT8880C provides a
differential-input operational amplifier as well as a
bias source (Vger) Which is used to bias the inputs at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

IN+
* IN-
o RiN
Re GS
vRel
VOLTAGE GAIN MT8880C
(Av) =Re /Ry ‘

C1 R1 IN+
IN-
c2 R4 R5
GS
R3 R2
5 VRet
MT8880C

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF
R1=R4=R5=100kQ

R2 = 60k}, R3 = 37.5kQ

R3 = (R2R5)/(R2 + R5)

VOLTAGE GAIN

(Ay diff) = RS/R1

INPUT IMPEDANCE

(Zndif)) = 2V R1Z + (1/aC)2

Figure 3 - Single-Ended Input Configuration

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Fig. 7). These filters
also incorporate notches at 350 Hz and 440 Hz for
excepticnal dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators

Figure 4 - Differential Input Configuration

which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at the
frequencies of the incoming DTMF signals.

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones {this is referred to as the “signal condition” in
some industry specifications) the "Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state.

.
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Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgTp). Vv reaches the threshold
(V1g1) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Figure 7)
into the Receive Data Register. At this point the GT
output is activated and drives v, to Vpp. GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (drop out) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

Voo
Cc1 I
SUGT Ve

ESt p———vW"WN\—
R1

tora ={R1C1)In (Vpp/ Vrs)

MT8880C tere = (R1C1) In [Vpp / (Vop-Vrs)]

Guard Time Adjustment

The simple steering circuit shown in Figure 5§ is
adequate for most applications. Component values
are chosen according to the formuia:

trec = tpptteTe
tip=tpattca

The value of tpp is a device parameter (see AC
Electrical Characteristics) -and tggc is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most
applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independently the guard times for tone
present (tgTp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity.

terp = (RpC1) In [Vpp / (Vpp-Vrs]
tgra = (R1C1) In (Vpp/Vrs)

Rp = (R1R2)/(R1+R2)
Vb

D 1
C1
SUGT
. R1 R2
ESt

a) decreasing tGTP; (tGTP < tGTA)

|

tgrp = (R1C1) In Vpp / (Vpp-Vrsy)
tgra = (RpC1) In (Vpp/Vrsy)

Rp =(R1R2)/(R1 + R2)

Voo (>—j
' ¢
SUGT
R1 R2
ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 5 - Basic Steering Circuit
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Increasing trec improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long

enough ta be registered. Alternatively, a relatively .

short trgc With a long tpo would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 8 with a description of the events in Figure 11.

Call Progress Filter

A call progress mode, using the MT8880C, can be
selected allowing the detection of various tones
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.
DTMF signals cannot be detected if CP mode has
been selected (see Table 5). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are hard-
limited by a high gain comparator with the IRQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a microprocessor or counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the IRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in the MT8880C is
capable of generating all sixteen standard DTMF
tone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are_digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
low total harnonic distortion and high accuracy. To
specify a DTMF Tsignal, data conforming to the
encoding format shown in Figure 7 must be written to
the transmit Data Register. Note that this is the same
as the receiver output code. The individual tones
which are generated (f_ow and fygn) are referred to
as Low Group and High Group tones. As seen from
the table, the low group frequencies are 697, 770,
852 and 941 Hz. The high group frequencies are
1209, 1336, 1477 and 1633 Hz. Typically, the high
group to low group amplitude ratio (pre-emphasis) is
2dB to compensate for high group attenuation on
long loops.

Frow Fuicn DIGIT D3 D, D, Do
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 0 1 0 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 * 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 c 1 1 1 1
941 1633 D 0 0 0 0

0= LOGIC LOW, 1= LOGIC HIGH
Figure 7 - Functional Encode/Decode Table

LeveL 4
(dBm)

-25
| |
| 1,
0 250 500 750
FREQUENCY (Hz)
£ { = May Accept

Figure 8 - Call Progress Response

The period of each tone consists of 32 equal time
segments. The period of a tone is controlled by
varying the length of these time segments. During
write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
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EVENTS | A B | ¢ | o | E | *
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Status
Register !
—— —
IRQ/CP I l I l

of time segments is fixed at 32, however, by varying

Figure 9 - Receiver TimingB_iagram

the segment length as described above the tone
output signal frequency will be varied. The divider
output clocks another counter which addresses the
sinewave lookup ROM.

