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Abstract

In this project, we read in the angles by using an encoder plate
vhich turns around and passes between the light source (photo
diode) and a photo detector (photo transistor). The encoding
plate which tells the angle by codes, which lets the light from
the 1light source to pass into the light detector or not. The
encoder plate has been encoded by a method called "Gray Code",
which is oftenly used. This kind of code is a "non weighted code”,
vhich the bits in the byte change and ome bit & time , this makes
the errors received very small. At each angle (from 0-180), the
interest of the 1light is nmeasured. This system is called a
"Goniometer”, which is driven by a stepping motor and controled
through IC 8255 from the Microcomputer. The interes at each angle
is measured in an analog to digital converter, the data is stored
in the computer, then the computer creates graph between the
intensity of light (V) and the angle. Pascal language is used to

analyze the data, create the graph and control the stopping motor.
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3 ﬁ ) ) < [ - 44 ¢ 4
11 Jogy ot uaugnn1?tuui7¢t1a11uuﬂ11taa1uniunqﬂn1u 170 w1a
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3 - ' - v YR ' . [T Y < g v
uy nwn11awuu1adenagaaanuwuuudnaganw1uLnanawuuauawanu1a
T/C (Terminal Counts;nn B27):
-] v 2 . ¢ 4
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Program Gonio;
Uses Crt,Dos,Graph;

Type Menu = Array[l..3] Of String;

String50 = String{50];

Ar_Init = Array[l..4] Of Byte;
Ar_Data = Array[l..4] Of Byte;
DatType = Array [1..100] Of Record
Posit : Word;

Value : Word;
End;
Const MaxMenu = 3;
Item : Menu = (’Get Data’,
'Show Data’,
'Quit’);

PA = §0300; PB $0301;

$0302; PCC = $0303;

PC

Data_Out : Ar_Data = ($10,$20,$40,580);

Var d,dir,i,j,k,n,0,p;q,r,x,¥,%,01dX,01dI,ForG,BacG : Integer;
Color,Size : Word;
Mono,VgaMono,TisMode,Check : Boolean;
Index,Ind,A,B : Byte; Pt : Pointer;
Ch : Char; Msg : Stringb0;
CurX,CurY,NoStr,Code : Integer;

Sentence,Datal : String[8); Num : String[2];



Data : Word;
Fo : File Of DatType;
Indexs : Dattype;

Fi : File Of Word;

{HR*EXxEERE Title ¥kEFEREXEIRK)

Procedure Opengraph;
Var GrDriver,GrMode : Integer;

Begin

Mono := False; VgaMono := False;
Color := 3;
DetectGraph(GrDriver, GrMode);
Case GrDriver Of

5 : VgaMono := True;

- 7 : Begin Mono := True; Color := 1; End;

9 : GrMode := 2;
End;

InitGraph(GrDriver,GrMode,’’);

End;

Procedure OutTxt(x,y : Integer;Size : Byte;Color :

Begin

SetColor{Color); SetTextStyle(0,0,Size);

OutTextXY(x,y,Msg);

End;

Word; Msg :

String);



Procedure Frame0O(x1l,yl,x2,y2 : Integer; BackGr : Word);

Begin ‘
SetFillStyle(1,BackGr); Bar(xl,yl,x2,72);
SetColor(15); Rectangle(xl,yl,x2,y2);

End;

Procedure Framel(xl,y1,x2,y2 : Integer; BackGr : Word);
Begin
SetFillStyle(1,BackGr); Bar(xl,yl,x2-10,y2-10);
SetColor(0); Rectangle(x1+5,yl+5,x2-15,y2-15);
SetFillStyle(1,0);
Bar(x2-10,y1+10,x2,y2); Bar(x1+10,y2-10,x2,y2);
SetColor(15); Rectangle(xl,yl,x2-10,y2-10);

End;

Procedure SubTit(xl,yl,xz,yZ,Space : Integer; Msg : String);
Begin
SetColor{15); Rectangle(xl,yl,x2,y2);
SetFillStyle(1,9); Bar(x1+10,y1-10,x1+Space,y1+5);
OutTxt(x1+15,y1-3,1,14,Msg); SetColor(15);

End;

Procedure Key;
Begin
SubTit(30,320,380,370,40,'Key’);

OutTxt(40,330,1,14, ' [Esc] [Enter] ?);



OutTxt(40,330,1,15,’ - Quit -~ Continue’);
OutTxt(40,350,1,14,'[Left] & [Right] ’);

OutTxt(40,350,1,15,’ Arrow - Select other menu’);

End;

Procedure Title;

Begin
Frame0(0,0,GetMaxX,GetMaxY,1); Frame0(0,0,GetMaxX,25,13);
OutTxt(270,10,1,15, 'Goniometer’);
SetFillStyle(1,9); Bar{(20,30,620,55);
SetFillStyle(1,9);
Bar(30,390,360,465); Rectangle(20,30,620,55);
Bar(20,65,620,380); Rectangle(20,65,620,380);
SubTit(40,400,350,455,110, ’Produced By’);
0utht(65,415,1,15,’N§rt Dontree 33504015');
OutTxt(65,435,1,15, 'Suwan Likitwatananuruk 33504040’);

End;

Procedure Describel;

Begin
SetFillStyle(1,9); Bar(30,75,610,305);
SubTit(30,80,610,305,85, ’Get Data’);

End;

Procedure Describe2;

Begin



SetFillStyle(1,9); Bar(30,75,610,305);
SubTit(30,80,610,305,90, 'Show Data’);

End;

Procedure Describe3;
Begin
SetFillStyle(1,9); Bar(30,75,610,305);
SubTit(30,80,610,305,50, 'Quit’);
OutTextXY(45,100,’If you want to return to Dos , Pressed [Enter] to continue !’);

OutTextXY (45,120, 'And confirm this command by select ');

OutTextXY(45,140,’ - (Y)es - To goto Dos.’);
OutTextXY (45,160, - (N)o - To return to mainmenu.’);
End;

{**xxx*xx* End of Title *¥k¥kkkkk}

_ Procedure CtlText(x,y : Integer; Forg,Bacg : Byte; Msg : String);
Var PosX : Integer;
Begin

SetFillStyle(1,Bacg); SetColor(Forg);

OutTextXY(x,y,Msg);

End;
Function PopUp(x,y,Forg,Bacg : Integer; Item : Menu): Byte;

Procedure ChangeMenu;



Begin
SetFillStyle(1l,Bacg); Bar(x-10,y-5,x+100,y+10); -
SetFillStyle(1,9); Bar(01dX-10,y-5,01dX+100,y+10);
CtlText(0ldX,y,Forg,Bacg,ltem[01dI]);
Ctlfext(x,y,ForG,BacG,Item[Index]);
SetFillStyle(1,Bacg);

End;

Begin
Repeat
Ch := Readkey;
If Ch = #0 Then
Begin
Ch := Readkey;
Case Ch Of
#75 : Begin
0ldI := Index; Index := Index - 1;
If Index = 0 Then Index := 3;
x 1= 50 + {({Index - 1) % 150); 01dX := x + 150;
If x = 350 Then 0ldX := 50;
ChangeMenu;
End;
#77 : Begin

x := 50 + (Index * 150); 01dX := x - 150;

01ldI := Index; Index := Index + 1;

If 01dX = 350 Then x :

50;



If Index = 4 Then Index := 1; ChangeMenu;
End
Else If (Index <> 0l1dI) Then =z := 1;
End;
End Else z := 1;
If (Index <> 0ldl) And (z = 0) Then
Case Index Of
1 : Describel; 2 : Describe2;
Else Describe3;
End;
z :=0;
Until (Ch = #13) Or (Ch = #27);

If (Index = 1) And (Ch

#13) Then PopUp := 1 Else

If (Index = 2) And (Ch

#13) Then Poplp := 2 Else

If (Ch = #27) Or ((Index = 3) And (Ch = #13)) Then PopUp :

End;

Procedure SaveScreen(x1l,yl,x2,y2 : Integer);

Begin
Size := ImageSize(x1l,y1,x2,y2);
GetMem(Pt,Size);
GetImage(x1,yl,x2,y2,Pt");

End;

Procedure RestoreScreen{xl,yl : Integer);

Begin



PutImage(x1l,y1,Pt"~,0);

End;

Procedure CursorOn;
Begin
SetFillStyle(1,15); Bar(CurX,CurY+5,CurX+5,CurY+4);

End;

Procedure CursorOff;
Begin
SetFillStyle(1,BacG); Bar(CurX,CurY+5,CurX+5,CurY+4);

End;

Procedure InputName;
Begin
CursorOn; SetColor(15); NoStr := 0; Sentence := '’;
_ SetFillstyle(1,BacG);.
Repeat
Ch := Readkey;
If (Ch = #8) And (NoStr <> 0) Then
Begin
CursorOff; CurX := CurX - TextWidth(Ch);
Bar(CurX,CurY+5,CurX+7,CurY-3); CursorOn;
Delete(Sentence,NoStr,1); NoStr := NoStr - 1;
End;

If (NoStr < 8) And (Ch <> #8) And (Ch <> #13) And



(Ch <> #0) And (Ch <> #27) Then
Begin
CursorOff; OutTextXY(CurX,CurY-2,Ch);
CurX := CurX + TextWidth(Ch); CursorOnm;
Sentence := Sentence + Ch; NoStr := NoStr + 1;
End;
Until Ch = #13;
CursorOff; p := 1;

End;

Procedure InputNum;
Begin
CursorOn; SetColor(15); NoStr := 0; Num := '’;
SetFillStyle(1,BacG);
Repeat
Ch := Readkey;
If (Ch = #8) And (NoStr <> 0) Then
Begin
CursorOff; CurX := CurX - TextWidth(Ch);
Bar(CurX,CurY+5,CurX+7,CurY-3);
CursorOn; Delete(Num,NoStr,1);
NoStr := NoStr - 1;
End;
If (NoStr < 3) And (Ch in ['0’..’9’]) Then
Begin

CursorOff; OutTextXY(CurX,CurY-g,Ch);‘



CurX := CurX + TextWidth(Ch);
CursorOn; Num := Num + Ch;
NoStr := NoStr + 1;
End;
Until Ch = #13;

CursorOff;

"
[ary

CurX := x; CurY :=y; p :

End;

[RExxxXXXXTXEXE Get Data *drExxxEITAILRE)

Procedure Get_Data;

Var x,y,01dY,Index,0ldIndex,a,b,d : Integer;
Filename : String[12];
RotNum : Integer;
Data2 : String[20];

positStr,ValStr : String;

Procedure WriteData;
Begin
If (p <> 0) Then
Begin
SetColor(15);
If Datal <> ’’ Then
Begin
OutTextXY(140,110,Filename);
End;

If Num ¢ ’’ Then



Begin
OutTextXY(140,140,Data2);
End; -
End;

End;

Procedure GetData;
Var a,b,d,Fase : Integer;

c : Byte;

Procedure ChangeData;
Var £1,£f2 : byte;
Mode,Base,Degree : Integer;
Begin
f1 := ¢ Shr 4;
fé := ¢ And 3$0f;

If f1 = 00 Then

Begin
Mode := 03
Base := 0;
End

Else If f1 = 1 Then
Begin

Mode := 1;

Base := 16;

End

Else If f1 = 3 Then

Begin



Mode :

Base
End
Else

Begin

Mode :

Base

End

> -
ba—

If

» -
p—3

Else If

Begin

Mode :

Base

End

-
b1

Else If

Begin

Mode :

Base :

End

Else If

Begin
Mode
Base

End

* -
o=

Else If

Begin

mode :

f1 = 2 Then

48;

f1 = 6 Then

[=}

64;

f1 = 4 Then

80;

f1 = 5 Then

96;

f1 = 7 Then



Base :=

End;

If
If
If
If
If
If
If
If
If
If
If
If
If
If
1

If

fase :

f2

£2

f2

£2

f2

£2

f2

£2

f2

f2

f2

f2

f2

f2

f2

£2

If Mode

Fase :

Fase :

End;

Begin

112;

15
14
10
8

12
13
?

11

0;

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Then

Degree :

Degree

Degree :

Degree

Degree :

Degree

Degree :

Degree

Degree :

Degree :

Degree :

Degree
Degree

Degree

Degree :

Degree

= 1 Then

(X}

10

11

12

13

14

15

16

Base + (17 - Degree)

Base + Degree;

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else

Else



Setfillstyle(1,9);
Port[$305] := $00;
a := Port[$304];
:= Port($306];
c := Port(pb];
ChangeData;
d := a + (b*16);
Data := i; { Fase; }
Write(fi,Data);
Str(Data,positStr);
Data := d;
Write(Fi,Data);
Str(Data,ValStr);
Rectangle(200,260,450,300);
Bar(205,262,445,295);
OutTextXY(220,276,’ ﬁosition = ’'+positstr+’ Data = '+ValStr);
Port[pa] := Data_Out[jl;
Port{$305] := $01;
Delay(500);

End;

Begin
SetFillStyle(1,9); Bar(35,85,605,300); Bar(35,325,375,365);
SubTit(40,200,380,245,65,'Status’);
OutTxt(45,110,1,14,’Filename :’); OutTxt(45,140,1,14,’Rotate :’);

OutTxt(55,170,1,14,’( 1 ~ Right Rotation , 2 - Left Rotation )’);



OutTxt(40,330,1,14,’ [Esc] [Spacebar] ’);
OutTxt(40,330,1,15,’ - Quit - Continue’);
OutTxt(40,350,1,14,’[Up] & [Down] ’);
OutTxt(40,350,1,15," Arrow - Select choice’);
x := 135; y := 105; CurX := 140; CurY := 110;
SetFillStyle(1,BacG); Bar(x,y,250,y+13)});
Index := 1; z := 0; Datal := ’’; Data2 := ’’;
Repeat
Ch := Readkey;
If Ch = #0 Then
Begin
Ch := Readkey;
Case Ch Of

#72 : Begin

Index := Index - 1; OldIndex := Index;

0ldY := y; y := y - 30;

If Index = O Then

Begin

Index := 2; y := 135; 0ldY := 105;

End;

SetFillStyle(1,BacG); Bar(x,y,250,y+13);
SetFillStyle(1,9); Bar(x,01dY,250,01dY+13);
WriteData;

End;
#80 : Begin

Index := Index + 1; OldIndex := Index;



0ldY := y; ¥y := y + 30;
If Index = 3 Then
Begin
Index := 1; y := 105; 0ldY := 135;
End; -
SetFillStyle(1,BacG); Bar(x,y,250,y+13);
SetFillStyle(1,9); Bar(x,01dY,250,01dY+13);
WriteData;
End;
End;
End;
If Ch = #32 Then
Case Index Of
1 : Begin
CurX := 140; CurY := 110;
SetFillStyle(1,BacG); Bar(135,105,250,118);
InputName; Datal := Sentence;
Filename := Sentence + ’.goi’;
End;
2 : Begin
Repeat
CurX := 140; CurY := 140;
SetFillStyle(1,BacG); Bar(135,135,250,148);
InputNum; Val{Num,RotNum,Code);
Case RotNum Of

1 : Data2 := ’Right Rotate’;



2 : Data2 := 'Left Rotate’;
End;
Until (RotNum = 1) Or (RotNum = 2);
End;
End;
If (Datal <> ’’) And (Data2 <> ’’) Then

Begin

Oﬁtht(60,220,1,14,’Getting data Now ! Please , Wait.’);

Port[$307] := $99;

$82;

Port{pcc]
Port[$305] := $01;
Assign (fi,Filename);
Rewrite (fi);
Case RotNum Of
1 : Begin
i =0
For i:= 1 To 99 Do
Begin
Ji=3+ 1
If j > 4 Then j := 1;
GetData;
End;
Setfillstyle(1,9);

Port{$305] := $00;

a := Port[$304];

b := Port[$306];

n



d := a + (b*16);
Data :=100;
write(fi,Data);
Str(Data,PositStr);
Data := d;
Write(Fi,Data);
Str(Data,ValSTR);
Rectangle(200,260,450,300);
bar(205,262,445,295);
OQuttextxy(220,276,’ Position = ’+positstr+’ Data= '+ValStr);
Port[$305] := $01;
End;
: Begin

i:=0;

For i:= 1 To 99 Do

Begin
Ji=3 -1

If j <1 Then j := 4;

GetData;

End;

Setfillstyle(1,9);

Port[$305] := $00;

a := Port{$304];
b := Port[$306];
d := a + (b*16);

Data :=100;



write(fi,Data);
Str(Data,PositStr);
Data := d;
Write(Fi,Data);
Str(Data,ValSTR);
Rectangle(200,260,450,300);
bar(205,262,445,295);
Outtextxy(220,276,’' Position = ’+positstr+’ Data= '+ValStr);
Port{$305] := $01;
End;
End;
Port[pa] := $00;
Close(Fi);
SetFillstyle(1,9); Bar(45,205,375,240);
OutTxt(60,220,1,14,’Success ! Pressed any key to continue.’);
Ch := Readkey; Ch := #27;
End;

Until Ch

#27;
If Ch = #27 Then
Begin
Describel; Bar(35,325,375,365); Key;
End;

End;

{*x¥xxxxxk%* End Of Scan ¥**¥+kkkksxk)



{*¥%xxxx3%¥x%% Show Data ¥¥*¥*kkkekik)

Procedure Show_Data;

Var Path,PathFile : String;
X,¥,01dY,Index,0ldIndex : Integer;
Data : String(8]; DirInfo : SearchRec;

Filename : String(12];

Procedure ShowData;
Var i,y,x : Integer;
Begin
Assign(Fo,Filename);
{$1-}
Reset(Fo);
{$1+}
If I0Result <> 0 Then
Begin
 Ha1t(0);
Writeln(’Error opening file : ’,Filename);
End;
Read(Fo,Indexs);
Close(fo);
SetFillStyle(1,1); Bar(20,65,620,380);
SetColor(15);
Rectangle(20,65,620,380);

Setfillstyle(1,15); bar(40,85,600,358);



Setfillstyle(1,7);
bar(70,105,570,338); Setcolor(0};
Outtextxy(65,93,’V (mv)’); Outtextxy(45,138,°200’);
Outtextxy(45,238,’1007); Outtextxy(45,288,’' 50’');
Outtextxy(45,188,°150°);
Outtextxy(560,348,'180 '); Outtextxy(315,348,’90°);
Quttextxy(190,348,’45"); Outtextxy(435,348,'135");
Outtextxy(70,348,°0’); |
MoveTo(70+(5%Indexs([1].Posit),338~Round(Indexs{1].Value));
SetColor(0);
iz=1;
For i := 1 To 100 Do
Begin
x := 70 + (5*Indexs{i].Posit);
y := 338 - Round(Indexs[i].Value/11);
LineTo(x,y);
End; N
Outfxt(200,360,1,14,’Pressed any to g;to Mainmenu '’);
Ch := Readkey; Ch := #27;
SetFillStyle(1,9); Bar(20,65,620,380);
Rectangle(20,65,620,380);

End;

Procedure WriteDatal;
Begin

SetColor(15);



If Path <> '’ Then

Begin
OutTextXY(140,110,Path);

End;

If (p <> 0) Then

If Filename <> ’’ Then OutTextXY(140,140,Filenanme);

End;

