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LAMPIRAN B  : 

LISTING PROGRAM MIKROKONTROLER DAN 

BORLAND DELPHI 



LISTING PROGRAM MIKROKONTROLER 
 

org 0h9 
 data1       equ  051 
 data2       equ  052 
 read         equ  p2.5 
 write        equ  p2.6 
 int            equ  p2.7 
 int1          equ  80 
 koreksi     EQU 19H 
 awal     :   ljmp utama 
                  inc r7 
                  reti 
        
UTAMA : NOP 
 org 10h 
 mov ie,#int1 
 mov r7,#00 
 mov p1,#00h      
 mov p2,#00h 
 mov p0,#00h 
 mov dptr,#00h 
 mov a,#00h 
 mov r0,#00h 
 mov r1,#00h 
 mov r2,#00h 
 mov r3,#00h 
 mov r4,#00h 
 mov r5,#00h 
 mov r6,#00h 
 mov r7,#00h 
 mov p0,#0ffh 
 call init       
 call delay 
 nop 
 call delay 
        
sch : nop                     
        call inchar           
        cjne a,#20h,sch   
        call delay 
        setb p1.1             
        mov b,#00h        
        call lg                
        clr p1.1               
        call hit 
        mov a,r0             
        call tulis              
        call delay                                              

B - 1 



       mov a,r1 
       call tulis 
       call delay 
       mov a,r7 
       call delay 
       call tulis 
       call delay 
       nop  
       sjmp awal 
 
  lg      :  mov a,r5                               
              call adc 
              nop 
              cjne a,b,satu 
              sjmp lg 
  satu   :  jc kecil 
              sjmp besar 
  besar :  mov b,a 
              sjmp lg 
 
  kecil  :  mov r5,a 
               mov r6,b 
               mov b,r5 
               mov a,r6 
               subb a,b 
               mov b,#koreksi 
               cjne a,b,dua 
               sjmp habis 
  dua   :   jc lg 
               sjmp habis 
  habis :   ret 
          
 
ADC   :   mov P0, #00h     
                setb P2.5   
     clr  P2.6       
                setb P2.6   
WAIT :    jb P2.7,WAIT           
                clr P2.5     
                mov A, P0   
                ret 
 
init       :  mov  tmod,#20h 
                mov  TH1,#data2 
                setb TR1 
                mov  scon,#data1 
                ret 
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inchar   : nop 
                jnb ri,inchar 
                mov a,sbuf 
                ret 
 
  tulis     : call outchr 
                call delay 
                ret 
 
 outchr   : nop    
                jnb ti,outchr 
                mov sbuf,a 
                ret 
 
 hit         : mov r5,a 
                anl a,#11110000b  
                rl a 
                rl a 
                rl a 
                rl a 
                mov b,#16 
                mul ab 
                mov r6,a 
                
                mov a,r5 
                anl a,#00001111b 
                mov b,a 
                mov a,r6 
                add a,b 
                mov b,#5 
                div ab 
                mov r5,a 
                mov r6,b 
                mov a,r5 
                mov b,#10 
                div ab 
                mov r0,a 
                mov r1,b 
                ret  
 
delay :     mov r1,#39 
dly0  :     mov r2,#39 
dly1  :     mov r3,#39 
dly2  :     djnz r3,dly2 
               djnz r2,dly1 
               djnz r1,dly0 
               ret    
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LISTING PROGRAM BORLAND DELPHI 
 
unit U_hendry4; 
 
interface 
 
uses 
  Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms, 
  Dialogs, StdCtrls, ExtCtrls, AfPortControls, AfDataDispatcher, AfComPort, 
  AfViewers, AfDataTerminal, Grids; 
 
type 
  TForm1 = class(TForm) 
    AfComPort1: TAfComPort; 
    AfPortRadioGroup1: TAfPortRadioGroup; 
    Label1        : TLabel; 
    GroupBox1: TGroupBox; 
    Panel1        : TPanel; 
    Label2        : TLabel; 
    GroupBox2: TGroupBox; 
    Panel2        : TPanel; 
    Button1      : TButton; 
    Label3        : TLabel; 
    Label7        : TLabel; 
    Edit4          : TEdit; 
    Edit5          : TEdit; 
    Label8        : TLabel; 
    Label9        : TLabel; 
    Button2      : TButton; 
    Label5        : TLabel; 
    Label10      : TLabel; 
    Button3      : TButton; 
    Image1       : TImage; 
    Edit2          : TEdit; 
    Timer1       : TTimer; 
    StringGrid1: TStringGrid; 
    GroupBox3: TGroupBox; 
    Label6        : TLabel; 
    Button4      : TButton; 
    procedure Button1Click(Sender: TObject); 
    procedure AfComPort1DataRecived(Sender: TObject; Count: Integer); 
    procedure Button3Click(Sender: TObject); 
    procedure Timer1Timer(Sender: TObject); 
    procedure Button2Click(Sender: TObject); 
    procedure Button4Click(Sender: TObject); 
    procedure AfComPort1CTSChanged(Sender: TObject); 
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object Form1: TForm1 
  Left         = 192 
  Top         = 107 
  Width     = 544 
  Height    = 375 
  Caption  = 'Form1' 
  Color      = clBtnFace 
  Font.Charset       = DEFAULT_CHARSET 
  Font.Color          = clWindowText 
  Font.Height        = -11 
  Font.Name         = 'MS Sans Serif' 
  Font.Style           = [] 
  OldCreateOrder = False 
  OnCreate            = FormCreate 
  PixelsPerInch     = 96 
  TextHeight         = 13 
  object AfComPort1: TAfComPort 
  OnCTSChanged = AfComPort1CTSChanged 
   Left = 128 
   Top = 152 
  end 
  end 
  private 
    { Private declarations } 
  public 
    { Public declarations } 
  end; 
 
