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Abstract

In the present, Robot is widely extended in to many industry seetor, medical surgery and
science research. Robot is often used in the survey method and the risky work to replace the
humans .The objective of thesis is to saxly, design and devise a robot which can be controlled via
a wireless computer .The 2 CCD cameras will be installed to capture the stereo-scopic image
which can be process by PC to device the 3D coordinate. The 3D coordinate will be compiled

and uscd for controlling the movement of Robot Via micro processor.
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(Male at the computer side)
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0000,
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(Female at the cable side)

Pin Name RS232 V.24 Dir

1

CD

RXD

TXD

DTR

GND

DSR

RTS

CTS

Rl

CF

BB

BA

CD

AB

cC

CA

CB

CE

109

104

103

108.2

102

107

105

106

125

LR T I A

Description
Carrier Detect
Receive Data
Transmit Data
Data Terminal Ready
Signal Ground
Data Set Ready
Request to Send
Clear to Send

Ring Indicator
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Abbreviation

TD

RD

CTS

(DXCD

DSR

DTR

RTS

Rl

17

dinvemyanmy wizeouniimianisty

Full Name

Transmit Data

Receive Data

Clear To Send

(Data) Carrier

Detect

Data Set Ready

Data Terminal -

Ready

Ready To Send

Ring Indicator

Originator

DTE

DCE

DCE

DCE

DTE

DTE

DCE

Fanction

Serial data output (TXD) from DTE.

Serial data input (RXD) to DTE.

Teli DTE that DCE is ready to exchange data.

Carrier from remote DCE is detected.

Tell DTE that DCE s ready to establish a
link.

Teil DCE that DTE is ready to establish a
link.

Tell DCE that DTE is ready to exchange data.

Ringing signal from the phone line is

detected.
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4.3 MInagedh 2. wan1Imaaesinszazlaomguamesle alniln (Stereoscopic)

VNAUNYDINABS 10 z-— B
(x-x;)
msrzRziue: 183 = 205 2 %5)
B
Alg 1\37!4'4.1 HAAIHANISNARBINITHIAL T
Z B X, X, f
60 cm 10 cm 201 62 834
90 cm 10 cm 187 96 819
120 ¢cm 10 cm 177 106 852
150 cm 10 cm 166 107 885
180 cm 10 cm 155 109 828
210 cm 10 cm 155 114 861
240 cm 10cm 154 118 864
300 cm 10 ¢m 151 122 870
fAV =725.75
arsdi 4.2 HOMSNATBINITMSZOENN (Z) veandevmiaes 1o
fayv=725.75
B x, I, ITOININIY Z % Error
10 cm 201 62 60 cm 59 cm 1.66 %
10 cm 187 96 90 cm 90 cm 0 %
10 cm 177 106 120 cm 117 cm 2.5%
10cm 166 107 150 ¢cm 148 cm 1.33 %
10 cm 155 109 180 cm 175 cm 277 %
10 cm 155 114 210 cm 200 cm 4.76 %
10 cm 154 118 240 cm 237 cm 1.25%
10cm 151 122 300 cm 295 cm 1.67%
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5.2 MInAaedi 2. wansnaaesinszazlammgumaeslealnin (Stereoscopic)
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MANUIN .

unit stereool;
interface
uses
Windows, Messages, SysUltils. Varianis. Classes. Graphics. Controls. Forms.
Dialogs, Buttons, CPDrv. ExtCirls. tscap32 1. StdCtris. Menus:
type |
TFormi = class{TForm)
Comm]l: TCommPortDriver:
SpeedButtonl: TSpeedButton:
SpeedButton2: TSpeedButton:
SpeedButton3: TSpeedButton;
SpeedButtond: TSpeedButton;
Timerl: TTimer;
SCap321: TtsCap32;
Button1: TButton;
Imagel: Tlmage;
Button2: TButton;
1sCap32PopupMenul: TtsCap32PopupMenu:
Timer2: TTimer;
CheckBox|: TCheckBox;
Editl: TEdi,
Labell: TLabel;
Label2: TLabel:
Button3: TButton;
GroupBox1: TGroupBox;
ScrollBarl: TScroliBar;
ScroliBar2: TScrollBar;

L.ahel3: TLabel;




Label: Tl abel:
Label5: TLabcl:
Label6: TLabel;
ScrollBar3: TScrollBar;
ScroltBar4: TScrollBar;
ScrollBar5: TScrollBar;
ScrollBar6: TScrollBar;
Labe]7; TLabei;
Label8: TLabel;
Label9: TLabel;
Labell0: TLabel;
Labelll: TLabel;
Button4: TButton:
Timer3: TTimer;
GroupBox2: TGroupBox;

I ahell6: TLabel,

Labell7:
LabellS:
[abell9:
Labell2:
Labell4:
Labell3:
Labell5:
Label22:
Label23:
Label20:
Label21:
Button5:

Button6:

TLabel:
TLabel;
TLabel;
TLabel,;
TLabel,
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TButton;

TButton;

CheckBox2: TCheckBox;




[.abel24: Tlabel;

Edii2: TEdit;

I.abel25: Tlabel:
Timer4: TTimer:

Edit3: TEdit;

Label26: TLabel;

Edi4: TEdit;

Label27: TLabel;
Bution7: TButton;
Image2: TImage;
tsCap32PopupMenu2: TtsCap32PopupMenu;
1sCap322: TtsCap32;
Label30: TLabel;
Label31: TLabel;
Button§: TButton;

1 abel35: TLabel;
I.abel32: TLabel;
Label42: TLabel,
Label43: TLabel;
Label44: TLabel;
Labeld5: TLabel,
Label46: TLabel;
Labeld7: TLabel;
Button9: TButton;
Label28: TLabel;
GroupBox3: TGroupBox;
Label33: TLabel,
GroupBox4: TGroupBox;
Label34: TLabel:

Label36: TLabel;




LLabel37: TLabel;
Label38: TLabel;
Labcel39: TLabel;

Edit7: TEdit;

I.abel4(Q: TLabel;
Labeld1: TLabel,;
GroupBox35: TGroupBox;
ScrollBar7: TScrollBar:
ScrollBar8: TScrollBar:
ScrollBar9: TScrollBar;
ScrollBar10: TScrollBar;
ScrollBarll: TScrollBar;
ScrollBarl2: TScrollBar;
Label57: TLabel;
Label58: TLabel;

I abel39: TLabel,

Label60: TLabel;

Label6}:
Label62:
Label63:
Label64:
Label65:
Label66:
Label68:
Label69:
Label70:

TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;

Button10: TButton;

Button11: TButton;

Label71:

I.abel72:

TLabcl;

TLabel,




l.abel73: TLabel:

Label49: TLabel:

Label50: Tl abel;

Label51: Tl abel:;

Label52: TLabel:

Label53: TLabel;

Label54: TLabel;

l.abel55: TLabel:

Label56: TLabel;

Label74: TLabel,;

Label75: TLabel,

[.abel76: Tl abel;

Label77: Tlabel;

Label78: TLabel;

Timer5: TTimer;

Timer6: TTimer;

GroupBox6: TGroupBox;

RadioButtonl: TRadioButton;

RadioButton2: TRadioBution;

Edu5: TEdit,

Label29: TLabel;

GroupBox7: TGroupBox;

SpeedButton5: TSpeedButton;

SpeedBution6: TSpeedButton;

procedure SpeedButton5Up(Sender: TObject; Button: TMouseButton;
Shift: TShiftState, X, Y: Integer);

procedure SpeedButton ! Up(Sender: TObject; Button: TMouseButton;
Shift: TShiftState; X, Y: Integer);

procedure SpeedButton2Down(Sender: TObject; Button: TMouseButtort;

Shift: TShifiState; X, Y: Integer);




procedure SpeedButton2Up(Sender: TObjeet: Button: TMouseButton;
Shift: TShiftState: X, Y: Integer):

procedure SpeedButtondDown(Sender: TObject: Button: TMouseButlon;
Shift: TShiftState: X, Y: Integer):

procedure SpeedButtondUP(Sender: TObject: Button: TMouscButton;
Shift: TShiftState; X. Y: Integer):

procedure SpeedButton3Down(Sender: TObject: Bution: TMouscButton;
Shift: TShiftState; X, Y: Integer):

procedure SpeedButton3Up{Sender: TObject; Button: TMouseButton;
Shift: TShiftState: X, Y: Integer);

procedure Timer] Timer(Sender: TObject):

procedure Button1Click(Sender: TObject);

procedure Button2Click(Sender: TObijcct);

procedure Timer2Timer(Sender: TObject);

procedure Button3Click{Sender: TObject);

procedure FormCreate(Sender: TObject):

procedure ScrollBar1Change(Sender: TObject);

procedure ScrollBar2Change(Sender: TObject);

procedure ScroliBar3Change{Sender: TObject);

procedure ScrollBardChange(Sender: TObject);

procedure ScrollBarSChange(Sender: TObject):

procedure ScrollBar6Change(Sender: TObject);

procedure Buttond4Click(Sender: TObject):

procedure ImagelMouseMove(Sender: TObject; Shift: TShiftState; X,
Y: Integer);

procedure Image 1 MouseDown(Sender: TObject; Button: TMouseButton;
Shift: TShifiState; X, Y: Integer);

procedure Timer3Timer(Sender: TObject);

procedure Button5Click(Sender: TObject);

procedure Button6Click(Sender: TObject);




procedure TimerdTimenr{ Sender: TObject):

procedure Button7Click(Sender: TObjeet):

procedure Image2MouseMove(Sender: TObject: Shift: TShiftState: X,
Y: Integer):

procedure image2MouscDown(Sender: TObject: Button: TMouseButton;
Shift: TShiftState: X, ¥: Integer):

procedure Button8Click(Sender: TObject):

procedure Button9Click(Sender: TObject):

procedure ScrollBar7Change{Sender: TObject);

procedure ScrollBar8Change(Sender: TObject): '

procedure ScrollBar9Change(Sender: TObject);

procedure ScrollBarl0Change(Sender: TObject):

procedure ScrollBari 1 Change{Sender: TObject);

procedure ScrollBar] 2Change(Sender: TObject);

procedure Button10Click(Scender: TObject);

procedure Buttonl 1Click(Sender: TObject):

procedure Button} 2Click(Sender: TObject);

proccdure Timer5Timer(Sender: TObject);

procedure Timer7Timer{Sender: TObject);

procedure Timer8Timer(Scnder: TObject):

procedure Timer6Timer(Sender: TObject});

procedure SpeedButton6Up(Sender: TObject: Button: TMouseButton;
Shift: TShiftState; X, Y: Integer),

procedure SpeedButton6Down(Sender: TObject; Button; TMouseButton;
Shift: TShiftState; X, Y: Integer):

procedure SpeedButton5Down(Sender: TObject; Button: TMouseButton;
Shift: TShifiState; X, Y: Integer);

procedure SpeedButton 1 Down{Sender: TObject; Bution: TMouseButton;

Shift: TShifiState; X, Y: Integer);




private
procedure Thresholding: | Private declarations |
public
{ Public declarations |
end;
var
Formi: TForml:
implementation
{SR *.dfin}
type
TRGB=armray{0..1023] of TRGBTriple:
PRGB="TRGB;
TCube = amay[1..8] of Intcger,
const my_forward=8§;
my_reverse=2;
my left=6;
my_right=4;
my_stop=0;
cam_right=1;
cam_left=3;
cam_control=9;
var
direction,camdirection:byte:
ThBMP:TBitmap;
ThBMP1:TBitmap;
LineShow:boolean;
RefRed,RefGreen,RefBlue:byte;
Ymin,Ymax, Xmin,Xmax,Ymin],Ymax 1, Xmint, Xmax | :word;

Y Y min.YYmax XXmin. XXmax. Y Yminl.YYmax1.XXminl,XXmax1:word;




Manual.change.change] LR :boolean:
XeenYeen,Xcenl. Yeenl. XXcen Y Ycen. XXcenl. Y Yeen! :word:
cemterLEFT centerRIGHT :Inicger:

22 XX 1:Integer:

refL refLEFT.refRIGH T result. X X :Intcger:
Xleft:Integer;

Yleft:Integer;

Xrnght:Integer;

Yright:Integer:

a:lnteger;

b:lmeger;

ar:TCube;

br:TCube;

f:integer;

duanteger;

distance:integer;

xl:integer;

x2:integer;

x3.x4 x5 x6:integer,;
zref,distanceblue:integer;
Sredmax,Sbluemax,SGreenmax:integer;
Sredmin,Sbluemin, SGreenmin:integer:
Sredmax1,Sbluemax1,SGreenmax L:integer;
Sredminl,Sblueminl SGreenminl :integer:
SSredmax,SSbluemax,SSGreenmax:integer;
SSredmin,SSbluemin, SSGreenmin:integer;
SSredmax1,SSbluemax1,SSGreenmax 1:integer;

SSredminl, SSblueminl,SSGreenmin :integer;




RedChk Min.RedChk_Max.GreenChk. Min.GreenChk_Max BlueChk_MinBlueChk_Max:small

int;

RedChk_Minl.RedChk_Max1.GreenChk Minl.GreenChk_Max1,BlueChk_Min] BlueChk Max
1:smallint;

RedChk.GreenChk, BlucChk:boolean:

RedChk1.GreenChk1,BlueChk1.ririst:boolean:

casclurn:byte:

chkdt:boolean;

//****************************Thresho]cing************************************ﬂ
procedure TForml.Thresholding;  //sub programe
var
PThBMP,PThBMPI1:PRGB;
x.v,x1,yl:word;
First:boolean;
begin
if Manual then
begin
ThBMP Free;
ThBMP1 Free;//Image 2
Y min:=0;
Ymax:=0;
Xmin:=0;
Xmax:=0;

Yminl:=0; //Image 2
Ymax1:=0;

Xmin}:=0;