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and

column tones which are then mixed using a low
noise summing amplifier. The oscillator described
needs no ‘start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
incorporated and serves to attenuate distortion
products above 8 kHz. It can be seen from Figure 10
that the distortion products are very low in amplitude.

i s

Scaling Information

10 dB/Div

Start Frequency =0 Hz
Stop Frequency = 3400 Hz

Marker Frequency = 697 Hz and
1209 Hz

AN

{\

il

Figure 10 -
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Burst Mode

In certain telephony applications it is required that
DTMF sidnals being generated are of a specific
duration determined either by the particular
application or by any one of the exchange transmitler
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, a second burst/
pause time of 102 ms *2 ms is available. This
extended interval is useful when precise tone bursts
of longer than 51 ms duration and 51 ms pause are
desired. Note that when CP mode and Burst mode
have been selected, DTMF tones may be transmitted
only and not received.

In applications where a non-standard burst/pause
duration is required, burst mode must be disabled

EXPLANATION OF EVENTS

RETAINED UNTIL NEXT VALID TONE PAIR.

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.

-StGT

VALID DTMF SIGNAL.

REGISTER IS READ.

top TIME TO DETECT VALID FREQUENCIES PRESENT.
toa TIME TO DETECT VALID FREQUENCIES ABSENT.
GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

A) TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

D) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
E) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.
F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

RXg-RX34-8IT DECODED DATA IN RECEIVE DATA REGISTER

b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

JRQ/CP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

tio MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS. .

too MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

Figure 11 - Description of Timing Events

and the transmitter gated on and off by an external
hardware or software timer.

Single Tone Generation

A single tone mode is available whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

Distortion Calculations

The MT8880C is capable of producing precise tone
bursts with minimal error in frequency (see Table 1).
The internal summing amplifier is followed by a first-
order lowpass switched capacitor filter to minimize
harmonic components and intermodulation products.
The total harmonic distortion for a single tone can be
calculated using Equation 1,-which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a
percentage. The Fourier components of the tone
output correspond to Vo.... V¢ as measured on the
output waveform. The total harmonic distortion for a
dual tone can be calculated
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/ V22| + VZM + VZM + ... Vzn’

Vitundamentat

THD(%)= 100

Equation 1. THD (%) For a Single Tone

szL + V23L + ... VZnL + szH +

Vi + . Vi + Vi

\/ V3 + VR,

THD (%) = 100

Maximum Series Resistance:150 ohms
Maximum Drive Level: 2mwW

e.g. CTS Knights MP036S
Toyocom TQC-203-A-9S

A number of MT8880C devices can be connected as
shown in Figure 12 such that only one crystal is
required. Alternatively, the OSC1 inputs on all
devices can be driven from a TTL buffer with the
0SC2 outputs left unconnected.

Equation 2. THD (%) For a Dual Tone

MT8880C mMT8880C MT8880C
0SC1 0OsC2 0sCt1 0sC2 OSC1 0SsC2
| "]I
{
3.579545 MHz

OUTPUT FREQUENCY
e (Hz) %ERROR
SPECIFIED | ACTUAL

L1 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 847.4 -0.54
L4 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1477 1471.9 -0.35
H4 1633 1645.0 +0.73

Table 1. Actual Frequencies Versus Standard
Requirements

using Equation 2. V and Vy correspond to the low
group amplitude and high group amplitude,
respectively, and V%yp is the sum of all the
intermodulation components. The internal switched-
capacitor filter following the D/A converter keeps
distortion products down to a very low level as shown
in Figure 10. .

DTMF Clock Circuit

The internai clock circuit is completed with the
addition of a standard television colour burst crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Resonance Mode: Parallel

Load Capacitance: 18pF
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Figure 12 - Common Crystal Connection
Microprocessor Interface

The MT8880C employs a microprocessor interface
which allows precise control of transmitter and
receiver functions. There are five internal registers
associated with the microprocessor interface which
can be subdivided into three categories, i.e., data
transfer, transceiver control and transceiver status.
There are two registers associated with data transfer
operations.