var 
Form1: TForm1; 
 
implementation 
 
{$R *.dfm} 
var 
l0,l1 : integer   ; 
x1 : real = 11 ; 
x : array [1..35] of  char ; 
y : array [1..15] of integer; 
a : integer =0 ; 
procedure TForm1.Button1Click(Sender: TObject); 
var 
tensil,my,l1,f,v,c,d,e : real ; 
K1,K2,K3,K4,K5,k6 : integer; 
begin 
k1 := strtoint(x[1]); 
 k2 :=  strtoint(x[2]); 
 c   := k1 +(k2/10); 
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 k3 := strtoint(x[3]); 
 k4 :=  strtoint(x[4]); 
 d   := k3 +(k4/10); 
 l1  := round(d/6); 
 e :=  l1*0.04 ; 
if( x1 =11) then 
begin 
edit4.Text := 'Tdk bisa'; 
edit5.Text := 'Tdk bisa'; 
end  ; 
 
if(x1<>11) then 
begin 
v := c; 
f := ((1.73*v*v)+(5.67*v)+0.25); 
tensile := ((f*10000/(0.25))/1000000); 
my :=(tensil/l1/0.1); 
edit4.Text := floattostr(tensil); 
edit5.Text := floattostr(my); 
end; 
end; 
 
procedure TForm1.AfComPort1DataRecived(Sender: TObject; Count: Integer); 
begin 
x[a] := form1.AfComPort1.ReadChar ; 
inc(a); 
form1.GroupBox3.Visible := true; 
form1.AfComPort1.PurgeRX; 
timer1.Enable  :=  False ; 
end; 
 
procedure TForm1.Button3Click(Sender: TObject); 
var 
u : integer; 
begin 
u := $20; 
form1.AfComPort1.WriteData(u,1); 
x := 0; 
end; 
 
var 
b : integer =0; 
 
procedure TForm1.Button2Click(Sender: TObject); 
begin 
edit2.Clear; 
edit4.Clear; 
edit5.Clear; 
end; 
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procedure TForm1.Button4Click(Sender: TObject); 
begin 
form1.GroupBox3.Visible := false; 
end; 
end. 

B - 7 



LISTING PROGRAM SERIAL 
 
unit AfComPort; 
 
{$I PVDEFINE.INC} 
 
interface 
 
uses 
  Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs, 
  AfComPortCore, AfSafeSync, AfDataDispatcher; 
 
type 
  TAfBaudrate = (br110, br300, br600, br1200, br2400, br4800, br9600, br14400, 
   br19200, br38400, br56000, br57600, br115200, br128000, br256000, brUser); 
  TAfParity = (paNone, paOdd, paEven, paMark, paSpace); 
  TAfDatabits = (db4, db5, db6, db7, db8); 
  TAfStopbits = (sbOne, sbOneAndHalf, sbTwo); 
  TAfFlowControl = (fwNone, fwXOnXOff, fwRtsCts, fwDtrDsr); 
 
  TAfComOption = (coParityCheck, coDsrSensitivity, coIgnoreXOff, coErrorChar,    
  coStripNull); 
  TAfComOptions = set of TAfComOption; 
 
  EAfComPortError = class(Exception); 
 
  TAfComPortEventKind = TAfCoreEvent; 
 
  TAfComPortEventData = DWORD; 
 
  TAfCPTCoreEvent = procedure(Sender: TObject; EventKind: TAfComPortEventKind;   
  Data: TAfComPortEventData) of object; 
  TAfCPTErrorEvent = procedure(Sender: TObject; Errors: DWORD) of object; 
  TAfCPTDataReceivedEvent = procedure(Sender: TObject; Count: Integer) of object; 
 