Begin

SetFillStyle(1,9); Bar(35,85,605,300); Bar{(35,325,375,365);
SubTit(40,180,300,225,65, 'Status’);
OutTxt(40,330,1,14,'[Esc] [Spacebar] ’);
OutTxt(40,330,1,15,' - Quit - Continue’);
OutTxt(40,350,1,14,’(Up] & [Down] ');
OutTxt{40,350,1,15,"' Arrow - Select choice’);
OutTxt(45,110,1,14,'Path )
OutTextXY(45,140,’Filename7:’);”7_
x := 135; y := 105; Cﬁrx := 140; CurY := 116;
SetFillStyle(1,BacG); Bar(x,y,250,y+13);
Index := 1; z := 0; Filename := '’;
GetDir(0,Path); OutTxt(140,110,1,15,Path);
Repeat

Ch := Readkey;

If Ch = #0 Then

Begin

Ch := Readkey;



Case Ch Of

#72 : Begin
Index := Index - 1; OldIndex := Index;
0ldY := y; y := y - 30;

If Index = 0 Then
Begin
Index := 2; y := 135; 01ldY := 105;

End;
SetFillStyle(1,BacG); Bar(x,y,250,y+13);

SetFillStyle(1,9); Bar(x,01dY,250,01dY+13);

WriteDatal;
End;
#80 : Begin

Index := Index + 1; 0ldIndex := Index;

0ldY := y; y := y + 30;
If Index = 3 Then
Begin

Index := 1; y := 105; 01dY := 135;

End;
SetFillStyle(1,BacG); Bar(x,y,250,y+13);

SetFillStyle(1,9); Bar(x,01dY,250,01dY+13);
WriteDatal;
End;
End;

End;
If Ch = #32 Then



Case Index Of
1 : Begin
SetFillStyle(1,Bacg); Bar(135,105,250,118);
CurX := 140; CurY := 110; SetColor(15);
CursorOn; NoStr := 0; Path := ’’;
Repeat
Ch := Readkey;
If (Ch = #8) And (NoStr <> 0) Then
Begin
CursorOff; CurX := CurX - TextWidth{(Ch);
Bar(CurX,CurY+5,CurX+7,CurY-3);
CursorOn; Delete(Path,NoStr,1);
NoStr := NoStr - 1;
End;
If (NoStr < 15) And (Ch <> #8) And (Ch <> #13) And
(Ch <> #0) And (Ch <> #27) Then
Begin
Cursor0Off; OutTextXY(CurX,CurY-2,Ch);
CurX := CurX + TextWidth(Ch);
CursorOn; Path := Path + Ch;
NoStr := NoStr + 1;
End;
Until Ch = #13;
CursorOff; CurX := x; CurY := y; p := 1;
End;

2 : Begin



SetColor(15);
SetFillStyle(1,Bacg); Bar(135,135,250,148);
CurX := 140; CurY := 140; InputName; Data := Sentence;
Filename := Data + '.goi’;
End;
End; {End of Index}
If (Path <> '’) And (Filename <> ’’') And

(Ch = #13) Then

Begin
If (Path = ’*A:\’) Or (Path = ’B:\’) Or (Path = ’a:\’) Or
(Path = 'b:\’) Then Delete(Path,3,1);

PathFile := Path + '\’ + Filename;
FindFirst(PathFile,Archive,DirInfo);
Case DosError Of
0 : Begin
OutTxt(60,200,1,14,’Loading ! Please , Wait !’');
ShowData;
End;
3 : Begin
OutTxt(60,200,1,14,’Path Not Found ! Try again.’);
Ch := Readkey;
SetFillStyle(1,9); Bar(45,185,275,220);
End;
2,18 : Begin
OutTxt(60,200,1,14,’File Not Found ! Try again.’);

Ch := Readkey;



SetFillstyle(1,9); Bar(45,185,275,220);
End
Else Begin
OQutTxt(60,200,1,14, ’Error ! Error ! Try again.’);
Ch := Readkey;
SetFillstyle(1,9); Bar(45,185,275,220);
End;
End;
End;
Until Ch = #27;
If Ch = #27 Then
Begin
Describe2; Bar(35,325,375,365); Key;
End;

End;
{**xxxk*xx*xx*¥End Of Show Data *k¥*kx¥k¥kxk}

{xkxkrXkxXkERAE Quit FEEXEXRXkXKEIR%}

Procedure Quit;

Begin
SaveScreen(240,200,440,280);
Framel(240,200,440,280,4);
OutTxt(278,220,1,15,” EXIT PROGRAM ’);

OutTxt(260,240,1,15,’Are You Sure ? (Y/N)’);



Repeat
Ch := Readkey;
If UpCase(Ch) = 'Y’ Then
Begin 4
Check := True; Exit;
End;
If UpCase(Ch) = 'N’ Then
Begin
RestoreScreen(240,200);
FreeMenm(Pt,ImageSize(240,200,440,280));
i:=5§;
End
Until {UpCase{Ch) = 'Y’') Or (UpCase{Ch) = ’N’);

End;

{*%xxxxxx55%%% End of Quit FFFEEXEREkERE%E)

{kxkkkkkkkrRRREKMAL NEkkRhEkEERtiiihikks }

Begin

ClrScr; Opengraph;

Title;

Check := False; Index := 1; Describel; Key;

X := 50; y := 40; z := 0; ForG := 15; BacG := 2;
SetFillStyle(1,Bacg); Bar(x-10,y-5,x+100,y+10);

For i := 1 To MaxMenu Do



Begin
CtlText(x,y,Forg,Bacg,Item{i]); x := x + 150;
End;
Repeat
A := PopUp(x,y,ForG,BacG,ltem);
Case A Of
0 : Quit;
1 : Get_Data;
2 : Show_D;ta;
3 : Quit;
End;
Until Check = True; Delay(500);
Closegraph; Delay(500);
Writeln(’CopyRight (c) Applied Physics EKMIT’#39°L 1993-1994. ’);
Writeln(’'Thanks !! See You Again. ');

End.
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TECHNICAL DATA
. 4N35

... 6-Pin DIP Optoisolators 4N36
Transistor Output 4N37

These devices consist of a gallium arsenide infrared emitting diode aptically coupled

10 a monolithic silicon phototransistor detector. 6-PIN DIP
¢ Convenient Plastic Dual-In-Line Package OPTOISOLATORS
¢ High Current Transfer Ratio — 100% Minimum at Spec Congitions TRANSISTOR

® Guaranteed Switching Speeds OUTPUT

e High Input-Output isolation Guaranteed — 7500 Voits Peak

& UL Recognized. File Number £54915 )

® VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380/vDE0806, IEC435/VDEOS0S, IECS5VDEQ860, VOEO110b,
covering all other standards with equal or iess stringent requirements, including
IEC204/VDED113, VDED160, VDEQ832, VDEOS33, ate.

¢ Meets or Exceeds All JEDEC Registered Specifications =—— 883

e Special lead form available (add sutfix “T" to part number) which satisfies VDEQS83/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.

® Various lead form options available. Consulit “Optoisolator Lead Form Options™ data
sheet for details.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

L Rating T Symbol | Value | Unit J SCHEMATIC
INPUT LED
Reverse Voitage vg | 5 . Voits
Forward Current — Continugus 13 } 60 ' mA
LED Power Dissipation @ Tp = 25°C Po 120 mw 1 8
D“w:: :J:gfgi::gower in Qutput Detector a1 e D-—l
OUTPUT TRANSISTOR ro—I™ 5
Collector-Emitter Vohage Veeo 30 | wvohs 4
Emitter-Base Voltage VeBQ 7 Vaoits io—
Collector-Base Voitage Veso 70 Volts

Collector Current — Continuous I¢ 150 mA

D Powaer Dissipation @ Tx = 25°C - - - - Pp B 150 mw
with Negligible Power in input LED

Darate above 25°C 1.76 mwrg
TOTAL DEVICE 1. LED ANODE
1 LED CATHOOE
Isolation Source Voitage (1) viso 7500 Vac INC
(Peak ac Voltage, 60 Hz. 1 sec Duration) & EMITTER
Total Device Power Dissipation @ Tp = 25°C Po 250 mw 5. COLLECTOR
Derate above 25°C 2.94 mWrC §.BASE
Ampbient Operating Temperature Range TA -S5t0 +100 °C
Storage Temperature Range Tqg | -55to +150 c
Scidering Temperature {10 seconds, 1/16” from case) —_ , 260 ,‘ °C

{1) isalation surge vohage is 3n internal davice dislectric breskdown ratng.
For this test, Pins 1 and 2 sre common, and Pins 4, 5 and 6 sre common.



4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise nated)

[ Characteristic | symbol | Min | Typ | max ] une |
INPUT LED
Forward Voitage {lg = 10 mA) Ta = 25°C VfF 08 1.18 1.5 v
Ta = -55°C 0.3 13 17
Ta = 100°C 0.7 1.05 14
Reverse Leakage Current (Vg = 8V) 1Y -— — 10 _A
Capacitance (V = 0V, f = 1 MHz) C) - 18 -— pf
OUTPUT TRANSISTOR .
[ Collectar-€mitter Dark Current (Vcg = 10V, Tp = 25°C) lego - 1 50 nA
(VCE = 30V. Ta = 100°C) - - 500 nA
Collectar-Base Dark Current (Vcg = 10 V) Ta = 25°C ICBO -— 0.2 | 20 nA
Ta = 100°C | - 100 l -
Collectar-Emintar Breakdown Voltage iic = 1 mA} ! Visriceo 30 s | - v
Collector-Base Breakdown Voltage i = 100 Al | Vigricao | 70 w | — v
Emitter-Base Breakdown Voltage (Ig = 100 pA) V(8RIEBD | 7 7.8 t - v
OC Current Gain ic = 2mA. Veg = 5 V) nee 1 o— f 48 i 99— | =
Coll Emitar C. i f = 1 MHz, Vcg = ) Cce '[ - 7 — pF
Collector-Base Capacitanca (f = 1 MHz, Vg = 0} Ccg ! - 19 - pF
Emitter-Base Capacitance {f = 1 MHz. Veg = 0} Cecs | - g — | oF
COUPLED
QOutput Collector Current Ta = 25°C ic 10 "3 - mA
llg = 10 mA, Veg = 10V) Ta = -55°C 4 - -
TA = 100°C 4 - —
Collector-Emitter Saturation Voitage (ic = 0.5 mA. Ig = 10 mA) VCE(sat) - 0.14 03 v
Tuen-On Time ton - 75 10
. Turn-Off Time lic=2mA Veg = 10V, toft ] -_ 57 10
Rise Time Ry = 100 0. Figure %) v | - 32 -
Fall Time tf | — 4.7 —
Isolation Voitage if = 60 Hz. t = 1 sac) Visg | 7500 - = Vacipk)
Isalation Current {(Vi.g = 3550 Vpk) 4N35 iso -— - 100 uA
V.o = 2500 Vpk) 4N36 - - 100
Vg = 1500 Vpk) aN37 - 8 100
Isolation Resistance (V = 500 V) Riso 1011 - -— 23
Isolation Capacitance (V = OV, f = 1 MHz} Ciso _ 0.2 2 pF
TYPICAL CHARACTERISTICS
2 ' R e e
CT TR T [ {4 g e =
T PUASE oMLY i’s z = NGAMALLZED 10: T —
18— PULSE OR DC 5 g Ig = 10mA IRREAT A
3 4Vl 2 e SR RET! T :
> 7 = b | um! i Vit 1
- 4 A 7 E }
2 ——
2 1.8 r 717 g — i
=1 1] A a LR ! T v d I T T
= 211158 g N T T | 1
=) Paliil ] S S b7 P 1588
Z 4 LT 7 S T Tt N T T
g praily dii ERY ' ;
§ = -sUi ; g =
=2 1 1 - —— i —rT— =T
s — : e - =
$ [ 4 % T A e T
NIl - o [T AN ol it
1 10 190 1000 00 as 1 2 H 10 0 LY
5. LED FORWARD CURRENT (mA) I, LED INPUT CURRENT {mA}
Figure 1. LED Forward Voitage versus Forward Current Figure 2. Qutput Current versus Input Current
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4N35, 4N36, 4N37

® S g" _
T H N 2 & N
% - %/;; 10 mA—} g s — . — .
z F — ot g e NORMALZED TO Tg = 25°C —
= ! . z ; 7 i [
z A 1 : i - i | .
z 2
g " i i i | § ' t i
3 P — L smA] 3 1 — : L L.
- A e 8 47 —
g AN ! ! : =1 : ” : T :
~. 2 A AL : ! : : g a8 . : : 7 L S
s 3 [/ 1 Pt 3 R I
T T - T T v
7 ryvens S S S S S
P e T A —t El e
N — m——t o ; : ! { : ’
L] 1 H k| 4 H H 7 3 4 nu -5 -4 -2 3 0 0 0 8 ‘0
Ve, COULECTOR-EMETTER YOLTAGE (VOLTS) Ta. AMBIENT TEMPERATURE (°C)
Figure 3. Collector Current versus Fiqure 4. Output Curren .
! . t versus Ambient Temperature
Collector-Emitter Voitage 9 s P
E===—-s—=—=—o= * : =
= T —— = :
T N ] . —— e
E = vg=nv : < S— ot s m—— T vee s IV
S W= Ta=8C — ‘ ' - - ey
g —_— Vo H i i |
— = : n : ; -+ - :
: — 3 3 -7['L »,/I : I = H i X E 1
o< o ' ESEIRLY ) o amrme e LA IR
E] g 2 s ;
w - e .
g < g I T ™7
52 A = 100 T
= = vt v-.-\'\L i i A 1
=1 T T~ N\
! b I —y
| 8 L TN M
01( 1 : i H
. a1 a2 R 5 0 0 100
. Ta, AMBIENT TEMPERATURE (°0) . LED INPUIT CURRENT (mA)
Figure 5. Dark Current versus Ambient Temperature Figure &. Rise and Falt Times
100 r —- 100 —
7 — ] + Ve = 10y
0 Ve = 10V ] S ——— +——— < |
i
Ia mer B = 1000 . I >
] ™~ S e o0 '
=3 . = 1| el
= 10 1005 w 10
e, ST s , T T ? T
g S g L] 4 AT
5 CRATEIIIAN T 2 5 i ==
5 ¥ 7 3 101
2 \\\\' 2 '
'
X |
- ] 1
ol a2 45807 1 2 5§71 2 50 70 100 o 2 0507 1 2 $ 710 Q0 S0 70100
I, LED NPUT CURRENT (mA} ' LED INPUT CURRENT {mA)
Figure 7. Turn-On Switching Times Figure 8. Turn-Off Switching Times
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4N35, 4N36, 4N37

4 T 20
./-
= i —Tt 1 | [ a=TuA 18 1 'czu _|[ t I :[w]:
g _-—-—r-—""———-'r‘ " ! - H hd
p= S e, 1 SuA € n
= 1 - 14 i CC\SN~'~~
g T ) - v ~k~\\
3 i ; g : | V*
§ 4 uA } 3 10’} , ' o
g |1 9 oG L 1 N W
8 ! [Tud 3 — Lt
. o 5{. T e T T —
3 > . Fpn A Ve P el
£ F T TR T
S, |V P 2t :
» . gl 'T'}: 1] [
0 ? 4 H 8 10 12 14 6 s 0 W A A2 15 1 ] H 10 ] 50
V. COLLECTOR-EMITTER VOLTAGE (VOLTS) V. VOLTAGZ {(VOLTS)
Figure 9. DC Current Gain {Detector Only} Figure 10. Capacitances versus Voltage
TEST CIRCUIT WAVEFORMS
Ve = 10V 1 INPUT PULSE
' P
v |
A =000 1
i L )
— Y, : :
— by
weyr ¥ 7 oUTPUT
INPUT CURRENT ADJUSTED =

TO ACHIEVE I = 2mA.

Figure 11. Switching Times
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SHARRIS: 0
% SEMICONDUCTOR

——m ey — -

GENERAL DESCRIPTION -~ <& ’i-‘}-'*-” A

The ICL7109 is 2 high performance. CcMOS;: ‘Iowzpowen
integrating A/D converter designed to easily interface with
Microprocessors. ST

The cutput data (12 bits, pofarity and overrange) may be
directly accessed under control of two byte enable-inputs.
and a chip select input for a simple parallel bus interfacs. A
UART handshake mode is provided to allow the IGL7109.to
work with.industry-standard UARTSs -in providing serial data
transmission, ideal for remote data logging- appiications.
The RUN/HOLD input and STATUS output allow momtonng
and control of conversion timing. HTE o

The ICL7169 prowdes the user with'the. hxgh accuracy.
low noise, low drift, .versatility and-economy:of:the: dual-
siope integrating A/D converter. Features like. true differen-
tial input.and referencs, drift of less than 1 p.VI'C maximum
input bias current of 10pA, and typical power‘consumption
of 20mW make.the ICL7109 gn attractive per-channel alter-

native to analog muitiplexing for many data.acq n a‘p.
pﬂwﬁcns ) ) i

g o unAES, 5’[&; i
ORDERING INFORMATION PIE Sl

© e Ngsl) BSfet sy o

T Al

FEATURES' ;’ﬁi‘i A

* 12 Bit Binary (Plus.Polarity:and Overrange) Dual 3
Slope Integrating: Analog-to-Digital.Converteri-"

* Byte-Organizéd TTL-Compatible Three-Stite: Outputs
and UART Handshake Made for Simple-Parailel or:
Serial Interfacing to Microprocessor Systems et

* RUN/HOLD lnput and STATUS Output'Can Be Used” * :

rlneses ICL7109 &
12_. Blt uP-Compatible §
—E AYD Converter e

Y o=

e

* Low Noise —Typlally 15y.V p-p
¢ 1pA Typlcal Inpul Current .
¢ Operates At Up to 30 Conversions Per Second
® On-Chip Oscillator Operates With- lnexpenslve'
3.58MHz TV Crystal.Giving 7.5 Conversions Per.. ..
Second for. §0Hz. Rejection May. Also Be Used Wlth 2
An RC Network. Oscillator for Other Cbck ,‘;'“‘
Frqquencles

...: N

(See Figura 2 for typical connection o a UART of

. Part Number : Ci@vudl= sTemp. Range. .=!7 .
| == ICL7109MDL —55'Cto +125°C o amicDIRwr: 22
1 ICL710910L TZ25°C to +85°C _ o 4Q-Pil1 Ceramic OIP )
. ICL7108{JL —-25°Cto +85°C ~ 40-PinCERDIP ~ 77
e e |OL7109CPL - * 40-Pin Plastic DlP" -
»""V 1 N.N.
wa . .
- . TOP VIEW P
GND L ~/ e T VT 40 $3V. . M
2STATUS | /i EF N-a9 i ——————0—
M - AEF CAP =38 e : OIFFERENTIAL
OROER 4 OR.. I L REFCAP « 7= M<i.2at o (AEFERENCE
8YT i . -REFINeISI———— g ——got -
QuUTPUTS e 38 O AV INPUT HIGH o
AR JNLOJ‘,:. INPUT LOW
88914 B G np- GN
ICLr108, . INT 320F=
Low ATRECt S g
ORDER #
BYTE s
. ourpuTs “seno 27 i
SR : 16 82.- - = =~ RUN/HOLD 28 s e e
16 81 . BUF OSC OUT 25{}-
+8v 17 TEST. OSC SEL 24[—GND  : 242
8YTE 18 CBEN 08¢ OVt 3P——2_ -
CONTROL 19 HBEN 0S¢ IN 22 35798 MHz
weuts {20 CEAGAD- - - MOOE 21 [ ‘ TV CRYSTAL
. “Ract = 20k11 FOR 0.2V REF
- * 20012 FOR 2.0V REF

Microcomputer)
Flgure 1: Pin Configuration and Test Clrcult

0336-1

e e s

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY CBLIGATION WITH RESPECT TO THIS PRODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE
mmmmmﬂwme&mmmaemmosumwmmmmsnmmv INCLUDING THE IMPUED