The Receive Data Register contains the output code
of the last valid DTMF tone pair to be decoded and is
a read only register. The data entered in the Transmit
Data Register will determine which tone pair is to be
generated (see Figure 7 for coding details). Data can
only be written to the transmit register. Transceiver
control is accomplished with two Control Registers
(CRA and CRB) which occupy the same address
space. A write operation to CRB can be executed by
setting the appropriate bit in CRA. The following
write operation to the same address will then be
directed to CRB and subsequent write cycles will
then be directed back to CRA. A software reset must
be included at the beginning of all programs to
initialize the control and status registers after power
up or power reset (see Figure 16). Refer to Tables 3,
4, 5 and 6 for details concerning the Control
Registers. The IRQ/CP pin can be programmed such
that it will provide an interrupt request signal upon
validation of DTMF signals or when the transmitter is
ready for more data (Burst mode only). The IRQ/CP
pin is configured as an open drain output device and
as such requires a pull-up resistor (see Figure 13).
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RSO RIW FUNCTION b3 b2 b1 bo
0~ 0 Write to Transmit RSEL | IRQ CP/IDTME TOUT
Data Register
: T Pociti
0 1 Read from Receive Table 3. CRA Bit Positions
Data Register
1 0 Write to Control
Register b3 b2 b1 bo
1 1 Read from Status — —
Register C/IR S/ID TEST BURST

Table 2. Internal Register Functions

Table 4. CRB Bit Positions

BIT

NAME

FUNCTION

DESCRIPTION

b0

TOUT

TONE OUTPUT

A logic ‘1’ enables the tone output. This function can be
implemented in either the burst mode or non-burst mode.

b1

CP/DTMF

MODE CONTROL

In DTMF mode (logic ‘0’) the device is capable of generating
and receiving Dual Tone Multi-Frequency signals. When the
CP (Call Progress) mode is selected (logic '1') a 6th order
bandpass filter is enabled to allow call progress tones to be
detected. Call progress tones which are within the specified
bandwidth will be presented at the IRQ/CP pin in
rectangular wave format if the IRQ bit has been enabled
(b2=1). Also, when the CP mode and BURST mode have both
been selected, the transmitter will issue DTMF signals with a
burst and pause of 102 ms (typ) duration. This signal duration
is twice that obtained from the DTMF transmitter if ODTMF
mode had been selected. Note that DTMF signals cannot be
decoded when the CP mode of operation has been selected.

b2

IRQ

INTERRUPT ENABLE

A logic *1" enables the INTERRUPT mode. When this mode is
active and the DTMF mode has been selected (b1=0) the IRQ/
CP pin will pull to a logic ‘0’ condition when either 1) a valid
DTMF signal has been received and has been present for the
guard time duration or 2) the transmitter is ready for more data
(BURST mode only).

b3

RSEL

REGISTER SELECT

A logic ‘1’ selects Control Register B on the next Write cycle to
the Control Register address. Subsequent Write cycles to the
Control Register are directed back to Control Register A.

Table 5. Control Register A Description
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BIT NAME FUNCTION DESCRIPTION
b0 BURST. BURST MODE A logic ‘0’ enables the burst mode. When this mode is
selected, data corresponding to the desired DTMF tone pair
can be written to the Transmit Register resulting in a tone
burst of a specific duration (see AC Characteristics).
Subsequently, a pause of the same duration is induced.
Immediately following the pause, the Status Register is
updated indicating that the Transmit Register is ready for
further instructions and an interrupt will be generated if the
interrupt mode has been enabled. Additionally, if call
progress (CP) mode has been enabled, the burst and pause
duration is increased by a factor of two. When the burst
mode is not selected (logic *1") tone bursts of any desired
duration may be generated.
b1 TEST TEST MODE By enabling the test mode (logic'1’), the TRQ/CP pin will
present the delayed steering (inverted) signal from the DTMF
receiver. Refer to Figure 9 (b3 waveform) for details
concerning the output waveform. DTMF mode must be
selected (CRA b1=0) before test mode can be implemented.
b2 S/D SINGLE /DUAL TONE A logic ‘0" will allow Dual Tone Multi-Frequency signals to be
GENERATION produced. If single tone generation is enabled (logic '17),
either row or column tones (low group or high group) can be
generated depending on the state of b3 in Control Register
B.
b3 CR COLUMN/ROW TONES | When used in conjunction with b2 (above) the transmitter
can be made to generate single row or single column
frequencies. A logic ‘0’ will select row frequencies and a logic
‘1’ will select column frequencies.
Table 6. Control Register B Description
BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bitone (b1) |- Interrupt is inactive. Cleared after
or bit two (b2) is set. Status Register is read.
b1 TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 RECEIVE DATA Valid data is in the Receive Data Cleared after Status Register is
REGISTER FULL Register. read.
b3 DELAYED STEERING Set upon the valid detection of the | Cleared upon the detection of a
absence of a DTMF signal. valid DTMF signal.
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MMD7000
(or equivalent)