  TAfCustomSerialPort = class(TAfDataDispConnComponent) 
  private 
    FAutoOpen: Boolean; 
    FBaudRate: TAfBaudrate; 
    FClosing: Boolean; 
    FCoreComPort: TAfComPortCore; 
    FDatabits: TAfDatabits; 
    FDCB: TDCB; 
    FDTR: Boolean; 
    FEventThreadPriority: TThreadPriority; 
    FFlowControl: TAfFlowControl; 
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    FInBufSize: Integer; 
    FOptions: TAfComOptions; 
    FOutBufSize: Integer; 
    FParity: TAfParity; 
    FRTS: Boolean; 
    FStopbits: TAfStopbits; 
    FSyncID: TAfSyncSlotID; 
    FUserBaudRate: Integer; 
    FXOnChar, FXOffChar: Char; 
    FXOnLim, FXOffLim: Word; 
    FOnCTSChanged: TNotifyEvent; 
    FOnDataRecived: TAfCPTDataReceivedEvent; 
    FOnDSRChanged: TNotifyEvent; 
    FOnRLSDChanged: TNotifyEvent; 
    FOnRINGDetected: TNotifyEvent; 
    FOnLineError: TAfCPTErrorEvent; 
    FOnOutBufFree: TNotifyEvent; 
    FOnNonSyncEvent: TAfCPTCoreEvent; 
    FOnPortClose: TNotifyEvent; 
    FOnPortOpen: TNotifyEvent; 
    FOnSyncEvent: TAfCPTCoreEvent; 
    Sync_Event: TAfComPortEventKind; 
    Sync_Data: TAfComPortEventData; 
    FWriteThreadPriority: TThreadPriority; 
    procedure CheckClose; 
    procedure CoreComPortEvent(Sender: TAfComPortCore; EventKind: TAfCoreEvent; 
Data: DWORD); 
    function GetActive: Boolean; 
    function GetComStat (Index: Integer): Boolean; 
    function GetHandle: THandle; 
    function GetModemStatus(Index: Integer): Boolean; 
    function IsUserBaudRateStored: Boolean; 
    procedure SafeSyncEvent(ID: TAfSyncSlotID); 
    procedure Set_DTR(const Value: Boolean); 
    procedure Set_RTS(const Value: Boolean); 
    procedure SetActive(const Value: Boolean); 
    procedure SetBaudRate(const Value: TAfBaudrate); 
    procedure SetDCB(const Value: TDCB); 
    procedure SetDatabits(const Value: TAfDatabits); 
    procedure SetEventThreadPriority(const Value: TThreadPriority); 
    procedure SetFlowControl(const Value: TAfFlowControl); 
    procedure SetInBufSize(const Value: Integer); 
    procedure SetStopbits(const Value: TAfStopbits); 
    procedure SetOptions(const Value: TAfComOptions); 
    procedure SetOutBufSize(const Value: Integer); 
    procedure SetParity(const Value: TAfParity); 
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 procedure SetUserBaudRate(const Value: Integer); 
    procedure SetWriteThreadPriority(const Value: TThreadPriority); 
    procedure SetXOnChar(const Value: Char); 
    procedure SetXOnLim(const Value: Word); 
    procedure SetXOffChar(const Value: Char); 
    procedure SetXOffLim(const Value: Word); 
    procedure UpdateDCB; 
    procedure UpdateOnOffLimit; 
  protected 
    procedure DispatchComEvent(EventKind: TAfComPortEventKind; Data: 
TAfComPortEventData); 
    procedure DoOutBufFree; 
    procedure DoPortData(Count: Integer); 
    procedure DoPortEvent(Event: DWORD); 
    procedure DoPortClose; 
    procedure DoPortOpen; 
    function GetNumericBaudrate: Integer; 
    procedure InternalOpen; dynamic; abstract; 
    procedure Loaded; override; 
    procedure RaiseError(const ErrorMsg: String); dynamic; 
    property AutoOpen: Boolean read FAutoOpen write FAutoOpen default False; 
    property BaudRate: TAfBaudrate read FBaudRate write SetBaudRate default 
br115200; 
    property Core: TAfComPortCore read FCoreComPort; 
    property Databits: TAfDatabits read FDatabits write SetDatabits default db8; 
    property DTR: Boolean read FDTR write Set_DTR default True; 
    property EventThreadPriority: TThreadPriority read FEventThreadPriority write 
SetEventThreadPriority default tpNormal; 
    property FlowControl: TAfFlowControl read FFlowControl write SetFlowControl 
default fwNone; 
    property InBufSize: Integer read FInBufSize write SetInBufSize default 4096; 
    property Options: TAfComOptions read FOptions write SetOptions default []; 
    property OutBufSize: Integer read FOutBufSize write SetOutBufSize default 2048; 
    property Parity: TAfParity read FParity write SetParity default paNone; 
    property RTS: Boolean read FRTS write Set_RTS default True; 
    property Stopbits: TAfStopbits read FStopbits write SetStopbits default sbOne; 
    property UserBaudRate: Integer read FUserBaudRate write SetUserBaudRate stored 
IsUserBaudRateStored; 
    property WriteThreadPriority: TThreadPriority read FWriteThreadPriority write 
SetWriteThreadPriority default tpHighest; 
    property XOnChar: Char read FXOnChar write SetXOnChar default #17; 
    property XOffChar: Char read FXOffChar write SetXOffChar default #19; 
    property XOnLim: Word read FXOnLim write SetXOnLim default 0; 
    property XOffLim: Word read FXOffLim write SetXOffLim default 0; 
    property OnCTSChanged: TNotifyEvent read FOnCTSChanged write 
FOnCTSChanged; 
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property OnDataRecived: TAfCPTDataReceivedEvent read FOnDataRecived write 
FOnDataRecived; 
    property OnDSRChanged: TNotifyEvent read FOnDSRChanged write 
FOnDSRChanged; 
    property OnRLSDChanged: TNotifyEvent read FOnRLSDChanged write 
FOnRLSDChanged; 
    property OnRINGDetected: TNotifyEvent read FOnRINGDetected write 
FOnRINGDetected; 
    property OnLineError: TAfCPTErrorEvent read FOnLineError write FOnLineError; 
    property OnNonSyncEvent: TAfCPTCoreEvent read FOnNonSyncEvent write 
FOnNonSyncEvent; 
    property OnOutBufFree: TNotifyEvent read FOnOutBufFree write FOnOutBufFree; 
    property OnPortClose: TNotifyEvent read FOnPortClose write FOnPortClose; 
    property OnPortOpen: TNotifyEvent read FOnPortOpen write FOnPortOpen; 
    property OnSyncEvent: TAfCPTCoreEvent read FOnSyncEvent write FOnSyncEvent; 
    public 
    procedure Close; override; 
    constructor Create(AOwner: TComponent); override; 
    destructor Destroy; override; 
    function ExecuteConfigDialog: Boolean; dynamic; abstract; 
    function InBufUsed: Integer; 
    procedure Open; override; 
    function OutBufFree: Integer; 
    function OutBufUsed: Integer; 
    procedure PurgeRX; 
    procedure PurgeTX; 
    function ReadChar: Char; 
    procedure ReadData(var Buf; Size: Integer); 
    function ReadString: String; 
    function SynchronizeEvent(EventKind: TAfComPortEventKind; Data: 
TAfComPortEventData; Timeout: Integer): Boolean; 
    procedure WriteChar(C: Char); 
    procedure WriteData(const Data; Size: Integer); override; 
    procedure WriteString(const S: String); 
    property Active: Boolean read GetActive write SetActive; 
    property DCB: TDCB read FDCB write SetDCB; 
    property Handle: THandle read GetHandle; 
    property CTSHold: Boolean index 1 read GetComStat; 
    property DSRHold: Boolean index 2 read GetComStat; 
    property RLSDHold: Boolean index 3 read GetComStat; 
    property XOffHold: Boolean index 4 read GetComStat; 
    property XOffSent: Boolean index 5 read GetComStat; 
    property CTS: Boolean index 1 read GetModemStatus; 
    property DSR: Boolean index 2 read GetModemStatus; 
    property RING: Boolean index 3 read GetModemStatus; 
    property RLSD: Boolean index 4 read GetModemStatus; 
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  end; 
 