WAWTIESOFMEWABMWWHTN‘E&FORAPARWUS&

NOTE: Al lypical vakses hive boon charecteraed but 2re not lastad. 3-24
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I'PE Leakage cm'rent amnputnm.c

ICL7109

ST T

-
ot

ABSOLUTE~ MAXIMUM"RATINGSZ SpdgE et T TR AR
Cpeavel: Mpoweroisspaﬁon (Nota 3)

Positive Supply Voltage (GND t6V+) . R ’
Negative Supply Voitage (GNDto V=) -........ s o= GV - Ceramic Package .......... PPRRICA #1329 .;‘awa-r»as.'c
Analog Input Voltaga (Lo.ocHil:(Nota ik . ..oV F to V. Mmgem.-.-.‘__......__.soo:nw @+70°C
Relerence Input,Voltage. (Lo or Hi)i(Note 1) .x-.. . VI 10Vini3 134" Operating. Temperature ... ,_,-;,,f-,,q AR Be s
Dugta! InputVoltage - ==\t 0.3V ~—Caramic Package (MD! s =-55"C o+ 125°C
(Phsz-27)(Note21...-._.......<...; ...... GND'—0.3V CﬂcmPad‘ageaDu 7 25°C 10 +85°C
\ & e e . 2 9% 3.3 Plastic Package (CPL) ite... 0°Cto +70°C
. . Storage Termperature’ .. T 0T =85°C'to +150°C
: et :"f' A -1 cad Tétmperature (Soldemg._msec)_"::.&.,.-_._j-awc
mmmmwm 4 Ratings may causep nant dx o the device.-Thess are strass ratings only and functional

Mdmmamwwmmmmmwdﬁ MWMdMMMQMWWmM

. ..:v_.'. W ReUG s

W Y

ANALOG SECTION : oy :5. :‘-‘:‘ R R T RTA
'Symbol |7 - Paramétér " |7 """ ‘TestCénditlens T "~ |  MinT | Typ | “Max ]" Uit
ading: Vin = 0.0000V -,:50rn R BN SN
. .. |Zero lnputFlegding.______ VRgE = 2048 mMV—————-— * — | 0000 . 5:0009 ._‘_-I-.OOQO, -Counts
. ' | Ratiometri& Erfor4) TV E VR = 204.5 mV——' T

7+~ | Non-Liiearity (MaX iéviatiéir [ Full SCalg="40g,6V 62048V ™"
- -~ | trom best straight ine ﬁt)— -2 -| Overfull operaﬁng temperahna—— -
“= v =70 " | range. (Nots 4), (Nota 6)-"--, =" -

Roll-over Error (ditference . | Full Swe=499_651!§>2.048V'f o

in raading for e equal pos. and: - (Note 5), (Note 6) -~ 2= Ieqe
=~ =" < | neq. inputs near falt: scaley " 1" N

i G e e VeIV, Vi OV
CMRR _| Comman Made Reiection Ralio L.l Scale=.409 Sm\L____.__'&" LA

VCMR | Input Common Mode Flange“-"'- Triput Hi, Input Lo Comori'(Note'«‘.)- i

‘- ,.. Notse(p'pvaluéhoﬁ”.wﬂ" vi =,,°v_'.¢_:..'f:2 et 22t T autoa! -rn.: -~

G i oxcaedad 95%.0F. ui‘nS')’ma G e = %098V ’Wmf,‘?.’,' ]

- EEEI Yy oo Al devices af R I

i PR IGLZ108CPL o-esr,\sﬂo;c WNota 4);

'j i 2 ,ﬁ.:-b”; ICL7108I0L —25°C$TAS~P§5'0(Not34) -

v s - T hioL7109MDL —55'Cs‘l"$+125'0-——~
Zero Reading Drift . ., _ . |Vin=0VYR{=0Q (Note4) ;

Scale Factor‘Tempemmrew 1 ViN=408.9mV = >777091 Y s &

Coefficient 225 reading ... __.
i+ti.] Ext. Ref. 0 ppm/°C (Note4)
i+ Supply CurrentVF 10 -7 =~ | ViN=0, Crystal Osc i
GND - - 3.58MHz test circuit -
lsupp SupplyCurrentV+ ho,V' . | Pins 2-21, 25, 26, 27, 29’open 7001 1500:-]: pA

i+ .| Referred to V+,25ka ¢, +~ A

Veer |Retomvonage. ", e o ... | T24 | 28z v
Ref Out Temp. Coefficient 25k) between V+ and REF OUT 80 ppm/°C
NOTE: Al ppical yatass havo doan "hnpaw Ty L o et LTSRN VRN VAR 2 T8 WA S

325
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g Q*ff’?mé"" A ?_’ '
: 11 2

ELECTRICAL CHARACTERISTICS v+ = +5V, V== -5V, GND&DV.IX
indicated.) Test circuit as shown on first page o{ unsmm (Continued) |
DIGTAISSECTION--., et s me -

em'ssm
SV e B are

LEax .'n.-emeoq -

o

;lci‘.i’fé'é“' .

| =Pins2:18, 18, 19, 20
iq,rr=t&mA
-~ Pins 3-16 high.impedance - ...h,!"y.
Pins 13,'19,20 Vour=v+ —.3V .
_MODEmputatGND - - (.7
- HBEN Pin 19 LBEN Pin 18 (Note 4)_ | . i
- Pins 18-21, 26, 27 i lemg. | - om0 lgu
~retemed O GND — - - o et el -
PSR, 26, 27 - b S T
" referred to GND Ty

RV TT parepane—

- -.SO!A 2 el oy

S AICTY

cizzagado [ input Pull-up. Current - ——. | —Pins 26,27 Vgur=VF =3V nA—
3243 inpat Pull-up Curment - ——-| - Fins 17, 28Vgyp=V-+— 3V wA—

AT HST

ainpu Pull-dowm Current... . ,_ﬁnm.\rwr:eno +NTTE
Z xﬂs’cfllamrOa.ttput. -. | High Vou'r=25V o .:f:."".st.‘_.‘ e
" Curent | Low | Veur=28V - .. znai |
‘| Buftered Oscillator | High | Voyr=25V ‘

L Gitpit Current- - |- Low=-{-Voyr=2sV- - ==~ ———i—]f mA
MODE Input Pulse Width {Note 4) DU Seaprgg | e v feme c2 - Ages

NOI"ES.I mmmwmmmwmmwmsmunmm L L LY it
—l.2, Dyato the SCR i usex to talxicats thess davices, connecting any digital Inputs or outputs 1o voltages greater than ¥+,

orlessmwommmmmhmmnummmmmmmmmmm
KR mcybeappaodtommtwmummammmmmmmmmmmmmwmasz

X Lﬂmwmwbmwmmﬁ.hnsmwm
Mg Roll-over error for Ta= <55C o +125°C is +3 counts muimun.

R aAmmmmzwwmaummdm
=g 7. For Cardip package the Ratiometric emor can be——4 (Min).

B

[ S RO e
i ' 4 _ i o -
i : : . N
Lmmggtr ® .
A
-
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ICL7109.

TABLE 1: Pin Assignment and Function Description. - - ---- (R L <
Description - Symbot Description -
| .igital Ground, OV. Ground retum for all digital | Input Low — Direct output mode whore
: logic. —_ et .| CETLOAD (Pin 20), RBEN (Pin 15) and LBEN
swm's- Ouwrugnamgmgmearudanmgm W“’””mmm%

o[ (nt dataris latched.:

"&mmwhmambgmsmm

ﬁmwts).wrstﬂmnmas )

lwa@w—mmmm
into handshake nndemdmng.l‘da_hasin

hai modawilbeeﬂteradand
—=—fdata “:‘ashﬁwmaamsmr'-_-—
conversion compietion. T m——

...| Oscillatorinput "~

B e

| ‘Oscillator Cutout

Oscillator Select — input high configures

duty cycis as SUF OSC OUT.

crystal ascillator — clock frequency will be
1/58 of frequency at BUF OSC-QUT.

[ OSC 1N, OSC OUT, BUF 0SC OUT as RC™
“oscillator — clock will be same phase and” ——

—— ——

— input low configures OSC IN, OSC QUT for

BUF QSC QUT | Buifered Oscillator Qutput~—"~. "~

r"“‘Z’eFaeanﬂgtnﬂon.
3 ) -.Polamy— Hl for Positive input.
4 Overrange = Hl if Qverranged..
5 812 | (Most Significant Bit)
[ | iF o~
7 BRG] < T o | came
8 “Bits “three
Bit8 3!818‘
[ Bt7 | Hi=tue | outpa
P SRR AR
B85 Bit5 * bits
B4 Bit4 )
B3 Bit3 ) s
a2 "~ -
|_Bita...._ | (Least Significant Sit)
TEST [ ~}.Jfiput fiigh - Normai Operation. e

. lnpmtaw-Forcesaanoumhxgl'u -
J-._"Nota:'rhssmpmisused!ortastputposesomy
. T‘ehnghifnotmed. ~~~~~~

RUN/FOTD | Input High — Conversions continuously _

pertormed avery 8192 clock puises; -
Input Low — Cnversion in progresa. | * __

E platad, converter will stop in Auto-Zero 7.
counts befors integrate. - oTpe e

. and CE7LOAD IPin 20Flow, taking this pin low
acuvaxesloworderby‘tecutputsat —aa. -

34 7% S Fn

‘See Figures 8, 9, 10.

Low Byte Enable — With Mode (Pin 21) lows.s X N

-} Ipitt =Us#d in handshake moda'td ]

Mydanmammampt?ata.
| Conneetto +5Vit hotused. - <7 48— -

erMMQ(Hn21)hgmmanmma

“low 6te flag ourlitused In Fdhdhiaks o0 7 | ReFoUT: =

"~ | down tioth ¥ (Pin 40). ~

Tl e AnalogNagam&m—Nmﬂmw—sv*
————ras WMrespectm.GNU(Ptnn. i

mW—MHV

High Byt Enable—With Mode (Pin 21YloWIT T BUFFER. .o, Buffec Amplifior Qutput - 17

POL OB zrmy o

3 #ol™

-highbyteﬂagwtpmusedmhandshaka
-1- Sea Figures 8, 9, 10.. L a -

“and @tBAD (P'ﬂ 20) 0w, !aulq u-w;ww— -AUTO-ZERO—1-

AmZeroNodo—-hsrdefaio!cAz-—-—-—‘ ’

activates mgn order byte omputs 2rdias

.""Qrut_r *‘-’ :

x\J
\AmhMode(Pin 21)h:gh. ltus if setvesas&-

g%Wiﬁn Mode (Pin 21) high, this pin serves as a
.load stroba used in handshake mode..See. .

‘Ch!thahleLoad-—WiﬁvModa (?1021)low~ -

INTEGRATOR | Integrator Qmput == Outside folof Cair T3}
N AnalogConmon—Sys:emnsAmo-Zemedm
... .jcommon. . .. e Rt
i 5 s % TaRA
INPUTLO, " Dll_ﬁrenﬂallnpmlowSida e
- INPUT HE:: > ™| Differentiat input High Side- i v
REFIN + " -} Dilfeterilial Reference Input Positive™ 187 212

sarves as a master output enable; .’

Y

REFCAP + | Referanca Capacitor Positva . ... .. ="

Whenhigh, B1=—B12, POL, OR outputs are= |
o T e REF CAP n%:.~

- Reference Capacitor Negative ..

Differential Fleference input Negative. *-

518)|819)818)%

. PosmeSuppxvaaga—Nomwy-e-sv
‘with respect to GND (Pin 1).

BTN Y

T LN

.| Figures 8.9, 10. .

NOTE: Al typical vakin3 hiveé boori charsctenasd bt are not tesied.

Note: Alldigﬂallevelsareposmvem,..
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DETAILED DESCRIPUON’"_;

Analog Section

7" Figure 3 shows the’ equnvalent circuit ot the Analog Sec-
non of the ICL7109. When the RUN/HOLD input is left open
or connected to V¥, the-circuit will perform conversions ata
rate determined by t.he clock- frequency Cy. (8192 CiocK periods
per cycle)- Each measurement-cycle-is divided into-three
phases.as shown in Figure'4: THey are (1) Auto-Zero (AZ),
(2) Signal Integrate (lN;l')_ and (3) Deintegrate (DE)..;: ¢

NOTE: Ad typscal vakoes have beon chsractoricod bt are not lested,
328

.

Auto-Zero Phase.
During auto-zero three things happen. First, input. high

and low are disconnected from their pins and intemally

shorted to analog COMMON. Second, the reference capaci-
tor-is-charged to the reference voltage. Third, a feedback:
loop_is.closed around the system to charge the auto-zero
capacitor Caz to compensate for offset voitages in the buft-
er amplifier,.integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is limited only by.
the noise of the system. In any case, the offset referred to
the input is less than 10uV. o

P
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c?s-qw'f-,)!btr 24
mo C‘;‘- —h’;"a ,.‘é..us’-“-f‘.‘y &t 3
:‘ VoLam {—

EIsH w‘h&}é_l')-'

—Gns :rog

=

Conversron Tl

ming (RUN/HOLD Pin ngh) 'v-“'

- -
iy} -,’J

Dunng sugnal mtegrate,-the auto-zero loop is.opened, the
mtemal short is remoyed- and .the.intarnat high.and jgw-lm
puts are ponnected to. the external pins- The convqt;ter then:
integrates thé differential.voltage petweer I HY and, | NLO
for a fixed'! ime- of 2048 clock:périods. Noté that aifreg,
antial’ voltage must -b wrll'un the ‘comimon. made .| Jrange. Qf
the inputs. ALthe énd ot this. phase. the. polanty
grated sngnal l$ detemug . i et eti) ot 3,;_,.3 9~~m Dp

o S T

NOTE: All lypicat viskses havy been charsctevitnd but #r not 163tedt’

9)- reje{gng_awpacrtor Clrcunry within' the’ ch:p en®
t.the.cal _gacrto( will. be conriected with the’ Cofrect
polanty to.,me 'y mtegratof ~eutput. to-retum. to .zeto'
ewssung (establisped -Auto: Zero) wnh a fixed slope., Thusj
the time for.the output to ;etum 0 zero, (reptesented.by the
numbér of clock penods counted) is proportional to’ thé in-

auto-z

" put signal.
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ICL7109

Ditferential Input —====—=——=== I
: The input can accapt differential voitages anywhere with-
.in the common mode range of the input amplifier; or spec:ﬁ

.cally. from 1.0 volts below the.positive supply.t0-1.5 ‘volts

—=erraduced-further=Thiswill-increase both-rwise-and-Tollover

errors. To i lmprove the performance, supplies of £6V may
beused., .. _. . .

lntegratlng Resistor“ P

‘above-the negative suppty:-in: “uus range- the:system-has. a_.’t _-. Both me_buffer ampnﬁer and the mtegratorhavs aclassA
‘CMRR.of 86dB typical. However, Sinca the mteg(ator also- ——cutput- stage wrth 100pA of quiescent current. They supply

‘swings with-the common mode-voltage, we'nmst be exer-
cised to assure”:he integrator nutput dods not saturate. A
‘worst case..condition.wauld” b&&large -positive -.common. ..
_mode voltage with a.near fuil-scale _Negative differential-in-
‘put voitage. The negative, mput signal drives the integrator
.positive when;most of its smngms been used up by the

;pasitive common mode voltage: For-These critical appiica- -
hions the integratar swing can b&;reduced 1638 than the = -~ relation

reeommended 4V full scaie with somej§ss of'accyracy. The
h iintagrator output can. swmg withiff 0.3- volts-ofenthef supply
without 1058 of linearity: © =% g i S

Th&'ICL7109 has, however, been optimized for operation
iwith.analog common near. digital ground. With-power sup-

-a.

‘plies 6t £ 5V and.=5V, this allows a 4V full scale mtegrator—»—.-,ﬂle maxifium, itegrator.output voltage

20pAiot dnvecurremwml negligible’ non-inearity. The inte-
gramgresxstonshouldbelargeemughtoremmm
“..very-lifiear-Fégion over the input-voltagetrangs, but small

"~ _ encugfrthat unduaeakage requirements ara nofplaced on

the PC board, For'4.096 volt-fulf scale, 200K is near opti-
mum-and similarly a20k0 for a 409.6mV scale. For other

- -. values of full stzlevoltage. Rm-r smwd be dtosen by the

_.-

i et 4 Rﬁ full sczle vonagé‘?-x
ks ':: woarn L 20pA ‘—-——-a ACYSDD
Integrating Capacttor s =

- The integrating capacitor C,N-rshould_be sebcted to gnve

;swing positive-or-negative thus: -maximizing the performance ~—. —- rating the.integeator. (approximately 0.3.voft fmm sither-sup;

of the analog section. :
*Differential Reference - P

— e L

i The'raterence-voltage can be geferatet anywhere w:thm
‘the power supply voitage of the canverter. The main source

‘of comrmon:mede error is a roll-over voltage caused by the e - 0.33pF, respectively: If different clock frequer«:
- > —~thesé values should be- fritegral
‘ty onits.nodes. if thereris.a large commen modeVoltage; ©151A itpiit®/Oltage swlng..’ln gemral the:vaue.ot C(NTJS given

Teference Capacitor losing or gaining charge to stray capaci-

ply). For the ICL7109 with +5 volt supplies and analog
common connected to GND, a £3.5 to £4 volt integrator
output swing is nominal. For 7-Y%; conversions per second

" ~(BT.72KAZ TIock fréqUaricy) s provided by the crystal oscil:

_lator;~nominai-values-for-Ciyt and Caz are 0. .15uF and
&f8 used;
tor

‘to maintain

ufﬂeferance’capadtér can"aln’ t?fdfg‘e“ﬁﬂd%asb‘?bltage)

bY 45217

‘when called up to deintegrate a positive signai but lose

‘charge (decrease voltage) when n called up to 0 deintegrate a

negative input signal. This difference in re(erence tot.(+) or-.
(—) input voltage will give a roll-over error. However, by

seiecting the referance capacitor. Iarge -enough in compan— Tl

son to the stray capacttance. this’ efror-can be held to less:
than 0.5 count for the worst case. cond‘ tlon (see Component .

Values Selection below). - - -_~,

sa vy e

eom vy

The roll-over error from these sources: fs'mwmlzed by ..

having the reterence common mode voluge near or at ana-.

Jog COMMON. -~ = = r:..:comtotsrror due to dielectric absorption.

e,

Component Value Selection-——-a

For optimum performance of- the.analog secﬁon.ueare —

‘must be taken in the selection of~vlues for the integrator-
capadlor and resistor, auto-zero. capacitor; referérice voit-
age. and conversion rate; Th values‘must be chosen to:.;

Tl AL3s
suit the particular application.: ARG ACD .