Voo
- MT8880C s
| H 11
1 R — i~ VoD L] n - it
c2
orveice O— F—~AAA—¢ 1 SUGT fJ7
INPUT R4
[\/V\Ar———{: GS ESt [ p
R2 R3
{1 vRet 03] >
” —] vss 02 [} —>
-tal
/77 ED'——C 0sC1 D1} >
0sC2 DO [ — >
— — - - TouP
otme O+ - ¢ [Qtone  IRQCP[}— > or uC
OUTPUT Ch oy __
! r‘C cs Rrso [3 >
/77 | >
Y
Ll
Notes:
R1,R2=100kQ 1% . . .
R3.= :?7 4 k(z? 19 ) * Microprocessor based systems can inject undesirable noise into
_ ; the supply rails. The performance of the MT8880 can be optimized
R4 = 3.3k 10_ ° by keeping noise on the supply rails to a minimum. The decoupling
R =10k Q (min.) capacitor (C3) should be connected close to the device and ground
C1=100nF 5% loops should be avoided.
C2= 100 nF 5%
C3 =100 nF 10%"
C4=10nF 10%
X-tal = 3.579545 MHz
Figure 13 - Application Circuit (Single-Ended Input)
 sovoC O sovoc
MMD6150 bakQ
TEsTPOINT (O eauivalent) < & TEST POINT 3ka
J.
130 pF . 70 pF

Test load for DO-D3 pins

Test load for IRQ/CP pin

——
Figure 14 - Test Circuit
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+5V

6802 3.3k MT8880C

|
A~

IRQ
RSO

Address JA .
Peripheral decode —))— csS
VMA |

Py
O

RW RW
E > 2
Data —. Data

" Figure 15 - MT8880C to 6802 Interface

EXAMPLE 1+ A software reset must be included at the beginning of all programs to initialize the control
registers after power up. The initialization procedure should be implemented 100ms after power up.

Description Control Data

CS RS0 RW b3 b2 b1 b0

t 1) Read Status Register 0 1 1 X X X X
2) Write to Control Register 0 1 0 0 0 0 0.
3) Write to Control Register 0 1 0 0 0 0 0
4) Write to Control Register 0 1 0 1 0 0 0
5) Write to Control Register 0 1 0 0 0 0 0
6) Read Status Register 0 1 1 X X X X

EXAMPLE 2: Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones
Description

CS RS0 RW b3 b2 b1 b0
1) Write to Control Register A 0 1 0 1 1 0 1
(tone out, DTMF, TRQ, Select Control Register B)
2) Write to Control Register B 0 1 0 0 0 0 0

(burst mode)
d 3). Write to Transmit Data Register 0 0 0 0 1 1 1
(send a digit 7)

wait for an interrupt or poll Status Register
4) Read the Status Register 0 1 1 X X X X

-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 0 0 1 0o " 1
(send a digit 5)

-if bit 2 is set, a DTMF-tone has been received, in which case....
Read the Receive Data Register 0 0 1 X X X X

-

-if both bits are set...

Read the Receive Data Register 0 0 1 X X X X

Write to Transmit Data Register 0 0 0 0 1 0 1
NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms { +2 ms) AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms ( * 4 ms).

Figure 16 Appllcation Hints
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vss Voo 6 \
2 | Voltage on any pin \ Vgs-0.3 Vpp+0.3 \
3 | Current at any pin (Except Vpp and Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
5 | Package power dissipation Pp 1000 mwW

* Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - Voltages are with respect to ground (V gg) unless otherwise stated.

