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#include <reg52.h>
#include <intrins h>

#include <stdio.h>

sbit f1_CH1 =P1"0;
sbit f1 CH2=PI*l;
sbit fI_CH3 =P1°2;
sbit f1_CH4 =P1"3;
sbit f1_CH5 =P1"4;
sbit f1_CH6 = P175;
sbit f1_CH7 =P1°6;

sbit f2_CH1 = P3*0;
sbit 2 CH2 =P3"1;
sbit {2 CH3 =P3/2;
sbit 2_CH4 = P3"3;
sbit f2_CHS5 =P3"4; -
sbit 2 CH6 = P3"5;
sbit f2_CH7 = P3"6;

unsigned char C1[7];
unsigned char C2[7};

void delay(int i)
{
unsigned int j;
do
¢
for(j = 035 < 1005+ {}

i



}while( > 0);
}
void initial()
{

PO = OxfT;

P1 = 0xff;

P2 = 0xff;

P3 =0xff;

SCON = 0x40;
TMOD |=0x21
TH1 =0xfd
TR1 =1;

TI =1;

THO = 0xb7;
TLO = 0xaa;
1E = 0x83;
ES =0;
IT0=1;
IE0 =0;
EX0=1;
EA =1;
3
void read_1st()
{
if(fl CH1=1)
Cl{1]="1%
else

Cl[1]="0%



iflfl CH2=1)
Cl1[2]="1%
else

C1[2]="0";

if(fl CH3==1)
Ci[3]="1%
else

C1[3]="0%

ifffl CH4==1)
Cl[4]="1%
¢clse

C1[4] ="0%

if(fl CH5=1)
C1[5]="1"%
else

C1[51="0%

if(f1I_CH6 ==1)
Clf6]="1"
else

C1[6]="0%

if(fl CH7=1)
Cl[7]1="1}
else

C1[7]="0



void read 2st(Q)

{

if(f2 CHl =1}
Ci[1]="1%
else

Cl[1i="0,

ifif2 CH2=1)
Cl[2}="1
else

C1[2] ="0%

ifif2 CH3=1)
Cl1[3]1="1%
else

C1[3]="0%

(2 CH4==1)
C1[4]="1"
else

C1[4] ="0";

ifif2 CH5=1)
Ci[5]="1%
else

C1[51="0}

if(f2_CH6 —=1)
ci[6]="14

else



Ci[6] ="0%

if(f2 CH7==1)
Cl[71="1%
else
C1[71="0

}

void main(}

{ unsigned char i;

delay(100);
initial();
while(1)
{ -
read_1st(Q;
read 2st();

printf("fl_CH1:%c,f1 CH2:%cf1_CH3:%c,f1_CHAYc,f1_CH5:%c,f1_CH6:%c,fl_CH7:%c",C1[1],C1[2]
,C1{3],C1[4],C1[5],C1[6],C1[7);

'printf("fZ_CHl Y%c,f2_CH2:%c,f2_CH3:%¢,f2_CH4:%c,f2_CH5:%c,f2_CH6 Yoc,f2. CH7:%c",C2[1],C2([2]
,C2[3],C2[4],C2[5],C2[61,C2[7]);
delay(1000);
3
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#include <REG52.h>

sbit LEDO =P0"0;
sbit LED1 =P0M;
sbit LED2 = P0"2;
sbit LED3 =P0"3;
sbit LED4 =P0"4;
sbit LED5S =P0"5;
sbit LED6 =P0"6;
sbit LED7 =P0"7;

sbit LED8 =P2"0;

sbit LED9 =P2"1;

sbit LED10 =P2"2;
sbit LED11 =P213;
sbit LED12 =P2"4;
sbit LED13 =P2"5;
sbit LED14 =P2"6;
sbit LED15 =P27;

sbit SW 0 = PIA0;
sbit SW 1 =PIrL;
shit SW 2 =PI
shit SW 3 =PI73;
sbit SW 4 =PI4;
shit SW 5 =PI75;
shit SW 6  =P176;
shit SW 7 =PIrT;



shit SW 8 =P370;
shitSW 9 =P3°1;
sbit SW_10 =P3~2;
sbit SW_11 =P3/3;
sbit SW 12 =P3~4;
sbit SW 13 =P3r5;
sbit SW_14 =P3r6;
sbit SW_15 =P3°7;

unsigned char m = 0;

void delay{unsigned int tick)

{
unsigned char i,j; // For keep counter loop
for(i=0;i<tick;i++) // Loop delay
for(j=0;j<200;j++);

void main{void)
{
P0=0x00;

P2 =0x00;
P1 =0xFF;
P3 = 0xFF;
LED7=1;
LED15=1;

while(1)

{
if(SW_0==0) LEDO0=1;
else LEDO0=0;



if(SW_1=0) LEDI=1;
else LEDI1=0;

if(SW_2==0) LED2=1;
else LED2=0;

if(SW_3=0) LED3=1;
else LED3=0;

if(SW_4=0) LED4=1;
else LED4=0;

if(SW_5=0) LED5=1;
else LEDS5=0;

if(SW_6==0) LED6=1;
else LED6=0;

if(SW_7==0) LED8&=1;
else  LEDS8=0;

if(SW_8=0) LED9=1;
else LED9=0;

if(SW_9==0) LED10=1;
else LED10=0;

fiSW_10=0) LED11=1;
else LEDI11=0;



if(SW_11=0) LED12=1;
else LED12=0;

1f(SW_12=0} LED13=1;
else LEDI13=0;

if(SW_13=0) LED14=1;
else LEDI14=0;

while (SW_14==0)
{
LED7=0;
delay(100);

while (SW_15==0)
{
LED15=0;
delay(100);

to_outl:LED7=I1;

LED15=1;
delay(100};
¥
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#include <REG52.h>

sbit digit] =P2"6;

sbit digit2 =P2"7;

sbit sw up =P32;
sbit sw_down =P3"3;
sbit MOTOR_R =P2"0;
sbit MOTOR_L =P2"1;

code unsigned char display[]={0x3f,0x06,0x5b,0x4f,0x66,0x6d,0x7d,0x07,0x7f,0x6f};
unsigned char value = 0;
unsigned char segl = 0;

unsigned char seg2 = 0;

void delay(int tick)

{
intij;
for(i=0:1<tick;i++)
for(j=0;j<250;j++);

void multiplex()

{
| segl = value%10;
seg2 = value/10;
digitl = 0;
digit2=1;
PO = display[seg2];



delay(5);

digitl = 1;

digit2 =0;

PO = displaylsegl];
delay(5);

void scan_sw()
{
iflsw_up=0)
{
iflvalue<=13)
{
delay(2000);
MOTOR_R=1;
delay(200);
- MOTOR_R=0;

dexl: if(sw_up==0)goto
delay(700};
valuett;
MOTOR_L=1;
delay(200);
MOTOR_L~0;
multiplex();

dexl;



MOTOR_1~0;
iflsw_down=0)
{
multiplex();

dex: if(sw_down=0)

multiplex();
goto dex;
}
if{value!=0)
{
delay(120);
value--;
multiplex();
}
¥
¥ A
void main{void)
{
MOTOR_R=0;
MOTOR_L=0;

PO = 0x00;
digit2=1;
digitl = 1;
while(1)
{
scan_sw();

multiplex(};
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unit uMain;

interface

uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, DSUt, StdCtrls, DSPack, DirectShow9, ExtCtrls, jpeg, Menus,
VaClasses, VaComm, Grids, DBGrids, FR_Class, DB, DBTables, FR DSet,
FR_DBSet,BDE;

type
Tfrmmain = class{(TForm)

Panell: TPanel;

Panel2: TPanel; i
Bevell: TBevel;
Imagel: TImage;
Bevel2: TBevel;
Image2: TImage;
Bevel3: TBevel;
Image3: TImage;
Bevel4: TBevel;
Image4: TImage;
Bevel5: TBevel;
Image5: TImage;
Bevel6: TBevel;
Image6: TImage;
Bevel7: TBevel;

Image7: TImage;



Panel3: TPanel;
Bevel8: TBevel;
Image8: TImage;
Bevel9: TBevel;
Image9: TImage;
Bevell0: TBevel;
Imagel0: TImage;
Bevelll: TBevel;
Imagel1: TImage;
Bevell2: TBevel;
Image12: TImage;
Bevell3: TBevel;
Imagel3: Tlmage;
Bevell4: TBevel;
Imagel4: TImage;
Timerl: TTimer;
Label14: TLabel;
Labell: TLabel;
Label2: TLabel;
Label3: TLabel;
Label4: TLabel;
Label5: TLabel;
Label6: TLabel;
Label7: TLabel;
Label8: TLabel;
Label9: TLabel;
Labell10: TLabel;
Labelll: TLabel;
Label12: TLabel;
Label13: TLabel;
Bevell6: TBevel;



Label56: TLabel;
MainMenul: TMainMenu;
Devices: TMenultem;
SampleGrabber: TSampleGrabber;
Filter: TFilter;

FilterGraph: TFilterGraph;
VYideoWindow: TVideoWindow;
SnapShot: TButton;
VaComm1l: TVaComm;
Imagel6: TImage;

Labell6: TLabel;

Label22: TLabel;

Label21: TLabel;

Timer2: TTimer;

Report: TfrReport;
Button1: TButton;

Labell7: TLabel;

Button2: TButton;
fiDBDataSetl: TfrDBDataSet;
Image: TImage;

Label19: TLabel;

Label20: TLabel;

Tablel: TTable;

Timer3: TTimer;
DataSourcel: TDataSource;
Button3: TButton;

Label23: TLabel;

Label24: TLabel;

Label25: TLabel,

Label26: TLabel;

Label27: TLabel;



Label28: TLabel;
Label29: TLabel;
Label30: TLabel;
Label31: TLabel;
Label32: TLabel;
Label33: TLabel;
Label34: TLabel;
Label35: TLabel;
Label36: TLabel;
Label37: TLabel;
Button4: TButton;
Edit1: TEdit;
Labell8: TLabel;
procedure Timer1Timer(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure SnapShotClick(Sender: TObject);
procedure FormCloseQuery(Sender: TObject; var CanClose: Boolean);
procedure Timer2Timer(Sender: TObject);
procedure DBGrid1CellClick(Column: TColumn);
procedure Buttonl Click(Sender: TObject);
procedure Timer3Timer(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure Button3Click(Sender: TObject);
procedure Editl1 Change(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
procedure OnSelectDevice(sender: TObject);

end;



var
frmmain: Tfrmmain;
SysDev: TSysDevEnum;

files:integer;
implementation
uses uview;
] {$R "f.dfm}

procedure Tfrmmain.OnSelectDevice(sender: TObject);
begin

FilterGraph.ClearGraph;

FilterGraph.Active := false;

Filter.BaseFilter. Moniker := SysDev.GetMoniker{ TMenultem(Sender).tag);

FilterGraph.Active := true; -

with FilterGraph as ICaptureGraphBuilder2 do

RenderStream(@PIN_CATEGORY_PREVIEW, nil, Filter as IBascFilter, SampleGrabber as IBaseFilter,

VideoWindow as TbaseFilter);

FilterGraph.Play;

end;

procedure Tfrmmain, Timer] Timer(Sender: TObject);
var Status:String;
Index:Integer;
begin
timerl.Enabled = false;
Index :=Pos(CH1:" Editl.Text);
if Index <> 0 then

begin



Status := Copy(Edit1.Text,Index+4,1);
if Status ='0" then
begin
Imagel.Visible == false;
Labell.Transparent := false;
Labell.Height:= 65;
Label1.Width .= 80;
end
else
 begin
Imagel.Visible = true;
Label 1. Transparent := true;
end;

end;