" The most important consideration s that tlié"tntegratm

e X

(2048xciock period)(20.A) uF :
mtegrator output voltage swmg
,«-:An,addnﬂonal requirement of the mtegraﬁng apac:tor i8

‘that it have low dielectric absorption ta prevent roll-over er-

~ rors. While other types of capacitors are adequate for this

appfwuon"poh,propyl’ene capacitors give undetectable er-

*rors‘at réasonable cost up to 85°C. For the military temgera-

i” ture_range,; Teflon®- capacitors. are recommended. While
their dielectric absorption : characteristics s vary somewhat
from.unitfo unit..selected devices should give less than 0.5

CinT

ot 4

e et

f 1 SRR

Auto-Zero-Capacitor- -

<< The.size ot the-auto-zero capacitar has some influence
iT:gn-the noise of the'system: a smaller physical size and a
larger capacitance. value lower the overall, system .noise.
uHowwerﬁAzwnmtbelnaeasedmmmmmmm in

=A¥parallel' with the integrating capacitor.forms, an R-C time

constant that determines the speed of :acovery from over-

outgut swing (for full-scale.input) be.as large-as: :possile. . _;.; _loads and. rnote Jimportant the error that exists at the end of

For example, with_* 5V_supplies and:COMMON_gopnected =~

“an"amo-zero ‘cycle. ‘For 409.6mV, full scale where naise ;s

to GND the nommal integratos: output Swing.at full s:ale is
supply without-significavitly affecting: ﬁneanty 3 4V integra-
tor Gutput: swing allows' 0.7V fdt var(auons *Sutput’swing
due* to oomponent value and'oScﬂlator- tolerances*With
+5V.Supplies and a Cormmen mode rarige 61°£1 erquired
the_ compgnerit valuss’ Should' be'selected ta°provide £3V
mtegrator output swing'Noise'and rollover' errors will be

slightly worse'than the £ 4V* caser -For larger comrnon

NOTE: All typic! vatuas have bean cheractarued it 81 oot tested.

-e- -very Amponantand the. integra

Caz twice Cint is optimum. Sirmitarly forﬁnssvl"a'fhﬁ 8
Where:récovery’ Is- moré-impartint-than’ nolséya value of
CAz-equaHo half of Giiyr is- recommended.- Fude o
“For't dptsmal re]ecﬂon of stray "pickug, the outer foit of Caz
should‘be nected to the-R-C swmungjuncﬁon and the
inner foii to pin 31:*Similarty Ihe_cuter foil of Ciif should be
connected to.pin 32 and the inner foil to’the R-C summing
futiction. Teflon®;or ‘equivalent, mpacrtors are reoommend«
ed above 85°C for their low leakage characteristics: ~

T e
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Reference-Capacitor— - -~~~ =~ T
A 1uF capacitor gives good results in- most applications.

However, where a large reference common mode voltage
axists (Le. the reference low is not at analog common) ands,

a 409.6mV scale Is used, a larger value is requiredto:pre--

lent capacitors should be used for temperatures a abova 85"0
for their low leakage characteristics.

Flaference Voitage: _ RS

~ g

ipin39 _' TR
vent roll-over. ertor. Generally 10xF will: hold: the-rolk-over~- -—
arror to 0.5 count in this instance. Agairi; Teflon®, ot equiva~::

SRR N .

o ICL7109

-~ -~~~ -Note that-if pins-29 and 39 are tied together and pins 39

and 40 accidentally shorted (e.g., during testing), the refer-
enca supply will sink enough. current to destroy the device:
msmnbeavouedbyplamxgalknreszstormseﬁeswm

DET. AILED DESCRIPTION .

Dlgltal Section
The digital section includes the clock oscillator and stzl-
Ing circuit, a:12-bit binary counter with output latches and

! The analog input required to generata e afull scale outpit” - .TllL-compatble" three-state output drivers, polarity, aver-

of 4086 counts is Vin=2Vrer. Thus for a normalized scale,

a reference of 2.048V.should be used for 'a*4.096V full * =~
scale; and 204.8mV should be used for a 04096V full scaie: .. __..

range and control logic, and UART handshake logic, as

-~ shown in_Figure 5.

.- Throughaut this descﬁptlon. logic levels will bé réféired T to

However, in many applications. where the A/D is seosing...__ as “low? or “high”. The actual logic levels are defined in the

the- output of a transducer, thers will exist a scale=factor -
other than unity between the absolute output.voltage t_q_bg
measured and a desired. digital output. For instance; in a
weighing system, the designer might like to havye a full scale
reading when the voitage from the transducer is 0.682V.
Instead of dividing the input down to 409.6mV;-the inpit
voltage should be measured directly and a .referenca voit-.

~“Electrical Characteristics Table. For minimum power con<
. sumption,-all.inputs_should swing from GND (low) to V+:

L (high). inputs driven-from TTL gates should have 3-S5k

pullup resistors added for maximumn noise immunity. !

-- MODE-Input—

The MODE.input is used to control the output mode of the

age of 0.341V should be used. Suitable values fof integrat- :°_ - converter. ‘WHen the MODE pin is low or left open (this input

ing resistor and capacitor are 33k and 0.15u.F. This avoids
a divider on-the input_ Another advantage of this system .

is provided with a puildownr resistor to ensure a-low-level
when the pin is left-open), the converter is in its “Direct?

cccurs when a zero reading is desired for non-zero input’ 2 _"“- output mode, whera the. output.data is directty accessible

Temperatyre- dnd weight_measuremients ‘with_ ai 6ffset of

tare ars examples. The offset may be introduced by con-
necting the voitage output of the transducer between com-
mor:and anatog high, and the offset voitage between com-
mon and analog low, observing polarities: carsfully; ‘Howav-

er, in processor-based systems using the ICL7109; it may. -

be more efficient to pertorm this type of swhng or tare sub-
traction digitally using software.

Reference. Sources—— - -——. -

* The stability of the refsrence voitage is a. major factorin™

the overall:abyoiute, accuracy of the converter, .1he,_resolu-

tion. of .the..ICLZ109. at. .12 bits_is onepart in- 4096,.00 vem0.

244ppm. Thus if the reference has a temperature coefficient
of 30ppm/2C (onboard reference) a temperature ¢ différe
of 3°C w:ll introduce a one—bnt absolute error: "g‘js\sqo

PR

me O ot o e e <« w —

. ..OUring a convecsion.cycle, the STATUS output goes hlgh

SiCH filterrupts’ GA TG momtonng the status of the converter.

T "iinder the ‘control of Thé chip and byte enable inputs._ WhHen
the MOOE input is. pulsed high, the converter enters the
UART handshaks mode and cutputs the data in two-bytes,
. then returris to “direct” mode. When the MODE input is left
hngh~the converter-will output data in the handshake mode

—-*" at the end of every conversion cycie:- (See section entitled
L “Handshake Mode” 1or lurﬂlerdetalls)‘ -

R, DL PR -

STATUS Output™" e S

at the beginning of Signal Intégrate (Phase II), and goealow

—'-—one-haﬂ-clock'penocl aftec-newdatac from, the. conversion
has been stored-in:the output latches. See Figure 4. for der. e

tails of this hmmg.‘l'hmslgnalmay te used as.a'datavaild'} .
flag (data never.changes whils STATUS is, low) to drive, inj L

farfeny

PR ¥

““For this. reasorr'rt tsrecommended'matan'extemarhigw
quality reference be‘used where the ambient temperature is
not controlled:or: where-htgh-accuracy absolute measurea

5 -t L By ‘.‘."'K"d Dl‘"

put:
which. may- be used wnh a rasxsuve deer to générate’a
suitable referenca voltage. This output will- sink up torabout
20mA without significant variation in output_vollage and, is
provided-.with”"a ‘pulliip bias, device ‘which sbufces=abaut
10pA; Tha diitput voltags is nominally 2.8V below V+, and
has a températiire coefficient of tBOppm/"C typ..Wl'len us-
ing the. onboard reference, .REF OUT (Pin 29) should be
connected to- REF =, (pm 39), and REF+ should be con-

shown ln the testqrc'mt. Fora 2.048mV' relerence, the fixed
resistor: should be removed; and, a 25k preqsnon ot pu-
I+

30 S

NOTE: Al typica! vakuas have boan charactornzed Dut gre not tesied,

RUN/HOLD Inputi; “iomd w75 0 238 %é‘«}-

-:When'the. RUN/_mmput i hlg ;cor left'oper‘l:’the w’a
cuit: Wilk continuoGsly perform-conversion cycles;updating
the- cutput’ latches® after"zero crossing during the' Deintes
grate (Phasé ]I}’ portion’ of the conversion cycle (See Figuré
4). In-this mdde ot operatior,:the conversion: cycle. will bg
performed in- afsz'cloclcpedods, regardless of theresultlng
value; -+ i it T S =5

It RUN/FOLD goes low at any tme during Delntegrate
(Phase: lilyafter: the zero ¢rassing. has accurredsthe-circuit
will: immediately terminate Deintegrate: and- jump to Autoc~
Zero: This feature can be used to eliminate the-time-spent in
Deintegrate after. the zer6-crossing. It RUN/HOLD: stays‘or
goes low, the converter. will: ensure . minimum>Auto-Zero
time, and-then:wait in‘AutoZero until the RUN/HOLD input
goes high. Tha converter:will.begin the Integrate (Phase 1)
portion of the next.conversion (and the' STATUS output. will
go high) seven clock periods after the high level is.detected
at RUN/HOLD. See Figure 6 for details.

A1 BIAE e ITTA

Latcht SN e D TSN WS o e




ﬂl\b“‘ﬁn N~
fa T g RO

14 LATCHES”

AANANRARERNE 1] '

RS

IERNNREEER:

=
.2 v +& AT ZERO-CROSSING:
?‘:!'ﬁ» OETECTION

.\f'

- RO DMRERIGORAINT "1 0,

Eﬁ_":_momoé "’r.‘“s’.zﬂﬁ"
PHRASE J.~, . 1., ¢

S S0 L ERWIBESTSIE 2t
TG A58I AR RISE
sgin :els'-jf-'musm

.- Figure &: Run/Hold O;;eraﬁon.

Usmg the RUN/FOLD input in’ this manner: sllows-'an
easy.;jconvert dn demand" interface’to be used. The-con-
verter.may be held at idle in auto-zero with. RUN/HOLD low:
When, RUN/HOLD goes high the conversion-is started; and
when the STATUS output goes low the new data isvalid (or
transferred 10 the UART — see-Handshake. Mode):* RUN/
HOLD may: now be taken low. which terminates.deintegrate
and ensures a rmmmum Auto-Ze(o time - -before the:next
conve:sxon- R S n '_

Alternatel RUN/H5 D can be used to.minimize conver-
sion -ime-by- ,ensunng that it goes low during, peintegrate.
after -zero' crossing,.and goes high-after :the -hold -point-is
reached:.Theé required activity on.the RUN/HOLD input can
be: provided by .connecting it to the Buffered Oscillator. Out-
put. In ‘this-mode the conversion time is dependent.on:the
input value measured. Alsqg refer to Harris Application Buile-
tin;A032 for. a dlscussxon of the effects.this: wdl have on
Auto-Zero pertonnance N 1

RECE
I

NOTE: Afl typice! vitksas harve bwan charscrenized dut ae not tosted.,

3-32

.- 1f the’ AUN/HOUD-input goes low and: stays:low: during
Auto-Zero (Phase ), the converter will.simply: stop-at the
end of Auto-Zero and wait for RUN/HOID to,go-high:- As
above, Integrate (Phase ). begms seven dock periods after
the high fevel is detetted. | ; _ .

Direct Mode: -

When'thHa MODE pl is left atalow Iavel. The. data outputs
{bits 1 through '8'low order’ byte; bits ‘9. through; 12,-polarity
and over-range hlgh order “byte) are awessible undar con-
trof of the byte-and chipenabje | terminals ds mputs. These
three inputs are’ ait’ active low, and are prowded with’ pullup
resistors 10 erisure_an’ JInactive  high level . when feft open.
When the™ crup enable inpiit 5" low, taking 4 byté enable
input low wilt allow thé dutputsqf that byte tohecome Aactive
(three—stated cn),Th:s allows a variety, of pdrallel data ac-
cessing techmques 10 be used, as'shown in the ‘section enti-
ted lnterfacmg “The timing requirements @or these out-
puts are shown in Figure 7 and Table 2.~ .

B R T RFE R O T PR R At
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e ICL7109

':;‘
b'. ~—~--Table-2~—Direct Mode-Timing--- - A—— ICL7408 provides all the control-and flag-signais necessary
-- Requirements &“ to sequentially transfer two bytes of data into the UART and
=5 * mmatameuumnmionmsenalfommisgreanyeases
| (See Note 4 of Electrical Characteristics) the task ind'feduces the cost of designing remote data ac:
quisition stations.using serial data transmission. - H
SYMBOL | DESCRIPTION |MIN|TYP|MAX|UNIT| .Entry inio-the handshake mode.is, controlled by the
taza | Byte Enable Widthas0 | 220} ~ns —MODE—p«u When-the MODE-terminal is held high, the
— - - ICL7109 wilkenter the handshake mode afternew data has
toag Data Access Time- |— - 510 | 350 | ns ——been stored in the 'output latches at the end of a conversiori
" | from Byte Enable o (See Figures 8 and"9)."The MODE:terminal may also be
X I ..-._used'tomggerantrymtomehandshakemdeondmnd
| topg | DRRHOMTIme il T 00 Fesi] T AL Aifj:fife. durlid_the Gorversiomcycle; the.low. to high
A ‘|tromBytSEAEBIE [ | |- | | __ transition of a‘shortipuise*at the MODE.input will causa

immediate entry_into the_handshake:moda. If this pulse oc:

lea__| Chip Enable Widti|.400-1, 260 ad - curs:while.new data is. being, stored; the entry into hand

DataAccessTme | ~ 7| - i © " shake mode: wdelayed:until the data is Stable. While the

10AC - | from Chip Enabte: [~ 260 400 |..ns * converter-is -in- the. handshake-mode,. the' MODE. input is

- ignored, and although conversions will still be performed;

Data Hold Time | T 3404406 | ns- data updating will be'inhibited (See Figure.10).until-the con-

toHe from Chip Enable-{ =g~ .7 e e completes the output.cycle and dears thehandshaka
e Rarglielal 7. 1= SR

——

— e .- When the. conve:terentemthahandshaka mode orwhen
the MODE input is high, the chip and byte enable terminals
_ become TTL-compatible outputs which provide. the controi
signals for the output cycle (See Figures 8, 9, and 10).

--In handshake mode, the- SEND input is used by the con- :
verker as an indication of the ability of the receiving devws 3
(such.asa.UAR‘l’) toacceptdata, = -

—-——-——-Fgura-s shaws ‘the sequence ot'the.oum-cycle wﬂh
- ‘SEND~held-high.” The handshake~mode~(internai-MOOE
‘high) is~entered after the data latch pulse, and since MODE
- --remains hight | e CE/LOAD, LBEN and HBEN terminals arg
active as=oatputs: The: high. Ievel~at the .SEND input “is
sensed on the same highrto 16w internal clock -edge tha
-terminates -the-data latch puise. On the next low to. high
-~ -intemal-clock edge- the CEACAD and-the"HB mbutpm‘s
. assume’ a,lovclevel and the-higl-orden bytar(bits: & through
|~ ——12-POLand’ORT cutputs'are enabled#The' CEFLOAD AD out}
e T Cu’ LL‘ nf = putmrnamlb@tfo(‘one‘fﬁlﬂntamat clocksperiodronlyi:
o R S T GUIpULS' remain- active for* -1 intemaliclociperiods,
Flgure 7. Direchodequ & ﬁ \and""'_t;'i_" high e enable remains low tor:two.clock periodsy
N Thustha AD output:low: levelorfigwcdolhighcedge
j It should be noted trat these contrghinputs are asynchro— ... may beused as.a syachronizing signal to ensira.valid dataj .
nous with respect to the converter clock — the-data may.be™ =™ and#ﬁbyle enableas an-outputmbemsad.as abyta
. ‘accessed at ary tineiThis-it: i8-possible: 10. access the— —identification flag’ With*SEND:rémm: h:the:converter
,latehes while they are-being-updated:-which coud jeadto~ -—completes=tha~output*cycle: using<CELOAD-dndsLBEN .
‘eronecus data. Synchronizing: the access-ot-the. latches - whilethé: low. order byte outputs (bits-1 through:8Fare acti; -
Jwith the conversion cycle by" monitoringtha STATUS output vated. Thé| mé ni‘édens terminated‘when both bytes
will- prevent thls. Data is never- updated while STATUS i7" —_are _sg__tl I Y CORERIRAN LTy
PO = TTatTTaTen ~“"_”“ S Lol B “’Fweas §Fows an outpufsequenoewhe‘r'é’messND m3 -
L e - e - =pytisused tordelaypomons'of the sequeérice; orhandshaka .

o
TN R

' Handshake Mode .
me—— to ensure correct'data transfer. This-timing diagiam:shows -~

’ The handshake output mods is pm“ded” an.altemaﬁve . .- the- relationships -that.- occur- ysing” anng\dt:%yvstandard -
imeans of interfacing the ICL7109-to-digiak-Systems] whiera 1MB402/3 GMOS UART to interface to serial data channelsi-
ithe A/D converter becomes activa in °°"g“°"‘“a9n;“° flow of . ..... In thisinterface, the SENT:Tiut to the ICL7109 is driven by
[data instead of.passively responding.to chip and byts en- the TBRE (Transmitter Buffer Register Empty) otput of the
;able inputs. This moda is.specifically, desigoed. 10 allow 2. , .., ~UART = and 16| CEFEOAD terminal ot the 1GL7109: drives
idirect intertace between the ICL710 09 ahd Industry-standard~ "¢ " itie-TBRE- (Fransmitter- Bufter-Register-Ebad)inpit-to-the
UARTs (such as the Harris IM640213) with no external logic U ART. The data outputs are paralleled into tha e{ghtTrans—
required. When triggered into the. hapdshaka mode, the mmer Buﬂer Reglster inputs.
Rt - - .
-NOTE: A lypical xalkses Beve boen charsctenzed but are not testsd. TAPLAL T BB T DeIAAISILID (nw SRt Bratty g BAIXCH
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y oiTE ,J,mﬂ, F!gurew- HandshakeTr!ggeredByMode 1 43 B e g QAT G 1] e -

. Assu:'mng the UAHT TransmrﬂerBuﬂer—Registensempty, - -¢~With the MODE: input remaining hegh a3n thesa exam-

* % " the,SEND-input will be high when.the. handshake mode-is ***icSThé- convertsr wilk output- the- Fasults ofevery” conver-
» .‘; - entered after new. data is, stored. Th&CEI LOAD and HBEN. - sion exceptthose eompleted dmn‘g:a’handsluke operation,

- terminals will: go* low'aftegSEN _sensedgand. the: h|gr§- By triggering the converter intd fiandshake mode with'a low

‘“ order byt .outputs becomefactw 2When.CE/TOAD goes ‘—._-__m,hsgh,‘egge. on the MQOE; )mndshake output se-

; htghattneend of one.clock period, the. high order byte da "'"‘"‘" Qance: ‘Q‘a’y‘be performed of nan 'F‘sgi.rre 10'shows a
is clocked into the UART Transmitter Bulfer Register. The _ihﬁ“ndshax é

‘ pitte & cutput sequence.ufggefedﬁ'y 'stch, arf edge. In
i UART TBRE.output willnow’go low, iwhich halts the output * | __adcition, fhe SEND input s sdgwn 44 Being-low when the
-2 cycle, with.the: HBEN  output Jlow,

,.And the high' order byte -~ cofvérter erfters handshake;| moda. il this case, ttie whole

%+ outputs active. When.the UAR‘I‘hastanstefrtha.data to - =~ output-sequence-is co| _An_tr,gﬁed'btme‘-‘smm and-the.