Xmax1:=-0:
ThBMP:=TBitmap.Create:
ThBMP1:=TBitmap.Create: //hmage 2
ThBMP . LoadFromFile('Test. BMP");
ThBMP1 LoadFromFile{'Testi.BMP'): // Image 2
RedChk Min:=ScrollBarl.Position-ScrollBard.Position;
RedChk Max:=ScrofiBarl.Position+ScroltBard. Position:
GreenChk_Min:=ScrollBar2.Position-ScrollBar5.Position:
GreenChk_Max:=ScrollBar2.Position+ScrollBar5.Position;
BlueChk Min:=ScrollBar3.Position-ScroliBar6.Position;
BlueChk Max:=ScrollBar3.Position+ScroliBar6.Position:;
if RedChk_Min<0Q  then RedChk_Min :=0;
if RedChk_Max>255 then RedChk_Max :-255;
if GreenChk_Min<0 then GreenChk_Min :~0;
if GreenChk_Max>255 then GreenChk_Max =255,
it BlueChk_Min<0Q  then BlueChk_Min :=0;
if BlueChk_Max>255 then BlueChk_Max :=255;
First:=true;
for y:=0 to ThBMP.Height-1 do
begin
PThBMP:=ThBMP ScanLinely];
for x:=0 to ThHBMP. Width-1 do
begin
if ScrollBar4 . Position={} then
- RedChk:=PThBMP[x}.rgbtRed>=RedChk_Min
else
RedChk:=(PThBMP[x].rgbtRed>~RedChk_Min) and
(PThBMP[x].rgbtRed<=RedChk Max);
if ScrollBar5.Position=0 then

GreenChk:=PThBMP{x].rghtGreen>=GreenChk_Min




clse
GreenChk:=(PT]1BMP[x}.rgblGrccn>==Grcchhk_Min) and
{PThBMP{x].rgbtGreen<=GreenChk_Max):
if ScrollBar6.Position=0 then
BlueChk:=PThBMP[x].rgbtBluc>=BlucChk_Min
else
BlueChk:=(PThBMP[x].rgbtBlue>=BlucChk_Min) and
(PThBMP[x].rgstlue<=B]ueChk_Maxj;
if RedChk and GreenChk and BlueChk then
begin
if First then
begin
Y min:=y;
Xmin:=x;
First:=false;
end -
else
begin
if y<Ymin then Ymin:=y;
if y>Ymax then Ymax:=y;
if x<Xmin then Xmin:=x;
if x>Xmax then Xmax:—x;
end;
end
else
begin
PThBMP[x].rgbtRed:=0;
PThBMP{x].rgbtGreen:=0,
PThBMP{x].rgbtBlue:=0;

end;




end;
end:
[[FHHEEERK o0 DEE R AR RARE K]
RedChk_Minl:=ScrollBar7.Position-ScrollBar 1 0.Position:
RedChk_Max]:=ScrollBar7.Position+ScrollBar10.Position;
GreenChk_Minl:=ScrollBar8.Position-ScrollBart 1.Position;
GreenChk_Max1:=ScrollBar8.Position+ScrollBar [ 1. Position;
BlueChk_Mint:=ScrollBar9.Position-ScrollBar}2.Position;
BlueChk_Max1:=ScroliBar9.Position+ScrollBar12.Position;
if RedChk_Min1<0  then RedChk _Minl  :=0:
if RedChk_Max 12255 then RedChk Max!  :=255;
if GreenChk_Minl<0Q then GreenChk_Mini =0,
if GreenChk_Max1>255 then GreenChk_Max1 :=:2355;
if BlucChk_Minl<0 then BlueChk_Min} :-0;
if BlueChk Max1>255 then BlueChk _Max| =255;
tirst:=true;
for y1:=0 to ThBMP1 Height-1 do
begin
PThBMP1:=ThBMP1.ScanLinefy1];
for x1:=0 to ThBMP1.Width-1 do
begin
if ScroliBar10.Position=0 then
RedChk1:=PThBMPI1[x1].rgbtRed>=RedChk_ Minl
else
RedChkl:=(PThBMP1[x]].rgbtRed>=RedChk_Minl) and
(PThBMPI1[x1].rgbtRed<=RedChk_Max1);
if ScrollBar] |, Position=0 then
GreenChk 1:=PThBMPI1[x1].rgbtGreen>=GreenChk_Min]1

else




GreenChk I:=(PThBMP1[x1].rgbtGreen> GreenChk Min) and
{(PThBMPI[x1].rgbtGreen<=GreenChk_Max1):

if ScrollBarl2 Position=0 then
BlueChk I:=PThBMP! [x1L.rgbtBlue>+ BlueChk_Mint
elsc
BlueChk1:=(PThBMP1[x1].rgbtBlue>=BlueChk Minl) and

(PThBMP1[x1]).rgbtBlue<=BlueChk_Max1):

i’ RedChk! and GreenChk] and BlueChk! then

bepin

if First then
begin
Yminl:=yl;
Xminl:=x1;
First:=false:
end
clse
begin
if y1<¥minl then Yminl:=yl;
if y1>Ymax1 then Ymax!1:=yl;
if x1<Xminl then Xminl:=x1:
if x1>Xmax1 then Xmax1:=x1:
end;
end
else
begin
PThBMPI1[x1]).rgbtRed:=0;

PThBMPI1[x1].rghtGreen:=0;

e i R e—e s -




PThBMPI[x] ] rgbtBlue=0;
end:
end:
end:
Image1.Picture. Graphic:=ThBMP:
Image2. Picture.Graphic:=ThBMPI:
Labcll4.Caption:=IntToStr(Ymin}' . +ImToStr(Y max):
Labell5.Caption:=In{ToStr(Xmin}+' _ "+intTaSu(Xmax);
Labeld2 Caption:=IntToStr(Ymini)+ . +IntToStu(Ymax]);
Label43.Caption:=IntToSte{Xmin! )+ . +IntToStr(Xmax1);
end:
end:
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procedure TForml.SpecdBution3Up{Sender: TObject: Button: TMouscButton:
Shift: TShiftState; X. Y: Integer);
hegin
Timer5.Enabled:=false;
Comm | .SendByte(my stop);
end;
I‘/*****k*******************************'***!*****************************t***i/{
procedure TForm].SpecdBution1Up(Sender: TObject: Button: TMouseButton;
Shift: TShifiStaic; X, Y: Integer);
begin
Timer!.Enabled:={alse;
Comml.SendByte(my_stop):
end;
e L L e L]
procedure TForml.SpeedButton2Down(Sender: TObject; Buiton: TMouseButton;
Shift: TShiftState; X, Y: Integer);

begin




i Comm]1 .Connceet then
begin
Comml.SendByte(my_left):
dircction:=my_lelt;
Timerl.Enabled:=true;
end;
end;
//********************************************ﬁ***************************1***/[
procedure TForm!.SpeedButton2Up(Sender: TObject: Button: TMouscButton;
Shift: TShiftState; X, Y: Integer):
begin
Timerl.Enabled:=false;
Comm]1 .SendByte(my_stop);
end,
j‘j‘********************************************************#*******************/[’
procedure TForm 1. SpeedButtond Down(Sender: TObject: Button: TMouseButton;
Shifl: TShiftState; X, Y: Integer);
begin
if Comm!.Connect then
begin
Comm].SendByte{my_rcverse);
direction:=my_reversc;
Timert.Enabled:=true,
cnd;
end;
//**************************************1‘-*******************l*****************//
procedure TForm1.SpeedButtond UP(Sender: TObject: Button: TMouseBution;
Shift: TShiftState; X, Y: Integer);
begin

Timerl.Enabled:=false;




Comml.SendByte(my_stop):
cnd;
//******t*****t******************************2:***************1‘-*1‘»**************'/"
procedure TForm1.SpeedBulton3 Down(Sender: TObjecet: Button: TMouseButton:
Shifi: TShiftState; X. Y: Integer):
begin
if Comm [.Connect then
begin
Comm|.SendByte(my_right):
direction:=my_right:
Timerl.Enabled:=iruc;
end;
end;
//t***#****#*#*‘li*#*t*******#*##.*******t*‘l#*‘.'#*t***t#*#****#*******t*#****#*#*//
procedure TFerm.SpeedButton2Up(Sender: TObject; Button: TMouseButton;
Shifi: TShiftState; X, Y: Integer);
begin
Timert Enabled:=false;
Comm1.SendByte(my_stop);
end;
//***************1‘-**************t***********l********t**********t*************.[/
procedure TForm1. Timerl Timer(Sender: TObject);

begin

case direction of
my_forward: Comm1.SendByte{my_forward);
my_reverse: Comml.SendByte(my_reverse);
my_left : Comml.SendByte(my lefi);

my_right : Comm1.SendByte(my_right);




end;

end:
”**************************!***********l**‘*********************B***********#J
procedure TForm|.Button [ Click{Scnder: TObject):

begin

tscap321.Connected = Not tscap321.Connected;

end;
ﬁt************************************t#****t*#*#****#t****************t*****”
procedure TForm]1.Button2Click{Sender: TObject);
begin
Timer3.Enabled:=true;
end;
Ni****!*t*t*#*************t***********‘**#*****************************t****l”
procedure TForm 1. Timer2 Timer(Sender: TObject); //capture picture
begin
if CheckBox1.Checked=falsc then
begin
Timer2.Enabled:=false;
end
else
begin
tscap321.SaveAsBMP:="Test.bmp';
tscap322.Save AsBMP:="Test!.bmp’;
end;

Thresholding;

end;
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proccdure TForm1.Button3Click(Sender: TObject):
begin
Timer3.Enabled:=false;
Imagel.Picture.Graphic:=ThBMP;
Image2.Picture.Graphic:=ThBMP1;
LineShow:=false;
end;
H***************t********************t***************************************”
procedure TForml.FormCreate{Sender: TObject);
begin
Image 1 .Canvas.Brush.Color:==clgray;
Image1.Canvas. FillRect(Image 1.ClientRect);
Image2.Canvas.Brush.Color=clgray:

Image2.Canvas.FiliRect(Image2.ClientRect};

rrist:==true;
caseturn:=l1,;
end;

H********i***t*********t*****************************************#***********N

procedure TForm1.ScrollBarlChange(Sender: TObject);
begin

Label5.Caption:=IntToStr(ScrollBar].Position),

Thresholding;
end;
U********t*****************************************k*****t*i*****t******il**lﬁ
procedure TForm1.ScroliBar2Change(Sender: TObject);
begin

Label6.Caption:=IntToStr(ScrollBar2 . Position);

Thresholding;

end;

”************************t********************************t******************H




procedure TForm1.ScrollBar3Change(Sender: TObject):
begin

Label8.Caption:=IntToStr(ScrollBar3.Position };

Thresholding:
cnd;
ﬁ****t***l****************************i**************************************”
procedure TForm). ScrollBardChange(Sender: TObject);
begin

Labcl9.Caption:=IntToStr(ScroliBard.Position);

Thresholding;
end;
P Y R T R P e R e
procedure TForm1.ScrollBar5Change{Sender: TObject),
begin

Label10.Caption:=IntToStr{ScrollBar5.Position);

‘Fhresholding;
end:
”**f*********ttt******t*************************************t*t*****t****t***”
procedure TForm!.ScrollBar6Change(Sender: TObject),
begin

Labell I.Caption:_=1ntTOStr(SCrOIIBar6.Positi0n);

Threshelding;
end;
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procedure TForm1.ButtondClick(Sender: TObject);
begin

Timer2.Interval:=StrTolnt(Edit1.Text);

Timer2.Enabled:=true;

end,

N***************t****##*t*t************t*##****l************************t****ﬁ




procedure TForml.ImageIMouseMove(Sender: TObject: Shift: TShiftState; X,
Y: Integer);
var
My _Point:TPoint;
begin
My Point:=Pomi{X,Y);
Labell7.Caption:=IntToStr(My_Point.X)+'. '+ImToStr(My_Point.Y);
end;
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procedure TForm|.Image 1 MouseDown{Sender: TObject; Button: TMouseBuiton;
Shift: TShiftState; X, Y: Integer),
var
My_Point:TPoint;
PCursor:PRGB;
begin
My Point:=Point{X.Y):

PCursor:=Image1.Picturc. Bitmap.ScanLine[My_Point.Y];

RefRed:=PCurSor[My Point.X].rgbtRed;
RefGreen:=PCusSorfMy_Point. X].rgbtGreen;
RefBlue:=PCurSor[My_Point.X].rgbtBlue;

Manual:=false;

ScrollBarl.Position:=RecfRed;

ScrollBar2.Position:=RefGreen;

ScrollBar3 . Position:=RefBlue;

Manual:=true;

Label35.Caption:=IntToStr(My_Point.X);
Labell9.Caption:=IniToStr{RefRed)+’, '+IntToStr(RefGreen)+', '+IntToStr{RefBlue);
Labell7.Caption:=ImtToSt(My_Point.X)+', '+IntToStr(My Point.Y);

Xleft:=My Point.X;




Yieft:=My PointY:
end:
.':-*til*ik**************:k********************ﬂf*!k************************’F*********I‘/
procedure TForm1. Timer3Timer(Sender: TObject):  ZAracking

var

StrCenter:string:
cl.cZinteger:
hegin
i not{LineShow) then
begin
Xeen:=({Xmax-Xmin) div 2)+Xmin; /Mind center
Yeen:={Ymax-Ymin) div 2)+Ymin:
SuCenter:=ImToStr(Xcen)+'. “FInmtToStr(Ycen): //show center
1.abel23.Caption:=SirCenter;
abel35.Caption:=IntToStr{Xcen);
//*****2*********************#**]mage ]**************************//
Jmagel.Picture. Bitmap.Canvas.Brush.Style:=bsClecar;
Image!.Picture.Bitmap.Canvas.Pen.Color:=ciRed;
Imagel.Picture.Bitmap.Canvas Pen.Width : 3;
Imagel.Picture. Bitmap.Canvas. Ellipse(Xmin, Y min, Xmax, Y max);
Imagel Picture Bitmap.Canvas.MoveTo(Xcen,Ymin);
Image1 Picture.Bitmap.Canvas.LineTo{Xcen, Y max);
Imagel . Picture.Bitmap.Canvas.MoveTo{Xmin,Ycen),
Image!.Picture.Bitmap.Canvas.LineTo(Xmax,Y cen);
LineShow:=true;
i T R
Xeenl=((Xmax1-Xminl) div 2)+Xminl; //find center
Yeenl:=((Ymax1-Yminl) div 2)*Yminl:

Labeld4. Caption:=IntToStr(Xcen1)}+' , "HniToStr(Ycenl);