Index :=Pos(CH2:',Editl.Text);
if Index <> 0 then
begin
Status := Copy(Editl.Text,Index+4,1);
if Status ='0" then
begin
Image2.Visible = false;
Label2. Transparent := false;
Label2.Height:= 65;
Label2.Width == 80;
end
else
begin
Image2.Visible = true;
Label2.Transparent := true;

end;



end;

Index := Pos('CH3:',Editl.Text);
if Index < 0 then
begin
Status := Copy(Edit1. Text,Index+4,1);
if Status ="0' then
begin
Image3.Visible == false;
Label3.Transparent := false;
Label3.Height:= 65;
Label3.Width = 80;
end
else
begin
Image3.Visible := true;
Label3.Transparent == true;
end;

end;

Index := Pos('CH4:' Editl.Text);
if Index <> 0 then
begin
Status := Copy(Editl.Text,Index-+4,1);
if Status ="0" then
begin
Image4.Visible = false;
Labeld.Transparent := false;
Label4.Height:= 65;
Label4.Width := 80;

end



else
begin
Image4.Visible = true;
Label4.Transparent := true;
end;

end;

Index := Pos('CHS5:' Editl.Text);
if Index <> 0 then
_begin
Status := Copy(Edit]l.Text,Index+4,1);
if Status ="0' then
begin
Image5.Visible = false;
LabelS.Transparent := false;
Label5.Height:= 65;
Label5.Width = 80;
end
else
begin
Image5.Visible = true;
LabelS. Transparent := true;
end;

end;

Index := Pos('CH6:"Edit].Text);

if Index <> 0 then

begin
Status := Copy(Edit].Text,Index+4,1);
if Status ="0' then

begin



Image6.Visible = false;
Label6. Transparent == false;
Label6.Height:= 65;
Label6.Width := 80;
end

else
begin
Image6.Visible = true;
Label6.Transparent = true;
end;

end;

Index := Pos('CH7:',Edit]l.Text);
if Index <> 0 then
begin
Status := Copy(Editl.Text,Index+4,1);
if Status ="'0" then
begin
Image7.Visible := false;
Label7.Transparent = false;
Label7.Height:= 65;
Label7.Width = 80;
end
else
begin
Image7.Visible = true;
Label7.Transparent := true;
end;

end;

Index = Pos(CHS:',Editl.Text);



if Index <> 0 then
begin
Status := Copy(Edit1.Text,Index+4,1);
if Status ="0" then
begin
Image8.Visible = false;
Label8.Transparent = false;
Label8.Height:= 65;
Label8. Width := 80;
end
else
begin
Image8.Visible = true;
Label8.Transparent := true;
end;

end;

Index = Pos('CH9:" Editl . Text);
if Index < 0 then
begin
Status := Copy(Editl.Text,Index+4,1);
if Status ="0' then
begin
Image9.Visible := false;
Label9. Transparent = false;
Label9.Height:= 65;
Label9.Width == 80;
end
else
begin
Image9.Visible = true;



Label9.Transparent == true;
end;

end;

Index := Pos('CH10:',Editl.Text);
if Index <> 0 then
begin
Status := Copy(Editl.Text,Index+5,1);
if Status ='0" then
begin
Image0.Visible := false;
Label10.Transparent := false;
Label10.Height:= 65;
Label 10.Width = 80;
end
else
begin
_ImagelO.Visib]e = true;
Label 10.Transparent == true;
end;

end;

Index = Pos('CH11:'"Editl.Text);
if Index <> 0 then
begin
Status := Copy(Edit1.Text,Index+5,1);
if Status ='0' then
begin
Imagell.Visible = false;
Labell1.Transparent := false;
Labell1.Height:= 65;



Labell1.Width = 80;
end

else
begin
Image11.Visible := true;
Labell1l.Transparent = true;
end;

end;

Index = Pos('CH12:',Edit1.Text);
if Index <> 0 then
begin

Status := Copy(Edit1.TextIndex+5,1);
if Status ="0' then
begin
Imagel2.Visible := false;
Label12.Transparent := false;
Label 12 Height:= 65;
Label12.Width = 80;
end
else
begin
Imagel2.Visible := true;
Label12.Transparent := true;
end;

end;

Index := Pos('CH13:" Editl.Text);
if Index <> 0 then
begin
Status := Copy(Editl.Text,Index+5,1);



if Status ="0" then
begin
Image13.Visible = false;
Label13.Transparent := false;
Label13_Height:= 65;
Label13.Width = 80,
end

else
begin
Imagel3.Visible := true;
Labell3. Transparent := true;
end;

end;

Index := Pos("CH14:' Edit1.Text);
if Index < 0 then
begin
Status := Copy(Editl.Text,Index-+5,1);
if Status ="'0" then ‘
begin
Imagel4.Visible := false;
Label 14. Transparent := false;
Label14 Height:= 65;
Label14.Width = 80,
end
else
begin
Imagel4.Visible := true;
Label14.Transparent = true;
end;

end;



Index = Pos("IN:' Editl.Text);
if Index <> 0 then
begin
Status := Copy(Edit1, Text,Index+3,1);
if Status ="0' then
begin
Tmagel5.Visible == false;
Label15.Transparent := false;
Label15.Height:= 65;
Label15.Width = 80;
end
else
begin
Imagel5.Visible = true;
Label15.Transparent := true;
timer2.Enabled = True;
end;

end;

Index :=Pos("OUT:,Editl.Text);
if Index < 0 then
begin
Status := Copy(Edit].Text,Index+4,1);
if Status ="0' then
begin
//Tmage16.Visible := false;
//Label16.Transparent = false;
//Label16.Height:= 65;
//Label16.Width = 80;



end
else

begin

//Imagel6.Visible := true;

//Label16.Transparent := true;

//timer2.Enabled := True;
frmview = Tfrmview.Create(nil);
frimview.ShowModal;
frmview.Free;

end;

end;

end;

procedure Tfrmmain.FormCreate(Sender: TObject);
var
i: integer;
Device: TMenuIten‘g;
begin
SysDev:= TSysDevEnum.Create(CLSID_VideoInputDeviceCategory);
if SysDev.CountFilters > 0 then
for i := 0 to SysDev.CountFilters - 1 do
begin
Device := TMenultem.Create(Devices);
Device.Caption := SysDev.Filters[i].FriendlyName;
Device.Tag =1;
Device.OnClick := OnSelectDevice;
Devices.Add(Device);
end;

end;



procedure Tfrmmain.SnapShotClick(Sender: TObject);
begin
Image. Visible := true;
SampleGrabber.GetBitmap{Image.Picture.Bitmap);

end;

procedure Tfrmmain.FormCloseQuery(Sender: TObject; var CanClose: Boolean);
begin

SysDev.Free;

FilterGraph.ClearGraph;

FilterGraph.Active = false;

end;

procedure Tfrmmain. Timer2Timer(Sender: TObject);
begin
Timer2.Enabled := False;
Image.Visible = true;
SampleGrabber.GetBitmap(Image Picture Bitmap);

timer3.Enabled = true;

end;

procedure Tfrmmain.DBGrid1CeliClick(Column: TColumn);
begin
//Image.Picture.LoadFromFile('C:\cardata\Pic\'+Table1.FieldValues[File'l+.bmp');

end;

procedure Tfrmmain.Button1Click(Sender: TObject);
begin
{ Tablel.Edit;



Tablel.FieldValues['Out’] = TimeToStr(now);

Tablel.FieldValues['Total Time'] = TimeToSt(StrToTime(Tablel.FieldValues['OutT)-
StrToTime(Tablel.FieldValues['In']));

Tablel.Post; DbiSaveChanges(Table1.Handle);

Tablel.Refresh;

Report.ShowReport; }

end;

procedure Tfrmmain.Timer3 Timer(Sender: TObject);
begin

timer3.Enabled := False;

if Tablel.RecordCount > 0 then
begin
Tablel.Last;
- files := strToint(Tablel.FieldValues[File+1;
end
else
begin
files:=1;

end;

Tablel.Append;

Tablel FieldValues['Date'] := DateToStr(now);
Tablel FieldValues[In'] := TimeToStr(now);
Tablel.FieldValues['File] := intTostr(files);
Tablel.Post; DbiSaveChanges(Tablel.Handle);
Tablel .Refresh;

Tablel.Last;



Image.Picture.SaveToFile('C:\cardata\Pic\'+ Tablel FieldV: alues['File'H .bmp");
end;

procedure Tfrmmain.Button2Click(Sender: TObject);
begin

timer3.Enabled := False;

if Table1.RecordCount > 0 then
begin
Tablel.Last;
files ;= strToint(Tablel.FieldValues['File)+1;
end
else
begin
files:=1;

end; -

Tablel.Append;

Tablel.FieldValues['Date'] := DateToStr(now);
Tablel.FieldValues['In'] := TimeToStr(now);
Tablel.FieldValues['File'] = intTostr(files);
Tablel.Post; DbiSaveChanges(Tablel Handle);
Tablel.Refresh;

Tablel.Last, _
Tmage. Picture.SaveToFile('C:\cardata\Pic\'+ Table1.FieldValues['File'l+'.bmp');

end;

procedure Tfrmmain.Button3Click(Sender: TObject);

begin



Image.Visible = false;
timerl.Enabled = false;

end;

procedure Tfrmmain.Edit] Change(Sender: TObject);
begin
timerl.Enabled = true;

end;

end.
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Features
. Compatible with MCS-51°Products
' 8K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles
' 4,0V to 5.5V Operating Range
» Fully Static Operation: 0 Hz to 33 MHz —®

' Three-level Program Memory Lock
» 256 x 8-bit Internal RAM

32 Programmable l/O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources 8-bit
Full Duplex UART Serial Channel
Low-power Idle and Power-down Modes M i Croco ntro I | er

Interrupt Recovery from Power-down Mode

Watchdog Timer With 8K Bytes

Dual Data Pointer

Power-off Flag . I n 'Sy St em

Description | Programmable

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontrolier with 8K FI aSh
bytes of in-system programmable Flash memory. The device is manufactured using
Atmel’s high-density nonvolatile memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program  §
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro- ATags 52
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a monolithic chip, the Atmel AT89S52 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 /O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
six-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the AT89S52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware reset.

- w w v v ow ow o~ =

Rev. 1919A-07/01
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Pin Configurations

PDiP PLCC
J < R
2 prog a0 f1vee us 8588
(T2EX)P1.1 02 39 [1P0.0 (ADO) [l £
P120]3 38 [1P0.1 (AD1) I2d=-2,83533
pi3r]4 37 [1P0.2 (AD2) LA Aannas
P1405 36 [ P0.3 (AD3) rwmvnwvgggsg
MOSY)P1.506 35 0 P0.4 (AD4) (Mos)P1.5047 o 39 [JP0.4 (AD4)
(MISO)P1.6 7 34 [1PO.5 (AD5) (MISO)P1.618 38 [1P0.5 (ADS)
(SCK)P1.7L08 33 3 P0.6 (AD6) {(SCKP1.7L]9 37 [3P0.6 (AD6)
RST[]9 32 1P0.7 (AD7) RSTL]10 36 [1P0.7 (AD7)
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(TXD) P3.1 [} 11 30 [1ALE/PROG NC [} 12 3sanc
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(NTo)P32C]8 26 [1PSEN
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(T1) P35 11 23[1P2.5 (A13)
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Block Diagram

PO - PO7 P20 - P27
PORT 0 DRIVERS PORT 2 DRIVERS '
t )
GND ! Y K ;
= . )
= RAM ADDR. PORT 0 PORT :
; REGISTER [P RAM LATCH L%TCHZ FLASH |«
7y Y Y :
: v Y A :
: Y A :
A ¥ ;
: PROGRAM :
B B STACK :
' REGISTER ACC POINTER ADDRESS ¢ ;
: :
: \ :
: < BUFFER H
! TMP2 TMP1 :
1 1
= s
= |
: PC :
: ALU INCREMENTER :
: '
: INTERRUPT, SERIAL PORT, }
: AND TIMER BLOCKS !
3 L
H i PROGRAM '
PSW COUNTER ;
: :
PSEN 4] :
ALE/PROG 4———f TIMING  hiysyrucTioN | Y A A < :
: AND REGISTER X ‘ DUAL DPTR :
EA / Vpp ——®| CONTROL '
RST — | :
! A A
WATCH PORT 3 PORT 1 ISP PROGRAM :
; DOG LATCH LATCH port [ LOGIC 1
¥ ¥ h :
2 E
: osc 3
: PORT 3 DRIVERS PORT 1 DRIVERS '
:‘—---- . T --I--i--i-_i-i--i_-i -------- --1._$-1-.1-$-1-_$ ----------------------------- :
P3.0 - P37 P10 - P1.7

-
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2in Description

/Icc

Supply voitage.