. the Transmitter Register and cledred the Transmitter Buffer - . sequence for the first {high order) byte is similar to the se-
-Register, the TBRE retumns high. On the nextICL7109" tmer' : Quence for the second'byte.-ms-diagmabo-shows the
nal clock high to low edge, the high order byte.outputs’ are> ¥ A3 gutpit” sequem& ‘taking longerzthan. a conversion cycle.
disabled, and one-haif internal clock later, the HBEN outpm"“"-‘-“-Note that the- ‘converter "still”’makes7convarsions, with the:

- retums high. At the same_time;-the. C T/_“‘LOA O and TBEN . STATUS output and RUNIHD_mputhmcﬂonmg nommally.
- outputs go low; and the. low order byte outputs become ac- . 'l'.l'xe-onh/b difference is_that new'data<Will not be latched
tive: Similarty; when the CE/LOAD retums high at the end of - when ) handsmxe'ﬁ\ode,r’aﬁif“‘therefore Tost.
one clock period,-the low- order’ data is clocked: into the 100 B
Osctllaton.. o _._we,,_.—m,-_-.; —iee

UART Transmitter Buffer Register;’and TBRE- again goes
low. When TBRE retums to-ashigh it will be sensed on the - ©LThe'ICLF108 Is. provided’@ith a:—versatile WBG terminal

1 riext ICL7109 internal.clock’highr to Jow.edge; disabling-the - bscillator to'gengrate the intemal clocks.Thie' oscllator may
#  data outputs. One-half iritemar choclelater, the handshaks . -~  be-overdiven, or may be operated:iith.an RC nétwork or
mode will be cleared, and the TE/LOAD, HBEN, and LEEN wstal “The OSCILLATOR SELECT input changes the inter-
terminals retumn high and stay actsve (as !ong as MODE' - nali configuration of. the—oscﬂlatgt.:g_ogunm it for RC or:
stayshlgh) = L2 ] LT, BT K uystaloperauon: A - e

S R TR 7 TR P S .,"mxa.ra;,m e
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ROPTIO! e ~.  I1CL7T109

{~ When~the "OSCILLATOR-SELECT  input “ishigmarleft~=====lf-atany time theuscilator is:lo"booverdriven, thebvery
open (the input is provided with a pullup resistor), the oscil- . driving signal should be appiied .at the OSCILLATOR IN-
lator is configured for RC operatign; and the intemal clock | . . PUT, and the OSCILLATOR OUTPUT should be left open
wdlbeofmesamefrequencyandphaseasmesignalatma - ﬂwhtmaldodtwﬁibeofmesamafrequenw duty cyciai 4
BUFFERED OSCILIATORYOUTPUT: The resistor and ca- . & ._and phase as theinput signal whenm OSCILLATOR SELECT, 3
pacitor should be connected as i Figure 11. THE Gircuit will . left open. When OSCILLATOR SELECT is at GND, the! =
oscillate at a frequency given by f=0.45/RC. A 100k r clock.will be a factor of:58 below the input frequency.- g
sistor is recommended-for, useful-ranges. of-fraquency: & be.j:-l ‘WHbrt using'the’ 10(-_7109-% HigTMB403 UARTS its pos,

opdmum-GOHz fine-rejectidry; -the- capacitor value.should- Lsible toruse-one~3.58MHZ-crystal” for- bath “dévices. The
Ehosen such thatr2048.clock periods is'closatd an integral - . BUFFERED OSCILLATOR OUTPUT of the ICLZ109 may ba
’;’oﬁg‘g"‘ ot the.50fiz adad (Bt shouid o be 195830805 1 crive, the OSGILLATORNPUT-OL416 UART. saving

- , A 3

v

; dﬁl“mrmm slave device,.
a; putteang shoud md:r*- e 3T
est-lnput-.:é_.x\ S ;
When the- TESTiinpafis takertto-ar 6vel halfway between;
-GNDj-the countérsoutput.aiches ata.enabled, aly

7| oscr] ose™ S I ere:
=N . ase. . i o ng the comnewomems.xn.baexamined anytime. !
Ll - 9% = “__,?_WhMe-TES'anﬁwomeptgd_-tg GND;the countefs ..
[ N s e |~ m0UItpUts are all forced into tha‘hxgﬁ stafe, and'the’ intemal
V+ OR OPEN——s ——db=—=1 ' |- | .- clock isidisabled_ When.thq JApin fetums to the Y, (V*+}
T e ) S | —GNDJivoitage (or20 V+) androne-clocicis'applied, all the?

counter sutouts will be clocked to the low state. This allows’
———— Flgure.u*Rc.Oscillator_..q.‘__ #rewaraacasy. testmg of-thecounter-and-its-outputs. 773 ™

! “When_the. OSCILLATOR SELECT input is lovra‘feedback'q‘-‘-——lNTERFAeiNG“—-\__ TR S

S, 0 v

Yevice and outpit-and-input-capacitors-are added ¥ " thad WRTE S D’i’fga‘-aé‘de‘ w0 )
oscillatgr, Ini thisfeBnfiglration,as-shown- AN-EIQUIS 12T E Ty e rect mod s ot :
oscillator will Operate.with-most‘crystals in the 115 EMHE = Figira B EBibinitidns of chip Gﬂﬂb‘ﬁi e
range with no external components. Taking the OSCILLA- and byte enable control signals which may be used wherr ‘
TOR SELECT input low aiso inserts a fixed 58" dividerswaveinterfacing the [EL7109 to parallel datafines. The CE7LOAD; -
circuit between the BUFFEAED OSCILLATOR OUTPUT input may be tied low, allowing either byte to be cantrolled:

and the intemal. clock. Using an inexpensive 3.58MHz TV, by its own enable.as in Figure 13A. Figure 138 shows a

crystal this division ratio provides an integration umegveﬁ': ’lsrconﬁguranon where the wo byte enables are connected
Pre R ~gether. I tis cORfiguratioe,” the” CE/LDAD sdives™as 4

: i ,_chip enable, and the HBEN and LBEN may be connected to
_(TCLOCK) 33'15 ms T " GND.of serve as a'Second chip efable; The 14.data outputs
T T “‘-“j,_._ - wiil'all be -enabled"simtiltaneously? Figite13C 'shaws the
o~ i : .,ﬂ ‘.,,,.Fl'ﬁé—gnd_—ﬁqasﬂaghpu&md LOAD as a master
This nme Is.ver closa to' twoSOHzpenodsorsa 335;3.‘[({3« * &.enable; which-colid ‘be’ the ‘READ. Astrobe avaname from
error_is less than .one percent, Which will give better | than -~ -~ mmaowm‘%:;;jiﬁ;-* -
40dB" 60HzZ re;écuon)‘l'he ‘Converter will operata. feliabfy 2t ST . Figure "14. shows,. ah- approach” to mtedacmg “Saveral
convefsnon rates of up’ to 30 per second which wrrespohds~ . - .ICL71095s to'd bus, gangmg‘!he"ﬁﬁgﬂ ‘and, TBEN Ssignals to
D ._severalconvenefstoget;\er,and‘Usingme "OAD inputs.
(perhaps decoded ' l‘rcm an address) .to selecl the desired
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Figure 13: Direct Mode Chip and Byte Enable Combinations
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* Some practical circuits uhhzing the parallel three-state -
dutput capabilities of the ICE7109 are shown in Figures 15

e

oonveftef clock period. If STATUS is is now low the second.
reading is comrect, and it it is still high, the first reading is~

through 20. Figure. 15 shows a'straightforward application:ta: 9a0g coTect..Altematively; this: timingi-preblem is completely:
the lntel-ao48180/85.mmprocasscts,m an-8255RPI,p.m-avoided by using.a read-after—update sequences, .as-shown

whera the ICL7108 data outpulg:afe active at alktimes. The;
I1/Q ports-of an- 8155 may besusad;in thasame-way.: Thls.
interface.can-be used.| Jin.a;read-anytime. modesalthough.a
reatt perfarmed: whnle-she data:.latches-arg. bgng.updatett,
will lead to scrambled data=Thiswilk occucvery-rarely, in the
propomou of setup;-skew timegto convecsiantime, One way;
ta.avercome this is.to read,the STATUS: output : as-waell, and

#t itis high, read the data again atter a delay of more than.ie

e

oot

mummmwmm ro.

e

s

Jn Figute:16. Here the high.lo low transition of the STATUS:.
output-drives an interrupt:to. the nucropmeessormusmg it
to-access me.da!a latches. This application alsoshowsthe
RUN/FOLD input being used to initiate conversions under.
. software, control. | s o

».A “similar, mtertace .10 Motoréla:

QL0 LB H

MCB800. o Flockwell

3 &gstemsxs shewn in F:gure 17 .The iﬁgh‘tulow tran«
sxtion—o( the STA'[US output. generates an interupt via.1 ma

Tee T mIT SRAEMER AR T e TITe RIS A IS
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Control Register B:CB1-finé. Note ‘that-GBZ cantrols. the to be sure* that-requitements: for 'satisg ‘and Hold'times. and
RUN/HOLD pin: through‘ Control’ Régister. B, -allowing -soft- minimurmpaisé-widths are’met Note aiso*thié drive fimita-

ware-controlled nitiation”6f-ednvérsioris in-this’ system as
well: LTINS OF USEY QNS LI Ll L
. The three-state output capability of the 1CL7109 allows
diréct intertacmg to mostimicroprocgssor bu§§es. Examples
of this:are shown‘in F‘rgures 18¢ andi‘ls‘ s ‘necessary 1o
caretully consider the Systérm tirhing if this’ type of interface,

NOTE: Al typicel vskios hiave bean cherscterized but are not tested.

tiong’onlong buses.- Generally’ this ‘typéof interfacé is only
tavared if:the memory periptieral addré's?da‘r’sity-isﬁwso
that simple*address decoding: anbe-l.iséaiimenupt han-
diing can alsd réquire many additignal ébrhporren!s.~and use
ingian interface’ devnce wﬂl usually simplify-trig System i ln thrs
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ngure-wfolrecncmor'ucsaoxaas Intertace A
e & as o M-t R S e VLT -y
andshak od under.somvaxacomrol_uote ﬂnt.one.pm:t.ot&e 8255 is.not
H eM e " — ~-2used; and-can service-another-peripheral device.- The same.

} The handshake mode allows ready- lntedace.wnth a. w'de“—arfangemen( cari aléG bé Used With B8 B155. :

vanety_ot external .devw&e_Eounstance..extamal latches ..

Inay_be clocked by_the_rising edge of iCE/LOAD. and the =¥

byte enables may be used as byte 1denuﬁcaﬂon ﬂags or as
load-enables: — - =T TR
{ Figure 20 shows d handshake Intettdee to Intel “micro-
processors again using an 8255PP1. -The handshake opera-—__—_
tion with the 8255 is controlled by_invening, its. Input Buffer___
Full (IBF) flag to drive the SEND input to the ICL7109, and
using the CE/LOAD to drive the 8255 strabe. The.intemal .~
control ragister of the PP1 should be:set in MODE 1 for the
port used. If the 7109 is in-handshake mode and the 8255
IBF flag is low. the next word will be strobed into the port
The strobe-will cause. IBF . t0. go high (SEND goes low),
whnch will keep the enabled byte outputs active- The PP! will
generate an intarmupt which when executed will resuitinthe
data being read. When the byte is read the IBF will be reset §
low, which causes the, ICL7109.t0 sequence into the next H
byte. This figure shows the MODE input to the ICL7109 con-
nected to a control line on the PPL If;this output is teft high, !
or tied high separately, the data from every conversion (pro- !
vided the data access.iakes less time.than a conversion) =7
will be sequenced in-two:bytes into the system.—- e
i if this output is made to go from low to high, the output
sequencs can be obtained on demand, and the interrupt

may be used to reset’the: MODE bit.‘Note that the RUN/. =757

ﬁgure 21 sHows a Sirkildr ir drrangement with the MCE800;
Thicroprocessors, except that-both MODE and'
UNl OLD-ase-tied high-to save-portoutputs.. . ..

: wi‘JfEThe handshake mode is particularly converient for direct '

ly-interfacing to industry standard-UARTs-{such as the Har-

~ 7§ 1M6402/6403 or Western Digital TR1602) providing a

~minimum. component count means of Senally transrmmng
converted data. A typical UART connection is shown in Fig-

mure 2A. In this circuit, any word received by the UART caus-

“es the UART DR (Data Ready) output to go high. This drives’
the MODE input to the ICL7109 high, triggering the ICL7109
into handshake.mode. The high order byte is output to the
UART first, and when the UART has transferred the data to.
the-Transmitter Register, TBRE (SEND) goes high and the
second byte is output. When TBRE (SEND) goes high
again, LB LBEN will- go high, driving the"UART DRR (Data
Ready Resat) which will signal theiend of ‘the transfer ot
data from the ICL7109 to the UART; -

- Figure 22 Shows an extension of the one converter —

-~one UART scheme to several ICL7109s with one UART. In

this circuit, the word-réceived by the!UART (available at the
RBA outputs when DR is high) is used to select which con-
verter will handshake with the UART. With no extemal.com-,
ponents; this scheme will allow up to eight ICL7109s to in-:
terface, with, one. UART.-Using a few more components.to

HOLUD input to the ICL7109" may alsg: Be.drivert bya’ bit-of g pplenag

Lhe 8255 SO that convemons maybeobtainedm command——

NOTE: AR iypical valuas hve been characterizsd bl are not tested.
340

acode Bie-received word will-allow up Q 256 coaverters_tof
beaccesed on one serial line, .- -~

AECEY X R e -z AR
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—— ——Flgure 22 Multiplexing COnverters wlth Mode Input - 5’
=T - , 3
:“The appllcations of the ICL7109_are not limited to -those" L Frlel I, 3

shown here. The purpose of these examples is to provide a
starting point for users-to develop ‘useful systems; and to

show some of the variety of interfaces and uses of the . - R -
ICL7109. Many of the ideas suggested here may be used in D
combination; in particular- the uses of tha STATUS, HUN/ T -

HOLD, and MODE sxgnals may | be mlxed oo e e .

APPLICATlGN NOTES i
A016 “SelectingA/D Converters,” by David Fullagar
A017 *“The Integrating A/D- Converters." by Leé Evans.
A01a. “Da’s and Don'ts of Applying A/D Conveﬂers, by
: Poter Bradshaw and Skip Osgood. 3t 217 357 — &% .
A030" “The ICL7104"=="A"Binary Output A/D Convertef fcx' TeeTTeesTT Y
- = Microprocessors,” by Peter Bradshaw. . - -
T e A032 “Understanding the Auto-Zero and Common Mode
Performance “of ~the-- ICL7106 Famliy," by Peter
- Bradshaw e L
RO05 “Interfacing Data Converters & Mncroprocessots " . ) T e e e—
" - - by Pater Bradshaw et al, Electronics, Dec. 9, 1976.- .

i

NOTE: Al typical vakms have boen charscterawd i are not testsd. . Lse thimme L A MTdNGe MCLW .ol v 42 T
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" Integration Period
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) —-—(V"-A‘r O.DV) <- VINT‘C' (V
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ICL7109

INTEGRATING A/D CONVERTER

sz EQUATIONST= 1 -2 =0
Dlsplayrgo'unt 5] _4-::_-;:;;—:“ AR

: oty ‘h e
0 bma TR Qe

.-' M ittdcirerne:
=71 et bshwee
> sisT2 Byt 0

QT 2
o Converslow'dfde’ nE
T Ve = o ek X 81924 .
. (ln.Free-Run Mode, leIHOLI} = 1)’ 5

- :__Vvheﬂ'fi:x.ocx'?;ﬁo, kHz, teoyc
Common Mode Input Voitage:..

- -1/3.58 MHz (Crystzl),. o o 10“ P Vlu g (V"' - CT.SV)J_

'an (egrauOrLCJock Frequencyry.—==y RrE aneeees e 'AI}io]i Z'emCapacuor L e

: fcLock = fosc (RC Mode) - s 0.01 pF,2.Caz < 1.0 uF..

T fcLock = fosc/58 (Crystal) . . oo IR YAZ B34 5

£ ' Reterence:-Capaciton;.

7 o.1pE<cﬂE;< 10;J.F

VREF 3 - -
- Biased between ¥~ and V

-vnspsw- = 287 - £
.~ Regulation lost when V™ to-V7 < 64YV: -

nosc >. 50 KA.

33Acel b

I

B R T

ity = 2048 X teroek .
60/50 Hz Rejection Cnterion -
: iNT/t50 Hz OF tiNT/t50 Hz = lnteger

Q;;Umumzlgt:gr:tlon Current s ey T02 3380 L s It Vger is.not used, float'output pire

: Nt B Power SUppty' Dualex5.0Vs - ey 2ias 3
Full Scale Apalog Input Voitage~ | VT =:+50to GND" '~ ° LA L2 /
¢ Vings Typically. = 200 mV or 2.0V 2 _50’ to GND*- .

Integrate Resistor ) Output' Type:—- SRS i U .

Rue = VINFS ) Binary:Amplitude with Polarity and Overrange'Bits -

: iNT © . Tips:Aiways tie TEST pin HIGH._, ~~ | i3z~ -
Integrate Capacitor Don't Ieav&any-mpuis floaung:«—- - —
s"é"'f_'(fm') o)y — T - -
i INT S T

i INT -~

Integrator Output Yoltage Swing
(tiNt) (har)

A J
._..,...—-._s-c s;o"{

V;m— Maximum.Swing: . -

wmuwmmmwmnrmMn

A

&8
Ly
| =4

T2 TAMT 387iA2 TOUCCST 2M7 OF 23
S THUSNY 223RTG ZITATPRAS R D

PR ri o
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TYARCA:
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ELECTﬁICAL CHARACTERISTICS
indicated.) Test circuit as shown on first page of. thmdata.sneet. (Commued)

_DIGITAL"SECTION =R uF 02T SmemT L=
Synibol : = Parameter:® w7 " - Test Conditions-

R M = e

ERVeR=AYY Pty louT=100pA ot r Tl
YoH _ox-170utpunt ”'9“ V°"a‘-’° Pins 2:16,18,19,20 -~

Out;iut Low Voltage... - _ .-

oy =1.6mA

- Output Leakage Current -

-~ Pins 3-16 high impedance

SradnLageas

e ntrol |/O Pullup
|~ Current

Pins 18,18, 20 Vour=V* =3V.°.-

" MODE input at GND

R L

-

vof 3

*"Control 170 Loading

- HBEN Pin 19 [BEN Pin 18 (Note 4).. | .. .

. lnput H»gh Vonage -

Pins 18-21, 26, 27
—referredto GND - -~ .- .-

Pl SRS

- Pins 1821, 26, 27—
“referedto GND

_Pins 26,27 Vour=V+—3V=

Sl S 'npm Puil-up Current - — —— - “
S ".—‘“pm Pull-up Current —— ——| — Pins 17, 24 Vo =V +— 3V
<inpat Pull-down Current . -____{ - Pin 21: VOUT=GND i I

| L oditator Output . | High | Vour=25Ve-s - v
! Current Low | Vour=25V .- . - -nr 22|
Ii-| ~ Butfered Oscillator | High | Vour=25V °
;éut;a‘lCurrem - |- Low---Vour=2.5V -- - -
MODE Input Pulse Width ~ (Note 4) =

Y- er——a— - =

NOTES.! mmwmwwmmmmmw:mm*wo# »
.___.Z.Daebm-smm-naawnm;rmmahhbnaummmwmmumwmwmmv¢
or kess than GND may cause oestuctive device latchup. Fummnamhlmmﬁmmmmmmm

K2’ m&ybeappwmm.uﬂosmnsmmsesuumwmtnmmmmmmmunmumm&a

1mw~t«:mmmmwm-ﬁmumwmmm fares s Mo Y

4 This parametsr is not producton tested, but is guaraneed by dasgn. . o
“S.Ron-o-srmorlotn--mm+1zs‘c=‘3mnuwm :
% 6. A full scale voitage of 2.048V sarsed because B full scale voitage of 4.096V
== 7. For Cerdip package the Ratometric error can be — 4 (Min.).