Label32.Caption:=IntToSir{Xcenl k:
Image2 Picture. Bitmap.Canvas.Brush.Stvle: bsClear:
Image2. Picture.Bitmap.Canvas.Pen.Color: ciRed:
Image2.Picture.Bitmap.Canvas.Pen. Width . 3:
Image2.Picture. Bitmap.Canvas.EHipsef Xmn |.Ymini . Xmax1.Ymax 1)
Image2.Picture. Bitmap.Canvas.MoveTo(Xcen!. Yminl):
Image2.Picture. Bitmap.Canvas.LincTo{Xc¢enl.Ymax1);
Image2.Picture Bitmap.Canvas. MoveTo(Xminl. Yeen!):
Image2.Picture. Bitmap.Canvas.LineTo(Xmax[.Yeenl )
LineShow:=true:
['/#********t**********#dislnnce*#*t******************t*******[’/
d:=10;
:=850:
xtb:=Xcen:
x2:=Xcenl;
x4=XXcemn;
x5:=XXcenl;
_>.<6:=(x4-x5);
x3=(x1-x2),
centerL EFT:=Xcen-round{((ThBMP.Width)/2):
centerRIGHT:=Xcen l-round({ThBMP1.Width)/2);
if x3=0 then
else
begin
il (Xcen=0) or {Xcen1=0) then

begin

distance:=0;

label28.Caption:=inttostr{distance);

end

clse




begin
distance:=(*d)div(x3):
label28.Caption:=inttostridistance):
end;
end;
if x6=0 then
else
begin
i ((XXcen=0) and (X Xcen1=0)} then
begin
distanceblue:=999999;
label72.Caption:=inttostr{distancchlue):
end
clse
begin
distanceblue:=(*d)div(x6);
label72.Caption:=inttostr{distancebluc):
cnd;
end;
end
else

begin

Image].Picture. Graphic:=ThBMP;
Image2 Picture.Graphic:=ThBMP1;
LineShow:=false;
end;
HEREEREERRIRRE A0 Tracking Robot*****»* e xxsxrssy
if (checkbox2.Checked=true) and (radiobuttont.Checked=iruc) then

begin




if not({Xmin=0) and (Y min=0) and (Xmax ©) and (Ymax=0)) then
begin
refLEFT:=ThBMP . Width-xcen:
refRIGHT :=xcenl;
result:=refLEFT-refRIGHT:
label24.Caption:=IntToStr(resuit):
[/RHREEREERRALRAA 0Ok RiGhLK#HHHH S KR A AR AR A NRE 4k
XX:=Xcen-round({ThBMP. W idth)/2);
label24.Caption:=IntToStr(XX);
Wi check Right/Hiininiiiiii
I {XX>80) then
begin
if Comm.Connect then
begin
Comm].SendByte(my right);
Timerd.Interval:=StrTolni(Edit3. Text):
Timer4.Enabled:=true;
Edit2. Text:="RIGHT",
end;
end;
M eheck WU
H (XX<(-80)) then
begin
il Comm|.Connect then
begin
Comuml.SendByte(my_lelt);
Timerd4.Interval:=StrToln(Edit3. Text):
Timer4.Enabled:=true;
Edit2. Text:="LEFT"

end;




end;
I inve rval stoplitiiiic.
IF(XX>=-80) and (XX<=80) then
begin
if Comm.Connect then

begin

Comm1.SendByte(my_stop):
Timer4.Interval:=StrToIni(Edit3. Text):
Timer4.Enabled:=true;

Edit2. Text="STOP".

[k Er ek x TORWARD AND REVERSE &%kt kX kkkhrshn)/

if (distance>(zref+20))then /forward
begin
Comml.SendByte(my_reverse);
Timer4.Interval:=StrTolnt(Edit4 . Text);
Timerd Enabled:=true;
Edit2. Text:=FORWARD',

end

clse if (distance<zref-20) then //reverse

begin

Comm]1.SendByte(my_forward);
Timer4.Interval:=StrTolnt(Edit4. Text);
Timer4.Enabled:=true;

Edit2 Text:="REVERSE"

end




elsc if (distance<=zrc{+20) and (distance >=zref-20) then
begin
Comml.SendByte{my_stop):
Timerd.Interval:=StrToln{Ednd. Text):
Timerd. Enabled:=truc:
Edit2. Text:='STOP";
end;
end;

end:;

end

else

begin
if Comm1.Connect then
begin
Comm]1 .SendByte(my_stop);
direction:=my_stop;
Edit2. Text:='STOP';
end;

end;

//***t***tt**tt*tl*t*****#t*t**t*t***tl***tt******t****t**tt***********t*t**”

end;

2

//**********************Avoid ********************************//
if (checkbox2.Checked=true) and (radiobutton2.Checked=true) then
begin

XX:=Xcen-round({ThRMP. Width}/2);




XXI=Xcenl-round({ThBMP1. Width). 2);
label24 Caption:=IntToStr(XX):
label78.Caption: - IntToSI{XX1):
il (distance<=zref+ 10)and (distance>0) or chkdi then
begin
chkdt:=troe;
case casetumn of
1:
if not(Timer6.Enabled) then
begin
Comm|.SendByte(my right);
Comml.SendByte(my _right);
Comm!.SendByte(my_right);
Timerd.Interval:=StrTolnt(Edit3. Text);
Timerd.Enabled:=true;
Edit2. Tex1:='RIGHT";
Label29.Caption:="Now Turn Right';
Timer6.Interval:=1000;
Timer6 Enabled:=true;

end;

if not(Timer6.Enabled) then

begin
Comml.SendByte(my reverse);
Comml.SendByte(my reverse);
Comm].SendByte(my_reverse);
Timer4.Interval:=SurTolni(Edit4. Text);
Timer4.Enabled:=true;
Edit2. Text:=FORWARD";

Label29.Caption:="Now Turn Forward';




if {distance<=zref+ 10)and {distance=0) then
beuin
caseturn:=3;
comml.SendByte(my_stop):
comm1.SendByte(my_stop):
comm1.SendByte(my_stop):
end;

end:

fad

if not(Timer6.Enabled) then

begin

Comml.SendByte(my_left):
Comml.SendByte(my lefi):
Comm1.SendByte(my_lefi);
Timer4.Interval:=StrTolnt(Edit3. Text):
Timerd.Enabled:=true:

Edit2 Text="LEFT";
Label29.Caption:='Now Tum Lefi':
Timer6.Interval:=1000:
Timer6.Enabled:=true;

end;

H not{ Timer6.Enabled) then

begin

Comm1.SendByte(iny_reverse);
Comm].SendByte(my reverse);

Comm!.SendByte(my_reverse):




Timerd. Tnterval:=SirTolmt Editd. Text):
Timerd Enabled:=truc:
Edit2. Text:="FORWARID"
Labei29.Caption:='Now Tum Forward'”:
il (distance<=zref~ 10)and (distance>0) then
begin
casctum:=1}:
comml.SendByte(my_stop):
comml.SendByte{iny siop):
comm| . SendByte(my_ stop);
chkdt:=false;
end:
cnd;
end:
end:
end:
end;
//**************t*t***********end T‘imer 3*************************************/}
procedure TForm1.Button5Click(Sender: TObjecl):
begin
tscap321 .SaveAsBMP:='Tesl.bmp';
Imagei Picture.LoadFromFile{'Tesi.bmp');
tscap322.SaveAsBMP:="Test1.bmp';
Imngez.Picmre.LoadFrcnﬁFi]e('Tes( Lbmp');
end;
//*******l‘r*****t***ﬂr*******************1#****1****#***************************//
procedure TForm1.Button6Click(Sender: TObject);
begin
Timert.Enabled:=falsc;

Timer2.Enabled:=false:




Timer3.Enabled:~falsc:
Timer4.Enabled:=1alsc:
if Comm!.Connect then
begin
Commi.SendByte(my_stop):
direction:=my_slop:
Edit2. Text:="STOP";
cnd;
end;
//*************************************I**********************************1***}‘/
procedure TForm]. Timerd Timer(Sender: TObjcct):
begin
if Comm1.Connect then
begin
Comml SendByte(my_stop):
Edit2. Text:="STOP";
cnd;
end;
//***.**********‘I*****************************************************t********l‘/
procedure TForm].Button7Click(Sender: TObject);
begin
if checkbox1.Checked=false then
zrefi=strtoint(Edit7 Text);
end;
//***************************************I************************************//
procedure TForm1.hmage2MouseMove(Sender: TObject; Shift: TShiftState; X,
Y: Integer);
var
My_Point1:TPoint;

begin




My _Point]:-Point(X.Y):
Label30.Caption:=IntToStr{(My_Paint].X)}+', '+ IntToStr(My Point].Y):
end;

/f******************#*********************t****************#******************l.’.'

procedure TForm1.Image2Mouse Down(Sender: TObjeet: Button: TMouseButton:
Shift: TShiftSiate: X, Y: Imeger);
yar
My_Pomt:TPoint;
PCursor:PRGRB:
begin
My_Pomnt:=Point(X,Y):
PCursor:=]mageZ.Picturc.Bitmap.ScanLine[My_ Poim.Y]:
RefRed:=PCurSor[My_Point.X}.rgbtRed:
RefGreen:=PC urSor[My_Point. X].rgbtGreen:
RefBlue:=PCurSor{My_Point.X].rgbtBlue:
NManual:=false;
ScrollBar7.Position:=RefRed:
SerollBar8.Position;:=RefGreen;
ScroliBar9.Position:=RefBlue;
Manual:=true;
Labei70.Caption:=IntToStr(RefRed)+', “+IntToStr(RefGreen)+'. “+IntToStr(RefBlue);
Label32.Caption:=IntToStr(My_Point.X);
Xright==My Point.X;
Yright:=My PointY;
end;
e st 1T T L T T T T
procedure TForm1.Button8Click(Sender: TObject):
begin
tscap322.Connected := Not tscap322.Connected;

end;




',-'/*************************:l—.****t*******t***t:?*:k***t*******************#****** ;
! o

procedure TForm].Button9Click(Sender: TObject):

begin
d=10:
:=850;

distance:=(f*d)div(Xleft-Xright):

label28.Caption:=inttostr(distance);
end;
//****************************************************************************},’f'
procedure TForm1.ScrollBar7Change(Sender: TObject);
begin

Label60.Caption:=IntToStr{ScrollBar7.Position):

Thresholding;
end;
//************t********l:********t**************1’******************************//
procedure TForm1.ScrollBar8Change{Sender; TObject):
begin

Label61.Caption:=IanOStr(ScroiIBarS.Position);

Thresholding;
end;
//****************************************t********t*************t************//
procedure TForm!.ScrollBar9Change(Sender: TObject);
begin

Label62.Caption:=IntToStr(ScroliBar9.Position);

Thresholding;
end;
//*‘F****************#*****t#*******************t***********’k*t****************/[
procedure TForm].ScrollBar1 0Change(Sender: TObject);
begin

Label63.Caption:=IntToStr{ScroliBar 1 0. Position);




Thresholding;
end;
/,f****************************************************************************ﬂ
procedure TForm1.ScroliBarl 1 Change(Sender: TObject);
begin

Label64.Caption:=IntToStr(ScrollBar11.Position):

Thresholding;
end;
//************************t************************t*********************i****//
procedurc TForm1.ScrollBar] 2Change(Sender: TObjcet);
begin

Label65.Caption:=IntToStr(ScrollBar1 2, Position):

Thresholding;
end;
//****#***t***tt******savc VaEuc Color********‘l*******************************//
procedure TForm] Button19Click(Sender: TObject);
begin

//***********t*]MAGE LEFT***********************k******‘l****************//

Sredmax:=strtoint(label5.Caption);

SGreenmax:=strtoint(label6.Caption);

Sbluemax:=strtoint(label8.Caption);

Sredmin:=strtoint(label9.Caption);

SGreenmin:=strtoint(label10.Caption);

Sbluemin:=strtoint(label1t.Caption);

//**************t****t**********]MAGE RIGHT**********t******************//
Sredmax | :=strtoint{label60.Caption);

SGreenmax1:=strtoint(tabel61.Caption);

Sbluemax 1 :=strtoint(label62.Caption);




Sredminl:=strtoint(label63.Caption):

SGreenmin |:=strtoint(label64.Caption);

Sbluemini:=strtoint(label65.Capiion):;
//'**********************************************************************//
Thresholding;

end;

procedure TForm1.Button!1Click(Sender: TObject):

begin
//*********************************** 3k ok ok Ok Kk ik Ok ok 3 ok *********************//
SSredmax:=strtoint(label5.Caption);
SSGreenmax:=strtoint(label6.Caption);

SSbluemax:=strtoint(label®.Caption);

SSredmin:=strtoint(label9.Caption);

55Greenmin:=strtoint(label10.Caption};

SSbluemin:=strtoint{label11.Caption);
//**************************t*********t#*****t**t***i**************t****/’/
SSi‘edmaxI :=strioint(label60.Caption);

SSGreenmax 1:=strtoint(label61.Caption);

SSbluemax | :=strioint(label62.Caption);

SSredminl:=strtoint(label63.Caption);
SSGreenmini =strioint(label64.Caption);

SSblueminl :=strtoint(label65.Caption);

//*************************************H:********************************//

Thresholding;
end;

//*******************t*****t*****t*****t**t**l********************************//




procedure TForm| .Button12Click(Sender: TObject):

begin

end;

”*****************t*****t***********************************************ﬂ*t**ﬂ
procedure TForm 1. TimerSTimer{Sender: TObjecct):
begin
case camdirection of
cam_control: Comm1.SendByte(cam control}):
cam_left : Comml.SendByte(cam_lefi):
cam_right : Comm1.SendByte{cam_right):

end;

end;
-***********************t************t*************************************”
procedure TForm1. Timer7 Timer(Sender: TObjeet);

begin

end;
”******************t********%************#**********************************ﬁ
procedure TForm1.Timer8 Timer(Sender: TObject):

begin

end;
//***********t***t******************************t***************t************//
procedure TForm1.Timer6Timer(Sender: TObject):

begin

Timer6.Enabled:=falise;




case caseturn of
1:
begin
//** b o 2
comml.SendByte{my_stop):
comm].SendByte(my_stop):
comml.SendByte(my stop):
Edit2 Tex1:='STOPM;
Label29.Caption:='Finish Tum Right";
caseturn:=2;
end;
(*2:
begin
JEREES AL
comml.SendByte(my_stop):
Edit2. Text="STOP";
Label29.Caption:="Finish Turn Forward":

casetum:=3;

end;*)
3:

begin
R
comm!.SendByte(my stop);
comml.SendByte(my stop):
comml.SendByte(my_stop):
Edit2. Text:='STOP,
Label29.Caption:='Finish Turn Left’;
caseturn:=4;

end;

end;




end:
’f‘/*****************#**************:k*****#*************************************//
procedure TForm1.SpeedButton6Up(Sender: TObject: Button: TMouseButon:
Shift: TShifiState; X, Y: Intcger);
begin
Timer5.Enabled:=false;
Comm] .SéndByle(my_stop);

end;

procedure TForm1.SpeedBution6Down(Sender: TObject: Button: TMouseButton:
Shift: TShiltState; X, Y: Integer):
begin
if Comm1.Connect then
begin
Comml.SendByte(cam_right);
camdirection:=cam_right;
Timer5. Enabled:=true;
end;

end;

procedure TForm 1.SpeedButtonSDown(Sender: TObject;
Button: TMouseButton; Shift: TShiftState; X, Y: Integer);
begin
if Comm1.Connect then
begin