3ND

3round.

ort 0

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

Sort 0 can also be configured to be the multiplexed low-
srder address/data bus during accesses to external
srogram and data memory. In this mode, PO has internal
sullups.

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

Port 1

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

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

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

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger
and direction controf) .

P15 MOSI (used for In-System Programming)

P1.6 MISO (used for In-System Programming)

P1.7 SCK (used for In-System Programming)

Port 2

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

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to

external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

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

Port 3

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

Port 3 also serves the functions of various special features
of the AT89S52, as shown in the following table.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. This pin drives
High for 96 oscillator periods after the Watchdog times out.
The DISRTO bit in SFR AUXR (address 8EH) can be used
to disable this feature. In the default state of bit DISRTO,
the RESET HIGH out feature is enabled.

ALE/PROG

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

In normal operation, ALE is emitted at a constant rate of
1/6 the oscillator frequency and may be used for external
timing or clocking purposes. Note, however, that one
ALE pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is

4 AT S80S 52 1000000000000
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veakly pulled high. Setting the ALE-disable bit has no
sffect if the microcontroller is in external execution mode.
>SEN

3rogram Store Enable (PSEN) is the read strobe to exter-
1al program memory.

Nhen the AT89S52 is executing code from external pro-
jram memory, PSEN is activated twice each machine
sycle, except that two PSEN activations are skipped during
sach access fo external data memory.

EAIVPP o

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from exiernal pro-
gram memory locations starting at 0000H up to FFFFH.

Table 1. AT89S52 SFR Map and Reset Values

Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

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

This pin also receives the 12-volt programming enable volit-
age (Vpp) during Flash programming.

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

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH B OF7H
00000000
OESH OEFH
ACC
0EOH | oo 0ETH
0D8H ODFH
PSW
0DOH '} 50000000 0D7H
ocen | T2CON T2MOD RCAP2L RCAP2H TL2 TH2 OCFH
00000000 | YOOOOKX00 | 00000006 | 00000000 | 00000000 | 00000000 _
0COH 0C7H
0B8H P 0BFH
XX000000
P3’
OBOH 1 41411111 0B7H
0ASH I OAFH
0X000000
P2 AUXR1 WDTRST
OAOH | 41111111 XHXXKXXO XXOOOKKK OATH
SCON SBUF
98H | 00000000 | XXXOOOOK 9FH
P1
SO0H | 44111111 97H
s | TCON TMOD TLO Tt THO TH AUXR oFH
00000000 | 00000000 00000000 | 00000000 | 00000000 | 00000000 | XOXXOOXXO
" 80 PO sp DPOL DPOH DPAL DP1H PCON | ool
11111111 | 00000111 00000000 | 00000000 | 00000000 | 00000000 OXXX0000
5
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Special Function Registers

A map of the on-chip memory area called the Special Func-
ion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON — Timer/Counter 2 Control Register

new features. In that case, the reset or inactive values of
the new bits will aiways be 0.

Timer 2 Registers: Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 3) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits
are in the IE register. Two priorities can be set for each of
the six interrupt sources in the IP register.

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 ciT2 CP/RL2
7 6 5 4 3 2 1 0

Symbol | Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either RCLK =1
or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serfal port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 | Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX if Timer
2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

cii2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

CP/RLZ | Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2=0
causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

AT DS 552 100000000000
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fable 3a. AUXR: Auxiliary Register

AUXR Address = 8EH
Not Bit Addressable

Reset Value = XXX00XX0B

WDIDLE

DISRTO - - DISALE

Bit 7 6 5

3 2 1 0

- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction

DISRTO Disable/Enable Reset out

DISRTO

0  Reset p|n is drivieniHigh after WDT times out

1 Reset pin is input only
Disable/Enable WDT in IDLE mode
WDIDLE

| WDIDLE

0 WODT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both
internal and external data memory, two banks of 16-bit
Data Pointer Registers are provided: DP0 at SFR address
locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0
in SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
The user should always initialize the DPS bit to the

Table 3b. AUXR1: Auxiliary Register 1

appropriate value before accessing the respective Data
Pointer Register.

Power Off Flag: The Power Off Flag (POF) is located at bit
4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and rest under software control and
is not affected by reset.

AUXR1 Address = A2H
Not Bit Addressabie

Reset Value = XXXXXXX0B

DPS

Bit 7 6 5

- Reserved for future expansion
DPS Data Pointer Register Select

DPS

0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

AIMEL
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Memory Organization

VICS-51 devices have a separate address space for Pro-
yram and Data Memory. Up to 64K bytes each of extemnal
drogram and Data Memory can be addressed.

Program Memory ,
f the EA pin is connected to GND, all program fetches are
Jirected to external memory.

On the AT89S52, if EA is connected to V¢, program
fetches to addresses 0000H through 1FFFH are directed to
internal memory and fetches to addresses 2000H through
FFFFH are to external memory.

Data Memory

The AT89S52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. This means that the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct
addressing access of the SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV OAOH, #data
Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains OAOH, accesses
the data byte at address 0AOH, rather than P2 (whose
address is 0AOH).

MOV @RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

8 AT 80S 55 2 0000
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Watchdog Timer
(One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations
vhere the CPU may be subjected to software upsets. The
NDT consists of a 13-bit counter and the Watchdog Timer
Reset (WDTRST) SFR. The WDT is defaulted to disable
rom exiting reset. To enable the WDT, a user must write
J1EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, it will
increment every machine cycle while the oscillator is run-
ning. The WDT timeout period is dependent on the external
clock frequency. There is no way to disable the WDT
except through reset (either hardware reset or WDT over-
flow reset). When WDT overflows, it will drive an output
RESET HIGH pulse at the RST pin.

Using the WDT

To enable the WDT, a user must write 01EH and OE1H in
sequence to the WDTRST register (SFR location 0AG6H).
When the WDT is enabled, the user needs to service it by
writing 01EH and OE1H to WDTRST to avoid a WDT over-
flow. The 13-bit counter overflows when it reaches 8191
(1FFFH), and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the
oscillator is running. This means the user must reset the
WDT at least every 8191 machine cycles. To reset the
WDT the user must write 01EH and OE1H to WDTRST.
WDTRST is a write-only register. The WDT counter cannot
be read or written. When WDT overflows, it will generate an
output RESET pulse at the RST pin. The RESET pulse
duration is 96xTOSC, where TOSC=1/FOSC. To make the
best use of the WDT, it should be serviced in those sec-
tions of code that will periodically be executed within the
time required to prevent a WDT reset.

WDT During Power-down and Idle

In Power-down mode the oscillator stops, which means the
WDT aiso stops. While in Power-down mode, the user
does not need to service the WDT. There are two methods
of exiting Power-down mode: by a hardware reset or via a
level-activated external interrupt which is enabled prior to
entering Power-down mode. When Power-down is exited
with hardware reset, servicing the WDT should occur as it
normally does whenever the AT89S52 is reset. Exiting
Power-down with an interrupt is significantly different. The
interrupt is held low long enough for the oscillator to stabi-
lize. When the interrupt is brought high, the interrupt is
serviced. To prevent the WDT from resetting the device
while the interrupt pin is held low, the WDT is not started
until the interrupt is pulled high. It is suggested that the
WDT be reset during the interrupt service for the interrupt
used to exit Power-down mode.

To ensure that the WDT does not overflow within a few
states of exiting Power-down, it is best to reset the WDT
just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR
AUXR is used to determine whether the WDT continues to
count if enabled. The WDT keeps counting during {DLE
(WDIDLE bit = 0) as the default state. To prevent the WDT
from resetting the AT89S52 while in IDLE mode, the user
should always set up a timer that will periodically exit IDLE,
service the WDT, and reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in
IDLE mode and resumes the count upon exit from IDLE.

UART

The UART in the AT89S52 operates the same way as the
UART in the AT89C51 and AT89C52. For further informa-
tion on the UART operation, refer to the ATMEL Web site
(http://iwww.atmel.com). From the home page, select ‘Prod-
ucts’, then ‘8051-Architecture Flash Microcontroller’, then
‘Product Overview'.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89S52 operate the same way
as Timer 0 and Timer 1 in the AT83C51 and AT89C52. For
further information on the timers' operation, refer to the
ATMEL Web site (http://www.atmel.com). From the home
page, select ‘Products’, then ‘8051-Architecture Flash
Microcontroller’, then ‘Product Overview'.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremenied every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

AIMEL °
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in the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
nput pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.

Figure 5. Timer in Capture Mode

This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
t0-0 transition at external input T2EX also causes the
current value in TH2 and TL2 to be captured into RCAP2H
and RCAP2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit,
like TF2, can generate an interrupt. The capture mode is
illustrated in Figure 5.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

osc T+12 _
CT2 = 0
—o/o——>| TH2 | TL2 TRz |-
- conTRoL ORERELSW
- TR2
T CT2 = 1
[ V vV
T2 PIN CAPTURE
RGAP2H | RCAP2L
TRANSITION
TIMER 2
DETECTOR LMER 2
T2EX PIN [ T o EXF2
| conTrROL

EXEN2

Figure 6 shows Timer 2 automatically counting up when
DCEN=0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit.upon averflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 6. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

10 L Loy R
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“igure 6. Timer 2 Auto Reload Mode (DCEN = 0)

osc +12 —
CT2=20
_o/o_.___.i TH2 | T2 |
iCONTR oL OVERFLOW
TR2 2 /N
T CiT2 =1 : ’
[+ RELOAD 1
T2 PIN TIMER 2
RCAP2H | RCAP2L INTERRUPT
< TF2
TRANSITION
DETECTOR
T2EX PIN[ F— % oo Exr2
] CONTROL
EXEN2
Table 4. T2MOD — Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
- _ Z - - - T20E DCEN

Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Output Enable bit v
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter

AlmEL



ATmEL

‘igure 7. Timer 2 Auto Reload Mode (DCEN = 1)
{DOWN COUNTING RELOAD VALUE) TOGGLE

N
osc +12 . N/ \/|OVERFLON
CiT2 =

—O/O—' TH2 2z b——3% > TF2
H = I
lconTrOL
TR2 N N
T2 = TIMER 2
D__TC,TZ ! INTERRUPT
T2 PIN
RCAP2H { RCAP2L k)
COUNT
(UP COUNTING RELOAD VALUE) DIRECTION

1=UP
0=DOWN

- T2EX PIN

Figure 8. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

—— NOTE: OSC. FREQ. 1S DIVIDED BY 2, NOT 12

0osSC ¥ =2

CiT2 =
“1“ "D‘
—o/o———bl ™H2 | T2 | e et
’ J %- ------------ ROLK
CLOCK
| CONTROL A A A

TR2 <
’ C2 =

T2 PIN «
RCAP2H | RCAP2L e Tx
TRANSITION T1e |CLOSK
DETECTOR
T2EX PIN[_ —— 8 JJ/O EXF2 | NTERRUPT
| contrOL
EXEN2
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3aud Rate Generator

“imer 2 is selected as the baud rate generator by setting
"CLK and/or RCLK in T2CON (Table 2). Note that the
yaud rates for transmit and receive can be different if Timer
) is used for the receiver or transmitter and Timer 1 is used
or the other function. Setting RCLK and/or TCLK puts
rimer 2 into its baud rate generator mode, as shown in Fig-
Ire 8.