  TAfCustomComPort = class(TAfCustomSerialPort) 
  private 
    FComNumber: Word; 
    procedure SetComNumber(const Value: Word); 
  protected 
    property ComNumber: Word read FComNumber write SetComNumber default 0; 
    procedure InternalOpen; override; 
    function GetDeviceName: String; 
  public 
    function ExecuteConfigDialog: Boolean; override; 
    procedure SetDefaultParameters; 
    function SettingsStr: String; 
  end; 
 
  TAfComPort = class(TAfCustomComPort) 
  public 
    property Core; 
  published 
    property AutoOpen; 
    property BaudRate; 
    property ComNumber; 
    property Databits; 
    property DTR; 
    property EventThreadPriority; 
    property FlowControl; 
    property InBufSize; 
    property Options; 
    property OutBufSize; 
    property Parity; 
    property RTS; 
    property Stopbits; 
    property UserBaudRate; 
    property WriteThreadPriority; 
    property XOnChar; 
    property XOffChar; 
    property XOnLim; 
    property XOffLim; 
    property OnCTSChanged; 
    property OnDataRecived; 
    property OnDSRChanged; 
    property OnLineError; 
    property OnNonSyncEvent; 
    property OnOutBufFree; 
    property OnPortClose; 
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property OnPortOpen; 
    property OnRINGDetected; 
    property OnRLSDChanged; 
    property OnSyncEvent; 
  end; 
 
implementation 
 
resourcestring 
  sErrorSetDCB = 'Error setting parameters from DCB'; 
  sPortIsNotClosed = 'Port is not closed'; 
  sReadError = 'Read data error'; 
  sWriteError = 'Write data error [requested: %d, free: %d]'; 
 
const 
  DCB_BaudRates: array[TAfBaudRate] of DWORD = 
    (CBR_110, CBR_300, CBR_600, CBR_1200, CBR_2400, CBR_4800, CBR_9600, 
     CBR_14400, CBR_19200, CBR_38400, CBR_56000, CBR_57600, CBR_115200, 
     CBR_128000, CBR_256000, 0); 
  DCB_DataBits: array[TAfDatabits] of DWORD = 
    (4, 5, 6, 7, 8); 
  DCB_Parity: array[TAfParity] of DWORD = 
    (NOPARITY, ODDPARITY, EVENPARITY, MARKPARITY, SPACEPARITY); 
  DCB_StopBits: array[TAfStopbits] of DWORD = 
    (ONESTOPBIT, ONE5STOPBITS, TWOSTOPBITS); 
  DCB_FlowControl: array[TAfFlowControl] of DWORD = 
    (0, 
     fOutX or fInX, 
     fOutxCtsFlow or fRtsControlHandshake, 
     fOutxDsrFlow or fDtrControlHandshake); 
  DCB_ComOptions: array[TAfComOption] of LongInt = 
    (fParity, fDsrSensitivity, fTXContinueOnXoff, fErrorChar, fNull); 
 