Comm!.SendByte{cam_left);

camdirection:=cam _lefi;

Timer5.Enabled:=truc;

end;




cnd:

procedure TForm1.SpeedButton ] Down(Scnder: TObject;

Button: TMouseButton: Shift: TShifiState: X, ¥: Integer):

begin-
if Comm1.Connect then
begin
Comm1.SendByte(my_forward);
direction==my_forward;
Timer! Enabled:=true;
end;

end;

end.
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eatures

Compatible with MC$-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 te 33 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable I/O Lines

Three 16-bit Timer/Counters

Eight tnterrupt Sources

Full Duplex UART Serial Channel

Low-power ldle and Power-down Modes

interrupt Recovery from Power-dewn Mode

Watchdog Timer

Dual Data Pointer

Power-off Flag

escription

e ATBISS2 is a low-power, high-performance CMOS 8-bit rnicrocontroller with 8K
tes of in-system programmable Flash memory. The device is manufactured using
mel's high-densily nonvolatile memory technology and is compatible with the indus-
~standard 80C51 instruction set and pinout. The on-chip Flash allows the program
amory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
ammer. By combining a versatile 8-bit CPU with in-syslem programmable Flash on
nonclithic chip, the Atme] AT89552 is a powerful microcontrolles which provides a
jhly-flexible and cost-effective solution to many embedded control applications.

e ATBISS52 provides the following standard features: BK bytes of Flash, 256 byles
RAM, 32 IO lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
d clock circuitry. in addition, the AT89S52 is designed with static logic for operation
wn to zero frequency and supporls two software selectable power saving modes.
e ldle Mode stops the CPL while allowing the RAM, timer/counters, serial port, and
arrupt system to continue functioning. The Power-down mode saves the RAM con-
Its but freezes the oscillator, disabling all other chip functions until the next interrupt
hardware reset.

8-bit
Microcontrolier
with 8K Bytes
In-System
Programmable
Flash

AT89S52

Rev. 1919A-07/01
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lock Diagram
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AlmEL

'in Description

cc
upply valtage.

ND
round.

srt 0

orl 0 is an 8-bit open drain bidirectional /O port. As an
itput port, each pin can sink eight TTL inputs. When 1s
e written to port @ pins, the pins can be used as high-
ipedance inputs.

rt 0 can aiso be configured to be the multiplexed low-
‘der address/data bus during accesses to external
ogram and data mermory. In this mode, PO has internal
Hlups.

»rl 0 also receives the code bytes during Flash program-
ing and outputs the code bytes during program verifica-
yn. External pullups are required during program
rification,

wt 1

wl 1 is an 8-bit bidirectional /O port with internal puliups.
le Port 1 output buffers can sink/source four TTL inputs.
hen 1s are written to Port 1 pins, they are puiled high by
1 internal puliups and can be used as inputs. As inputs,
wl 1 pins that are externally being pulled low will source
rrent {l, ) because of the intemal pulfups.

addition, P1.0 and P1.1 can be configured to be the
'erfcounter 2 external count input {P1.0/T2) and the
rerfcounter 2 trigger input (P1.1/T2EX]}, respectively, as
own in the following table.

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

‘ort Pin Alternate Functions

1.0 T2 (exiemal count input to Timer/Counter 2},
dock-out

11 T2EX {Tmer/Counter 2 capturefreload trigger
and direction control)

1.5 MOSI (used for In-System Programming)

1.6 MISO (used for In-System Prograrmming)

1.7 SCK (used for In-System Programming)

r2

it 2 is an 8-bit bidirectional I/O port with internal pullups.
2 Porl 2 output buffers can sink/source four TTL inputs.
1en 1s are written to Port 2 pins, they are putled high by

internal pullups and can be used as inputs. As inputs,
1t 2 pins that are externally being pulled low will source
rent (3, } because of the internal pullups.

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

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

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

Port 3

Porl 3 is an 8-bit bidirectional /O port with intemnai pullups.
The Porl 3 output buffers can sink/source four TTL inputs.
When 1s are writien 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 fow wilt source
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT83552, 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 {seria! input port)
P3.1 TXD (serial output port}
—;3.2 INTG (external interrupt 0)
P33 INTT (external interrupt 1)
P3.4 TO (timer 0 externat input)
P3.5 T1 (timer 1 external input)
”_;’3.6 WR (external data memory write strobe)
P3.7 RD (externat data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscilfator 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 ouipul pulse for tatching
the low byte of the address during accesses to external
memory. This pin is also the program pulse input (PROG)
during Flash programming.

tn 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 exiernal 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

AT89S52 s




s A\ T89S 52

eakly pulled high. Setting the ALE-disable bit has no
fect if the microcontroller is in external execution mode.
S5EN

‘ogram Store Enable (PSEN) is the read strobe to exter-
il program memory.

hen the AT89S52 is executing code from external pro-
am memory, PSEN is activated twice each machine

cle, except that two PSEN activalions are skipped during
ich access to external data memory. ’

VVPP

iternal Access Enable. EA must be strapped to GND in
der lo enable the device to fetch code from external pro-
am memory locations starting at 0000H up to FFFFH.

ble 1. AT89552 SFR Map and Reset Values

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

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

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

XTAL1
Input to the inverting oscillator amplifier and inpul to the
internal clock operaling circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8M OFFH
OFOH B OF7H
00000000
OE8H OEFH
ACC
OEOH | oo OE7H
OD8H ODFH
PSW
ODOH | PN 007H
ocen | T2CON T2MOD RCAP2L RCAP2H 2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 00000000 | 00000000 | 00000000
0COH OC7H
P
BFH
0B8H | P 0
P3
OBOH 1 44411911 0B7H
0ABH o OAFH
0XD0O000
P2 AUXRA WDTRST
0AOH 1 4111111 XXXXXXXO XXXXXXXX 0A7H
SCON SBUF
98H 1 50000000 | x00000KX 9FH
P1
SOH {11191 arm
88H TCON TMOD TLO TL1 THO TH1 AUXR 8FH
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 |  XXXOOXXO
BOH PO SpP DPOL DPCH DP1L DP1H PCON 87H
11111111 | 00000111 00060000 00000000 | 00000000 | 000C0000 0XXX0000

_m
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pecial Function Registers

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

Jle that not all of the addresses are occupied, and unoc-
pied addresses may nol be implemented on the chip.
2ad accesses to these addresses will in general return
ndom data, and write accesses will have an indetermi-
te effect.

ser software should not write 1s to these untisted loca-
ns, since they may be used in fulure products to invoke

new features. In that case, the reset or inactive values of
the new bits will always 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. .

ble 2. T2CON - Timer/Counter 2 Contro! Register

T2CON Address = 0C8H
Bit Addressable

Reset Value = 0000 0000B

Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CPRL2
7 6 5 4 3 2 1 0

ymbeol | Function

F2 Timer 2 overflow flag set by a Timer 2 overflow and must be deared by software. TF2 will not be set when either RCLK = 1
or TCLK =1,

XF2 Timer 2 external flag set when either a capture or refoad 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
deared by software. EXF2 does not cause an inlerrup! in up/down counter mode {DCEN = 1).

CLK Receive clock enabla. When sel, 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 overfiow 1o be used for the recaive dock.

CLK Transmit clock enable. When sel, causes the serial port to use Timer 2 overflow pulses for its rransmit' dock in seriat port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit dock,

XEN2 | Timer 2 external enable. When sel, allows a capture or refoad to occur as a resull of a negative transition on T2EX if Timer
2is not being used to clock tha serial porl. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

2 Slart/Stop contro! for Timer 2. TR2 = 1 starts the timer,

T2 Timer or counter select for Timer 2. C/T2 = 0 for timer funclion. C/T2 = 1 for external event counter {talling edge triggered).

?/RL2 | Capture/Reioad select. CP/RL2 = 1 causes captures ¥ ocowr on negative transitions at T2EX if EXEN2 = 1. CP/RL2 =0

causes automatic mloads to ocour when Timer 2 overflows or negative transitions oceur 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.




ible 3a. AUXR: Auxiliary Register

WUXR Address = 8EH
Not Bil Addressable

Reset Value = XXX00XX0B

DISRTO

- - - WDIDLE - DISALE
Bit 7 6 5 L é _ - 3 1 o
Reserved for fulure expansion
HSALE Disable/Enable ALE
DISALE Operating Mode
0 ALE is emnitted at a constant rate of 1/6 the osdillator frequency
1 ALE is adive only during a MOVX or MOVC instruction
iIISRTO Disable/Enable Reset out
DISRTO
0 Resel pin is driven High after WDT times out
1 Reset pin is input only
IDIDLE Disable/Enable WOT in IDLE mode
WDIDLE
0 WDT continues to count in IDLE mode
1 WODT halts counting in IDLE mode

al Data Pointer Registers: To facilitate accessing both
srnal and external daia memory, two banks of 16-bil
ta Pointer Registers are provided: DP0 at SFR address
ations B2H-83H and DP1 at 84H-85H. Bit DPS =0
5FR AUXR1 selects DP0 and DPS = 1 selects DP1.
e user should always initialize the DPS bit to the

He 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.

IXR1 Address = A2H
Not Bit Addressabie

Reset Value = X0(O00X(X0B

- - - DPS

Bit 7 & 5

Reserved for fulure expansion

5 Data Puinter Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Regtsters DP1L, DP1H
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lemory Organization

CS-51 devices have a separate address space for Pro-
am and Data Memory. Up to 64K byles each of exiernal
‘ogram and Data Memory can be addressed.

rogram Memory

the EA pin is connecled to GND, all program fetches are
rected to external memory.

n the AT89S52, if EA is connected to Vg, program
tches to addresses 0000H Lhrough 1FFFH are direcled to
lernal memory and fetches to addresses 2000H through
*FFH are to external memory.

ata Memory

e AT89852 implements 256 bytes of on-chip RAM. The
per 128 bytes occupy a parallel address space to the
secial Function Registers. This means that the upper 128
1es have the same addresses as the SFR space but are
iysically 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 byles
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 CAQM, #data

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

MOV ®RQ, #data

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




Vatchdog Timer
Jne-time Enabled with Reset-out)

1e WDT is inlended as a recovery method in situations
here the CPU may be subjected 1o software upsets. The
‘DT consists of a 13-bit counter and the Watchdog Timer
eset (WDTRST) SFR. The WDT is defauited to disable
»m exiting resel. To enable the WDT, a user must write
1EH and OE1H in sequence to the WDTRST register
R location 0AG6H). When the WDT is enabled, it will
crement every machine cycle while the oscillator is run-
ng. The WDT timeout period is dependent on the external
ock frequency. There is no way to disable the WDT
cept through reset {either hardware reset or WODT over-
w reset). When WDT overflows, it will drive an output
SZSET HIGH pulse at the RST pin.

sing the WDT

» enable the WOT, a user must write 01EH and OE1H in
quence o the WDTRST register (SFR location 0AGH).
hen the WDT is enabled, the user needs to service it by
iting 01EH and OE1H to WDTRST to avoid a WDT over-
w. The 13-bit counter overfllows when it reaches 8191
FFFH), and this will resel the device. When the WDT is
iabled, it will increment every machine cycle while the
cillator is running. This means the user must reset the
DT at least every 8191 machine cycles. To reset the
DT the user must write 01EH and 0E1H to WDTRST.,
DTRST is a write-only register. The WDT counter cannot
read or written. When WDT overflows, it will generate an
tput RESET pulse at the RST pin. The RESET pulse
ration is 96xTOSC, where TOSC=1/FOSC. To make the
st use of the WDT, it should be serviced in those sec-
ns of code that will periodically be executed within the
e required to prevent a WDT reset.

'DT During Power-down and Idle

Power-down mode the oscillator stops, which means the
JT also stops. While in Power-down mode, the user
es not need to service the WDT. There are two methods
exiting Power-down mode: by a hardware reset or via a
el-activated external interrupt which is enabled prior lo
lering Power-down mode. When Power-down is exited
h hardware reset, servicing the WDT should occur as it
rmally does whenever the AT89S52 is reset. Exiting
wer-down with an interrupl is significantly differenL The
arrupt is held low long enough for the oscillator to stabi-
3. When the interrupt is brought high, the interrupt is
viced. To prevent the WDT from reselling the device
ile the interrupt pin is held low, the WDT is not started
il the interrupt is pulled high. It is suggested that the
)T be reset during the interrupt service for the interrupt
id o exil Power-down mode.

To ensure that the WDT does not overflow within a few
states of exiting Power-down, it is bes! lo resel 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 1o
count if enabled. The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the defauit slate. To prevent the WDT
from resetting the AT89552 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 enabied, 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 lo the ATMEL Web site
(http:/iwww.almel.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 ATB9C51 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
Microcontrolier’, then ‘Product Qverview',

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: caplure, 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 TLZ. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 ascil-
tator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

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

m“'m_ﬂ 9
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the Counter function, the regisier is incremented in
sponse to a 1-to-0 transition at its coresponding external
aut pin, T2, In this function, the extemnal input is sampled
iring S5P2 of every machine cyclte. When the samples
1ow a high in one cycle and a low in the next cycle, the
unt is incremented. The new count value appears in the
gister during S3P1 of the cycle following the one in which
2 transition was detected. Since two machine cycles (24
cillator periods) are required to recognize a 1-10-0 transi-
n, the maximum count rate is 1/24 of the oscillator fre-
iency. To ensure that a given level is sampled at least
ce before it changes, the level should be held for at least
€ full machine cycle.

apture Mode :

the capture mode, two oplions are selected by bit
{EN2 in T2CON. IFEXEN2 = 0, Timer 2 is a 16-bit timer
counler which upon overflow sets bit TF2 in T2CON.

jure 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-
to-0 transition at external input T2EX also causes the
current value in TH2 and TL2 to be captured into RCAP2H
and RCAPZ2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2ZCON to be set. The EXF2 bil,
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 T2ZMOD (see Tabie 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.

oSG 12 b
J’/O o 2 nz | w2 |
I CoNTROL OVERFLOW
D T CiT2 =1 7\/7__'\‘}
T2 PiN CAPTURE { D
RCAPZ2H | RCAP2L i
bETECTOR -2,
— O/‘/
TEX PIN [ |—» A o EXF2
| coNTROL
EXENZ

lure 6 shows Timer 2 automatically counting up when
‘EN=0. In this mode, two options are selecled by bit
EN2in T2CON. if EXEN2 = 0, Timer 2 counts up to
FFFH and then sets the TF2 bit upon overflow. The
arflow also causes the fimer registers to be reloaded with
+ 16-bit value in RCAP2ZH and RCAPZL. The values in
er in Capture ModeRCAPZ2H and RCAP2L are preset
software. If EXEN2 = 1, a 16-bit reload can be triggered
1er by an overflow or by a 1-to-0 transition at external
ut T2ZEX. This transition also sets the EXF2 bil. Both the
2 and EXF2 bits can generate an interrupt if enabled.