NOTE: AI typicel vekses have been charsclarzed but are not Kested.
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ICL71009.

ICLTA09 " 2fF

logie. T . o

- Zeroconﬁglnm . g

- Output High during nlegr:la and de-mag'ale .
until datais latched. ”

anwmnumbgsecmnsnm

-Polarity < Hi for Positive input.

Overrangs — Hi if Overranged..

Bit12 | (MostSignficant Bit) - -2

e S e

Bit10. . |

et

Bit8

Bit7

TBiteT T

Bit5

Bit4

Bit3

- - PSS Y

Bit2

st

('Luasl Significant Bit)

P ([ S,

e itz .~ . TABLE 1: Pin Assignment and Function Description -—- —=-- - . —aeR S,
Description - . Pin Symbol Description -
_Digital Ground, 0V. Ground reuntotaudignal 21 | MODE Input Low — Direct output mode where

TEJUOAD (Pin 20), RBEN (Pin 19) and LBEN
(PnlB)tdasnpmscﬁrocﬂycovmomngm
outpui: ot ol s
!np\nPuscdl-ﬁgh Camasmnociaumn-y
mohandshakunodeandmaoldatznn
F'nqu’elo )
lmuw—mmwm)
HBEN (Pin 19), and LEEN (Pin 18) as
outputs, ranasrnk.modowilboonlmand

Y _._—

dataowmnasnﬁg.maandsnf-—-

- conversion completon. S
OSCIN 725, | Osaillatoninput™ ~ ~ 77 "=
0SCOoUT™ | Oscilator Outot '
Ose S.EL Oscillator Seiect — input high configures

OSC IN, OSC OUT, BUF OSC OUT as RC ™
“oscillator — dockwmbesamepnaseand“
dutycydoasBUFOSCOUT

— Input low configures OSC IN, OSC OUT for
crystal osallator — clock frequency will be
1/58 of frequency at BUF OSCOUT.  ~

25

8BUF OSC OUT

Buffered Osailator Output™—==".*~

TEST_ 2 = anut H;gh ~ Nocmal Operation.

.-.|-Note: This

lnmew—-Forc"sallbﬂmmhagh-- =

. Tie raghdnc.used. S e

26

RUN/FRCLD

- eompleled. converter wil stop nAu!o-Zero 7

Input High — Conversions contiauously _ ..,
pedorrnedwery&rSZdodtpulses*.-
InpulLaw Convusonmprogrm

-e

1. 55

counts befors integrata. %3

o §AAD.E o~

LmByxsEnaola —WllnModo(Pn21)lth4
. and CE/LOAD J7in 20T low, mmmm
activates \cwwoarbywmnpmsB!—B& 3
.NmMooe‘P:nZUh*gh.mspmmes

& Iowby‘teﬂagomvuwsadmhandshakamodi.'f
Ses Figures 8, 9, 10.

| Tnpt =1 ‘-Usadmharanaxomode to;ndcam

abmyolanenorm!dmmawoptda!a.
Conneéctto + 5Vif notused. =<7 &r—¥3-

AnaloqugauvaSupply Ncmnalry'*sv
wmrsspecuo.GND(Pm!) | s

Reluenee Vonage Omput— Nom«nany 2:§V
down from V* {Pin 40).

:High Byta Enable — With Mode (Pin 21) low] T T

“and CEJLOAD (Pin 20) low, taking this pin low—

activates high order byte outputs B9==B12 s

—_~

POLOR ----» 23

b v Mpremag

|, = With Mode (Pin 21) high, this pin serves as a
mgh byte flag oumxﬁusedmhmdshakemode.
See Figures 8,9, 10.-. o i i e

|BuFFER ..,

Buffer Ampiifier Output... .

- | AUTO-ZERO—

-Auto-Zero Node— inside foil of Caz—e

C?upEnable Load — With Mode (Pin 21) low.:
-CEJLOAD sarves as a masler output enable.
Whenhogn.a1——a12 POLORov.npmsaro-
disabled. .. ° - :
— With Mode (Pin 21) high, this pin serves as a
load stroba used in handshake mode. See

32 | INTEGRATOR | IntegratorOutput = Outside foil of Cr ™=/

33 | COMMON Analog Common— Systom is Auto-Zaroed k)
. COMMON . S B

34 | INPUT LO Ditferéntial Input Low Side .~~~ 75

35 | INPUT Hi - =+ =| Ditferential Input High Side:

36 | REFIN + >* [ Differental Reference Input Pos.mf o o

37 | REF CAP + . | Referénce Capacitor Positive =

38 | REF CAP »° - | Referance Capacitor Negative $

39 |REFIN - Differential Reference Input Negative

10 | v+ ) Positive Supply Voitage — Nominally +5V

with respect to GNO (Pin 1).

Figures 8, 9, 10.

NOTE- Al typical vakies have beeri characierzed but are nol tested.

s

Note: All dngnal levels are posmvs rue
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G, GO ) . iy

1oM0°

16

8183 -

uCRﬂr

Yo
AEF N~

SMOSCOUT - REF CAP-22

IUC&P*I‘P
COREE N~
- MM

17 TEST ——————-——IUOU'I’B

71 M00E —— - uun.mx
2 COTSID S OSCIN
I7 $EMO —- -—— - OSCOUT I3

osC w1

_—

[ nr

cL7ice
C&O‘ A/Q CONVERTER

e

PR . -
=307 bt weUT

———CND -

L EXTERMAL
T7 C REFERENCE -

353 My

ey R
ST AE T2 - 2BTATU ——— T REF OUT D TTRaT 20102V REF. - -
2% PAOG ¢ uar,-»-.n- - N7 20001 2V REF.
x - 18 RN . 3EN0 27
> - BUF O$C OUT 25
«© LT R pasoLon OSC SEL M
: [ *lere oscoutTn
M) b O3C w2z s
- 20 COTSIS HEDE CAYSTAL
' - -

ICL7109

DETAlLED DESCRIPTION

Analog Section ™ "’ o

T Figure 3 shows the equrvalent c'rcun ol the Analog" Sec-
tion of the ICL7109. When the RUN/HOLD LD inputis left open
or connected to V +, the circuit will perform conversions at'a
rate datermmed by the clock: frequency (8192 clock periods
per cycle). Each measurement-cycle-is divided into-three
phases as shown in Figure 4. They are (1) Auto-Zero (AZ)

(2) Sngnal lntegrate (INT) and (3) Demtegra!e (DE)

NOTE: A hypacal vaises have been charsclarzed but are nol lesied.

Auto—Zero Phase - S

During auto-zero three things mDpen. First, input high
and low are disconnected from their pins and intemnally
shorted to anaiog COMMON. Second, the reference capaci-
tor-is - charged to the reference veitage. Third, a feedback
loop is.closed around the_ system to charge the auto-zero
capacitor Caz to compensate for offset voltages in the buff-
er amplifier, integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is limited only by
the noise of the system. In any case, the offset referred to
the input is less than 10uV. - -

328
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ICL7109

Urrinm mee e

STATUS ouUTPUT

Sl NWBER OF COON'B TO mo CROSSING
-~ PﬁOPORTlONA. TO Vo

' BE IN AUTOZERO -
CONFIGURATION

Sngnal lntegrale Phase .

Durmg signal mtegra(a me auto-zero Ioop is oo==ned L me
intemnal short is removed and the internal high and-low in-
puts are connected to the external pins. The converter then
mlegrales the ditferential voltage between IN Hi and. INLO
for a fixed hme 'of 2048 clock periods. Note that this dn“er-
ential voltage ‘must be within the common mode. rangs of
the inputs. ALthe end of this phase the polanty of tne mte~
grated sngnal ns deterrmned

§

"he final phasa 's dmx ':a'.s:_ or refe-ence m(egruta ln—
put low is .nlemaﬂy connected to analog COMMON and in--
put high is cannected across the pre-nous:y c‘larged (dunng'
auto-zero)- reference. capac:tor Cuc.xm'y within the chip en-
sures that :ha Cap«cﬂO( will b2 connected with the correc!
poianty to .cause the integrator . -output. to return 10 .zero
crossing (ﬂstab(.sned in-Auto Zero) with a fi xed slope.. Thus
l‘\e tme for the output 10 [ewm!o zero (represenled by.the
nombar of clock periods counted) is proportional to the in-

" put signal.

WrTe N0

i
U

R R .



ICL7109

; The input can accept differential voltages anywhere with-
;in the common mode range of the mpu( amplifier; or specrf -
'cally from™1.0 volts below the ,10-1.5 volts _

_ Integrating "R s:stor .

reduced-further=This willincrease both-noise—andToilover
ermors. To umprove the performance, supplies of 6V may
be used.

R e R

‘above The negative supply.-in, this Tange. the system has a— = —-Both the. butfer amphf ier and the nmegrator have a class A
‘CMRR_of 86d8B typical. However since the mtegrator also" — —output stage with 100uA of quiescent current. They supply

!swings with.the common mode- vol!age wemust be exer-

:cised to assure ihe integrator outpm do€s not saturate. A
.worst case .condition would be.a. large positive common..
imode voitage with "a.near full-scale ‘negative ditferential-in-
put voltage. The negative mput signal drives the integrator
positive when most of its swng\as been used up by the

{positive common mode voitage! For-ihese crtical applica- - - -
~ relation

‘vons the integrator swing can bé reduced 10 less than the ~
irecommended 4V full scale with someJoss of acclracy. The

‘integrator output can. swmg within 0.3 - volts-of either supply .

iwithot loss of lineanty. © . R $ =N
; : P
! Thé1CL7109 has, bowever, been optimized for operauon

20pA of drive. current with negligible nen-inearity..The inte-
granng resistor; should be large enough to remain in this

" ..very linear région over the input voltagé:range, but small
“~. _ enough that undueeakage requirements are not'placed on

the_ PC board. For 4.086 voit full scale, 200k0 is near opti-
mum and similarly a 20k for a 409.6mV scale. For other
vaiues of full scale Voltage RWT snould be chosan by the

... fu(l scale voltage Ln
Rl"ﬂ' = —
: voem . _20A G o
Integratmg Capacitor .
~ The integrating capacttor qushouldbe selected to grve

B e T

"n.\“k:‘:‘

with .anal ear digital ‘ground. With-power sup- - =
{Plies ot .5V and_= 5V, this allows a 4V _full scale mtegrator-x~. _the maximum_jategrator.output voltage_swing without. satu:
e o e thus manmrzmg the performance —. —_rating the integrator. (approximately 9.3 volt from either-sup-

‘io{ the analog section. ! -
Drfferentlal Reference

ply). For the ICL7109 with =5 voit suppiies and analog
common connected to GND, a £3.5 to x4 volt integrator
output swing is nominal. For 7-4 conversions per second

'; The reference- vataae Can b3 genera‘ted" anyv?here wnhm_' — " —{6T.72kHRZTlock TreqUency) 2s provided by the crystal oscil:

ithe power supply voltage of the converter. The main source

_ lator,~nominal-values~or-Ciy7 and Caz are 0.15uF and

50! common mode eror is a roil-over voltage caused by the n: Z0.33pF, respectively. If different. ciock frequencnes are used,

re!erence capacitor losing or gaining charge to stray capaci-

ty on:its nodes. If there is a Iarge common mode-voitage; {2

~ —theSe values should be'changed to maintain the integrator

TA outputdoltage swing. in general the value of CiT is given

e Telerence capacitorcan gain ‘charge (incréase voltage)

by ==

when _called up to demtegrata a positive srgnal but lose
:c’!argﬂ (decrease voitage) when called up to deintegrate a

negative input signal. This ditference in reference for.(+) or..
(—) nput voitage will give a roil-over error. However, by

selecting the reference capamor—large enough in compari-~<

son to the stray capacitance, this efror.can be held to less
than 0.5 count for the worst wse (5 'mon (see Component
Values Selection beluw)

*-""‘-r"-’*"-"

The roll-over error !rom thesa sources is minimized by .

having the reference common mode voltage near or at ana-
Iog COMMON. ~i=7: ==sre===seemprsemreo

Component Value Seler‘hon

, For optimum performance-of ‘ne analog secuon care _

'must be taken in the selection of values for the integrator
capacdor and resistor, auto-zero -capacitor, reference volt-

age and conversion rate. Th&se values: must be chosen to i

suit the particular appiication® 7

The most important consideration is that the mtegrator
outgut swing (for full-scale input) be . as large- as;possible.,
For example, with_ 5V _supplies and COMMON copnected
to GND, the nominal integrator output;wmg at full scale is
+4V. Since the ln(egrator output can go to O 3V from either
supply wrthout-sugnrﬁcamly affecung lmeanw a 4V mtegra-
tor output “swing allows 0. Nlor var\abons n output swing
due” to oomponem value and oscxllator tolerances. " With
5V supphes and a common mode range _" 1V7equrred
the componem values should be ‘selected to prowde +3V
mlegrator output swmg Nocse and rollover emors

NOTE: AX typecal vaisms have been Characierzed but are nol sested.

L Be s e

(2048 clock penod)(ZOuA) . !

el T integrator output voltage swing - ® :
*AR2dditional requirement of the mtegraung ‘capacitor is
nax it have low dielectric absorption ta prevent roil-over er-
rors. While other types of capaditors are adequate for this

. aaphcaﬁon‘polypropyfene capacitors give undetectable er-

rors'at reasonable cost up to 85°C. For the military tempera-
‘ture range,  Teflon® capacitors-are recommended. While
their dielectric absorption: charac'ersues vary somewhat

... from unitto unit, selected devices shouid give less than 0.5
" .count of error due to dielectric absorpbon

Auto—Zero-Capacrtor
" The size of the auto-zero capacitor has some influence

“on the noise of the' system: a smaller physical size and a

larger capacitance value lower the overall_system .noise.

223, Hovvever.'CAz cannot beincreased without limits since it, in
=" =Yparallel with the integrating capacitor forms an R-C tme

constant that determines the speed of recovery from over-
,loads and more {important the error that exists at the end of
"an’auto-zero ie.For 408.6mV. full smle where noise is

/cié
-- —very |npor‘.antand the. mtegrahng resxstor small,_a value of

Caz twice Cyyy is optimum. Similary lor'i 1096V 'full ‘scaie
where"recovery is more“important than'noise,’ & vaiue of
CAZ equalio half of C.m— is- recommended -

For opuma] fr:]eCﬂOﬂ of stray prckup, outer fonl of CAZ
should“be connected to the.R-C” summmg ;uncnon “and the
inner foil to pin 31 's:mslany‘t.he outer foil of C1N-|- 'should be
eonnected to pin 32 and the inner fod to 1he R-C, summing
;unctron. Teflon?, or ‘equivalent, capacrtors are’ recommend-
ed above 85°C for their low leakage characteristics. =~~~

e RV Y N R

et e AT
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ICL7109

A ICL7109

Reference- Capacitor—-—--~—— — = ~——-—--—— -Note that if pins 29 and 39 are tied together and pins 39

A 1uF capacitor gives good results i » most gpphcauons. —. .and 40 accidentally shorted (e.g., during testing), the refer-
However, whers a large reference common mode voltage “ence supply will sink enough current to destroy the devics.
'exxsu (i.e. the reference low is not at analog common) and:. : This can b?f.‘f? n?ed by placxng a 1k resxstor in series with
a 409.6mV scale is used, a larger valus is required to'pre- - ¢ PN 39’ i :
vent roll-over error. Generally 10pF will hoid the rolkwef—* o :
error to 0.5 count in this instance. 'Again, Teflon®, or equiva-.::..: ; .DETA"'ED DESCR"\:TION “eg
Jent capacitors should be used for temperatures ab abova BS‘C D|g|ta| Section - \ et s -

Sam  J ,\\s.«n,,

for their low leakage characteristics. - The digital section includes the clock oscillator and scal-
Reference Voltage = | S —————— ing’ circuit, a 12-bit binary counter with output latches and
;- The analog input required to genera(e a full.scale output. —- .. JIL-compatible three-state output drivers, polarity, over-
of 4096 counts is Viy=2Vagr. Thus for a normalized scale, . range and control logic, and UART handshake logic, as
a reference of 2.048V should be used ford-4.096V" full ~~~~shown in Figure 5.

_ scale; and 204.8mV should be used for a 0.4096V full scale: S ‘hroughout this descnpuon. lpgic levels will be raféned (o
However, in many applications where the A/D.is seosing_— as “low” orhigh”..The actuiflogic levels are defined in the
the-output of a transducer, thers will exist a scale’factor ~ " Electrical Characteristics Table. For minimum power con-
other than unity between the absolute output:voltage to be sumption, il .inputs_should swing from GND (low) to V+:
measured and a desired digital output: For: instance; ina__ ;. (high). Inputs driven- from TTL gates should have 3.5m
weighing system, the designer might like to haye a fuil scale > -* puilup resistors added for maximum noise immunity. i
reading when the voltage from the transducer is 0.682V." — S ’ :
Instead of dividing the input down to 409.6mV, the inpat — MODE'InpUt' :
voltage should be measured directly and a reference voit- .. The MODE input is used to control the output mode of the
age of 0.341V shouid be used. Suitable values fof mtegrat- :°_ - converter. When the MODE pin is low or left open (this input
ing resistor and capacitor are 33k and 0.15uF. Thisavoids =~ is provided with a pulldown resistor to ensure a low level
a divider on the input. Another advantage of tus system when the pin is left open), the converter is in its “Direct’
occurs when a zero reading is desired for non-zero input. - output mode, .where the output data is directly accessible
Températyre_and weight_measurements ‘with an offse} ‘of_____~under the control of The chip and byte enable inputs_Whén
tare are examples. The offset may be introduced by con- the MODE input is pulsed high, the converter enters the
necting the voitage output of the transducer between com- UART hanidshaka mode and outputs the data in two bytes,
mon-and analog high, and the offsat voitags between com- “then returmis to “direct” mode. When the MODE input is left
mon and analog low, observing polarities: carefully. Howev- - hlgh “the converter will output data in the handshake mode
er, in processor-based systems using the ICL7109, it may .— "~ at the enc of avery conversion cycle. (See section entitled
be more efficient to perform this type of smung or :are sub- ) "Handshaks Moue" for turther details). . = i
traction digitally using software: s — STATUS C ;tput
Reference_Sources S K-