{ TAfCustomSerialPort } 
 
procedure TAfCustomSerialPort.CheckClose; 
begin 
  if Active then 
    RaiseError(sPortIsNotClosed); 
end; 
 
procedure TAfCustomSerialPort.Close; 
begin 
  FClosing := True; 
  inherited Close; 
  if not (csDesigning in ComponentState) then 
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begin 
    AfEnableSyncSlot(FSyncID, False); 
    FCoreComPort.CloseComPort; 
    DoPortClose; 
  end; 
  FClosing := False; 
end; 
 
procedure TAfCustomSerialPort.CoreComPortEvent(Sender: TAfComPortCore; 
  EventKind: TAfCoreEvent; Data: DWORD); 
var 
  P: Pointer; 
  Count: Integer; 
  NeedCallSyncEvents: Boolean; 
begin 
  if FClosing or (csDestroying in ComponentState) then Exit; 
  NeedCallSyncEvents := True; 
  if EventKind = ceException then 
    SynchronizeEvent(EventKind, Data, AfSynchronizeTimeout) 
  else 
  begin 
    if Assigned(FDispatcher) then 
      case TAfComPortEventKind(EventKind) of 
        ceLineEvent: 
          if Data and EV_RXCHAR <> 0 then 
          begin 
            if Data and (not EV_RXCHAR) = 0 then 
              NeedCallSyncEvents := False; // there aren't any other events to dispatch 
            Count := InBufUsed; 
            GetMem(P, Count); 
            try 
              ReadData(P^, Count); 
              FDispatcher.Dispatcher_WriteTo(P^, Count); 
            finally 
              FreeMem(P); 
            end; 
          end; 
        ceNeedReadData: 
          begin 
            NeedCallSyncEvents := False; 
            Count := Data; 
            GetMem(P, Count); 
            try 
              ReadData(P^, Count); 
              FDispatcher.Dispatcher_WriteTo(P^, Count); 
            finally 
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    FreeMem(P); 
            end; 
          end; 
        ceOutFree: 
          begin 
            NeedCallSyncEvents := Assigned(FOnOutBufFree); // some kind of optimization 
            FDispatcher.Dispatcher_WriteBufFree; 
          end; 
      end; 
    if Assigned(FOnNonSyncEvent) then 
      FOnNonSyncEvent(Self, EventKind, Data) 
    else 
      if NeedCallSyncEvents then SynchronizeEvent(EventKind, Data, 
AfSynchronizeTimeout); 
  end; 
end; 
 
constructor TAfCustomSerialPort.Create(AOwner: TComponent); 
begin 
  inherited Create(AOwner); 
  FBaudRate := br115200; 
  FDatabits := db8; 
  FDTR := True; 
  FEventThreadPriority := tpNormal; 
  FFlowControl := fwNone; 
  FInBufSize := 4096; 
  FOptions := []; 
  FOutBufSize := 2048; 
  FParity := paNone; 
  FRTS := True; 
  FStopbits := sbOne; 
  FWriteThreadPriority := tpHighest; 
  FXOnChar := #17; 
  FXOffChar := #19; 
  if not (csDesigning in ComponentState) then 
  begin 
    FSyncID := AfNewSyncSlot(SafeSyncEvent); 
    FCoreComPort := TAfComPortCore.Create; 
    FCoreComPort.OnPortEvent := CoreComPortEvent; 
    UpdateDCB; 
  end; 
end; 
 
destructor TAfCustomSerialPort.Destroy; 
begin 
  if not (csDesigning in ComponentState) then 
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     begin 
    AfReleaseSyncSlot(FSyncID); 
    FCoreComPort.Free; 
    FCoreComPort := nil; 
  end; 
  inherited Destroy; 
end; 
 
procedure TAfCustomSerialPort.DispatchComEvent(EventKind: 
TAfComPortEventKind; Data: TAfComPortEventData); 
begin 
  if FClosing or (csDestroying in ComponentState) then Exit; 
  if Assigned(FOnSyncEvent) then FOnSyncEvent(Self, EventKind, Data); 
  case EventKind of 
    ceLineEvent: 
      begin 
        if Data and EV_RXCHAR <> 0 then 
DoPortData(FCoreComPort.ComStatus.cbInQue); 
        DoPortEvent(Data); 
      end; 
    ceOutFree: 
      DoOutBufFree; 
    ceNeedReadData: 
      DoPortData(Data); 
    ceException: 
      raise Exception(Data); 
  end; 
end; 
 