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

the direclion 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 vatue in
RCAP2H and RCAPZ2L. to be reloaded into the timer regis-
ters, TH2 and TL2, respediively.

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 ftag an interrupt.

AT89S52 mmeeseeeee————————




jure 6. Timer 2 Auto Reload Mode {DCEN = 0)

AT89S52

osc +12 _
ciT2 =
‘o/o_*.[ T™H2 T2 ]_
conTROL " OVERFLOW
TR2
I c/iT2 c ‘ ¥
[+ RELOAD
T2 PIN TIMER 2
RCAP2H | RCAPZL INTERRUPT
TF2
TRANSITION
DETECTOR
T2EX PN[_ | T W O’/O + EXF2
| conTROL
EXEN2
sle 4. T2MOD — Timer 2 Mode Cantrol Register
T2MOD Address = 0C9H Reset Value = XXX XX00B
Naot Bit Addressahle
- - - - - - T20E OCEN
Bit 7 6 4 3 2 1 0
ymbol Function

Not impltemented, reserved for future

0E Timer 2 Qutput Enable bit

CEN

When set, this bit allows Timer 2 to be configured as an up/down counter

11
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jure 7. Timer 2 Auto Reload Mode (DCEN = 1)

{DOWN CQUNTING RELOAD VALUE) TOGGLE

OFFH OFFH T ] e

osCc | iz _ N OVERFLOW
CA2 =0

= =
TRE%ONT‘ROL A A

CciT2 = 1 : z TIMER 2
INTERRUPT

Lk’

T2 PIN
IRCAPZ—|| RCAP2L l +
COUNT
(UP COUNTING RELOAD VALUE) DIRECTION
1=UP
0=DOWN
T2EX PIN

jure 8. Timer 2 in Baud Rate Generator Mode

TMER 1 OVERFLOW

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

0sC |—» +2 —
.!C!T2=0

\*\O—w—o/ /ow—-[ TH2

; Rx
| CONTROL CLOCK
TR2 /\ "
— ———y
Z(:nz =1
T2 PIN
RCAPZH Tx
TRANSITION | cLocK
DETECTOR
— TIMER 2
T2EX PFND——’ A C’/(3 EXF2 F——» INTERRUPT
| CONTROL
EXEN2
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aud Rate Generator

ner 2 is selected as the baud rate generator by setting
LK and/or RCLK in T2CON (Table 2). Nole that the
id rates for transmit and receive can be different if Timer
3 used for the receiver or transmitter and Timer 1 is used
the other funclion. Setting RCLK and/or TCLK puts
1er 2 into its baud rate generator mode, as shown in Fig-
‘8.

2 baud rate generator mode is simitar fo the autoreload
de, in that a rollover in TH2 causes the Timer 2 registers
>e reloaded with the 16-bit value in registers RCAP2H
1 RCAPZ2L, which are preset by software,

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

dodes 1 and 3 Baud Rates = Timer 2 O\;eﬁsllcn Rate

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

ure 9. Timer 2 in Clock-Out Mode

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

Modes 1and 3 _
Baud Rate

- Oscillator Frequency
32 x [65536-RCAP2ZH,RCAP2LY]

where (RCAP2ZH, RCAP2L} is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned inleger.

Timer 2 as a baud rate generator is sShown 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 witi not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-t0-0
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 rale generator, T2ZEX can be used as
an extra external interrupt.

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

l . H .2 04 T2 TH2
i
JApA
T2 BIY
riof” N [ a2 | oo
AN N ~ L=
TZOE (F2M00.1)
T\ perecror
pal Y .
oz ) oo~ exr2 gt

EXEN2
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ogrammable Clock Out
0% duty cycle clock can be programmed to come out on

0, as shown in Figure 9. This pin, besides being a regu-

I/C pin, has two alternate functions. It can be pro-
mmed to inpul the external clock for Timer/Counter 2 or
utput @ 50% duty cycle clock ranging from 61 Hz to 4
z at a 16 MHz operating frequency.

configure the Timer/Counter 2 as a clock generator, bit
2 (T2CON.1) must be cleared and bit T20E (T2MCD.1)
st be set. Bit TR2 (T2CON.2) starts and stops the timer.

: clock-out frequency depends on the oscillator fre-
:ncy and the reload value of Timer 2 capiure registers
:APZ2H, RCAP2L), as shown in the following equation.

Osciliator Frequency

-Out F =
ock-Out Frequency 4 x [65536(RCAP2H,RCAP2L}Y]

1e clock-out mode, Timer 2 roli-overs will not generate
interrupt. This behavior is similar to when Timer 2 is
d as a baud-rate generator. It is possible o use Timer 2
a baud-rate generator and a clock generator simulia-
wsly. Note, however, that the baud-rate and clock-out
iuencies cannot be determined independenily from one
ther since they both use RCAP2H and RCAP2L.

errupts

- AT89S52 has a total of six interrupt vectors: two exter-
interrupts (INTO and INTT), three timer interrupts {Tim-
G, 1, and 2), and the seriai port interrupt. These
rrupts are all shown in Figure 10.

h of these interrupt sources can be individually enabled
‘isabled by setting or clearing a bit in Special Function
lister IE. IE also contains a global disabie bit, EA, which
ibles all interrupts at once.

e that Table & shows that bit position IE.6 is unimple-
Hed. In the AT839852, bit position IE.5 is also unimple-
1ted. User software should not write 1s lo these bit
tions, since they may be used in future AT89 products.

er 2 interrupt is generated by the logical OR of bits TF2
EXF2 in register T2ZCON. Neither of these flags is
ted by hardware when the service rouline is vectored
n fact, the service routine may have to determine
ther it was TF2 or EXF2 that generated the interrupt,
that bit will have to be cleared in software.

Timer 0 and Timer 1 flags, TFQ and TF1, are set at
2 of the cycle in which lhe timers overflow. The values
then polied by the circuitry in the next cycle. However,
Timer 2 flag, TF2, is set at S2P2 and is polled in the
e cycle in which the limer overflows.

Table 5. Interrupt Enable (IE) Register

(E_S_B) (LSB)
;h_E_A__[— | ET2 |Es |Em | Exa | ETO JE@

Enable Bit = 1 enables the Interrupt.

Enable Bh = 0 disables the mtermupt,

Symboi Position Function

EA IE.7 Disables all interrupts. f EA =0,
no interrupt is acknowledged. If
EA = 1, each interrupl source is
individually enabled or disabled
by setling or clearing ils enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Sernal Port interrupt enable bit.

ET1 IE3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bil.

ETD iEA Tirmer 0 interrupt enable bit.

EXO IE.O External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,

because they may be used in future AT89 products.

Figure 10. Interrupt Sources

TFO -

AT89S52 messs——————————esss—




scillator Characteristics

AL1 and XTALZ are the input and output, respeclively,
an inverting amplifier that can be configured for use as
on-chip oscillator, as shown in Figure 11, Either a quartz
stal or ceramic resonator may be used. To drive the
sqice from an external clock source, XTAL2 should be left
sonnected while XTAL1 is driven, as shown in Figure 12,
are are no requirements on the duty cycle of the exlternal
ck signal, since the input to the internal clocking circuitry
hrough a divide-by-two flip-flop, but minimum and maxi-
m voltage high and low time specifications must be
served.

le Mode

dle mode, the CPU puts itself 1o sleep while all the on-
p peripherals remain active. The mode is invoked by
tware. The content of the on-chip RAM and all the spe-
} functions registers remain unchanged during this
de. The idle mode can be terminated by any enabled
yrupt or by a hardware reset.

le that when idle mode is terminated by a hardware
et, the device normally resumes program execulion
n where it left off, up to two machine cycles before the
unal reset algorithm lakes control. On-chip hardware

active long enough to allow the oscillator to restart

and slabilize.

Figure 11. Oscillator Connections

c2
—I——e——{ XTAL2
4
T
i
C1 T
I —e—| x7AL1
. GND

Note:

C1,C2 =30 pF 210 pF for Crystals

= 40 pF 10 pF for Ceramic Resonators

Figure 12, External Clock Drive Configuration

. . N R NC XTAL2
bits access to internal RAM in this event, but access to
port pins is not inhibited. To eliminate the possibility of
unexpected wrile to a port pin when idle mode is termi-
ed by a reset, the instruction following the one that
: . . EXTERNAL
skes idle mode should not write to a port pin or to exter- OSCILLATOR XTAL1
memory. SIGNAL
wer-down Mode ———— GND
1e Power-down mode, the oscillator is slopped, and the _L
ruction that invokes Power-down is the iast instruction =
cuted. The on-chip RAM and Special Funclion Regis-
-retain their values unti the Power-down mode is termi-
ad. Exit from Power-down mode can be initiated either
1 hardware reset or by an enabled external interrupt.
et redefines the SFRs but does not change the on-chip
V. The reset should not be activated before V¢ is
ored to its normal operating level and must be held
le 6. Status of External Pins During Idle and Power-down Modes
de Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
3 Internal 1 1 Data Data Data Data
2 Externat 1 1 Float Data Address Data
wer-down Internat 0 Data Data Data Data
wer-down External L] Float Data Data Data
15
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‘ogram Memory Lock Bits

e AT89552 has three lock bits that can be left unpro-
immed (U} or can be programmed (P} to obtain the addi-
1at features listed in the following table.

Jle 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
intemal memory, EAis
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

en lock bit 1 is programmed, the logic level at the EA pin
ampled and latched during reset. H the device is pow-
d up without a reset, the fatch initializes to a random
ue and holds that value until reset is activated. The
hed value of EA musl agree with the cument logic level
aat pin in order for the device to function propery.

ogramming the Flash — Parallel Mode

+ AT893552 is shipped with the an-chip Flash memory
1y ready to be programmed. The programming interface
«ds a high-voltage (12-volt) program enable signal and
:ampatible with conventional third-party Flash or
ROM programmers,

: AT89552 code memory array is programmed byte-by-
rgramming Algorithm: Before programming the
19552, the address, data, and control signals should he
up according to the Flash programming mode table and
ires 13 and 14. To program the AT89552, lake the fol-
ing steps:

Input the desired memory location on the address
lines.

Input the appropriate data byte on the data fines.
Activate the correct combination of control signals.
Raise EA/Vpp 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.

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

Data Polling: The AT89S52 fealures 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 wrile cycle
has been compieted, 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 initiated.

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

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The 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
iocations 000H, 100H, and 200H, excepl that P3.6 and
P3.7 musl be pulled to a logic low. The values relurned are
as foilows.

{000H) = 1EH indicates manufactured by Atme!

(100H) = 52H indicates 89552

(200H) = 06H
Chip Erase: in the paraliel programming mode, a chip
erase operation is initiated by using the proper combinatian
of control signals and by pulsing 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 retum O0H at the data output.

Programming the Flash — Serial Mode

The Code memory amray 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). Alter RST is set high, the Programming Enable
instruclion needs to be executed first before other opera-
tions can be execuled. Before a reprogramming sequence
can occur, a Chip Erase operation is required.

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

Either an external system clock can be supplied at pin
XTAL1 or a crystal needs to be connected across pins
XTAL1 and XTALZ2. The maximum serial ciock {SCK)
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quency should be less than 1/16 of the crystail fre-
ancy. With a 33 MHz oscillator clock, the maximum SCK
juency is 2 MHz.

rial Programming Algorithm
program and verify the AT89352 in the serial program-
g mode, the following sequence is recommended:
Power-up sequence:
Apply power between VCC and GND pins.
Set RST pinto "H",
If a crystal is not connected across pins XTAL1 and

XTALZ2, apply a 3 MHz to 33 MHz clock to XTAL1 pin
and wait for at ieast 10 milliseconds.

Enabie 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 1o be less than the
CPU clock at XTAL1 divided by 16.

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 lakes less than 1 ms at 5V.

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

5. Al the 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).
SetRSTto"L".
Tum V. power off.

Data Polling: The Data Polling fealure is also available in
the serial mode. In this mode, during a write cycte an
attempted read of the last byte wrilten will resuit in the com-
plement of the MSB of the serial cutput byte on MISO.

Serial Programming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte
protoco! and is shown in Tabie 10.

L ‘ mEl 17




AlEL

'ogramming Interface — Parailel Mode

ery code byte in the Flash array can be programmed by  All major pragramming vendors offer worldwide support for
ng the appropriate combination of conlrol signals. The  the Atmel microcontroller series. Please contact your local
te operation cycle is self-timed and once initiated, will programming vendor for the appropriate software revision,
'omatically time itself to completion.

sole 8. Fiash Programming Modes

ALE/ A PO.7-0 P2.4-0 P1.7-0
ode Vee RST | PSEN | PROG L[ P26 | P2.7T | P33 | P36 | P37 Data Address
@
rite Code Data 5V H L ~ 12v L H H H H iy A12-8 AT-D
sad Code Data 5v H L H H L L L H H Doy A12-8 AT-0
3} .