The baud rate generator mode is similar to the auto-reload
node, in that a rollover in TH2 causes the Timer 2 registers
o be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

lhe baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = Limer 2 O\;grﬂow Rate

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 9. Timer 2 in Clock-Out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 8. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer
2is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
fimer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

TH2
' osc H =2 - 40/ (©BITS) | (8-BITS)
i
TR2
R
CiT2 BIT
pof” ) .
T2) \_ 5 a l__:z__‘——_O\\OF
‘ i
T20E (T2MOD1)
TRANSITION
\_ DETECTOR
12D . ER
@\ O//O* NTERROPT
I
EXEN2

ANMEL

13



AIMEL

drogrammable Clock Out

\ 50% duty cycle clock can be programmed to come out on Table 5. Interrupt Enable (IE) Register
1.0, as shown in Figure 9. This pin, besides being a regu-

ar 1/O pin, has two alternate functions. It can be pro- (MSB) (LSB)
srammed to input the external clock for Timer/Counter 2 or [ea |- [em2 [es [ert [ ext [Emo | exo |
o output a 50% duty cycle clock ranging from 61 Hz to 4 Enable Bit = 1 enables the interrupt,

VHz at a 16 MHz operating frequency. ' . ) er‘a esthe '_n empt

lo configure the Timer/Counter 2 as a clock generator, bit Enable Bit = 0 disables the inferrup!.

3/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1) — -

nust be set. Bit TR2 (T2CON.2) starts and stops the timer. Symbol Position | Function

lhe clock-out frequency depends on the oscillator fre- EA IE7 Disables all interrupts. If EA =0,
juency and the reload value of Timer 2 capture registers : no interrupt is.acknowledged. !f
'RCAP2H, RCAP2L), as shown in the following equation. EA = 1, each interrupt source is

individually enabled or disabled
by setting or clearing its enable

_ Oscillator Frequency bit.
lock-Out Fi =
Clock-Out Frequency = 4 155536-(RCAP2H,RCAP2L)] | - E6 Reserved.
ET2 IE.5 Timer 2 interrupt enable bit.
ES IE4 Serial Port interrupt enable bit.

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is ET1 - 1IE3 Timer 1 interrupt enable bit.
used as a baud-rate generator. It is possible to use Timer 2

: EX1 IE.2 External interrupt 1 enable bit.
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out ETO IE.1 Timer 0 interrupt enable bit.
frequencies cannot be determined independently from one EX0 IE.0 External interrupt 0 enable bit.

another since they both use RCAP2H and RCAP2L.
User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Interrupts

The AT89S52 has a total of six interrupt vectors: two exter-  Figure 10. Interrupt Sources
nal interrupts (INTO and INT1), three timer interrupts (Tim-

ers 0, 1, and 2), and the serial port interrupt. These

interrupts are all shown in Figure 10. : o

Each of these interrupt sources can be individually enabled INTO q 150
or disabled by setting or clearing a bit in Special Function L

Register IE. IE also contains a global disable bit, EA, which N
disables all interrupts at once.

Note that Table 5 shows that bit position IE.6 is unimple- TFO —>
mented. In the AT89S52, bit position IE.5 is also unimple-

mented. User software should not write 1s fo these bit

positions, since they may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 iNT
and EXF2 in register T2CON. Neither of these flags is

cleared by hardware when the service routine is vectored

to. In fact, the service routine may have to determine

whether it was TF2 or EXF2 that generated the interrupt, - >
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at e T

S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However, TF2 _—_——__D______,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the EXF2

same cycle in which the timer overflows.

IEt —>

14 AT 89S 52 0000000000000



Jscillator Characteristics

(TAL1 and XTALZ2 are the input and output, respectively,
f an inverting amplifier that can be configured for use as
in on-chip oscillator, as shown in Figure 11. Either a quartz
rrystal or ceramic resonator may be used. To drive the
levice from an external clock source, XTAL2 should be left
inconnected while XTAL1 is driven, as shown in Figure 12.
There are no requirements on the duty cycle of the external
jJock signal, since the input to the internal clocking circuitry
s through a divide-by-two flip-flop, but minimum and maxi-
num voltage high and low time specifications must be
»bserved.

idle Mode

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

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idie mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power-down Mode

In the Power-down mode, the oscillator is stopped, and the
instruction that invokes Power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the Power-down mode is termi-
nated. Exit from Power-down mode can be initiated either
by a hardware reset or by an enabled external interrupt.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be held

AT89S52

active long enough to allow the oscillator to restart
and stabilize.

Figure 11. Oscillator Connections

c2 '
-)|——I—— XTAL2
[]
@ 1
*—) _ XTAL1
__T_ GND

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

=40 pF +10 pF for Ceramic Resonators
Figure 12. External Clock Drive Configuration

XTAL2

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1

GND

K

Table 6. Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE

PSEN PORTO PORT1 PORT2 PORT3

Idle Internal

Data Data Data

—

Data

idle External

Float Data Address Data

Power-down Internal

Data Data Data Data

QO O = |-

Power-down External

o | o~

Float Data Data Data

AIMEL 5
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Program Memory Lock Bits

Fhe AT89S52 has three lock bits that can be left unpro-
yrammed (U) or can be programmed (P) to obtain the addi-
ional features listed in the following table.

lable 7. Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 U U U No program lock features

2 P U U MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Flash memory is disabled

Same as mode 2, but verify is
also disabled

Same as mode 3, but external
execution is also disabled

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

Programming the Flash — Parallel Mode

The AT89S52 is shipped with the on-chip Flash memory
array ready to be programmed. The programming interface
needs a high-voltage (12-volt) program enable signal and
is compatible with conventional third-party Flash or
EPROM programmers.

The AT89S52 code memory array is programmed byte-by-
byte.

Programming Algorithm: Before programming the
AT89S52, the address, data, and control signals should be
set up according to the Flash programming mode table and
Figures 13 and 14. To program the AT89S52, take the fol-
lowing steps:

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

Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/V,p to 12V.

Pulse ALE/PROG once to program a byte in the

Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 50 ps.

ok wN

Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89S52 features Data Polling to indi-
cate the end of a byte write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P0.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been inifiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.0 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.0 is pulied high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The status of
the individual lock bits can be verified directly by reading
them back.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 100H, and 200H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates 89552
(200H) = 06H .

Chip Erase: In the parallel programming mode, a chip
erase operation is initiated by using the proper combination
of control signals and by puising ALE/PROG low for a dura-
tion of 200 ns - 500 ns.

In the serial programming mode, a chip erase operation is
initiated by issuing the Chip Erase instruction. In this mode,
chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location
will return 00H at the data output.

Programming the Flash — Serial Mode

The Code memory array can be programmed using the
serial ISP interface while RST is pulled to V... The serial
interface consists of pins SCK, MOSI (input) and MISO
(output). After RST is set high, the Programming Enable
instruction needs to be executed first before other opera-
tions can be executed. Before a reprogramming sequence
can occur, a Chip Erase operation is required.

The Chip Erase operation turns the content of every mem-
ory location in the Code array into FFH.

Either an external system clock can be supplied at pin

XTAL1 or a crystal needs to be connected across pins
XTAL1 and XTAL2. The maximum serial clock (SCK)
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requency should be less than 1/16 of the crystal fre-
juency. With a 33 MHz oscillator clock, the maximum SCK
requency is 2 MHz.

Serial Programming Algorithm
l'o program and verify the AT89S52 in the serial program-
ning mode, the following sequence is recommended:
I. Power-up sequence:
Apply power between VCC and GND pins.
Set RST pin to “H”.
If a crystal is not connected across pins XTAL1 and

XTAL2, apply a 3 MHz to 33 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Pro-
gramming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to be less than the
CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time
by supplying the address and data together with the

appropriate Write instruction. The write cycle is self-
timed and typically takes iess than 1 ms at 5V.

4. Any memory location can be verified by using the
Read instruction which returns the content at the
selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be
set low to commence normal device operation.

Power-off sequence (if needed):
Set XTAL1 to “L” (if a crystal is not used).
Set RST to “L".
Turn V¢ power off.

Data Polling: The Data Polling feature is also available in
the serial mode. In this mode, during a write cycle an
attempted read of the last byte written will resuit in the com-
plement of the MSB of the serial output byte on MiSO.

Serial Programming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte
protocol and is shown in Table 10. -

AlMEL 1
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drogramming Interface — Parallel Mode

‘very code byte in the Flash array can be programmed by
1sing the appropriate combination of control signals. The
vrite operation cycle is self-timed and once initiated, will
wtomatically time itself to completion.

rable 8. Flash Programming Modes

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

AE | EA pozo | P240 | P70
Mode Vee RST | PSEN PROG Vop P26 | P27 | P33 | P36 | P37 Data Address
@
Write Code Data 5V H L -~ 12v L H H H H Dy A12-8 A70
Read Code Data 5v H L H H L L L H H Doyt A12-8 A7-0
®
Write Lock Bit 1 5V H L - 12V H H H H H X X X
ite Lock Bit 2 5V H L © H H L L X X X
Wirite Lo it - 12V H
i ck Bil 5V 4 H H L X X X
Write Lock Bit 3 H L -~ 12v H L
. P0.2, -
Te:d 3"°°k Bits 5v | H L H H H H L H L P0.3, X X
» & P0.4
Chip Ei 5V H L a H L L X X X
hip Erase ~ 12v H L
Read Atmel 1D 5V H L H H L L L L L 1EH X 0000 00H
Read Device ID 5V H L H H L L L L 52H X 0001 00H
Read Device ID 5V H L H H L L L L L ocH X 0010 00H
Notes: 1. Each PROG puise is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P3.0 during programming.
5. X =don'’t care.