procedure TAfCustomSerialPort.DoOutBufFree; 
begin 
  if Assigned(FOnOutBufFree) then FOnOutBufFree(Self); 
end; 
 
procedure TAfCustomSerialPort.DoPortClose; 
begin 
  if Assigned(FOnPortClose) then FOnPortClose(Self); 
end; 
 
procedure TAfCustomSerialPort.DoPortData(Count: Integer); 
begin 
  if Assigned(FOnDataRecived) then FOnDataRecived(Self, Count); 
end; 
 
procedure TAfCustomSerialPort.DoPortEvent(Event: DWORD); 
var 
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   LastError: DWORD; 
begin 
  LastError := FCoreComPort.ComError; 
  if (Event and EV_ERR <> 0) {or (LastError <> 0)} then 
  begin 
    if Assigned(FOnLineError) then FOnLineError(Self, LastError); 
  end; 
  if (Event and EV_CTS <> 0) and Assigned(FOnCTSChanged) then 
    FOnCTSChanged(Self); 
  if (Event and EV_DSR <> 0) and Assigned(FOnDSRChanged) then 
    FOnDSRChanged(Self); 
  if (Event and EV_RING <> 0) and Assigned(FOnRINGDetected) then 
    FOnRINGDetected(Self); 
  if (Event and EV_RLSD <> 0) and Assigned(FOnRLSDChanged) then 
    FOnRLSDChanged(Self); 
end; 
 
procedure TAfCustomSerialPort.DoPortOpen; 
begin 
  if Assigned(FOnPortOpen) then FOnPortOpen(Self); 
end; 
 
function TAfCustomSerialPort.GetActive: Boolean; 
begin 
  Result := Assigned(FCoreComPort) and FCoreComPort.IsOpen; 
end; 
 
function TAfCustomSerialPort.GetComStat(Index: Integer): Boolean; 
begin 
  Result := TComStateFlag(Index - 1) in FCoreComPort.ComStatus.Flags 
end; 
 
function TAfCustomSerialPort.GetHandle: THandle; 
begin 
  Result := FCoreComPort.Handle; 
end; 
 
function TAfCustomSerialPort.GetModemStatus(Index: Integer): Boolean; 
const 
  Mask: array[1..4] of DWORD = (MS_CTS_ON, MS_DSR_ON, MS_RING_ON, 
MS_RLSD_ON); 
begin 
  Result := FCoreComPort.ModemStatus and Mask[Index] <> 0; 
end; 
 
function TAfCustomSerialPort.GetNumericBaudrate: Integer; 
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     begin 
  if FBaudRate = brUser then 
    Result := FUserBaudRate 
  else 
    Result := DCB_BaudRates[FBaudRate]; 
end; 
 
function TAfCustomSerialPort.InBufUsed: Integer; 
begin 
  Result := FCoreComPort.ComStatus.cbInQue; 
end; 
 
function TAfCustomSerialPort.IsUserBaudRateStored: Boolean; 
begin 
  Result := FBaudRate = brUser; 
end; 
 
procedure TAfCustomSerialPort.Loaded; 
begin 
  inherited Loaded; 
  if FAutoOpen then Open else UpdateDCB; 
end; 
 
procedure TAfCustomSerialPort.Open; 
begin 
  if not ((csDesigning in ComponentState) or FCoreComPort.IsOpen) then 
  begin 
    AfEnableSyncSlot(FSyncID, True); 
    FCoreComPort.DCB := FDCB; 
    FCoreComPort.InBuffSize := FInBufSize; 
    FCoreComPort.OutBuffSize := FOutBufSize; 
    FCoreComPort.EventThreadPriority := FEventThreadPriority; 
    FCoreComPort.WriteThreadPriority := FWriteThreadPriority; 
    FClosing := False; 
    InternalOpen; 
    DoPortOpen; 
  end; 
  inherited Open; 
end; 
 
function TAfCustomSerialPort.OutBufFree: Integer; 
begin 
  Result := FCoreComPort.OutBuffFree; 
end; 
 
function TAfCustomSerialPort.OutBufUsed: Integer; 
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    begin 
  Result := FCoreComPort.OutBuffUsed; 
end; 
 
procedure TAfCustomSerialPort.PurgeRX; 
begin 
  if not FClosing then FCoreComPort.PurgeRX; 
end; 
 
procedure TAfCustomSerialPort.PurgeTX; 
begin 
  if not FClosing then FCoreComPort.PurgeTX; 
end; 
 
procedure TAfCustomSerialPort.RaiseError(const ErrorMsg: String); 
begin 
  raise EAfComPortError.CreateFmt('%s - %s ', [ErrorMsg, Name]); 
end; 
 
function TAfCustomSerialPort.ReadChar: Char; 
begin 
  ReadData(Result, Sizeof(Result)); 
end; 
 