T i v A"

rite Lock Bit 1 5 H L ~ 12 H H H H H X X X

ite Lock Bit 2 av @ v

rite L it H L 12 H H H L L X X X

i Bit 3 5v ?

rite Lock Bit H L ~ 12v H L H H L X X X
1ad Lock Bits P02,

2 5V H L H H H H L H L P0.3, X X

-3 PO.4

. {1} v

iip Erase 5V H L ~ 12 H L H L L X X X
:ad Atmel ID 5v H L H H L L L L L 1EH X 0000 00OH
rad Device (D 5v H L H H L L L L L 52H X 0001 Q0H
rad Device ID 5 H L H H L L L L L O6H X 0010 ooH

es5: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG puise is 200 ns - 500 ns for Wrile Lock Bits.
4, RDY/BSY signal is output on P3.0 during programming.
5. X =don’t care.

ure 13. Programming the Flash Memory Figure 14. Verifying the Fiash Memory (Parallel Mode)
(Parallel Mode) Voo
v AT89552 T
ATB9S52 i apor, 2 M piapry Va —
appr. ALAT by apry Ve O000H/TFFFH l:: P20 - P24 PO —b(Pl?SE o
D0O0H/ {FFFH | PGM AB-AL2 PULLUPS)
AG-AIZ"| P20 - P24 PO m DATA | P26
—» P28 SEE FLASH [ —¥ ;2-7 ALE
S 3
SEE FLASH | =% P27 ALE l+— PROG PROGRAMMING - —¥
PROGRAMMING—-| —» P33 MODES TABLE | —_y] P36 v,,
MODES TABLE | —af pas -~ P37
] P37 XTALZ EA
XTAL2 EA le— v v
333 MHz
33 MH, ke
333 MHz | L - ROV/ ;I}
— O ey , !
I XTALY RST f4— ¥,
b f GND PSEN -»—_L

XTAL 1 RST
‘E- GND PSEN

AT89S52
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lash Programming and Verification Characteristics (Paraliel Mode)
= 20°C 10 30°C, V¢ = 4.5 10 5.5V

ymbol Parameter Min Max Units
pp Programming Supply Voltage 11.5 12,5 v
> Programming Suppty Current 10 mA
. Vee Supply Current 30 mA
tera Oscillator Frequency T 3 33 MHz
VaL Address Setup to PROG Low 48l o
HAX Address Hold After PROG - 48ty o
VEL Data Seiup to PROG Low 4Bl o
HDX Data Hold After PROG 4Bl o
HEH P2.7 (ENABLE) High to Vpe 4Bl o
HGL Vpe Setup to PROG Low 10 s
HSL Vpp Hold Afler PROG 10 s
LM PROG width 0.2 1 us
JOV Address to Data Valid 4Blo o
v ENABLE Low to Data Valid 4Bl o
<z Data Float After ENABLE 0 4Btey o
L, PROG High to BUSY Low 1.0 s
c Byte Write Cycle Time 50 HS
ure 15. Flash Pregramming and Verification Waveforms — Parallel Mode
P10 - P17 PROGRAMMING \ VERIFICATION
p2o - p2s ——< ADDRESS ,j ADDRESS  >———
P3.4 M lavav
PORT 0 B DATA IN DATA OUT _p———
iy L_’ ‘over  teHox e
ALE/PROG N_ S
Lspg [* S p— tgusL
_ - A Nep_ N\LOGIC 1
EANVee D [RCTETOR I B
027 —'] *— tengn teay :. _,,_j *— tenoz
{ENABLE) /1 o
P3.0
(ROV/BSY) BUSY READY
b
19
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jure 16. Flash Memory Serial Downloading

ATBI9S52 T
Voc
INSTRUCTION

DATA OUTPUT <+ P1.6MIS0
CLOCK IN ——» P17/SCK

XTAL2
3-33 MHz |
1
XTAL1 RST [4— V,
GND

ash Programming and Verification Waveforms — Serial Mode

ure 17. Serial Programming Waveforms

o/ XXX XX
SERIAL DA;.:_;)[(JJE}%‘I; / M:;:,B EX X X X X X )@B \

SERIAL CL?,?S, I?lspclg ﬂ [:' |_5—| ‘:l !jl I:‘ lTl I——l

7 0
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’le 9. Serial Programming Instruction Set

Instruction
Format
struction Byie 1 Byte 2 Byte 3 Byte 4 Operation
‘ogramming Enable 1010 1100 0101 0011 XEXX 000 XXXX 000 Enable Serial Programming
0110 1001 while RST is high
. {Output)

ip Erase 1010 1100 100X 0000 XXX 000K XXX 3000 Chip Erase Flash rﬁemory
amray

*ad Program Memory | 0010 0000 XX E 53&’2 o R BESE 2958 Read data from Program

yie Mode) memory in the byte mode

rile Program Memory | 0100 0000 XX o oo T T | oY ooy Write data to Pro

= e << A atata gram

yte Mode) T =< LLLL T 3 8353 memory in the byte mode

rite Lock Bits® 1010 1100 1110 00 IS | sooox oox XXX KXXX Write Lock bits. See Note (2).

:ad Lock Bits 0010 0100 XK IOV ROK 000 XX S XX Read back current status of

-4 the fock bits {a programmed

lock bit reads back as a "1%)

rad Signature Bytes"! | 0010 1000 0 9 RN | 00X 0o Signature Byte | Read Signature Byte

xad Program Memory | 0011 G0OD X N Togo Byte O Byte 1... Read data from Program

age Mode) < << Byte 255 memory in the Page Mode
{256 byles)

-ite Program Memory | 0101 0000 o N Togo Byte 0 Byte 1... Write data to Program

age Mode) < << Byte 255 memory in the Page Mode

(256 byles)

E I

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

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

\L1.

The signature bytes are not readable in Lock Bit Modes 3 and 4,

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

For Page Read/Write, the data always slaris from byte 0 to
255. After the command byle and upper address byle are
latched, each byte thereafter is treated as data until all 256
byles are shifted infout. Then the next instruction will be
ready to be decoded.

ATMEL

21




rial Programming Characteristics

Jjure 18. Serial Programming Timing

mosi X j(

tovsH |esle »tsHox 15 s

SCK \_/QK_/_\
HSL

MISO X X

tsuv

e 10. Serial Programming Characteristics, T, = 40°C to 85°C, V. = 4.0 - 5.5V {Uniess otherwise noted)
ymbol Parameter Min Typ Max Units
leLer Oscillator Frequency 0 33 MHz
o Oscillator Period 30 ns
L SCK Pulse Width High 2 Ic,_(;_ ns
SH SCK Pulse Width Low 7 2;;1" ns
JSH MOS5I Setup to SCK High terey ns
10X MOSI| Hold after SCK High AR ns
W SCK Low to MISO Valid 0 16 32 ns
WASE Chip Erase tnstruction Cyde Time L 500 ms
e Sarial Byle Write Cycle Time - 64 top o + 400 HS

AT89S52 mess——————————esssssea




e A T89S 52

bsolute Maximum Ratings*

perating Temperature.........o.oveeeeeeeeeeennn. -55°C lo +125°C *NOTICE:
torage Temperature ........c.ocooivvrene. -65°C to +150°C

Jtage on Any Pin

ith Respect 10 Ground ........ocooneeeeeeeecvnnnn -1.0V to +7.0V

aximum Operating Vollage ..........ceeevcuvemeeee e reeennn.s 6.6V

C Output Currenl........oeeuceeeeeeeece. crreeneeene 150 MA

> Characteristics

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age lo the device. This is a stress rating only and
functionai operation of the device al 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 pericds may affect
device reliability.

2 values shown in this table are valid for T, = -40°C to 85°C and Vee = 4.0V 1o 5.5V, unless otherwise noted.

mbol Parameter Condition Min Max Units
Input Low Voltage (Except EA} -0.5 0.2 V0.1 v
Py Input Low Voltage (EA) o 0.5 02 V0.3 v
1 Input High Vohage (Except XTAL1, RST} 0.2 V0.9 Veet0.5 v
n Input High Voltage {XTAL1, RST) 0.7 Ve Veret3.5 \'
@ Cutput Low Voltage''} (Ports 1,2,3) Iy = 1.6 mA 045 v
iz ?P?S?.:O&Yc%r lo = 3.2mA 0.45 v
toy = B0 PA, Vo = 5V £ 10% 24 v
) (OPLS::{:t‘lF‘iZI?; ﬁ?% ) lon = -25 A L 0.75 Ve v
Loy = -10 pA 0.9 Ve v
loy = 800 pA, v—; =5V 10% 24 v
Ht (?;tzlg :'%.;l:?::lg;us Mode} low = -300 pA —— 075 Vee v
lon = -BO pA 0.9 Ve, v
Logicat O Input Cumrent (Ports 1,.2,3) | Vg, = 045V _ -50 pA
ooy oomenCument Ty = 2, Voo = 5V £ 10% -650 PA
tnput Leakage Curent (Port 0, EA) | 0.45 < V|, < Vg 10 pA
5T Reset Pulldown Resistor o 10 a0 KO
' Pin Capacitance Test Freq. = 1 MHZ, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Cumment
Ide Mode, 12 MHz 6.5 mA
Power-down Mode!™ Ve = 5.5V 50 uA

5. 1. Under steady state (non-transient} conditions, I, must be extemalRy limited as foliows:

Maximum lg,_per port pin: 10 mA
Maximum Iy per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 15mA
Maximurmn tolal I, for ali output pins: 71

mA

If 15 exceeds the test condition, Vo, may exceed the related specification. Pins are nol guaranteed to sink cumrent greater

than the listed test conditions.
2. Minimum V.. for Power-down is 2V,

AIMEL
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ATMEL

> Characteristics

der opeargling conditions, icad capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for afl other
puts = 80 pF.

cternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
ymbaol Parameter "_Mi;— T VMax Min Max O Units
toLa Oscillator Frequency 0 33 MHz
" ALE Puise Width 127 2 440 ns
wL Address Valid to ALE Low | toq-25 ns
AX Address Hold After ALE Low 48 te -25 ns
W ALE Low to Valid Instruction In - 233 e 65 ns
. ALE Low to PSEN Low 43 o loo 25 ns
PH PSEN Pulse Width 205 3t o 45 ns
N PSEN Low to Valid Instruction In o 145 3 60 ns
a Input Instruction Hotd After PSEN 0 ] ns
@ Input Instruction Float After PSEN . 59 torc -25 ns
@y PEEN to Address Valid 75 oo -8 ns
~ Address o Valid Instructon In B 312 Sl o 80 ns
Az PSEN Low to Address Float 10 10 ns
R RD Pulse Width 00 | 1 Bl -100 ns
W WR Pulse Width 400 6l 100 ns
v RD Low to Valid Data in o T 252 Bte e -90 ns
DX Data Hold After RD 0 o 0 ns
0z Data Float After RD : 97 2 o -28 ns
o ALE Low to Valid Data In 517 Blop o -150 ns
o Address to Valid Data In 585 ey o -165 ns
M ALE Low to RD or WR Low 200 300 3l o -50 B o *50 ns
w Address 1o RD or WR Low 203 At o -T5 ns
wx Data Valid to WR Transition 23 tor =30 ns
W Data Valid to WR High 433 Tiga-130 ns
ax Data Hold After WR 33 o -25 ns
Az RD Low lo Address Float o 0 ns
wLH RO or WR High to ALE High 43 123 by 25 toy o +25 ns

AT89S52 s




<ternal Program Memory Read Cycle

AT89S52

e —
ALE § ST
tAVLI. t(_uv lPU:’I'I
R — lup
PSEN 7 [+ oy =\
'_IF'XA
— tenaz
tax texpz
toxpesl  |o—
PORT 0 >—___AD-AY CINSTRIN D > A0 AT >~
tAVN *
PORT 2 ). 4 AB - A15 X __AB-A15
iternal Data Memory Read Cycle
ILHLL—'—'—D
ALE J N,
—* b
PSEN ,
.._/ tI.LDV ’l \_____/
be— trin —
. [—" tLLWL —
s Y %
RD e o N
e L — ¢ trioy lavnz
ez T SN R
PORT 0 __)1(AO - A7 FROM RI OR DPLX DATA IN JOOKAD - A7 FROM PCLY— INSTR IN
[ — tA\NVL
- tavo
PORT 2 p 4 P20 - P27 OR AB - A15 FROM DPH AB - A15 FROM PCH

AIMEL
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<ternal Data Memory Write Cycle

ALE

tLHLL_“'"'
N—

PSEN

—/

—— {mt —sfe— by —

e tuax —

[ l.A‘o’LL“'_“‘

Lo —

_P

AN

N 4

(-— —~
— |c““n —

*— bamax

PORT 0 __>KAQ - AT FROM RI OR DPL}

DATA OUT

P X a0 - A7 FrROM PCL—{INSTR IN

taw, ———*

PORT 2 DL P20 - P27 OR AB - A15 FROM DPH D4 AB - A15 FROM PCH
ternal Clock Drive Waveforms
lohex
— o
Ve - 05V lolen tena
0.7 Ve
0.2 Ve - 0.1V
0.45v _\—/ L

— loex — ™

+ g
ternal Clock Drive
rmboi Parameter Mmn Max Units
oL Oscillator Frequency 0 33 MHz
a Clock Period 30 ns
X High Time 12 ns
ox Ltow Time 12 ns
cH Rise Time ns
IcL Fall Time 5 ns
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2rial Port Timing: Shift Register Mode Test Conditions
e values in this table are valid for Ve = 4.0V lo 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable ODscillator
ymbol Parameter Min Max Min Max Units
LXL Seria! Port Clock Cycle Time 1.0 12te o us
XM Output Data Setup to Clock Rising Edge 700 B 101 -133 ns
HOX Output Data Hold After Clock Rising Edge 50 T 21 80 ns
HDX Input Data Hold After Clock Rising Edge 0 1] ns
HOV Clock Rising Edge to Input Data Valhd 700 10t -133 ns

1ift Register Mode Timing Waveforms

INSTRUCTION 0 1 2 4 6 8
e ' 'ttt n' i it i
lXLXL
CLOCK J F 1 L L I
e — I-— ‘ml:x
WRITE TO SBUF, SN0 XA P2 X3 X Ca X5 X e X1 7
ou11=; = [ o SETTI
UT DATA Yoo ¢~ —*
_ CLEARRI , : : L
v

INPUT DATA

> Testing Input/Output Waveforms!”

Voo~ 05V 02 V.. + 0.8V

TEST POINTS
0.2 Voo - 0.9V

0.45v

e: 1. AC Inputs during testing are driven at V. - 0.5V
for a logic 1 and 045V for a logic 0. Timing mea-
surements are made at Vg, min. for a logic 1 and V;_
max. for a logic 0.