Figure 13. Programming the Flash Memory

(Parallel Mode)

Vee
AT89S52 T
AapDR, DOAT J piop17r Voo
0000H/1FFFH PGM
AB ATz P20 - P24 PO (¢—— payp
— | P26
SEE FLASH | —* P27 ALE le—— PROG
PROGRAMMING- ———»] P3.3
MODES TABLE | —»| P36
——»] P37
XTAL2 EA |[e——— VyNpp
RBMEL = RDY/
[j ‘T P30 E‘SV
1 XTAL1 RST le——— Vy
E- GND PSEN —

18
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Figure 14. Verifying the Flash Memory (Parallel Mode)

Veo
AT89S52 T
ADDR. —PO-AT propr7 Ve
OOOOH/TFFFH PGM DATA
AB-AIZ P20 - P24 PO —» (USE 10K
. PULLUPS)
—» P26
SEE FLASH | —¥ P27 ALE le
PROGRAMMING-| —»{ P33
MODES TABLE | —! pas
eV,
— P37
® XTAL2 EA le
333 MHz | I
1 3 xTAL1 RST le——— Vv,
E GND PSEN —]
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‘lash Programming and Verification Characteristics (Parallel Mode)
s = 20°C 10 30°C, V¢ = 4.5 10 5.5V

Symbol Parameter ‘Min Max Units
Vpp Programming Supply Voltage 115 125 v
lep Programming Supply Current 10 mA
lec Ve Supply Current 30 mA
eic Oscillator Frequency 3 33 MHz
taveL Address Setup to PROG Low 48te o

tonax Address Hold After PROG 48tc oL

toveL Data Setup to PROG Low 48tc o1

teHpx Data Hold After PROG 48t o

tepsH P2.7 (ENABLE) High to Vpp 48t o

tsneL Vpp Setup to PROG Low 10 s
tonsL Vpp Hold After PROG 10 s
teLoh PROG Width 0.2 1 Hs
tavav Address to Data Valid 48ty ¢,

teLav ENABLE Low to Data Valid 48t oy

tenoz Data Float After ENABLE 0 48t oL

toneL PROG High to BUSY Low 1.0 ps
twe Byte Write Cycle Time 50 us

Figure 15. Flash Programming and Verification Waveforms — Parallel Mode

P10 - P17 - PROGRAMMING VERIFICATION
. - . lﬁ \
P20 - P25 < ADDRESS ,——j ADDRESS _)>——
P3.4 = tAVQV
Ve ET a————
PORT 0 — DATA IN N ( DATA OUT p—mm
L" tover  tenox j_:]
faveL > terax
ALE/PROG N A
tsor [* RMOR </ vy toust
S\ Ve N\UAT/ NLOGIC 1
EAVee L weico__ 1 .
< t
P2.7 . teLay 57 T ez
(ENABLE) :
GHBL ~"
P3.0 .
(RDY/BSY) BUSY READY
twe
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‘igure 16. Flash Memory Serial Downloading

AT89S852 T
Vec
INSTRUCTION

INPUT | ——»| P1.5/MOS!

DATA OUTPUT €———| P1.6/MISO
CLOCK IN —»} P1.7/SCK

—@—] XTAL2

333 MHz|
3

_T

XTALA RST le—— V,
GND

o

Flash Programming and Verification Waveforms — Serial Mode

Figure 17. Serial Programming Waveforms
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"able 9. Serial Programming Instruction Set

Instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
Programming Enable 1010 1100 0101 0011 000C XX XXX YO0 Enable Serial Programming
0110 1001 while RST is high
(Output)

Chip Erase 1010 1100 100x  xxxx XO0C XO0K X0 XXX Chip Erase Flash.memory
array

Read Program Memory | 0010 0000 XXX N TORR | ooe 94T mowy on—o | Read data from Program

(Byte Mode) < << R 0060 8608 1 Hemory in the byte mode

Write Program Memory | 0100 0000 XX o Toowo ol oo | howe occo | Write data to Program

(Byte Mode) & <L <<= | OO0a Booa memory in the byte mode

Write Lock Bits®® 1010 1100 1110 00 & | oo 00 Y0008 00K Write Lock bits. See Note (2).

Read Lock Bits 0010 0100 00K XXXX 000K | 00K XX ol XX Read back current status of

4 the lock bits (a programmed

lock bit reads back as a ‘'1’)

Read Signature BytesV | 0010 1000 XX 12 3OS | XX XK Signature Byte | Read Signature Byte

Read Program Memory { 0011 0000 XXX Q- =o9n Byte 0 Byte 1... Read data from Program

(Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)

Write Progrém Memory | 0101 0000 XX N Te%0 Byte 0 Byte 1... Write data to Program

(Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)

Notes: 1. The signature bytes are not readable in Lock Bit Modes 3 and 4.

2. B1=0, B2=0-->Mode 1, no lock protection
B1 =0, B2 = 1 —> Mode 2, lock bit 1 activated
B1 =1, B2 = 0 -—-> Mode 3, lock bit 2 activated
B1 =1, B1 = 1 —> Mode 4, lock bit 3 activated

After Reset signal is high, SCK should be low for at least 64
system clocks before it goes high to clock in the enable
data bytes. No pulsing of Reset signal is necessary. SCK
should be no faster than 1/16 of the system clock at

XTALA1.

Each of the lock bits needs to be activated sequentially before
Mode 4 can be executed.

For Page Read/Write, the data always starts from byte O to
255. After the command byte and upper address byte are
latched, each byte thereafter is treated as data until all 256
bytes are shifted infout. Then the next instruction will be
ready to be decoded.

AImE
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Serial Programming Characteristics

‘igure 18. Serial Programming Timing

mosi__ X X X

tovsH ferle » tshox tsisH

o T
tshst

MISO X X

tsuv

fable 10. Serial Programming Characteristics, T =-40°C o 85°C, Vg = 4.0- 5.5V (Unless otherwise noted)

Symbol Parameter Min Typ Max Units
e Oscillator Frequency o 33 MHz
toLoL Oscillator Period 30 ns
tsHst SCK Pulse Width High 2ic0L ns
tsLsH SCK Pulse Width Low 2igc ns
tovsH MOSI Setup to SCK High LA ns
tsrox MOSI Hold after SCK High 2iccL ns
tsuiv SCK Low to MISO Valid 10 16 32 ns
teRASE Chip Erase Instruction Cycle Time 500 ' ms
tswe Serial Byte Write Cycle Time - 64 to ¢ +400 us

22 AT 8O'S'52 100000
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Absolute Maximum Ratings*

Operating TEeMPerature............c.eceserssesssenes -55°C to +125°C *NOTICE:
Storage Temperature................ -65°C to +150°C

Voltage on Any Pin

with Respect to Ground..........cccomeermrerenennnnnnee. -1.0V to +7.0V

Maximum Operating Voltage .........cccevreeeireneeiiecincainanes 6.6V

DC Output CUENt.....c.ov e cierercmeinen e 15.0 mA

DC Characteristics

The values shown in this table are valid for T, = ~40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

Stresses beyond those listed under "Absolute

Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any

other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low Voitage (Except EA) -0.5 0.2Ve-01 v
P Input Low Voltage (EA) 05 0.2 Ve 0.3 v
Vi Input High Voltage (Except XTAL1, RST) 0.2 Vect0.9 Vect0.5 '
Vit Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 \
Voo Output Low Voltage!” (Ports 1,2,3) | log = 1.6 MA 0.45 \%
Vous ?;:g‘g"f&?’%;ﬂ lo, =32 mA 045 v
lon = -60 pA, Vec = 5V £10% 24 \'
Vou g,.‘j‘g:t{';?; X"L"égss—m) oy = -25 YA 0.75 Vee v
lon =-10 pA 0.9 Ve v
Ion = -800 A, Ve =5V £10% 24 v
Vot m"é ::ni%':«\ﬂ:?;us Mode) forg=290 Wi 0.75 Voo v
lon =-80 pA 0.9 Vee %
" Logical 0 Input Current (Ports 1,2,3) | Vjy=0.45V -50 A
I I(.:grl:; :I2t’g)0 Transition Cusrent Vi = 2V, Ve = 5V £10% 650 pA
I Input Leakage Current (Port 0, EA) | 0.45 <V < V¢ 10 pA
RRST Reset Pulldown Resistor 10 30 Ko
Co Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Power Supply Current Acheg tigrle, 12 Mz 25 mA
lee Idle Mode, 12 MHz 6.5 mA
Power-down Mode(" Ve =55V 50 HA
Notes: 1. Under steady state (non-transient) conditions, lp, must be externally limited as follows:

Maximum i, per port pin: 10 mA
Maximum lg, per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
If 15, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

AlmEL

23



AC Characteristics

Jnder operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

sutputs = 80 pF.

External Program and Data Memory Characteristics

AImEL

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
thorol Oscillator Frequency 0 33 MHz
o ALE Puise Width 127 2tey 40 ns
tavie Address Valid to ALE Low 43 to 25 ns
fiax Address Hold After ALE Low 48 tero25 ns
17T, ALE Low to Valid Instruction In 233 A 4to 165 ns
tpL ALE Low to PSEN Low 43 terc-25 ns
teLrH PSEN Puise Width 205 3to 45 ns
toLv PSEN Low to Valid Instruction In 145 3tg, 160 ns
tpxix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 torcL25 ns
toxay PSEN to Address Valid 75 toic-8 ns
taviv Address to Valid Instruction In 312 5te o -80 ns
toraz PSEN Low to Address Float 10 10 ns
teirH RD Pulse Width 400 Btcy -100 ns
twiwh WR Pulse Width 400 6ty -100 ns
triov RD Low to Valid Data In 252 5t o190 ns
- Data Hold After RD 0 0 ns
tripz Data Float After RD 97 2tc 0128 ns
tiov ALE Low to Valid Data In 517 8te o -150 ns
tavov Address to Valid Data In 585 Oto o -165 ns
twe ALE Low to RD or WR Low 200 300 3tg o150 3tg o +50 ns
tavwL Address to RD or WR Low 203 Bty o175 ns
tovwx Data Valid to WR Transition 23 toy =30 ns
tavwh Data Valid to WR High 433 Ttora-130 ns
fwnax Data Hold After WR 33 torc25 ns
triaz RD Low to Address Float 0 0 ns
LM RD or WR High to ALE High 43 123 torc-25 toc #25 ns
24 /AT 89S /52 000000




External Program Memory Read Cycle

AT89S52

t —
ALE /N
M toipn
tavie [ < tiw
— typ je—
PSEN / N touy AN
—» t ‘_tPXA
t, PLAZ texiz
LAX |« >
toxix—>  je—
PORT 0 > A0-A7 KINSTRIN b > A0-AT_ >
taiy ————
PORT 2 X AB-A15 X _A8-A15
External Data Memory Read Cycle
Y —
ALE N
= bamLn
PSEN __/ NG | \ /
e— o RH —>]
—— b ——»
ﬁf) — P LY N /'
vallly (N - 2 __" » triov tripz
LAZ - tRHDX
PORT 0 >« A0 - A7 FROM Rl OR DPL)X )} { DATA IN A0 - A7 FROM PCL)—C INSTR IN
—— Ly, ————»]
——— oy ——

PORT 2 __X

P2.0 - P2.7 OR A8 - A15 FROM DPH

> A8 - A15 FROM PCH

AImEY
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=xternal Data Memory Write Cycle

[T
ALE

AN
—
PSEN / \ /
e b —le—twiwn —
WR N %
WR Q—tLLAx———) N
—tavi— o P [ — 1 bwnox
— tovwh —>
PORT 0 (A0 - A7 FROM Ri OR DPL){ | DATA OUT _}X_DXA0 - A7 FROM PCL>—CINSTR IN
I

——— Ly, ———

PORT 2 X P2.0 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
External Clock Drive Waveforms
tonex
terex toen = +— tonor
Vo - 0.5V 7z,
_/ 0.7 Ve
0.2 V- 0.1V
0.45V L___—-/- Ny
— toiex T
t(.7LCL X
External Clock Drive
Symbol Parameter Min Max Units
1heicL Oscillator Frequency 0 33 MHz
toct Clock Period 30 ns
tohex High Time 12 ns
toex Low Time 12 ns
tcicn Rise Time ns
toheL Fall Time ns

26

AT S9'S 52 1000000000000




s A T89S 52

jerial Port Timing: Shift Register Mode Test Conditions
"he values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
txe Serial Port Clock Cycle Time 1.0 12tcycL us
tavxn Output Data Setup to Clock Rising Edge 700 10tgy o -133 ns
tnax Output Data Hold After Clock Rising Edge 50 2te 80 ns
txHDx Input Data Hold After Clock Rising Edge 0 0 ns
txmpv Clock Rising Edge to Input Data Valid 700 10tg -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION TN N R (S | S N Ny B 6 _ 1 -7 181
s » b
CLOCK I | ] | | ‘ I | I | I l l
- tovx e
— — tXH!)X
WRITE TO SBUF, ~_ o X 1 2 X 3 X a X5 X &6 X 1/
v — 1,
OUTPUT DATA oy = tarox SETTI
L CLEARRI, G X O O e O
INPUT DATA SET RIT

AC Testing Input/Output Waveforms!"