Parameter Sym Min TypI Max Units Test Conditions
1 | Positive power supply Vop 4.75 5.00 5.25 A
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fok | 3.575965 | 3.579545 | 3.583124 | MHz
t Typical figures are at 25 ° C and for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristics’-vgg=ov.
Characteristics Sym | Min Typ* | Max | Units Test Conditions
1 s Operating supply voltage Vob 4.75 5.0 5.25 \
2 u Operating supply current Iop 7.0 11 mA
3 P Power consumption Pec 57.8 mwW
4 1 High level input voltage ViHo 3.5 Vv
N (OsCH1)
5 z Low level input voltage ViLo 1.5 \
T (OSC1)
6 S Steering threshold voltage Vst 2.2 2.3 2.5 \ Vpp=5V
7 Low level output voitage - No load
o (0SC2) Voo 0.1 v
8 ) High level output voltage No load
T (OSC2) Vono | 4.9 \Y Vpp=5V
9 z Output leakage current
T (IRQ) loz 1 10 HA | Vou=2.4 V
10 S Vget output voltage VRef 24 2.5 2.6 \ No load, Vpp=5V
11 VRef OUtput resistance Ror 1.3 kQ
12 D Low level input voltage ViL 0.8 \%
13| 4 [+High level input voltage Vi | 20 v ,
14 ; Input leakage current Iz 10 A | Vin=Vss to Vpp
a.
"
15 | pata | Source current lox -14 | -6.6 mA | Vou=2.4V
16 | Bus | Sink current loL 20 | 4.0 mA | Vo =0.4V
17 | ESt | Source current lon -0.5 | -3.0 mA | Vou=4.6V
18 | anay | Sink current oL | 2 4 mA | Vo =0.4V
19 TFé—(Pj/ Sink current oL 4 16 mA | Vg =0.4V

1 Characteristics are over recommended operating conditions unless otherwise stated.
1 Typical figures are at 25 ° C, Vpp =5V and for design aid only: not guaranteed and not subject to production testing.
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Electrical Characteristics
Gain Setting _Amplifier - Voltages are with respect to ground (V gg) unless otherwise stated, V gg= OV.

Chzll_'acteristics Sym Min Typ Max Units Test Conditions
1 |Input leakage current IN 100 nA Vss < Vin<Vpp
2 |Input resistance Rin 10 MQ
3 |Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB
6 |DC open loop voltage gain AvoL 40 dB CL=20p
7 | Unity gain bandwidth BW 1.0 MHz CL=20p
8 |Output voltage swing Vo 0.5 Vpp-0.5| V R 2100 kQ to Vgg
9 [Allowable capacitive load (GS) CL 100 pF PM>40°
10 | Allowable resistive load (GS) Rp 50 kQ Vo =4Vpp
11 |Common mode range Veum 1.0 Vpp-1.0} V . R = 50kQ

Figures are for design aid only: not guaranteed and not subject to production testing.
Characteristics are over recommended operating conditions unless otherwise stated.

MT8880C AC Electrical Chara cteristicst- Voltages are with respect to ground (V gg) unless otherwise stated.

Characteristics Sym Min Typ* | Max Units Notes*
-29 dBm 1,2,3,5,6,9
R Valid Input signal leve!s 275 MVews | 1,2.3.5,6.9
1 X (each tone of composite
signal) +1 dBm 1,2,3,5,6,9
869 mVRMS 1,2,3,5.6,9

+ Characteristics are over recommended operating conditions (unless otherwise stated) using the test circuit shown in Figure 13.

AC Electrical Characte ristics? - Voltages are with respect to ground (V gg) unless otherwise stated. f c=3.579545 MHz.

Characteristics‘ Sym Min TypI Max Units Notes*
1 Positive twist accept 8 dB 2,3,6,9
2 Negative twist accept ' 8 dB 2,3,6,9
3 Freq. deviation accept +1.5%+2Hz 2,359
4 z Freq. deviation reject +3.5% 23,5
5 Third tone tolerance -16 dB 2,3,4,5,9,10
6 Noise tolerance -12 dB 2,3,4,5,7,9,10
7 Dial tone tolerance 22 dB 2,3,4,5,8,9,11

+ Characteristics are over recommended operating conditions unless otherwise stated.
t Typical figures are at 25 *C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.
* See “Notes" following AC Electrical Characteristics Tables.
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AC Electrical Characteristics' - Call Progress =~ Voltages are with respect to ground (V gg) unless otherwise stated.