Note:

ATEL

For timing purposes, a porl pin is no fonger fioating
when a 100 mV change from load voltage occurs, A
port pin begins to fioat when a 100 mV change from
the loaded Vo, Vo, level ocours.,

27



rdering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
24 4.0V io 5.5V ATBIS52-24AC 44A Commercial
ATBI9S52-244C 44) (0°Cto 70°C)
ATBI9S52-24PC 40P6
ATB9S52-24Al 44A Industrial
ATB9S52-24.41 44y (-40°C 10 85°C)
ATBSS52-24P1 40P6
33 4.5V to 5.5V ATBIS52-33AC ‘ 447 - . Commercial
' ‘ A'F89552-33JC 44) (°Cto 77()"J C)
AT89S52-33PC . 40P8 : -

] = Preliminary Availability

Package Type
A 44-ead, Thin Plastic Gull Wing Quad Flatpack {TQFP)
J 44-ead, Plastic J-eaded Chip Carrier (PLCC)
P6 40-pin, 0.600" Wide, Plastic Dual irfine Package (POIP)

AT89S52 meeeses——ee———————————me—
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1ckaging Information

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

Flat Package (TQFP)
Dimensions in Millimeters and {Inches)*

PIN 11D —,
™~

0.80{0.031)8SC —

T

- 20.10{0.254)

9.90{0.366)
— 1.2K0.047) MAX

020, 008) 7

OO ~ )
1 T‘fii“‘ SOt
(Y ﬂ_] L__ 0.75(0.030)  0.15(0.006) l

0.45(0.018) 0.EX0002)

*Controlling dimension: miflimeters

44J, 44-lead, Plastic J-teaded Chip Carrier {PLCC)
Dimensions in Inches and (Millimeters)

1045{1.14) X 30" - 45*

045{1.14) X 45°  PINNO. M2(.305)
; t -
¥ . rIDENTIFY L_i Il.:"ﬁ 008 203)
R S—— I | (& @
L °_3
g Essans‘n ] —> .630{16.0)
_Lﬂ Desorie; S)SQE } _[ "S50(15.0)
oty b | sost77) 021, 0211533 |
U26{.660) J‘g E SERATTS0 0iH30) |
X R | ! LL- 1
m:zn‘m- uu~-ruuu 83(1.09)
fa——— | 500(12.7) REF SO | !'"| @20{.508)
| 120{3.05)
1” 090(2 29)
§ 180[4.57)
165{%.19)

éw%
o

022( 559} X 45" MAX {3X)

o

40P6, 40-pin, 0.600" Wide, Plastic Dual Inline

Package (PDIP)
Dimensions in Inches and (Mitimeters)
JEDEC STANDARD MS-011 AC

2 07{52.6) |
Z04{51.8) um"‘i

H \)ﬂ IzEnlinlaEal \‘ g
) } d ss1as)

1.900{48.26) REF ———| M
22(559) £05(.12
MAX f'k s
—
SEATING i 7
PLANE i f F 0e5{1.65)
21814408 I 05381}
283,18} : L— z2,.550)
~= 0B5(1.65) 013 356)
110{2.79) 0a1(1.00)
X2 Z)
630(16.0)
E" S(TE0)
I
% REF
D12308) od | 7
00( 203}
L s0078)__
.G10{155)
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fOSHIBA TLP521-1,TLP521-2,TLP521-4

TOSHIBA PHOTOCOUPLER GaAs IRED & PHOTO-TRANSISTOR

TLP521-1, TLP521-2, TLP521-4

'ROGRAMMABLE CONTROLLERS

Unit in mm

AC/DC-INPUT MODULE 4 TLPS21-1
yOLID STATE RELAY ?I
<
The TOSHIBA TLP521-1, -2 and 4 consist of a photo-transistor o [ﬂm*
sptically coupled to a gallium arsenide infrared emitting diode. n A’
[he TLP621-2 offers two isolated channels in an eight lead plastic R TATS p
» o 250
DIP package, while the TLP521-4 provides four isolated channels in LLYT) z| haad
1 sizteen plastic DIP package. ' 2eTEs 3 loseew
»  Collector-Emitter Voltage : 55V (Min.) TOSHIEA 11582
‘Weight : 0.26g
® Current Transfer Ratio : 50% (Min.)
Rank GB : i
G : 100% (Min.) 2785 TLP521-2
¢ Isolation Voltage : 2500Vrms (Min.) ﬁ
® UL Recognized (L) 1 5
made in Japan : UL15717, File No. E67349 ‘! ; *:g; % rmres
made in Thailand : UL1577, File No. E152349 2
PIN CONFIGURATIONS (TOP VIEW) 12t =
3§ omdh
TLP521-1 TLP521-2 TLP521-4 2atol z
2541025 al Lreem.
= = =
- - - TOSHIBA  11.10C4
gl 13 20 07 20 [ 15 -
‘Weight : 0.54g
1 : ANODE 3L 1 6 3Ej P 14
2: CATHODE ::( ::<: 161 e - TLPS21-4
3 : EMITTER N 5 4l 113 3
4 : COLLECTOR p
. E : 12 5 7 %
1, 3: ANODE 5 12
2, 4 : CATHODE == o B
5 7:EMITTER gl 111 3
6, 8 : COLLECTOR | g
7E i 10 a5: 0.0 :
%::( J Jh2s0r5i3
254 %025 od
80 9
1, 8,57 ANODE TOSHIBA  11-20A3
2.4,6,8 . CATHODE —
9 11,13, 15 : EMITTER Weight : 1.1g
10, 12, 14, 16 : COLLECTOR
961001ERC2

@ TOSHIBA is continually working to improve the quality and the reliability of
malfunction or fail dut to their inherent electrical sensiivity and vulnerability to physical stress. i is
TOSHIBA products, t0 observe standards of safety, and to avoid situations in which a malfurction or
of human life, bodily injury or damage to property. In de '

TOSHIBA Semiconductor Reliability Handbook.

its products. Nevertheless, semicond

. your desig lepre ensure that TOSHIBA pr
operating ranges as set forth in the most recent products swciﬁu%ons. Alo, piesse keep in mind the precautions &

uctor devices in general cam

the responsibility of the buyer, when utilizing
failure of & TOSHIBA product could causa loss

oducts sre used within specified
nd conditions set forth in the

1998-02-27
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FOSHIBA TLP521-1,TLP521-2,TLP521-4

AAXIMUM RATINGS (Ta =25°C}

RATIN
CHARACTERISTIC SYMBOL TLP521-1 G TILP521-2 UNIT
TLP521-4
Forward Current Iy 70 50 mA
a Forward Current Derating AIp/°C —0.93 (Ta= 50°C) —0.5(Ta=25"C) mA /°C
Eg Pulse Forward Current Irp 1(1004 pulse, 100pps) A
Reverse Voltage VR 5
Junction Temperature Tj 125 *C
Collector-Emitter Voltage VCEO 55 v
Emitter-Collector Voltage VECO 7 v
§ Collector Current ic 50 mA
E gofl(l:?crtc,ou;t;’ower Dissipation Pc 150 100 W
& [Collector Power Dissipation
a Derating {1 Circuit, Tia% 25°C) aPc/°C —15 —190 mW 7°C
Junction Temperature Tj 125 °C
Storage Temperature Range Tstg —55~125 °C
Operating Temperature Range Topr —~55-~100 °C
Lead Soldering Temperature - Teol 260 (10 sec.) °C
Total Package Power Dissipation Py 250 150 mW
Total Package Power Dissipation o o
Derating (Tagé 25°C) ’ APT/*C —25 -8 mW/*C
Isolation Voltage BVg 2500 (AC, 1 min_, RH.Z60%) (Note 1) Vrms

(Note 1) Device considered a two terminal device : LED side pins shorted together and
DETECTOR side pins shorted together.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL | MIN. | TYP. | MAX. | UNIT
Supply Voltage voo — 5 24 v
Forward Current Iy — 16 20 mA
Collector Current Ic — 1 10 | mA
Operating Temperature Topr —-25 —_ 85 *C

951 D0)EBCT

@ Gallium prsenide {GaAs) it a substance used in the ucts described i this dooument. Gads dust and fumes are wxic. Do not break, ot of
pulverize the product, or use chemicals o drsolve them._ When disposing of the products, foflow the appropriate regulations. Do not dispose of the
produc&wiﬁlotwindutiﬂwmu-iﬁlwm. R
:Themodumdescﬁbedinﬁhmmnﬁectmwmgeand torcign trade comtrol laws.
The information comained herein is preserted only as & guide for the a ¥ of our products. No responsibility i asumed by TOSHIBA
CORPORATION for any infringements of intellectual property or ather rights of the third parties which may result trom s use. No license is granted
b‘ implication or othérwise under any inteflectual %m rights of TOSHIEA CORPORATION or othen.
@ The information comtained herein is subject 1 change i notice .

&
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rOSHIBA TLP521-1,TLP521-2,TLP521-4

CURRENT TRANSFER RATIO

CLASSI- (%) Uc/1F) MARKING OF

TYPE | FICATION (*1) Tp=5mA, Vog=5Y, Ta=25°C CLASSIFICATION
MIN. MAX.
A 50 600 BLANK, Y, Y®, G, G®, B, BY, GB

Rank Y 50 150 Y, Y?
TLP521 Rank GR 100 300 G, [eL ]

Rank BL 200 600 B, BE®

Rank GB 100 600 G, G® B, 58 GB
TLP521-2 A 50 600 BLANK, GR, BL, GB
TLP521-4 Rank GB 100 600 GR, BL, GB

*] : Ex. Renk GB : TLP521-1(GB)
(Note) Application type name for certification test, please use standard product type name,
ie.

TLP521-1 (GB) : TLP521-1, TLP521-2 (GB) : TLP521-2
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TOSHIBA

TLP521-1,TLP521-2,TLP521-4

INDIVIDUAL ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Forward Voltage Vf Ip=10mA 10 1115 | 13 v
a Reverse Current Ir VR=5V — — 10 | pA
H [Capacitance Cr V=0, f=1MB:z — 30| — | pF
Collector-Emitter
Breakdown Voltage V(BR)CEO|IC=0.5mA 55 | — 1 — |V
g |Emitter-Collector =0.1mA
© [Breakdown Voltage VBRIECO|{IE=0- T = - v
Q
VeE=24V — 10
r[ﬂ Collector Dark Current ICEO CE=24 100 ¢ oA
2 VeR=24V, Ta=85C - 2| 50| pa
Capacitance e
(Collector to Emitter) CCE V=0, f=1 - 10 — pF
COUPLED ELECTRICAL CHARACTERISTICS (Ta =25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. [ MAX. |UNIT
i . Ip=5mA, VCE=5V 50 — 600
Current Transfer Ratio Ig/Ip GB Too T — 1 00 %
Ip=1mA, VGR=04V — 60 | —
Saturated CTR Ic/1F(sat) ‘Rank GB 30 | — — %
Ic=24mA, Iy=8mA — — 0.4
Collector-Emitter v C_ F_ — 02 — v
Saturation Voltage CE(sat) {Ic=0.2mA, Ip=1mA - 04
Rank GB - -
ISOLATION CHARACTERISTICS (Ta =25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. { MAX.{ UNIT
Capacitance
V=0, I=1MH2z —_ 081 — ¥
(Input to OQutput} Cs S P
Isolation Resistance Rg Vg=500V, R.HE = 60% — ol — £
AC, 1 minute 2500 — —
P Vrms
Isolation Voltage BVg AC, 1 second, in oil — 5000 —
DC, 1 minute, in oil — 5000 | — Vdc
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FTOSHIBA TLP521-1,TLP521-2,TLP521-4

WITCHING CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. | UNIT
Rise Time tr N . 2 —
Fall Time tf Vee=10v — 3 | —
. Ic=2mA . _ 3 — HS
Turn-on Time ton Ry =1000
Turn-off Time toff L= — 3 -
vy —_ 2 —
Turn-on Time WON g =1.9k0 (Fig.1) —
Storage Time ts L — 15 HE
Vee=5V, Ip=16mA
: cC » iF —_ 25 —
Turn-off Time tOFF )
Fig.1 SWITCHING TIME TEST CIRCUIT
Ir —~n—-o0 Ve Ir .
Y RL, ts . Voo
CE 0.5V
tON tOFF
T L
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"OSHIBA TLP521-1,TLP521-2,TLP521-4
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rOSHIBA

TLP521-1,TLP521-2,TLP521-4
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TOSHIBA TLP521-1,TLP521-2,TLP521-4
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tematlonal PD-9.320G
’R| Rectifier | | IRF9530

FET® Power MOSFET

ynamic dv/dt Rating

zpetitive Avalanche Rated D -
Channel l Vpgs = -100V
'5°C Operating Temperature v

ast Switching R T Rps(on) = 0-30
ase of Paralieling :

mple Drive Requirements S ID = -{2A

cription
| Generation HEXFETs from Intemational Rectifier provide the designer

the best combination of fast switching, ruggedized device design, fow
isistance and cost-effectiveness.

TO-220 package is universally preferred for all commercial-industnat
cations at power dissipation levels to approximately 50 watts. The low
sal resistance and fow package cost of the TO-220 contribute to its wide
ptance throughout the industry.