02 Vg + 09V

TEST POINTS
02 Vgg - 0.1V

0.45v

Note: 1. AC Inputs during testing are driven atV¢c - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing mea-
surements are made at V,,, min. for a logic 1 and Vy_
max. for a logic 0.

Float Waveforms'"

Note:

AlmEL

Timing Reference

Points

1. For timing purposes, a port pin is no longer floating

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded Vg/Vo, levet acours.
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Jrdering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 4.0Vto 5.5V AT89S52-24AC 44A Commercial

AT89S852-24.)C 44 (0°Cto 70°C)
AT89552-24PC 40P6
AT89552-24Al 44A Industrial
AT89552-24J1 44) (-40°C to 85°C)
AT89S52-24PI 40P6

Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 44J, 44-lead, Plastic JHeaded Chip Carrier (PLCC)
Flat Package (TQFP) Dimensions in Inches and (Millimeters)

Dimensions in Millimeters and (Inches)*

045(1.14) X 45°  PINNO.1 -045(1 ~14)x 3° 45 012(.305)
12.21(0.478) IDENTIFY
PIN11D 11 75(0 458) sa i__ inSalel #D_D_D_———T\__T 008( 203)
S6(167),, _t .630(16.0)
550(16.5) | 590(15.0)

0.45(0.018) 032(813) }_ 021(.533)

e = E = gﬂ
050(1.27) TYP 043(1.09)

e ] .500(1?_7) REF SQ j’l 1020(.508)

| .120(3.05)

050(2.29)
.180(4.57)
10.10(0.394) &y 165(4.19)
9.90(0.386)
I 1.20(0.047) MAX
003 %ﬁﬂiﬂ?&iﬂfﬂ% 022(.558) X 45° MAX (3X)

JL 0.75(0.030) 0.15(0.006) ll

0.45(0.018) 0.05(0.002)

0.80(0.031) BSC _J

*Controlling dimension: millimeters

40P6, 40-pin, 0.600" Wide, Plastic Dual Infine
Package (PDIP)

Dimensions in Inches and (Millimeters)
JEDEG STANDARD MS-011 AC

2.07(52.6)
2 0451 8)

—566(}_14.4)
—53m£3.5)

1.900(48.26) REF —.—:i !_._ 090(229)

220(5 59) 1005(. 127)
I._ MIN
SEATING
61 4.09) -06541.65)
( 015(381
12503 18) JL 022(55(9) )
065(1 65) 1074(.356)
1002, 79) 041{1.04)
080(2.29) 630(16.0)

r_ 590(15.0)

1012(.305)
.008(.203) \—I

.690(17.5)
|"" .610(15.5)_’|
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—— TSAL7400

v Vishay Telefunken

GaAs/GaAlAs IR Emitting Diode in g 5 mm (T-134)
Package

Description 948389

TSAL7400 is a high efficiency infrared emitting diode

in GaAlAs on GaAs technology, molded in clear plastic

packages.

In comparison with the standard GaAs on GaAs

technology these emitters achieve more than 100 %

radiant power improvement at a similar wavelength.

The forward voltages at low current and at high pulse

current roughly correspond to the low values of the

standard technology. Therefore these emitters are

ideally suitable as high performance replacements of

standard emitters. :

Features .
® Exira high radiant power and radiant intensity
e High reliability
e Low forward voltage
& Suitable for high pulse current operation
e Standard T-1% (2 5 mm) package
® Angle of half intensity ¢ =+ 25°
e Peak wavelength A, = 940 nm
e Good spectral matching to Si photodetectors

Applications

Infrared remote control units with high power requirements

Free air transmission systems

Infrared source for optical counters and card readers

IR source for smoke detectors

Absolute Maximum Ratings

Tamp = 25°C 5 :

Parameter Test Conditions Symbol Value Unit

Reverse Voltage VR 5 \Y
Forward Current I 100 mA
Peak Forward Current t,/T =0.5,t; =100 ps Iem 200 mA
Surge Forward Current t, =100 pus lesm 15 A
Power Dissipation Py 210 mw
Junction Temperature Tj 100 °C
Operating Temperature Range Tamb -55...+100 °C
Storage Temperature Range Tstq -1 =55...+100 °C
Soldering Temperature t = 5sec, 2 mm from case Ted 260 °C
Thermal Resistance Junction/Ambient RihJA 350 K/W
Document Number 81014 www.vishay.de e FaxBack +1-408-970-5600
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A A
TSAL7400 —
Vishay Telefunken
Basic Characteristics
Tamp = 25°C
Parameter Test Conditions Symbol | Min Typ Max |  Unit
Forward Voltage le = 100 mA, t, =20 ms VE 1.35 1.6 \'
IE=1A,t,=100pus Ve 2.6 3 Vv
Temp. Coefficient of VE Ig = 100mA TKve -1.3 mV/K
Reverse Current VR=5V Ir 10 pA
Junction Capacitance VR=0V,f=1MHz,E=0 Ci 25 pF
Radiant Intensity I =100 mA, t, =20 ms le 25 40 mW/sr
IF=1.0A,t,=100us le 220 310 mW/sr
Radiant Power Ig = 100 mA, t, =20 ms e 35 mw
Temp. Coefficient of ¢g I =20 mA T 0.6 %/K
Angle of Half Intensity ] +25 deg
Peak Wavelength Ig = 100 mA Ao 940 nm
Spectral Bandwidth Ig = 100 mA A\ 50 nm
Temp. Coefficient of A, I = 100 mA TKip 0.2 nm/K
Rise Time I = 100 mA t 800 ns
Fall Time g = 100 mA ts 800 ns
Virtual Source Diameter method: 63% encircled o 2.8 mm
energy
Typical Characteristics (Tamp = 25°C unless otherwise specified)
250 250
? 200 g 200
g =
£ 150 AN § 150
2 \ Rmja S
% 100 AN § 100
N (AT
o> 50 \\ - 50 \
0 0
0 20 40 60 g0 100 0 20 40 60 g0 100
947957 ¢ Tamb — Ambient Temperature ( °C) 96 11986 Tamb — Ambient Temperature ( °C)

Figure 1. Power Dissipation vs. Ambient Temperature

Figure 2. Forward Current vs. Ambient Temperature

www.vishay.de s FaxBack +1-408-970-5600
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TSAL7400

10!
<
= Irsm = 1 A ( Single Pulse )
5] [ ENEY] /
=] T T y
3 1,/ T=0.01 /
=]
g 100 — 0.05 - .
§ 0.1 TS
S ~
LT 1 ~~'\\~"\~—-.
o o RS
1
!
11 L10
102 101 10° 101 102
96 11987 tp — Pulse Duration (ms )

Figure 3. Pulse Forward Current vs. Puise Duration

104
é 103
e ~_
5 -
£ /-
3 10 £
g 1 tp=100ps
S / t,/ T = 0.001
Lo 100 'l
1
100
0 1 2 3 4
13600 V- Forward Voltage (V')

Figure 4. Forward Current vs. Forward Voltage

Vishay Telefunken
1000
’g .
Z 100 =
£ /
4
£ 10 Vi
g
‘-g /
S
— 7
4
0.1
10° 10 102 103 104
9612154 Ir — Forward Current (A )

Figure 6. Radiant Intensity vs. Forward Current

1000
7]

= p.

e Y 7

= Y/

g /]

[=]

& 10 A

&

2 7

1 1 d

e’ wa

0.1
100 10! 102 10% 104

13602 I — Forward Current ( mA )

Figure 7. Radiant Power vs. Forward Current

12 1.6
)
8
= 1.
s M 12 \\
-E \\ Ir=10mA ‘g \\ Ir=20 mA
E 10 ~—— ) N
2 \\ - N
2 \\ £ 08
k-] I~ =
g o9 ™
I‘T’ N~
= 04
£ 08
0.7 0
0 20 40 60 80 100 -10 0 10 50 100 140
947990 ¢ Tamb ~ Ambient Temperature ( °C) 947993 ¢ Tamb — Ambient Temperature ( °C)
Figure 5. Relative Forward Voltage vs. Figure 8. Rel. Radiant Intensity\Power vs.
Ambient Temperature Ambient Temperature
Document Number 81014 www.vishay.de  FaxBack +1-408-970-5600
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TSAL7400 —
Vishay Telefunken

0° 10°  20°

125 30°
= £
S 1.0 %
g . / \ é 40°
2 o7 / \ Ei
2 3 50°
2 05 2
[ . .-
& \ = 60°
T : D
e 025 / 5 70
Ir = 100 mA — |80°
0 I :
890 ) 940 990 06 04 02 0 02 04 06
14291 ) — Wavelength (nm ) 14330
Figure 9. Relative Radiant Power vs. Wavelength Figure 10. Relative Radiant Intensity vs.
Angular Displacement
Dimensions in mm -
7T
AL C
N
S ®
~ = L R2.49 (sphere)
™ s
2 5 DA
— o
= v N
f + 3
E ’.' AREA NOT PLANE
“ 0.2 $5+0.15
m 0.6201
m. o 14341
LF‘.:
Y technical drawings
+0.15 according to DIN
0.5-0.05 specifications
2.54 nom.
www.vishay.de e FaxBack +1-408-970-5600 Document Number 81014
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SHAY TSAL7400
v Vishay Telefunken

VT

Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

itis particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987 ) and its London Amendments (1990) intend to severely resfrict the use of ODSs and
forbid their use within the next ten years. Various national and intemational initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents. '

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and |l ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.0.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 81014 www.vishay.de s FaxBack +1-408-970-5600
Rev. 3, 20-May-99 5()



— TSOP48..
Vishay Telefunken

Photo Modules for PCM Remote Control Systems

Available types for different carrier frequencies

Type _fo [ Type ~ fo
TSOP4830 30 kHz TSOP4833 33 kHz
TSOP4836 36 kHz TSOP4837 36.7 kHz
TSOP4838 38kHz TSOP4840 40 kHz
TSOP4856 56 kHz

Description

The TSOP48.. — series are miniaturized receivers for

infrared remote control systems. PIN diode and

preamplifier are assembled on lead frame, the epoxy

package is designed as IR filter.