During 4 | convecsion. cycie, the STATUS outpui goes high
The stabiiity of the reference voltage is 2 F’ﬂ'm factortin™ at the beqirning of Signai Intégrate (Phase ), and goes low
the overall absolutg Accuracy of the converter. The resolu- ~—=one-half cf::kpeﬁod after new-data from the conversion
tion. of.the_ICL7109 at 12 bits.is one_part in 4096,-0C= .y ¢ poan 'stored in"tha output latches. See Figure 4 for de+
244ppm. Thus if the reference has a temperature cosfficient ails of this timing. This signal may be used as a. “data vahd"
of 80ppm./~C (onboard rsference) a temperaturs Cifference flag (data ngver.changes while STATUS is low) to drive in-
01_3'.(-_7_ will introduce & one-bit absolute emor.” RglisieeT L ritemupts, or ro( monitoring the status of the Converter. ., |
“~-Forthis reason—n is recommended that-amrexternat htgh- =
- quality reference be'used where the ambient temperature is RUN/ HOLD Input’~ REE :
not controlied. or-. nhere hlgh-accuracy absolute measures -:‘When'the. RUN/ OLD mput is h:gh or Ieﬂ open;’
men(s are being made B g £rs 2EX%0 oo cuit will cammuousfy perform conversion cycles,” updatmg
“ The ICL7109 pnmdes "aiREFerence- OUTput (pm, 9) the output latches after zero crossing during the-Deinte-
which. may-be used with a resistive divider to generate-a grate (Phasé Ill) portion of the conversion cycle (See Figure
suitable reference voltage. This output will sink up toabout ). In this mode of operation, the conversion: cycle will be
20mA without significant variation in output vollage, and is ~ +* perlormed in 8192 clock periods, regardless of the "55“"‘"9
provided .with a pullup bias. device which sources”about value. - TR SRTE Ol O L \"’:7""“ k =
10pA. The outpu( voltage'is nommally 2.8V below V+, and _if RUN/HOLD goes low at any time dunng Demtegrate
has a temperatirs coefficient of = +80ppm/*C. typ.When us- (Phase lil)-after. the zero crossing has occurred,-the circuit
ing the onboard reference, REF CUT (Pin 29) should be will immediately terminata Demteg{atq“ and jump to Autc-
connected lo- REF— (pm 39), and REF+ should be con- Zero. This feature can be used to elimnats the time- spentin
nected to the’ wnper of a'precision potentiomater between Deintegrzate after the ‘zero-crossing. If RUN/HOLD stays or
REF OUT and V+: The circuit for a 204.8mVY reference is goes low, the converter will ensure minimum™-Auto-Zero
shown in the test circuit. For a 2.048mV reference, the fixed time, and then wait in"Auto-Zero until the RUN/HOLD input
resistor:should.bs removed; and a 25k precision po(enu- goes high. -The converter:will begin the Integrate (Phdsa 1)
ometer between REF OUT and V* should be used. i portion of the next conversion (and the STATUS output will
WL R {D = 4( A = ren go high) seven ciock periods after the high level is detected
o ‘Boadigai. o LT at RUN/HOLD. See Figure 6 for details.
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Figure 6: Run/Hold Operation 77+= .-

'5ing_the RUN/FOLD input in’this’ mannar’ ailows ‘an
convert on demand" interface to be used. The-con-

taS;
verter. may be held at idle in auto-zero with. RUN/HOLD low.
When RUN/HO! OLD goes high the conversion-is started; and
vinen the STATUS output goes low the new data is valid (or
ransferred to the UART — see Handshake Mode).- RUN/
HOLD may. now be taken low which terminates deintegrate
and ensures a minimum Auto-Ze(o time -before the-next

convets:orr o b 3B TTE s
o7 Altemaxaly. UN/HOLD can be used to minimize conver-
sion time-by. ensuring that it goes low during_ Demtegrale
zfter zero .crossing,.and goes high -after :the -hold-point -is
reached..The required activity on.the RUN/H HOLD input can
be.provided by connecting il to the Bufiered Osciilator.Out-
put- In this: mode the conversion time is dependent on the
input value measured. Also refer to Harris Application 8ulle-
in, AO32 for. a discussion of the effects this will have on
Auto-Zero performance p

NOTE: AX ypical vehses have boen charscterzzed but are nol tested.

3-32

-+ If the RUN/HOLD-input goes low and: stays jow _during
Auto-Zero (Phase [), the converter will simply stop at the
end of Auto-Zero and wait for RUN/HOLD to-gc high-- As
above, lniegrate (P‘\ase 1) begins seven clock penods after
the high level is detected

Direct Mode -+ '

Vhen the MODE pinis left at a low Ievel the.dala’ outp..na
(brts 1 through 8 low order byte, bits 9 through 12,polarity
and over-range high order byte) are accessxble under con-
trol of the byte and chip enable terminals'as mputs These
three inputs are all ‘active low, and are prowded with’ pullup
resistors to ensure_an inactive high level when Teft o _open.
When the ch:p anable input is iow, '.aknrg a by‘.a enabie
input fow will allow the sutputs of that byte to become active
(three-stated on) “This allows a var\ety of parallel ‘data act
cessing techniques to be used, as shown i in the sechon enti-
tled “Interfacing™" The timing requ-rements “for these out-
puts are shown in Figure 7 and Table 2..° =

L2}
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4 V..



ICL7109

v
o
= — Direct Mode Timing == —~——-- ICL7108 provides all the control and flag signals necessary
:Q ! - Table 2 Recuirements 9~ to sequentially transfer two bytes of data into the UART and
H qu X initiate their transmission in serial form. This greatly eases
i (See Note 4 of Electrical Characteristics) the task and reduces the cost of designing remote data ac-
4 quisition stations using serial data transmission.
SYMBOL | DESCRIFTION | MIN | TYP | MAX | UNIT| ._Entry into-the handshake mode.is controlled by the

“— MODE-pin: When-the MODE-terminal is held high, the
- — - = ICL7108 will enter the handshake mode afternew data has
. Data Access Time- |— — [——1t" ~=- ——— been stored in the output latches at the end of a conversiori
- 10487 | from Byte Enable | - (See Figures 8 and"S)- The MODE:terminal may also be
-~ used’to"trigger entry into the handshake mode on demand.
=7, At'any time_during the_conversion=cycle, the low to high
o transmon of ‘a’short: pulse-at the MODE input will cause

o ‘immediate entry.into the_handshake mode. If this pulse oc-

taga | Byte Enable Width-350 | 220" |’

ala’

DataHold Time =3 124 [T
zx | = 'DHB | g BETERGDIG | -

tcea | Chip Enable w'df“- ~$00-1. 260 1S | .7 curs while new data.is being stored, the entry into hand:
DataAccess Time | - | .~ : " shake modeis delayed until the data is stable While the
AC - . o {z==:{.260 | 400 |._ns | - -converter-is-in- the- handshake- -mode, the MODE input is

from Chip Enabte " |

Data Hoid Time _ -
fore from Chip Enable -

"—-- ignored.’ and aithough conversions Wwill still bs ‘performed,
) data updating will bs'inhibited (See Figure 10) untii the con-
~ 7777 venter compietes the outputcycle and clears the handshake

= rs MOJ@im s~ m—cem o n e e e
— — - .-YWhen.the.converter enters the handshake mode or when c
the MODE input is high, the chip and byts enable terminals
become TTL-compatible outputs which provide the control

A3 woeuT i A S T sugria_ls—lof the output cycle (See Figures 8, 9, and 10).
F—wea—] = ipn o | Zen I - In handshake mode, the- SEND input is used by the con- 1
] ‘ —TT . lf_» verter as an indication of the ability of the receiving dawca E
AS T // L' \ &\X P " (suchasa. .UART) to accept data._ Rt
e e . Figure- -8 showe. ‘the sequence o( the-output-cycle - wrth

——gu S e -+""~="=SEND-held hiuh. The handshake mode™ (Intemal~MODE
1 7/]//// l \_\\’ E_ //// ‘high) isTentered 2fer the data latch pulse, and since MODE

_—— " ... . remains high the T=/LOAD, LBEN and HSEN teminals are

| active as-oatpuis._The. hugh level-at the SEND input is
sensad on the same high to low intemnal clock :edge that-

. . - terminates ‘the data !atch pulse. On the next low to high
-~ intenal-clock edge- the CE/LOAD and-the HBEN-outputs
assume a low level, and the high-order byte Tbits 9 mrougn

— *=—127POC and OR) outputs are enabled: The CE/LOAD om-
put remains low fof one full intemal clock:period. only; the

—__daitz oufpuls remain active for'1-Y; intemal:clock periods;

- |Z Z57and the high byle enable remains.low for-two.clock periods;
o il ,____Thus._tba CE/LOAD output.low;level-of-low ta high- edge -

- ——

' Figure 7: Diréct !

+on shouid be noted that these control inputs are asynchro--..,  may be used as-a synchronizing signal to ensure.valid data

‘nous with respact to the converter ciock — the data may be’ =% * -and-the byte enabls as an- -output may besused.as a'byta . -
‘accessed at any time:~Thus-it i$-possible to access the— —identification flag. With SEND remammg high-the-converter :
Jlatches while they are-being-updated; which could lead to~ -—-completes—the -output cycle using: CE/LOAD--and=LBEN .

‘erroneous data. Synchronizing the access~of the. latches - while thé low order byte outputs (bits 1 through. 8) are acb-

‘with the conversion cycle by monitoringthe STATUS output vated. Th‘ﬁ‘n&shaie modews termmated when both bytes

il prevent u'us Data is never-updated -while STATUS isT T T are senl. 2 _.‘ 2 -:,- AL \, i

Iow Yo e i

= B i
. =— = -= ~-—putisused to delay portions of the sequence, or handshake Ut

HandShake MOde e e to ensure correct data transfer. This timing diagecam.shows -

l The handshake output mode is provided as anallematwe -.— the_ relationships —that..occur using an’ industry-standard -

imeans of interfacing the ICL7109 to-digital Systems, whiefe IM8402/3 CMOS UART to interfacs to serial data channels..

ithe A/D converter becomes active in controlling the flow of _ .. i yis interface, the SEND Input to the ICL7109 is driven by

'data instead of. passrvely responding to chip and byte en- the TBRE (Transmitter Buffer Register Empty) output of the

-2ble inputs. This mode is specifically designed 1o allow 2, . ...~yART. and the:CE/LOAD terminal of the ICL7109 drives
dsrect interface between the |CL71089 2 and mdustry-standard ik the-TBRL- (Transmitter Sutfer- Regnster—hoad)-mpm-lo-(he

'UARTS (such as the Harmis [M5402/3) with no extemal logic UART. The data outputs are paralleled into the eight Trans-
required. When triggered into the handshake mode, the mmer Buffer Register inputs. .
NOTE: A typscel vasas have been Charscterzed but are rol tessed. Do A bl IO e wwa By WOt WA ZTLY.
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Assummg the UART Transrnrtte: Buf‘er Register is empty
" the SEND input will be high when the handshake mode is

- -entered after new data i is, slore¢The CE/LOAD and HBEN
~terminals will go low" aﬂet-SEND..ls sensed.-and. the - -high -~
order byte.outputs become active.-When CZ/LOAD D goes -

l'ugh at the end of one clock period, the m'gh order byte data
is clocked into the UART . Transmitter Butfer Register. The.—~
UART TBRE output wiil. now.go low, which halts the output
cycle with the HBEN output low, .and the high order byte

.

sion excepl those completed dunnga handshake operation.
By triggering the converter into hiandshake mode with a low

-to, high_ edge on the MOCE. input, handshake output sa-

quences may be pertom\ed on demand anu.re 10 shows a
handshake output sequence tngge.red by ‘such an edge. In
addition,” the SEND input is shown as’ bemg low when the

" converter enters handshake mode. In’ this case, the whole

* outputs active. When the UART" has transferred.the.data to —— output sequence is controlled by the SEND input, and the

the Transmitter Register and cleared the Transmitter Buﬂer
Register, the TBRE returns high. On the next ICL7109 lnter-
nal clock high to low edge, the high order byta-outputs are -

disabled, and one-half internal clock later, the HBEN output™ ~"™ ~

retums high. Al the same time,the CE/LOAD and LBEN
outputs go low, and the low order byts outputs become ac-
tiva: Similarly; when the CE/LOAD retums high at the end of
one clock pernod, the low order data is clocked into the
UART Transmitter Buffer Register, and TBRE again goes
low. When TBRE returns to a:high it will be sensed on the
next |ICL7108 ntemal.clockhigh to jow.edge, disabling the

data outputs. One-half internal clocic later, the handshake . -

mode will ba cleared, and the CE/LOAD, HBEN, and LBEN
terminals retumn hlgn and stay ac:zve (as Iong as MODE
stays hlgh) - .

NOTE: A typcal wekses heve been charscterzed Bt sy not msed.

sequence for the first (hlgh order) byte is similar to the se-
- quence for the second byte.-This diagram-also shows the

“*. output sequence taking longer:than a conversion cycle.

-Note that the converter still makes conversions, with the
STATUS output and RUN/HOLD input functioning normally.
The only difference is_that new data will not be latched
when r.n handshake mode, and :s therefore lost.

Oscsllator._. : :
L.The ICL7109 is prowded with a versanle three terminal
oscillator to generate the internal clock. The oscllator may
be overdriven, or may be operated with an RC network or
crystal The OSCILLATOR SELECT input changes the inter-,
naJ “confi gurahon of. the osallator to opum:ze it for RC or
* trystal operauon. s=

sriLa o PO P

A U LBET AW AWG (e =l e




BOETISL o - 1CL7109

+ When"the ‘OSCILIATOR™SELECT input “is high™orleft ——— —1f atr"any timethe oscillatoristo"beoverdriven,the over-
bpen (the input is provided with a pullup resistor), the oscil- driving signal should be applied .at the OSCILLATOR IN-
fator is configured for RC operanomand the intemal clock .. PUT, and the OSCILLATOR OUTPUT should be left open:

wiil be of the same frequency ‘and phase'z as the signal at the - The intemal clock will be of the same frequency, duty cyde'
‘BUFFERED OSCILEATOR QUTPUT. The resistor and ca- - . and phase as the input signal when OSCILLATOR SELECT:
pacitor should be connected as in Figure 11. The circuit will -—-is left open. When OSCILLATOR SELECT is at GND, the
oscilate at a frequency given by f=0.45/RC. A 100kQ2 re-.. -  clock will be a factor of 58 below the input frequency. ;

sistor is recommended-for- useful-ranges of frequency. F°"‘r"‘1 When using the'ICL7109 with the TMB403 UART; it is pos-
‘optimum 60Hz finevejection, the capacitor vaiue-should-be~' ~- “siple to-use one 3. 58MHz-crystal for both dévices. The
Thosen such that2048 ciock periods is close to an integral - BUFFERED OSCILLATOR OUTPUT of the ICL7109 may ba
muitipie of the. GOHLpenod Ibut.should -not_be less.!han:'::j'sed to drive the OSGILLATOR INPUTof-thé UART, saving
50pF). ' 2 _.1_'. “the. need for: a’second. c.'ysral However, the BUFFERED
a2 ER20ST LLATOH OU]"PUJ' doesmlhave agreat ‘deal of drive’

Test mput‘— —
= ».. == When the u—.ST:mptn'ts takerrto a level halfway between
—~—~*=and-GND,-the counter-output: laiches ace enabled, al

—”~"lowing the counter.contents {5-be Examined anytime. 3

P e ———
——’

e When -the-TEST input seonnected to GND:the eounter~
—T—outputs are all forced into the }ugﬁ state, and‘the intemnal
clock is_ disabled_When_the Jnput retums to the %, (V*:‘

+ OR OPEN —— : - :
Wil _; - -, Josc= ASRC DO -GND) voitage (or-to V+) and one tlock is applied, all the
| g T oxs-12 counter outputs wili be clocked to the low state. This allows’
———— Flgure.u RCDsc!llator_..j__.(_.xa ity $1aC€3SY. tesung ol-theaomta:-and-m outputs =EY0 e i
i When the OSCILLATOR SELECT input is low-rfeedback—;—{\ P_{’TERFACING—\._ LI A i

device and output-and-input- capacitors-are added'\o the™

Dlrect Mode — .

‘oscillator. In thisTconfiguration-as-shown-in- Fugura'l?"!he i . S AT ;
oscillator will perafe_with-most crystals in the 1716 SMHZ — Figure 13"shows Smia ot the Tombinations of chip enable’
range with no extemnal components. Taking the OSCILLA- and byte enable control signals which may be used when

TOR SELECT input low also inserts a fixed =458 dividersmes=interfacing the ICL7109 to parallel datalines. The CE/LOAD -

dircu the' BUFFERED OSC!LLATOR OUTPUT input may be tied low, allowmg either bﬁa to be controiled
gk Dy its own enable as in Figure 13A. Figure 138 shows a

AEH0f iguration where the two byte enables are connected
“togéther. In this “configuration; the TE/LOAD sérves™as a
. chip enable, and the HBEN and LBEN may be connected to
GND or serve 2sasecond chip enable. The 14 data outputs

¢ __ _ willall be enabled s:multaneously Figura~13C shows the
) . HBEN and (BEN as flag inputs, and CE/LOAD as a master

-+ - -enable; which could be the READ strobe avaxlable from
.- mostmlcrc)processors.--------L :

whera TCLOCK

This ume le very close to two SOHz penods or 33 33rns The
error_is less than one percent, ‘Which will give better than

40d8 60Hz re]ecnon.“l'he converter will operate reuabl; At o “Fi igure” 14 shows . ‘approach’ “to mtedaemg several
- conversion rates of L up 1030 pef second, whr‘\ corrapond* L ICL71095 t0a bus, gangmg‘the HBEN and LBEN signals to
T T2 L L. several converters togsther,-and.using the CE/LOAD inputs

to a clock fraquency.ot 245:BkHz. .
- — (perhaps decoded from an address) 1o select’ the desired

convener

NOTE: AX typecal vakms Rave been characserzed but ace nol lested.
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FBEN  LBEN L RUNAOLD [~ L - CONVERT
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‘ I HBEN LBEN
CONTROL ::212: = ) Gno oA S . e I - I
: CHIP SELECT 27 -= - — BYTERLAGS
0336-14 : :
e-15 - 0336-16

Figure 13: Direct Mode Chip and Byte Enable Combinations

anure 14 Tn-statmg Several 7109’s to a Small Bus

Some pracscal circuits utilizing the parallel three-state
butput capabilies of the ICL7109 are shown in Figures 15

through 20. Figure 15 shows a straightforward application to- gag: cofmect-.Altemnatively, this timing problem is completely
the Intel.8048/80/85. MiCroprocessors..via an- 8255PP1,.__-avmded by using a2 read-aner-update sequence, as shown
where the ICL7109 data outputs are active at all times. The ___ .in Figure 16. Here the high to low transition of the STATUS

1/0 ports of zn 8155 may, be. used in the,same-way. This.
interface can be used in a~read-anyume mode, although.a
read performed wMe the data latches-are being updated,
will lead to scrambled data.~Th|s will occur very rarely, in the:
propaortion ofsemp-skaw nmes 10 convers:on time, One way.
1o overcome this is to read the STATUS output as well, and.
il it is high, read the data again after a delay of more thar_t_‘/z

wmuwmmqudnmm’ 3

output drives an interrupt to the microprocessor Tausing it
to access the data latches. This application also shows the

RUN/HOLD input being used to initiate conversions under-

_software control. e A N
- - .G
.A s.rmlar- mlerface to Motorola- 06800 or Rockwell

n RSSOX  systems is shown in Figure_17. The high.to low. rans

sxhon ot the STATUS output generates an mlem:pl via the

A S Sitet 3 & 3T

converter clock period. If STATUS is now low the second'
reading is comrect, and if it is sl high, the first reading is-
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LL2LTTET .

ADORESS BUS

processors With lnterrypt &

‘ercrro -

Mlcro

% 2Nes

Control Register B C81-line. Note that-CB2 controls the
RUN/HOLD pin through Control Régister 8, allowing soft-
ware-controlled - intiation "of ‘conveérsions in- thls syszem as
welli- 57 CE.nntE ity U SBL Bt L3

The three-state output capability of the ICL7109 allows
direct interfacing to mostimicroprocessor busses: Examples
of this are shown in Figures 18 and-19. It is necessary to

carefully consider the system timing in this type o(\inledace.—
?\s =

NOTE: Al typecal vakses have been characiarired but are not lested.