TO-220A8B
olute Maximum Ratings
Parameter Max. Units
Tec=25°C Continuous Drain Current, Vgs @ -10V -12
Tc = 100°C | Continuous Drain Current, Vgs @ -10V -82 A
Pulsed Drain Current ® 48
¥ Tc=25°C | Power Dissipation a3 w
Linear Derating Factor 0.59 W/rC
Gate-to-Source Voltage 20 \
Single Pulse Avalanche Energy @ 400 mJ
Avatanche Current @ ) -12 A
Repetitive Avalanche Energy @ 88 mJ
b Peak Diode Recovery dv/dt ® 5.5 Vins
Operating Junction and -55 to +175
i Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 bf«in {1.1 Nem)
rmal Resistance
Parameter Mm. TYp. Max. Units
Junction-to-Case — —_ 1.7
; Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Junction-to-Ambient -_— — 62




1RF9530

ISR

Electrical Characteristics @ Ty = 25°C {unless otherwise specified)

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=-25V, starting Ty=25°C, L=4.2mH

Ra=25%, Ias=-12A (See Figure 12)

Ty=175°C

Parameter Min. | Typ. | Max. | Units Test Conditions
V(eripss Drain-to-Source Breakdown Voltage 00 — —_ V | Ves=0V, Ip=-250pA
AVierpss/AT,| Breakdown Voltage Temp. Coefficient — (010} — [ VFC {Reference to 25°C, Ip=-1mA
Rosion) Static Drain-to-Source On-Resistance —_ — 030 O {Vgs=-10V, Ip=7.2A @
| Vasan Gate Threshold Voltage -20 | — | 40 | V {Vps=Vgs, lp=-250pA
ars Forward Transconductance 3.7 | — — S | Vos=-50V, lp=-7.2A @
; i — | -100 Vps=-100V, Vgs=0V
lpss Drain-to-Source Leakage Current — — 1200 BA Voom B0V, VosOV. Tio780°C
lass Gate-to-Source Forward Leakage — — 1 -100 nA Vae=-20V
Gale-to-Source Reverse Leakage — — 100 Vgs=20V
Q, Total Gate Charge — — 38 - | lp=-12A
Qgs Gate-to-Source Charge — | — | 6.8 | nC |Vps=-80V
Qg Gate-to-Drain {"Mgiler) Charge — - 21 Vas=-10V See Fig. 6 and 13 @
tdion) Tum-On Delay Time — 12 — Vpo=-50V
te Rise Time — 52 — ns lp=-12A
taom Tum-Off Delay Time — k3| — Re=120
t Fall Time —_— 39 —_ Rp=3.902 See Figure 10 @
. Between lead,
lp Interna! Drain Inductance — 45 —_ 6 mm (0.25in.)
nH | from package e
Ls Intemal Source Inductance — |78 | — g{:&’;‘:ﬁ’td §
Cas Input Capacilance — | 860 | — Vos=0V
Coss Output Capacitance — | 340 { — | PF {Vos=25V
Cres Reverse Transler Capacitance — 1 88 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Paramater Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Cument _ S P MOSFET symbol o
{Body Diode) A showing the
Ism Pulsed Source Curent . | 48 integral reverse 2
{Body Diode) @ p-nt junction diode. s
Vso Diode Forward Voitage — — | 631 V |Tg=25°C,I|s=12A, Vgs=0V @
tr Reverse Recovery Time — [ 120 | 240 | ns |T=25°C, l=-12A
Qi Reverse Recovery Charge — | 046 | 092 | nC |diidi=100A/ps @
ton Forward Tum-On Time Intrinsic wm-on #me is neglegibla {tum-on is dominated by Ls+Lp)
Notes:

@ Isp=s~-12A, difdt<140AMs, VODSV(BRIDSS,

@ Pulse width < 300 ps; duty cf,rcle <3%.
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R IRF9530
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|IRF9530 TOR
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IRF9530
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Fig 12a. Unclamped inductive Test Circuit 2 B .
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Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1506
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information - See page 1516 |ntel'natlona|
Appendix E: Optional Leadforms — See page 1525 T R I-f
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SANSUNG ELECTRONICS INC BYE D HB 7964342 0032157 L37 MBSMGK

IRF530/531/532/533 N-CHANNEL
IRFP130/131/132/133 POWER MOSFETS
FEATURES TO-220

* Lower Rps (on

* Improved inductive ruggedness

* Fast swhching times

* Rugged polysilicon gate ceil structure
¢ Lower input capacitance

* Extended safe operating ares

* Improved high temperature reliabiiity

IRF530/531/532/533
TO-3P

PRODUCT SUMMARY .
Part Numbes [ Vos | Rosion o
IRFS30/IRFP130 100V | 0.160 14A

HFP130/131/132/133
IRFS31/IRFP131 aov { D.1en 14A
RF5324RFP132 100V | 0.2302 12A
IRF533MRFP133 B8OV | 0.230 12A

MAXIMUM RATINGS

|

Chancimitie Smeo | WU | s | R | RS |y
Drain-Source Voltage (1) Voss 100 80 100 80 Vdc
Drain-Gate Voltage {Res=1_0MO)Y 1) Vogr 100 BO 100 80 Vdc
Gate-Source Vollage Vas +20 Vdc
Continuous Drain Current Tg=25°C o 14 14 12 12 Ad
Continuous Drain Cumrent To=100°C Ip 10 10 8.3 8.3 Adc
Drain Current—Puised {3) o 58 58 48 48 Adc
Gate Cument—Pulsed [} *+1.5 Adc
Single Pulsed Avalanche Energy{4) Eas 89 mJ
Avalanche Current Jas 14 A
Total Power Dissipation @ Tc=25°C Po 77 Walts
Derate above 25°C 0.62 wrec
mat:"css'mm T.. Tatg ~55 10 150 °c
Maximum Lead Temp. for Soldering T 300 oc

Purposes, 1/8" from case for 5 seconds

Notex: (1) T,=25°C to 150°C
{2} Puiso test: Pulse width<300us, Duty Cycie<2%
(3) Repetitive rating: Pulse with mited by max. junction temperature
{4} L=0.53 mH, Vag=26V, Rg=250), Starting T=25°C




SAMSUNG ELECTRONICS INC bYE D HR ?79L4142 0012158 573 EMSMGK

IRF530/531/532/533 N-CHANNEL
IRFP130/131/132/133 POWER MOSFETS
ELECTRICAL CHARACTERISTICS (Tc=25°C umess omerwise specified)
Symbol Charscterisiic Min | Typ | Max {Units Test Conditions
Drain-Source Breakdown Voltage
BVoss IRFS30/MRFP130 100] — —_ V | Vega=QV
IRFS32/IRFP132
ip=250KA
IRFS31/IRFP131 go| — _ v
IRFSAINMRFP13A
Vasam | Gate Thweshold Voltage 20| — 4.0 Y | Vos=Vas b=250pA
loss | Gate-Source Leakage Forward - | — | 100 | nA | Vgg=20V
Igss Gale-SwruaLaﬂmgeﬂeveme — [ — |—-100] nA | Vgs=—20V
e | 28T Gete Voltage — | — | 250 | uA | Vog=Max. Raling, Vas=0V
Drain Current — | — [1000} pA | Vos=Max. RatingX0 8, Vgs=0V. Tc=125°C
On-State Drain-Source Curent (2)
IRFS30/IRFP130 4] =] — | A _
o) | RreatmEP131 Vos23.2V. Vas=10V
RFS532MRFP132 121 — . A
IRFS33IRFP133
Stalic Drain-Sowrce On-State
Resistance {2)
Rosian) | IRF530MRFP1 30 — j010]0.18| O |Vgs=10V, b=8.3A
IRF531/IRFP131
RFS32MAFP132
RF53 133 — 10.18| 0.23]| 0
O Forward Transconductance (2) 51176 — U | Ves»560V, [p=08.3A
Cns | Input Capacitance — 8401 — pF
Coss | Output Capacitance — |240} — | pF | Ves=0V, Vpg=25VY, f=1.0MHz
Crms | Reverse Transfer Capacitance -1 72| - pF
tgom | Tim-On Delay Time ] 101 18 10y 0=0.5BVoss. b=8.94, Zo= 1200
t |[RiseTime — 1 34 | 51 | ne | (MOSFET switching imes ars essentially
taoy | Tum-Oft Delay Time — |23 | 35 ns | ixiependent of operaling temperahwre)
t Fad Time — | 24} 36 | m
Qg Total Gate Charge — 117 28 | nC
{Gate-Source Phus Gate-Drein) Vos=10V, b=14A, Vpg=0.8 Max. Rating
Gate-S Char - 137 55 | ac {Gate chamge I3 essentially independent of
Ca i operating temperature.)
- Qge | Gate-Drain {"Miler™) Charge -1 7 11 nC
THERMAL RESISTANCE
Symbol Characteristic IRF530-3 RFPF130- Unit
RBmuc Junction-to-Case MAX 182 _ 1.62 KW
Mounting suriace fiot,
Rocs | Case-to-Sink v 0.5 ' 0.24 KW | smooth, and greased
Ruaa Junction-to- Amiblent MAX 80 40 KW | Free Air Operation
Notes: (1} T)=25°C 0 150°C
{2) Pube test: Pulse widh<300us, Duty Cycle<2%
{3} Repetiive rating: Pulse width imited by max. junction temperature
P imsunog .
BLECTRONICS




MSUNG ELECTRONICS INC  b4E D mB 794142 poioysy 4OT MESMGK

IRF530/531/532/533 N-CHANNEL
IRFP130/131/132/133 ' POWER MOSFETS

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

Symboi Characteristic Min| Typ | Max (Uniis Test Conditions

Continuous Source Current
{Body Diode)

Is IRF530/IRFP130 —_—] - 14 A
IRFS31/1RFP131 !

IRFS32/1RFP132
IRFS33/RFP133 Modified MOSFET symbol @D
G

Puise Source Current{Body Dicde)3} m::‘ wtegral r

ism | IRF530/ARFP130 - - 56 A
IRF531/1RFP131
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2N3906 MMBT3906 PZT3906

906t1Zd / 906ELTININ / 906ENZ

c é.’.?_’:i’- + T0-92
E S0T-223
PNP General Purpose Amplifier
This device is designed for general purpose amplifier and switching
applications at coltector currents of 10 pA to 100 mA,
Absolute Maximum Ratings® 1, -25c ke omenwisa noted
Symbol Parameter Value Units
VCEO Collector-Emitter thage 40 v
Veso Collector-Base Voitage 40 v
Veso Emitier-Base Voilage 5.0 v
e Collector Current - Continuous 200 mA
T Tag Operating and Storage Junction Temperature Range -55 to +150 °C
“These miings are Initing vakucs above which the serviceatiity of any semiconducir devicn may be impaired
NOTES:
1)} These riatings am based on a maxmum uncion iempearatre of 150 degrees &
1} These are steady stae imiks. The factory should be consulied on appicaions mohving pulsect o ine duly Sycie Cperaions.
3} Al voltages (V) and aurmenis (A) arg nogattee potarity tor PNP transisiors.
Thermal Characteristics 7, -z wes anewise noea
Symbol Characteristic Max Units
2N3906 *MMBT3906 “PZT3906
Pp Tolal Device Dissipation 625 50 1,000 mw
Derate above 25°C 5.0 28 8.0 mWwreC
Rosc Themmnal Resistance, Junction to Case 83.3 *CIW
Raia Themmnal Resistance, Junction to Ambien 200 357 125 *CIW

* Device mourted on FR-4 PGB 1.6° X 1.6 X006~
"Devi::mm:dm!—‘R-4PCB 35 mim X 18 mm X 1.5 erwm; mourting pext for the coflecton ket min. 6 om,

€ 2001 FerchAd Semiconduettor Corporalion

HIADOEMMBT IVOMPZTISNE, Rev A



PNP General Purpose Ampilifier

(continued)
Electrical Charactenistics 1, -25¢ uress amerwise naies
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vemceo Collector-Emitter Breakdown Voltage® | k= 10mA, k=0 40 v
Varcao Collector-Base Breakdown Valtage le=10pA, le=0 40 v
Vereeo Emitter-Base Breakdown Voltage lk=10pA. k=0 50 v
[ Base Cutoff Current Vee =30V, Ve =30V 50 nA
Yeex Cofector Cutoff Current Vee =30V, Vge 230V 50 nA
ONCHARACTERISTICS
hee DC Current Gain * le=01mA Ve = 10V 60
L=10mA V=10V 80
le=10mA, Ve = 10V 100 300
Ic=50mA, Vg 1.0V 0
|c=1m|TIA,VCE=1.0V 30
Vegtsay Collector-Emilter Saturation Voliage | ko= 10mA, I = 1.0 mA 0.25 v
Ic =50 mA, Iz = 5.0 mA 0.4 v
VEE(san Base-Emitter Saturation Voltage le=10mA, I = 1.0mA 0.65 0.85 v
i = 50mA, lg = 5.0 mA 0.95 \'4
SMALL SIGNAL CHARACTERISTICS
b Cumrent Gain - Bandwidth Product le=10mA, Ve =20V, 250 MHz
- f = 100 MHz
Coto Cutput Capacitance Veg=5.0V,1g=0, 45 pF
f = 100 kHz
Cito Input Capacitance Ves =05V, k=0, 10.0 pF
f= 100 kHz
NF Noise Figure lc= 100 pA, Ver =50V, 40 dB
Rg =1.0k0,1=10 Hx to 15.7 kHz
SWITCHING CHARACTERISTICS
ty ) Delay Time Ver =30V, Vge =05V, 35 ns
t Rise Time =%0mA Iy = 1.0mA 35 ns
ts Storage Time Vee = 3.0V, Ic = 10mA 225 ns
1 Foll Time gy = lgz = 1.0 mA 75 ns

*Putse Test: Puise Widh § 300 s, Duly Cycie < 2.0%

HOTE: All valtages (V) end cuments {A) sde nogative potaeity for PNP traroistors.

Spice Model
PNP (Is=1.41f Xti=3 Eg=1.11 Vaf=18.7 Bf=180.7 Ne=1.5 Ise=Q If=B0m Xib=1.5 Br=4 977 Nc=2 isc=0 |kr=0
Re=2.5 Cjc=9.728p Mjc=.5776 Vic=.75 Fc=.5 Cje=8.063p Mje=.3677 Vie=T5 Tr=33.42n T=179.3p =4 vil=4
Xif=6 Rb=10)

906€1Z2d / 906EL8BWW / 906ENZ




PNP General Purpose Amplifier

{continued)
Typical Characteristics
Ty pical Pulsed Current Gain Collector-Emitter Satwration
z vs Collector Current 5 Voltage vs CoBector Current
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PNP General Purpose Amplifier

(continued)

Typical Characteristics (continved)

NF - NQISE FIGURE (dB)

m

Noise Figure vs Frequency

Noise Figure vs Source Resistance
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PNP General Purpose Amplifier

(continued)
Typical Characteristics (continued)
= Voltage Feedback Ratio Input Impedance
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TRADEMARKS

The following are reaistered and unreqistered trademarks Faichild Semiconductor owns or is authonized to use and is
not intended to be an exhaustive list of ak such rademarks.

ACEx™ FASTr™ PowerTrench® SyncFET™
Boltomless™ GiobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ Qs™ UHC™
CROSSVOLT™ HiSeC™ QT Optoeiecironics ™ VOX™
DOME™ ISOPLANAR™ - Quiet Series™

E*CMOS™ MICROWIRE™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR ™ SuperSOT™.3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FAST® POP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLKICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein;

1. Life support devices or sysiems are devices or 2. A critical component is any component of a life
systems which, {(a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or {c} whose be reasonably expected to cause the failure of the life
failure to perform when property used in accordance support device or system, or to affect its safety or

with instructions for use provided in the kabeting, can be effactiveness.
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advanca Information Formative or Thiz datasheet contains the design specifications for
tn Design product development. Specifications may change in

any manner without notice.

Prefiminary First Production This datasheet contains prefiminary data, and
supplementary data will be pubkshed at a later date.
Fairchitd Semiconductior reserves the right to make
changes at any thme without notice in order to improve
dasign.

No Identification Needed Full Production This datasheel contains final specifications. Fairchild
Semiconducior reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not in Production This datasheet conlaims specifications on a product
that has been discontinued by Fairchid semiconducior.
The datasheet is printed for reference information only.

Rev G
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