The demodulated output signal can directly be

decoded by a microprocessor. TSOP48.. is the

standard IR remote control receiver series, supporting
all major transmission codes. //

14 500

Features

e Photo detector and preamplifier in one package ® Low power consumption

¢ Internal filter for PCM frequency e High immunity against ambient light
¢ Improved shielding against electrical field e Continuous data transmission possible
disturbance (800 bit/s)
e TTL and CMOS compatibility e Suitable burst length 210 cycles/burst
e Output active low
Block Diagram
3
Vs
Input %0““0'
freutt 30 kQ
4 A !
ouUT
PIN ¥
Band Demodu-
AGC |1 pass ™ lator
2
HGND
9612226
Document Number 82090 www.vishéy.oom
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Vishay Telefunken
Absolute Maximum Ratings
Tamb = 25°C
o Parameter Test Conditions Symbol Value Unit
Supply Voltage (Pin 3) Vg -0.3..6.0 \'
Supply Current (Pin 3) Is 5 mA
Output Voltage (Pin.1) Vo -0.3..6.0 \'
Output Current (Pin 1) lo 5 mA
Junction Temperature Tj 100 C
Storage Temperature Range Tetg -25...4+85 °C
Operating Temperature Range Tamb —25...485 °C
Power Consumption (Tamp = 85 °C) Piot 50 mwW
Soldering Temperature t = 10 s, 1 mm from case Ted 260 °C
Basic Characteristics
Tamb = 25°C
- Parameter Test Conditions Symbot | Min | Typ | Max | Unit
. Vg=5V,E,=0 Isp 08 | 1.1 | 1.5 mA
Supply Current (Pin 3) Vs =5V, E, = 40 kix, sunlight 54 1.4 mA
Supply Voltage (Pin 3) Vg 4.5 5.5 \'
. . E, = 0, test signal see fig.7,
Transmission Distance IR diode TSAL6200, I = 250 mA d 35 m
Output Voltage Low (Pin 1) losy = 0.5 mA,Eg =0.7 mW/m? Vosi 250 mV
Pulse width tolerance:
Irradiance (30 — 40 kHz) toi — 5fg < tpo < tp; + 6/M5, Edmn 0.2 | 0.4 |mW/m2
test signal see fig.7
Pulse width tolerance:
Irradiance (56 kHz) toi — 5ifp < fpo <t + 6/, Ee min 0.3 | 0.6 |mW/m2
test signal see fig.7
Irradiance thi — 5y <tpo <ty + 6/fp Eemax | 30 Wim?2
Directivity Angle of half transmission distance | @472 45 deg |
Application Circuit
100Q*) +5V
: 3 a7urs T —©
Tsopas, | 47#F7) %o
s optional
TSALE2. & */ ; T uC
N )
o——1 2 L O
16114 GND
*) recommended to suppress power supply disturbances
**) The output voltage should not be hold continuously at a voltage below 3.3V by the extemnal circuit.
www.vishay.com Document Number 82090
2(7) Rev. 9, 29-Mar-01



TSOP48..

N A
VISHAY

Suitable Data Format

The circuit of the TSOP48.. is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain control are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst length
and duty cycle.

The data signal should fullfili the following condition:

s Carrier frequency should be close to center
frequency of the bandpass (e.g. 38kHz).

+ Burst length should be 10 cycles/burst or longer.

e After each burst which is between 10 cycles and 70
cycles a gap time of at least 14 cycles is necessary.

e For each burst which is longer than 1.8ms a
corresponding gap time is necessary at some time in
the data stream. This gap time should be at least 4
times longer than the burst.

» Up to 800 short bursts per second can be received
continuously.

Vishay Telefunken

Some examples for suitable data format are:
NEC Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, R-2000 Code.

When a disturbance signal is applied to the TSOP48..
it can still receive the data signal. However the
sensitivity is reduced to that level that no unexpected
pulses will occure.

Some examples for such disturbance signals which
are suppressed by the TSOP48.. are:

o DC light (e.g. from tungsten bulb or sunlight)

¢ Continuous signal at 38kHz or at any other

f_requency

o Signals from fluorescent lamps with electronic
ballast with high or low modulation (see Figure A or
Figure B).

13 ]

0 5 10

15 20

time [ms]

Figure A: IR Signal from Fluorescent Lamp with low Modulation

time [s]

Figure B: IR Signal from Fluorescent Lamp with high Modulation

www.vishay.com

3(7)
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TSOP48..

Vishay Telefunken

Typical Characteristics (T,mb, = 25°C unless otherwise specified)

1.0 /\
M\
. m
3 /] T\
0.4
=, / A\,
wE 02 f=fp+5%
Af(3dB)=1,/10
0.0 [ | |

07 08 09 1.0 1.1 12 13

948143 . /£y — Relative Frequency

Figure 1. Frequency Dependence of Responsivity

1.0
09 .-

st A4
0.8 | I’-

0.7 Input burst duration
0.6
0.5

A =950 nm,
04 optical test signal, fig.7
0.3
02
0.1
0

01 10 100 1000 1000.0 10000.0

E, — Irmadiance ( mW/m?)

too™ Ouiput Pulse Length (ms)

96 12110

Figure 2. Sensitivity in Dark Ambient

-~ 30 T T T
% 45| Correlation with ambient light sources |
ES (Disturbance effect): 10W/m? = 1.4kix
E 40| (StandilumA,T=2855K)=82kx —
g 35 (Daylight, T=5900K) /_
8
g 3.0
E s /
2 7 [
£ 20

g Ambient A=950mm | /'
g /

1 1.0 /

£ 05 |== e
m° 0

0.01 0.10 1.00 10.00
E - DC Irradiance (W/m?)

100.00
96 12111

Figure 3. Sensitivity in Bright Ambient

20 /
f(E)=fo

1.6

12

0.3

.4
0. o

E, gy~ Threshold Irradiance mW/m? )

0.0

0.0 04 038 1.2 1.6 2.0

94 3147 E — Field Strength of Disturbance (kV/m )

Figure 4. Sensitivity vs. Electric Field Disturbances

2 MO i
£ =1y
=
g 1kHz
3
g I
g 10 kHz
RS 1
=
| prAnVi
= - 4
F 1 T A 4/
é acx
: 100 Hz
-3
£
ml)
0.1
001 01 1 10 100 1000

949106 AVgrms_ AC Voltage on DC Supply Voltage (mV)

Figure 5. Sensitivity vs. Supply Voltage Disturbances

YRS RN

Sensitivity in dark ambient

0.8
0.7
0.6
0.5
04
0.3
0.2
0.1

0
30 -15 0 15 30 45 60 75 90

Tomb — Ambient Temperature ( °C )

E, o — Threshold Irradiance (mW/m?)

96 12112

Figure 6. Sensitivily vs. Ambient Temperature
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TSOP48..

Optical Test Signal
Ee | (IR diode TSAL6200, I = 0.4 A, 30 pulses, f = fo, T = 10 ms)

TR N0, {0

* tni = 10/fo is recommended for optimal function

t

Output Signal

16110
Vo
1) 7y <tg < 15/f
Vou 2) = ty £ 6
Vo
t
td1 ) tpoz
Figure 7.
E, Optical Test Signal

Vishay Telefunken

10
g 0.9
-éa 0.3 T |
3 0.7 4 N
2 o6 —7<
g 0.5 T
g' 0.4 Tor
C 03 |
] 2 T
- =950 nm,
e 02 optical test signal, fig.8
1

0

0.1 1.0 100 100.0 1000.0 10000.0
96 12114 E, — Irradiance (mW/m?)

Figure 10. Output Pulse Diagram

1.2

1.0

GY~B
A
o) i \

S (M), — Relative Spectral Sensitivity

94 8134
Output Signal, ( see Fig.10) / \
Vo 0.2
0 / \
750 850 950 1050 1150
L ‘_1 t 94 8408 A — Wavelength (nm )
i 11. Relative Spectral Sensitivity vs. Wavelength
Figure 8. Output Function Bigirg o B 0 i g )
0° 10° 20°
0.8 T T e 30°
f=38kHz
0.7
o 06 -—— e
B - j40°
L>>‘ 0.5 // \ B
£ // A
o 04 50
2 74 .
g /
% 0.3 60°
2 Vv
wm 02 |00
0.1 -] 80°
0 2
10 20 30 40 50 60 70 80 90 06 04 02 0 02 04 06
16156 Burstiength [number of cycles/burst] 96 12223p2 dre1 — Relative Transmission Distance
Figure 9. Max. Envelope Duty Cycle vs. Burstlength Figure 12. Directivity
Document Number 82090 www.vishay.com
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TSOP48..

Vishay Telefunken
Dimensions in mm
6 3.9
l \
fag
| —t—-
l-Nn o
g |8 7/ J
@ i
L1l ;
< f — |
a4 !
= = ! Lﬁ
— | 0.85 max. i
I l 1
il = I = = l =y e
! {089
out [} anp I  vee
T =
-i- -i- 0.5 max. |
2.54 nom.
0.7 max. P 13
2.54 nom. l 4
5.6
marking area I _ ) Not indicated tolerances +0.2
technical drawings
b3 s S
www.vishay.com Document Number 82090
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Vishay Telefunken

Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and intemational statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

Itis particular concem to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990 ) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1890 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (iransitional substances ) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 82090 www.vishay.com
Rev. 9, 29-Mar 01 4]



SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B— JULY 1985 — REVISED JUNE 1999

Bidirectional Transceivers D OR P PACKAGE

Meet or Exceed the Requirements of ANSI (TOPVIEW)
Standards TIA/EIA-422-B and TIA/EIA485-A rllr © shvee
and ITU Recommendations V.11 and X.27 RE( ¢

Designed for Multipoint Transmission on DE[]
Long Bus Lines in Noisy Environments D{]

3-State Driver and Receiver Outputs
Individual Driver and Receiver Enables

Wide Positive and Negative InputIOutput
Bus Voltage Ranges

Driver Output Capability . . . £+60 mA Max

Thermal Shutdown Protection

Driver Positive and Negative Current

Limiting

Receiver Input Impedance . . . 12 kQ Min

Receiver Input Sensitivity . . . 2200 mV N
Receiver Input Hysteresis . . . 50 mV Typ

Operate From Single 5-V Supply

N
OO N ®
e
o

description

The SN65176B and SN75176B differential bus transceivers are monolithic integrated circuits designed for
bidirectional data communication on multipoint bus transmission lines. They are designed for balanced
transmission lines and meet ANSI Standards TIA/EIA-422-B and TIA/EIA-485-A and ITU Recommendations
V.11 and X.27.

The SN65176B and SN75176B combine a 3-state differential line driver and a differential input line receiver,
both of which operate from a single 5-V power supply. The driver and receiver have active-high and active-low
enables, respectively, that can be connected together externally to function as a direction control. The driver
differential outputs and the receiver differential inputs are connected intemally to form differential input/output
(/O) bus ports that are designed to offer minimum loading to the bus when the driver is disabled or Vg = 0.
These ports feature wide positive and negative common-mode voltage ranges, making the device suitable for
party-line applications.

The driver is designed for up to 60 mA of sink or source current. The driver features positive and negative curent
limiting and thermal shutdown for protection from line-fault conditions. Thermal shutdown is designed to occur
at a junction temperature of approximately 150°C. The receiver features a minimum input impedance of 12 k€,
an input sensitivity of £200 mV, and a typical input hysteresis of 50 mV.

The SN65176B and SN75176B can be used in transmission-line applications employing the SN75172 and
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN65176B is characterized for operation from —40°C to 105°C and the SN75176B is characterized for
operation from 0°C to 70°C.

A Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is cusrent as of pubfication date.
Products conform exas

Copyright © 1999, Texas Instruments incorporated

mspeeiﬁcawzsper Instnaments

terms of
testing of al parameters. | g doss ot yinclude h TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

SLLS1018B - JULY 1985 — REVISED JUNE 1998

Function Tables

DRIVER
INPUT | ENABLE | OUTPUTS
D DE A B
H H H L
L H L H
X L z z
RECEIVER
DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B RE R
Vip=02V L H
-02V<Vp<02V L ?
Vips-02V L L
X H z
Open N L ?

H = high level, L = low level, ? = indeterminate,

X =irrelevant, Z = high impedance (off)

logic diagram (positive logic)

logic symbolt
DE EN1
RE -2 NEN2
. C
>
4 1vl—e—epSa
D 7
v B
q ab.
R—e]v2 T [ ~

1 This symbol is in accordance with ANSIIEEE Std 91-1984

and IEC Publication 617-12.