338

to be sure that- ‘requirements for setup and hold times, and
minimum*pulse -widths are met. Note also the drive fimita-
tions on long buses. Generally this type of interface is only
favored if .the memory peripheral address dens:ty is'{ow so
that simple address decoding can be-used.” Interrupt han-
drmgmn also require many additional components; and us-
ing an |ntedace device wﬂl usually s:mphly the system in tms
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Figure 17: Full-time Parallel Interface to MC630X or MCS650X Microprocessors
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Handshake Mode ~ undersaﬂware control_Note tha:.oue.poaof the 8255is nol
Al ~evassed,and can semce anomerpenphefal device.-The same.
! The handshake mode allows ready-interiace with a.wide angethienTcan iso be Usad with e B155. )

variety_of_external ﬁewca._Eounstance “external latches ___ i
nay_be clocked by._the rising edge_of CE/LOAD, and the —=2== :Frgure 21 shows a Similar arrangement [ with the MC6800,
byte enables may be used as byte identification flags oras e MCSB50X Microprocessars, except that both MODE 3""
load-enables. —- - JUN/ HOLD-are tied high-to savepon outputs.. ... ;
i Figure 20 shows ahandshake mledace to Intel™ mscro- it »-"—“—The handshake mode is pamcularly convenient for girect-'

terfacing to industry standard-UARTs+{such as the Har-
processors again using an 8255PP1.{The handshake opera< -in
tion with the 8255 is controiled by_inverting its Input Butfer_, *i§ TM6402/6403 or Westem Digital TR1602) providing a

m < count mea lly transmittin
Fuil (I8F) flag to drive the SEND input to the ICL7109, and Minimum component count means of serially 9
using the CE/LOAD to drive the 8255 sttobe The.interal .~ - converted data. A typical UART connection is shown in Fig-
control register of the PPl should beiSet in MODE 1 for the "‘;'s eﬂs:- L;:;;%%"(’B“;;gg:gy’?:gg?g:z ;h:hUT"f‘sT:a”:‘
rt used. If the 7109 & dshake mode and the 8255 : (S crives
i 7100 &8 I andshaie @ode an the MODE input to the ICL7109 high, triggering the ICL7109

IBF flag is low, the next-word will be strobed into the port. g - g g
The strobe will cause IBF .to_go. high (SEND goes low), : into handshake mode. The high order byte is output to the
which will keep the ied byte utputs active. The PPI will : UART first, and when the UAHT has transferred the data to
generate an interrupt which when executed will result in the ! the Transmitter Register, TBRE (SEND) goes high and the
data being read. When the byte is read, the IBF will be reset | second% is "°"‘P“'- When TSRE (SEND) goes high
low, which causes the, ICL7109.t0"sequence into the next ! ;geaa‘gy Heset)“"whg: v:‘:l(i]r;;gdxnal“"the)g u;zdiﬁﬂureotr‘:;?\sfga:
. This fi input to the ICL7109 .
byte. This figure shows the MODE input to the ICL con- | data from the ICL7109 to the UART ’

nected to a control line on the PPL. rf,this output is left high,

or tied high separately, the data from every conversion (pro-
vided the data access.takes less time.than a conversion) ~~-- ~one UART scheme to several ICL7108s with one UART. In

will be sequenced in‘two-bytes into the system. —~—— ~— this circuit, the word received by the’'UART (available at the

i . RBR outputs when DR is high) is used to select which con-
If thi fr to high, the output :

sequeni:: Utcgt: ;no\g?;;:dggn gg‘ml::d anzig the mte‘:r‘uppt verter will handshake with the UART. With no external com-,

be used to reset the MODE bit."Note that the RUN/- ©*+~ 90:9"'5 this SC"'E'X:‘ _FIIUU&"OW u? to eight ICL7109s to in-

FOLD input to the 10L7109 may aléa ba driven by a bitof % 3¢ eriace. wih.one sing a few more components (0

. mey -y _.__.deoode the received word will aliow_up | to 256 converters 1o

the 8255 so that conversons maybenb!amedon command—-— be acoe on one sedial line.

en

NOTE: Al typscal vakses have been cherscierzed but are not lesied.
340
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Figure20: Handshake Interface — ICL7109 to 8048, 80/85 ~

MODE  RUNMOLD
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Figure 21: Handshake Interface — ICL7109 to MC
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e ICL7109. g
~
e = — e — — - -l
Qe
:‘:.-,i
3
_E
——  —Figure 22- Multiplexing Converters with Mode input.- i
“"The applications of the ICL7109_are not limited to those e - el S . 3

shown here. The purpose of these examples is to provide a g
starting poirs for users to develop useful systems; and to . ) o
show some of the variety of interfaces and uses of the 305 oo Ol
ICL7109. Mary of ths ideas suggested here may be used in ) . T
combination; in particular the-uses of the STATUS RUN/
HOLD, and MODE signals may be mixed.~

APPLICATIGN’ NOTE.S st . C.
A016 "Selecting'A/D Converters,” by David Fullagar
A017 “The Integrating A/D Converters,” by Lee Evans.
: A018- “Do’s and Don'ts of Applying A/D Converters, N by
: Peter Bradshaw and Skip Osgood. = ;. =2 - aaZii™
A030" - “The ICL7104 =A Binary Output A/D Converter {or
© Microprocessors,” by Peter Bradshaw
=~ . . A032 *“Understanding the Auto-Zero and Common Mode -
Performance of “the ICL7106 Famﬂy > by Peter
Bradshaw ) R

RO05 ‘“Interfacing Data Conveners & Microprocessors,”
- by Peter Bradshaw et al, Electronics, Dec. 9, 1976..

NOTE: AX typscal vakues have been charscreraed bt oe rol lested.
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Circuit Description -

Outputs
7Outputs Q1, Q2 (pins 1, 9) are fed by push-puil oulput stages. The vig. jnjggralcd frea-whoel

diodas, rulencd 1o ground «r supply voltage respectively, profect the IC against IFback
valtages from aninductive load. )

\

;nable

Qutputs Q1 and Q2 ure turned oll when voltage V0.8 V 1s applied lo pin 3. The supply
current then aucreases magimaily 1o 1 mA. The saino oceurs il pin 3 is open. The sink
transistors are lurned on when Vi 22 Y.

Phase

The voltage al pin 2 delerreines the phase position of the“outpul current. Quiput Q1 acts

as sink lor V,,:20.6 V and as source lor v, 22 V. .

Similarly outpul 32 acls as . ‘
sink when Y, 22V dnd
source when V,£0.8V

Tha sink lransistots are current-choppud. An Inlernal clrcuil avelds undusied cross-over
currents al phass chang,

Nominal Current Input

The peak currenl In the molar winding 15 delermined by thu voltago al pin 8. A compatator
compares this wih the voltage drop al the actual cuerent sensor &1 fn 4. I the noiminal J7%

cuirary is cxceedud, the output sink transislors are luened ol Dy o logic circuil. 0
R -
Sync Input/AC Lo
Oulputs aro turnnd on by & signnl at pin 7. Two opuration modus are posaiblus vynchronlz- -
Ing by ¢ o lcd In TTL slgnal or free runmng with tha oxiernul 11C combination. L

~ Free~Runmr.g Oporauon .
When the supply voltage is nnplled capacllor C, al pin 7 chargcs to a limiting vollagc, i
typigally 2.4 V. With Increzsing current in ine motor winding, the vollagu rises ol ihe actual .
curront sensor 1, [pin 4), Allar exceoding the prodetormined valus ot the nominal Currum’ 8
inpul {pin BY the comparalor, in conjunclidn wilh pulse: suppression, rescls an AS flipllep.™:. -, °
The logic turns all sink trangistors T3 and T4, €, ceases charging and the parallvl resistance ;

R, then discharges C,. The sink lranmstors remain turmnog oif uniil the lower thieshold -
volage of the HSchnitl lriggor is reached. This olf period is tnus controlied by tho ime
constant 1, 1= A % C,. After the lower tngger threshold has been passed, the monoliop is .- ¢
nggered by the falling ecge ol the Schmul trigger output und, provided the vollage ut the:
actual currenl sensor [pin &) is lower thin the nominal velue ot pin 8, the RS lipliop is |
resel The logic clreuit then Wiens on the sink Wansistors T3 or T4 and recholgus cupacilor C,,
Il tnz vellage: at pin 4 rises above the comparatar value al pln 8, the sink kiansisiors T3
and T4 are turned olf aguin. Turn-on cannol be 1epeated umiil cupacitor C, has dlcchufged

~ 1o e iowse trigoer thresholg, the dn..churgc s buing a luncucn ol A, and C;. i

<
|

. -
.

Siemens Aklichgeselischalt ~ 699 . e



1w 1560 8

Ra
-
.mcus Operation

TTL leyel syric signal is led 1o pin 7, the negalive edge seis the RS Hipflop, via the

/ _-,chmm lnggcr/mono”op combinalion, provided that the voltage at pin 4 i below the

E) nommal value al pin B. As in the Iree-running operation made, the relevant oulpul iransistors

" “hecoma conducting. Sitnilarly Iney are cut olt by reseming ne RS Hipllop once the voliage
‘g p;q 4 Is hignes than tne nominal value at pin 8, -

‘Pulse Suppression

. ln all cases \he pulse suppression circuit eliminales positive pulses, typically of 0.5 ps ~ -
‘duralion, al pin 4. These can result trom cross-over curients in chopper oparation through
Ihe injegraled lfree-whcel diooes. A< o resuil, the voltage al nin 4 rises well above the
nominaj yalue, and vithout pulse suppiessiun tnis would dead o dynamic current limiling.
-The duralion ot these basicully unavoidable cross-over curfrenis is of the same order of
) agnuudc as the rcversc {-.c0vexy ume of the free-wnes! aiodes., . )

Tpmpqrature Sdlﬁguard '
H the lemperajure of the ic fiscs o apProx. 150°C, Ia inal siages are !urnqd oll. Al approx.

i H o H
| ‘'L H .;
v i/ 1+ ju H
Q2 s/ {r im v
Tapsistor  T1 X X ix . at: :
_Transisiof T2 X X | . | X ¥, >10mY i
. Transislor- T3 X X jr i x R, >0} i
Transistor | T4 X b4 } X L

= Law votage level, inputopen ..
.= High yohage fevel . - . ) . !
¢ = Transistor turned off . : ; e B
= Transisior conductng ' : :
‘= Transisior conducung with current limiing wmea oa
‘r‘ Outpu‘ high-inpeonnce

pjrsl



TCA 1567 €

-

Maximum Ratings
Te==25°C10 +£5°C
Doseniption Symbhol mun max Uit
Supply voltuye, Lin 5 Ve -0.3 45 v
Suppty current, i S ! ly [i] 2.5 A
[*eak current in }
output tranuisiors, pin 1, 9 i la =25 2s A
Diode currents
Diode 1o + vy * den 25 A
Ioa (o ground I 2.5 A
Inpul voltage, pins 2, 3,7, 6 - v ~0.3 [ "]
Oulput current, Nin 4 1, -5 A
Yoltagu, pin 4 v, ~0.2 6 v
Ground cutrait, fin & M 25 A
Junchion tumperalutu T, 15 *C
Sloragu lemperanart Ty -~40 125 “C
Thuemal tehislancy
syslefit = dmbient Ainsa 70 w
Sysism = case Hip s b WY
Dperating Rangu
Supaply voltage, pin § = vy ] 40 v

. Package lemperdlure Te -25 us “w
Input voiiage, pins 2, 3, 7 v, 5 v
OQuiput currunt Iy -2 2 A

. v

Siemens Akliengeselischalt 701



o g : ' TCA 15618

aracten
Hnennis

i ." Va =24 V' TC
s'{i Dowrlpﬂon - Symbul | Tuel condilions nin lyp Nea Unu
"_bupply cuuam, pin.5 1 Vig = Vi . 18 30 nA
1y i V=V, "1 0.3 A mA
| Output, pins 1, 9
P'bélph: voitage’: saurce Yen Ligi=1A 7 1.9 v
© Outpul voltige: source VYen Hgt=12A 1.9 2.1 v
Oulpul vouage: Sink Yoo Vioi=1A 1.2 1.4 v
- Quiput voltage: sink Yau Vyi=18A 1.5 1.7 Jv
“Rayerse current . Ligst 300 BA
Phase gead line Iy Figura 1 0.1 0.3 1.0 jou
Fomam vollage al diwdes . Y hLu= VA 1.0, 1.2 v
: eV . \. v,,, fin=149A 1. 1.3 v
i fomald vohage ol modw v A =V A ' 1. 1.3 v
7. 'logrouna i Vo Fhosiga i 1.3 1.5 v
JER
U Inputs: enable, pm ]
,‘_m* and phase, pin 2
A1 H input voltage V. ! -2 | PV
i, b input volage . Y. y ; 108 oV
H inRut current Y DY i P50 [ 160 . ! pA .
L input current , —h. i vV_e0V ’ 103 ' pA
Rice ena 1zl yme Cleb i | 2 us )
- E
V. ] + 0 H b2 .
: -1 =0V : l‘ ! 3 il pA
N Ay 'F-aurr.‘ | : 0 | mV .
I Ys { Figure § " ]o i 2 A
i e, . Fiyate 3 1 © 2 J i 'E3
h p —
. .. '
.Sync lnpUt/RC pin 7 . . X
P U ..'e:..;e er ! Caty cy2ie. .2 K 05 - w2 T
s ~hl,rr, £re's 5 P 20 iz ¢! . €S .
: Risé anc t.-.-sp-r- T b Pz T ps
% 15 QWU cummEnt 5in 7 L 12 ©1.E 1 2.0 pma
P TNGae! Ywes93's. pin 7 V¥, Figare 2 C.E | C& Py
e “Cr.;s.rgm, [ Eolu Yoo 2z 2.¢ Y
o oﬂ pélv{f‘ ' Jesw Fizaee & [ TS
A Y 12N 1 'l . W2
!
¢ :
i
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TCA 1560 B
Maxrimum Rulingy .
Te = 2567C bis +-05¥C
Luncriplion Symbal i mux Unit
Supply yoltuge, puy 'A -0.3 1A V) .
Supply currens, pn S F 0 1.2 A
Puak current in
- oulput lransistors, pins 1,9 Iy -1.25 1.25 A
Diode currents, pins 1,9
Dioau against + vy ha 1.25 A
Divdu ayhinst gruund I 198 A .
Inpul voltage, pins 2,32, 7, 8 ¥, ~0.3 [ Y '
Ouipul Cuttunt, pin « IR -1.25 A
Voitayw, pin 4 v, -0.3 13 v
Ground curient, pin 6 1, 1.2 A
JUnChon lemputiiuig T, 150 “C L0
S1otage lempuialuiv Ty =40 126 vC ot
Thurmul resistanca o
aysiem = whbic Ry, ua 70 KAw T ’ b
Systih = Cusu ‘ ‘ )
fneasuicd ul phy 14) [ My 15 KNy S
Opcrating Range -
Suppiy voltage, pin § vy Ju 40 ['v g?‘ '
Puckagu lempuraluie , )
mosasuiod al pin 1 Tc =25 &5 c |
Inpul voltuQa, pins 2,3, 7 v, ] Y I
Quiput currant, pins 1, 9 & -1 1 A '
L] . t
’ T o



tm 1Juu L

g
/raclenstics
,5 =24V, To= 25°C

il p“cnpuon Sys_tlu_czl Teat conditions aun typ max Unit
A Supply current, pin 5 I Vi3 3 Vi ’ 18 30 nA
QA" St Supply CurfEnt, pin§ I3 Via = Vi : 05 - |1 mA
I
. VQH ,|1°|=O.5;\ 1.6 1.8 v
! ". ‘Outpu vouage: source Vin 14 ) =018 A 185 (190 vV
- - Oulpul yollage: sink Voo 1lg1=05A 1.0 1.2 v
7. Oulpul yollugu: sink Voo Mg 1= 018 A 1.1 14 v
Y Quyarse curfent ) tlge 3o0 BA
nasé dead |imo fy ' Figure 1 0.1 0.3 1.0 WS
orwira vollage of diodes "Vew It =05 A 0.9 11 v
o TVS '.. Vs'" . l;,.‘ - 0.75 A 035 1.15 v
! Fomara voltagg of dlodcs Vi ls, =08 A 295 1115 v
lo gmund Vi l; =075 A 1.0 . {12 )
: . lnputs. enahle, pind :
- and phase, pin 2
'H input yollagy Vs 2 : v
¥ |., mpul volage - Viu . 108 v
'H input cufrent L Y V=5V | . 50 i {100 HA
= lL input curtent N ~ln V, =0V 1] 100 i\
I iRise and lall pme ° I by . 112 W3
: Nomipal current, pin 8 i
. i Conirol fange ; Vio [ I T v
N L TINpYt curieni o ~hs =0V ils BA
Lk ]npv.u oltsal vouage Viwesy | Frawes 0o my
“ 7 Actusl current, pin 4 P
3 3. - 5
3 .t Reguiating rangu Ve Figuts § (i} N I I B
5 aTuin-oll delay - . s © ] Figuied . J2 13 ps
b LY .
14 . -
).,’ ) SVnc input/ﬂc pln 7 4 : :
A b ,Sync Irequency } i [ Outy cycie: 0.5 1 » 1100 | Wz
HE o { Pty cycla - . ] fss QM2 - . 0.1 .1 {09
!:3.. ﬂlsa and all timd - q b R ps
A ; Ompm curteny, plo 7 -k : 1.2 16 * | 20 MA
EIM AT Triggar inveshola, pin 7 Vs Figure 2 0.6 0.8 v
11 LiCnarging imy C; . - Ver 2.2 24 . v
0| poriod .. toif " Figure 4 64 B
s Pynamic inpul [e..astanco By V.= 1.5V 1 3¢}
bofiEEgiEn 7 : =
ER o ,
.: ' N E
sef bt
;' ! %:‘ . , .
, . i 704 _.
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TCA 1560 1 .
Internal Wiring of Pins
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TCA 1561 8
TCA 1560 B

* . Phase Dead Tine
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TCA 1561 B
TCA 1580 B
cigure 3 ) ’
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TCA 1561 B
TCA 15G0 8

1200y
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TCA 15G1 8

Quivscunt currant J,
Awnu- supply vollagu Vy
m

£
L
' 30
20 /
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TCA15G0 B

Purmissible power dissipation £,
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Calculation of Power Dissipation
Tne lotal power dissipation /3, comprises

Saturalion losses P, {(rancistor saluralion'vouixgu and
' dwode forward vollages)
Quiescent current losses £, (quiescent current multiplied by supply
voitiago)
Swilching losses 2 (turn-on/turn-oll operation)

The lollowing equations give the power dissipaticn lor chopper operation without phase
reversal. This can pe regarded as "worst casu®, &s, In adawon 1o he swilcning lossus,
Jull-joad curest Hows for the entire time.
Pu=Py+P +P

vith ,," In ‘V‘.m D + Vl"o (1 - D) 'f'vulvl

q‘lu Ve

F= 'Yri { "9':;‘—0-" + -(-IL"-:“—')-!-W— T 1,;' ( laors + k\n)’ ‘w

1, * = Raled current (mean value)
l, = Quiescent current
in = Reverse currenl during lurn-on delay time

= Ptak roversa current

ts = Conducting limu ol chop tfrunsistor

luy = Turn-on time i

lorr = Turn-oll time

loow = Turn-on dolay lime.

loorg = Turn-oll delay Wing

T = Cycle duration

D = Duiycycle 1./T

Vias =, Suluration volmgu of sink transistor (T3, 4)
V... = Saluration vollagi ol source transistor (T1, 2 P
V., » Forwivd vollage of lieu-whea! diods (D1, 2)

N ;

“
A, = Supply voltage
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