Characteristics Sym Min Typ? Max Units Notes*
1 | Lower freq. (ACCEPT) fLa 320 Hz @ -25 dBm
2 | Upper freq. (ACCEPT) fha 510 Hz @ -25dBm
3 | Lower freq. (REJECT) fLr 290 Hz @ -25 dBm
4 | Upper freq. (REJECT) fuR 540 Hz @ -25 dBm
5 | Call progress tone detect level -30 dBm
(total power)
1+ Characteristics are over recommended operating conditions unless otherwise stated
1 Typical figures are at 25 °C, Vpp = 5V. and for design aid only: not guaranteed and not subject to production testing
* See “Notes” AC Electrical Characteristics Tables
AC Electrical CharacteristicsT - Voltages are with respect to ground (V gg) unless otherwise stated.
Characteristics Sym | Min | Typ? | Max | Units Conditions
1 Tone present detect time top 3 11 14 ms |Note 12
2 Tone absent detect time toa 0.5 4 8.5 ms |[Note 12
3 Tone duration accept trec 40 ms |User adjustable®
4 | g |Tone duration reject trRec 20 ms |User adjustable®
5 | X |interdigit pause accept tio 40 ms |User adjustable#
6 Interdigit pause reject too 20 ms |User adjustable®
7 Delay St to b3 tpstbs 13 ns
8 Delay St to RXg-RX3 tpstrx us
9 Tone burst duration tesT 50 52 ms |DTMF mode
10 | 1 |Tone pause duration tps 50 52 ms |DTMF mode
11 | X |Tone burst duration (extended) teste 100 104 ms |Call Progress mode
12 Tone pause duration (extended) tpse 100 104 ms |Call Progress mode
13 High group output level Vhout | -6.1 -21 | dBm |R =10kQ
14 'cr) Low group output level Vioutr | -8.1 -4.1 | dBm |R_ =10kQ
15 | N [Pre-emphasis dBp 2 3 dB |R_ =10kQ
16 . Output distortion (Single Tone) THD -35 dB (25 kHz Bandwidth
o) R.=10kQ
17 $ Frequency deviation fo 0.7 | 1.5 % |fc=3.579545 MHz
18 Output load resistance Ryt 10 50 kQ
19 P2~cycle period teve 250 ns
20 ';f @2 high pulse width tcw 115 ns
21 | Y |®2 low pulse width toL 110 ns
22 'L ®2 rise and fall time tr e 25 ns
23 | T |Address, R/W hold time taHtRwH | 26 ns
24 ,‘i Address, R/W setup time (before ®2) | tastrws | 23 ns
25 | b |Data hold time (read) tonr | 22 ns |*
28 g ®2 to valid data delay {read) tobr 100 ns {200 pF load
27 Data setup time (write) tosw 45 ns
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AC Electrical Characteristics'f (Cont‘d) - Voltages are with respect to ground (V gs) unless otherwise stated.

_ Characteristics Sym Min Typ? Max | Units Notes*

28 Data hold time (write) tonw 10 ns

29 Input Capacitance (data bus) Cin 5 pF

30 Output Capacitance (IRQ/CP) Court ) pF

31 | p | Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz

32 :1 Clock input rise time tLHeL 110 ns Ext. clock
33| F | Clock input duty cycle thicL 110 ns Ext. clock
34 (i Clock input duty cycle DCqL 40 50 60 % Ext. clock
35 | K | Capacitive load (OSC2) CLo 30 pF

t Timing is over recommended temperature & power supply voltages.

1t Typical figures are at 25 °C and for design aid only: not guaranteed and not subject to production testing.
* The data bus output buffers are no longer sourcing or sinking current by t pyg.

¥ See Figure 6 regarding guard time adjustment.

NOTES: 1) dBm=decibels above or below a reference power of 1 mW into a 600 ohm load.
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2) Digit sequence consists of all 16 DTMF tones.

3) Tone duration=40 ms. Tone pause=40 ms.

4) Nominal DTMF frequencies are used.

5) Both tones in the composite signal have an equal amplitude.
6) The tone pair is deviated by +£1.5%+2 Hz.

7) Bandwidth limited (3 kHz) Gaussian noise.

8) The precise dial tone frequencies are 350 and 440 Hz ( +2%).
9) For an error rate of less than 1in 10,000.

10) Referenced to the lowest amplitude tone in the DTMF signal.
11) Referenced to the minimum valid accept level.

12) For guard time calculation purposes.
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