3
4
2
1

“'} TEXAS
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B - JULY 1985 — REVISED JUNE 1999

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B 1/O PORTS TYPICAL OF RECEIVER OUTPUT
Vce —_—— - L 4 4 - — Ve - Vee
85Q
Rieq) NOM
Input —4
‘ - —
Output
U
— GND
Driver input: R(eq) = 3 k2 NOM Input/Output
Enable inputs: R(eq )= 8 kQ NOM B Port
R(eq) = equivalent resistor

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage, Voo (see Note 1) ..o i e e i e s 7V
Voltage range atanybusterminal ...... ... .. i i ~-10Vto 15V
Enable input VORREGE, V| . ... .. it ettt e e e e e e 55V
Package thermal impedance, 05 (see Note 2): Dpackage .........c.ociiiiiniin i ianainns, 197°C/W

Ppackage ....ccciiiiiiiiiiiii e 104°C/W
Lead temperature 1,6 mm (1/16 inch) fromcasefor 10seconds .............ccviiiiiinanan.. 260°C
Storage temperature range, Tgpg . «.vveeiiaii i e —-65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanentdamage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace
length of zero.

recommended operating conditions

MIN TYP MAX|] UNIT
Supply voltage, Ve 475 5 525 v
: 12
Voltage at any bus terminal (separately or common mode), V| or Vic 7 A\
High-leve! input voltage, V|H D, DE, and E 2 v
Low-level input voltage, VL D, DE, and RE 08l V.
Differential input voltage, V|p (see Note 3) +12 \"
High-level output current, | Driver 60| mA
9 - 1OH Receiver -400) pA
Driver 60
Low-level output current, IoL - mA
Receiver 8
X . SN65176B -40 105
Operating free-air temperature, TA °C
SN75176B 0 70

NOTE 3: Differential-inputioutput bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

“9 TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3




SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B - JULY 1985 — REVISED JUNE 1998

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPE MAX| UNIT
ViK Input clamp voltage =-18 mA -1.5 Vv
Vo Output voltage lp=0 0 6 Vv
Vob1l Differential output voltage lo=0 15 3.6 6 v
= 112Vop1
Ry =100 See Figure 1 Vv
[Vop2|  Differential output voitage L & 9 or 2%
RL=54Q, See Figure 1 1.5 25 5 \
VoD3 Differential output voltage See Note 4 1.5 5 \'/
AVopl Change in magnitude of differential output +0.2 v
voltage:
Voc Common-mode output voltage RL=54Q0r100Q, SeeFigure1 i? A
Change in magnitude of common-mode
AlVocl output voltage$ 021 v
Output disabled, Vo=12V 1
lo Output curent See Note 5 Vo=-7V Y, mA
1] High-level input current Vi=24V 20 A
L Low-level input current V=04V -400 pA
Vo=-7V -250
- Vo=0 150
los Short-circuit output current mA
Vo= Vce 250
Vo=12V 250
! Supply current (total package) No load 2T 42 U mA
otal package oa
Ccc PPY. i = Outputs disabled 26 35

T The power-off measurementin ANSI Standard TIA/EIA-422-B applies to disabled outputs only and is notapplied to combined inputs and outputs.
¥ All typical values are at Vo = 5V and Ta = 25°C.
§ AVoDI and AlVoc| are the changes in magnitude of Vop and Voo, respectively, that occur when the input is changed from a high level to afow

level.

1 The minimum Vo2 with a 100-Q load is either 1/2 Vop 1 of 2 V, whichever is greater.
NOTES: 4. See ANSI Standard TIA/EIA-485-A, Figure 3.5, Test Termination Measurement 2.

not apply for a combined driver and receiver terminal.

switching characteristics, Vcc = 5V, R = 110 kQ, Ta = 25°C (unless otherwise noted)

5. This applies for both power on and off; refer to ANSI Standard TIA/EIA-485-A for exact conditions. The TIA/EIA-422-B limit does

PARAMETER TEST CONDITIONS MIN TYP MAX|}! UNIT
t4(op) Differential-output delay time R =540, See Figure 3 15 22 ns
f(op) Differential-output transition time = 20 30 ns
tpzH Output enable time to high level See Figure 4 85 120 ns
tpz1 Output enable time to low level See Figure 5 40 60 ns
tPHZ Output disable time from high level See Figure 4 150 250 ns
tprz Output disable time from low level See Figure 5 20 30 ns

{i’
TEXAS
INSTRUMENTS
4 POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265



SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

SLLS1018 — JULY 1985 — REVISED JUNE 1999

SYMBOL EQUIVALENTS
DATA-SHEET PARAMETER TINEIA422-B TIA/EIA-485-A
Vo Voa, Vob Voa, Vob
Vopil Vo
Vop2l Vi (R = 100 Q) Vi (R =54 Q)
AlVopl I Vit =1Vl | | ve— Vil |
Voc Vos!
AVocl Vos — Vos! Vos — Vosl
los Bsal, Hspl
lo lixal. Hxbl
RECEIVER SECTION

electrical characteristics over recommended ranges of common-mode input voitage, supply
voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT

ViT+ Positive-going input threshold voltage Vo=27V, lo=-04mA 0.2 \
ViT- Negative-going input threshold voltage Vo=05V, io=8mA -0.2% v
Vhys Input hysteresis voltage (VT + - V|T-) 50 mV
ViK Enable Input clamp voltage lf=-18 mA -15 v
VoH  High-level output voltage \S/:az Tﬁg?x?enév’ T 27 v
VoL  Low-evel output voltage \S’LDe ;;3:’:2’“"’ RIC g 045| Vv

1oz High-impedance-state output current Vo=04V1i024V 201 pA
I Line input current geﬁ;e':zgu; =gV z: : El\\ll -0.; mA
hH High-level enable input cumrent ViH=27V 20 A
W Low-level enable input current ViL=04V ' —100 | pA
fi Input resistance V=12V 12 kQ
los Short-circuit output cument -15 -85} mA
Icc Supply current (total package) No load Ofputs enagied 42 55 mA

. Outputs disabled 26 35

T All typical values are at Vo = 5V, T = 25°C.
¥ The algebraic convention, in which the less positive (more negative) limit is designated minimum, is used in this data sheet for common-mode

input voltage and threshold voltage levels only.
NOTE 6: This applies for both power on and power off. Refer to EIA Standard TIA/EIA-485-A for exact conditions.




SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B — JULY 1985 — REVISED JUNE 1998

switching characteristics, Vog =5V, Ci_ =15 pF, Tp =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Propagation delay time, low- to high-level output 21 35 ns
PLH " Y " - g id Vip=0t03V, SeeFigure6
tpHL Propagation delay time, high- to low-level output 23 35 ns
tpzH4 Output enable time to high level 10 20 ns
" See Figure 7
tpz.  Output enable time to low level 12 20 ns
tpHz  Output disable time from high level 20 35 ns -
" " See Figure 7
tptz  Output disable time from low level 17 25 ns

PARAMETER MEASUREMENT INFORMATION

Y
Vip
_ L VOH |
""OL -lou
oc VOL J.
L = = = =
Figure 1. Driver Vgop and Vo¢ Figure 2. Receiver Vg and Vg
—_———— 3V
_L Input %1.5v %mv
::L = :othA) | | ov
2 see Note
Generator s00 PR Output taion) —» [ - [« taop)
(see Note B) ] | ——— =25V
Output
1 3v I o5y
top) M le ty{oD)
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Ci includes probe and jig capacitance.
B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, i <6 ns, <6 ns,
Zp=50Q

Figure 3. Driver Test Circuit and Voltage Waveforms

‘V TEXAS
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B — JULY 1985 — REVISED JUNE 1999

——— 3V
Input 1.5V 1.5V
OVor3V | oV

|
tpzH —j4-»! | 05V

[ :! VOH
Output 23v | | L
tpuz € — Voff=0V

Generator
{see Note B)

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cy includes probe and jig capacitance.
B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, ty <6 ns, {f<6ns,

Zo=50%
Figure 4. Driver Test Circuit and Voitage Waveforms
XN\ ///// 7 » N — e — 3V
RL=1100Q e | 15V I 1.5V ov
Output
3VorgVv "

Generator
(see Note B)

! [ 5V
Output 23v ' _r_"-s v
- VoL

TEST CIRCUIT : VOLTAGE WAVEFORMS

NOTES: A. Ci includes probe and jig capacitance.
B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, ty<6 ns, tf<6 ns,
Zo=50Q

Figure 5. Driver Test Circuit and Voltage Waveforms

Generator
{see Note B}

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cy includes probe and jig capacitancs.
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr<6 ns, §<6ns,
Zo=50Q

Figure 6. Receiver Test Circuit and Voltage Waveforms
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B - JULY 1985 — REVISED JUNE 1999
PARAMETER MEASUREMENT INFORMATION

st

1.5V
-1.5v ——o

CL=15pF
(see Note A)

Generator

(see Note B) 50Q

= TEST CIRCUIT
3V 3V
15V 1.5V
oV S2O0pen
$3 Closed gV o2 g':::"
! VOH
Output \ % 1.5V ~45V
————0V
VoL
v A"
Stto1S5V S1to-15V
S2 Closed $2 Closed
S$3 Closed S$3 Closed
oV oV
Vo =13V
Output A Output 05V
———— =13V VoL
VOLTAGE WAVEFORMS

-

NOTES: A. Cp includes probe and jig capacitance.
B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, y <6 ns, tf<6 ns,

Zo=50Q
Figure 7. Receiver Test Circuit and Voltage Waveforms
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B - JULY 1985 — REVISED JUNE 1998

VoH - High-Level Output Voitage — V

4.5

35

25

1.5

0.5

TYPICAL CHARACTERISTICS
DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vS vSs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
L] 5
Veg=5V Vee = 5V
TA=25°C ] 4.5 [~ Tp=25C
. >
| 4
\ g
\‘\ % 3.5 /
\\ ; 3
g /
P~ 3 25
s /
&///2
r _;;‘ 1-5 ’J
1 //
8 A=
= P
0.5
-20 -40 -60 -80 -100 -120 9 0 20 40 60 80 100 120

loH - High-Level Output Current — mA

loL — Low-Level Output Current — mA

Figure 8 Figure 9
DRIVER _
DIFFERENTIAL OUTPUT VOLTAGE
vs
OUTPUT CURRENT
4 1
Veg=5V
Tp =25°C
>l 35 N A
€ SN
k- <
2 N
‘é 25 \\
s
=] 2 ™
=
: ™
= 15
£
Q
] 1
: \
Y \

10 20 30 40 50 60 70 80 90 100
lo — Output Current - mA

Figure 10
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B — JULY 1985 — REVISED JUNE 1999

TYPICAL CHARACTERISTICS
RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
RECEIVER vs
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURE}
vs
HIGH-LEVEL OUTPUT CURRENT 5 T T
5 Vec=5V
=0. I =
. 45| q4=25c é 4| lOH=-440pA
1 =
g 4 = 35
>
S 35 5 3
S N g
3 3| N 3 25
g N 3
o 25 2 2
b= \\q/ Vec=525V 3
> N =
4 2 NN | Vec=5V -
=
2 15— vee=475V N = 1
r 1 \ 2 s
o
> o5 \\\ 0
) = 1
. \\k % -2 o 2 40 6 80., 00 120
0 -5 —10 —15 -20 25 —~30 —35 —40 —45 50 P Fpeincigpegature 5 °Q
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SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS
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TYPICAL CHARACTERISTICS
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Figure 15 Figure 16
APPLICATION INFORMATION
SN65176B SN65176B
SN75176B SN751768
o- —e 5 —e
% RT Rt

NOTE A: The line should be terminated at both ends in its characteristic impedance (Rt = Zg). Stub lengths off the main line should be kept

as short as possible.

Figure 17. Typical Application Circuit
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products orto discontinue
any product or service without notice, and advise customers o obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Ti assumes no liability for applications assistance or customer product design. T1 does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. Ti's publication of information regarding any third
party’s products or services does not constitute Tl's approval, warranty or endorsement thereof.
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