procedure TAfCustomSerialPort.ReadData(var Buf; Size: Integer); 
begin 
  if FClosing then Exit; 
  if FCoreComPort.ReadData(Buf, Size) <> Size then 
    RaiseError(sReadError); 
end; 
 
function TAfCustomSerialPort.ReadString: String; 
var 
  Size: Integer; 
begin 
  if FClosing then 
    Result := '' 
  else 
  begin 
    Size := FCoreComPort.ComStatus.cbInQue; 
    SetLength(Result, Size); 
    FCoreComPort.ReadData(Pointer(Result)^, Size); 
  end;   
end; 
 
procedure TAfCustomSerialPort.SafeSyncEvent(ID: TAfSyncSlotID); 
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begin 
  if not FClosing {Active} then DispatchComEvent(Sync_Event, Sync_Data); 
end; 
 
procedure TAfCustomSerialPort.SetActive(const Value: Boolean); 
begin 
  if Value then Open else Close; 
end; 
 
procedure TAfCustomSerialPort.SetBaudRate(const Value: TAfBaudrate); 
begin 
  if FBaudRate <> Value then 
  begin; 
    FBaudRate := Value; 
    if FBaudRate <> brUser then FUserBaudRate := 0; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetDatabits(const Value: TAfDatabits); 
begin 
  if FDatabits <> Value then 
  begin 
    FDatabits := Value; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetDCB(const Value: TDCB); 
var 
  QBaudRate: TAfBaudrate; 
  QDataBits: TAfDatabits; 
  QParity: TAfParity; 
  QStopBits: TAfStopbits; 
  QFlowControl: TAfFlowControl; 
  QOptions: TAfComOption; 
  Found: Boolean; 
begin 
  if Value.DCBlength <> Sizeof(TDCB) then 
    RaiseError(sErrorSetDCB); 
  FDCB := Value; 
  Found := False; 
  for QBaudRate := Low(QBaudRate) to High(QBaudRate) do 
    if FDCB.BaudRate = DCB_BaudRates[QBaudRate] then 
    begin 
      Found := True; 
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  FBaudRate := QBaudRate; 
      Break; 
    end; 
  if not Found then 
  begin 
    FBaudRate := brUser; 
    FUserBaudRate := FDCB.BaudRate; 
  end; 
 
  Found := False; 
  for QDataBits := Low(QDataBits) to High(QDataBits) do 
    if FDCB.ByteSize = DCB_DataBits[QDataBits] then 
    begin 
      Found := True; 
      FDatabits := QDataBits; 
      Break; 
    end; 
  if not Found then FDatabits := db8; 
 
  Found := False; 
  for QParity := Low(QParity) to High(QParity) do 
    if FDCB.Parity = DCB_Parity[QParity] then 
    begin 
      Found := True; 
      FParity := QParity; 
      Break; 
    end; 
  if not Found then FParity := paNone; 
 
  Found := False; 
  for QStopBits := Low(QStopBits) to High(QStopBits) do 
    if FDCB.StopBits = DCB_StopBits[QStopBits] then 
    begin 
      Found := True; 
      FStopbits := QStopBits; 
      Break; 
    end; 
  if not Found then FStopbits := sbOne; 
 
  Found := False; 
  for QFlowControl := High(QFlowControl) downto Low(QFlowControl) do 
    if FDCB.Flags and DCB_FlowControl[QFlowControl] = 
DCB_FlowControl[QFlowControl] then 
    begin 
      Found := True; 
      FFlowControl := QFlowControl; 
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      Break; 
    end; 
  if not Found then FFlowControl := fwNone; 
 
  FOptions := []; 
  for QOptions := Low(QOptions) to High(QOptions) do 
    if FDCB.Flags and DCB_ComOptions[QOptions] <> 0 then 
      Include(FOptions, QOptions); 
  FXOnChar := FDCB.XonChar; 
  FXOffChar := FDCB.XoffChar; 
  FXOnLim := FDCB.XonLim; 
  FXOffLim := FDCB.XoffLim; 
 
  UpdateDCB; 
end; 
 
procedure TAfCustomSerialPort.Set_DTR(const Value: Boolean); 
const 
  ESC_DTR: array[Boolean] of DWORD = (CLRDTR, SETDTR); 
begin 
  if FDTR <> Value then 
  begin 
    if Assigned(FCoreComPort) then FCoreComPort.EscapeComm(ESC_DTR[Value]); 
    FDTR := Value; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetEventThreadPriority(const Value: TThreadPriority); 
begin 
  if FEventThreadPriority <> Value then 
  begin 
    FEventThreadPriority := Value; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetFlowControl(const Value: TAfFlowControl); 
begin 
  if (FFlowControl <> Value) then 
  begin 
    FFlowControl := Value; 
    UpdateOnOffLimit; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetInBufSize(const Value: Integer); 
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      begin 
  if FInBufSize <> Value then 
  begin 
    CheckClose; 
    FInBufSize := Value; 
    UpdateOnOffLimit; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetOptions(const Value: TAfComOptions); 
begin 
  if FOptions <> Value then 
  begin 
    FOptions := Value; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetOutBufSize(const Value: Integer); 
begin 
  if FOutBufSize <> Value then 
  begin 
    CheckClose; 
    FOutBufSize := Value; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetParity(const Value: TAfParity); 
begin 
  if FParity <> Value then 
  begin 
    FParity := Value; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.Set_RTS(const Value: Boolean); 
const 
  ESC_RTS: array[Boolean] of DWORD = (CLRRTS, SETRTS); 
begin 
  if (FRTS <> Value) then 
  begin 
    if Assigned(FCoreComPort) then FCoreComPort.EscapeComm(ESC_RTS[Value]); 
    FRTS := Value; 
  end; 
end; 
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  procedure TAfCustomSerialPort.SetStopbits(const Value: TAfStopbits); 
begin 
  if FStopbits <> Value then 
  begin 
    FStopbits := Value; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetUserBaudRate(const Value: Integer); 
begin 
  if FUserBaudRate <> Value then 
  begin 
    FUserBaudRate := Value; 
    FBaudRate := brUser; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetWriteThreadPriority(const Value: TThreadPriority); 
begin 
  if FWriteThreadPriority <> Value then 
  begin 
    FWriteThreadPriority := Value; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetXOffChar(const Value: Char); 
begin 
  if FXOffChar <> Value then 
  begin 
    FXOffChar := Value; 
    UpdateDCB; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetXOnChar(const Value: Char); 
begin 
  if FXOnChar <> Value then 
  begin 
    FXOnChar := Value; 
    UpdateDCB; 
  end; 
end; 
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  p procedure TAfCustomSerialPort.SetXOffLim(const Value: Word); 
begin 
  if FXOffLim <> Value then 
  begin 
    FXOffLim := Value; 
    FXOnLim := FInBufSize - Value; 
  end; 
end; 
 
procedure TAfCustomSerialPort.SetXOnLim(const Value: Word); 
begin 
  if FXOnLim <> Value then 
  begin 
    FXOnLim := Value; 
    FXOffLim := FInBufSize - Value; 
  end; 
end; 
 
function TAfCustomSerialPort.SynchronizeEvent(EventKind: TAfComPortEventKind; 
  Data: TAfComPortEventData; Timeout: Integer): Boolean; 
begin 
  Sync_Event := EventKind; 
  Sync_Data := Data; 
  Result := AfSyncEvent(FSyncID, Timeout); 
  if (not Result) then 
    Abort; // object was destroyed during sync event, get out from here 
end; 
 
procedure TAfCustomSerialPort.UpdateDCB; 
var 
  ComOpt: TAfComOption; 
begin 
  if not (csDesigning in ComponentState) then 
  begin 
    ZeroMemory(@FDCB, Sizeof(FDCB)); 
    with FDCB do 
    begin 
      DCBlength := Sizeof(TDCB); 
      if FBaudRate = brUser then 
        BaudRate := FUserBaudRate 
      else 
        BaudRate := DCB_BaudRates[FBaudRate]; 
      ByteSize := DCB_Databits[FDatabits]; 
      Parity := DCB_Parity[FParity]; 
      Stopbits := DCB_Stopbits[FStopbits]; 
      XonChar := FXOnChar; 
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  XoffChar := FXOffChar; 
      XonLim := FXOnLim; 
      XoffLim := FXOffLim; 
      Flags := DCB_FlowControl[FFlowControl] or fBinary; 
      for ComOpt := Low(TAfComOption) to High(TAfComOption) do 
        if ComOpt in FOptions then Flags := Flags or DCB_ComOptions[ComOpt]; 
      if FDTR and (FFlowControl <> fwDtrDsr) then 
        Flags := Flags or fDtrControlEnable; 
      if FRTS and (FFlowControl <> fwRtsCts) then 
        Flags := Flags or fRtsControlEnable; 
    end; 
    if Active then 
    try 
      FCoreComPort.DCB := FDCB; 
    except 
      FDCB := FCoreComPort.DCB; 
      raise; 
    end; 
  end; 
end; 
 
procedure TAfCustomSerialPort.UpdateOnOffLimit; 
begin 
  if FFlowControl = fwNone then 
  begin 
    FXOnLim := 0; 
    FXOffLim := 0; 
  end else 
  begin 
    FXOnLim := FInBufSize div 4; 
    FXOffLim := FInBufSize - FXOnLim; 
  end; 
end; 
 
procedure TAfCustomSerialPort.WriteChar(C: Char); 
begin 
  WriteData(C, 1); 
end; 
 
procedure TAfCustomSerialPort.WriteData(const Data; Size: Integer); 
begin 
  if (not FClosing) and not FCoreComPort.WriteData(Data, Size) then 
    RaiseError(Format(sWriteError, [Size, OutBufFree])); 
end; 
 
procedure TAfCustomSerialPort.WriteString(const S: String); 
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 begin 
  if Length(S) > 0 then WriteData(Pointer(S)^, Length(S)); 
end; 
 
{ TAfCustomComPort } 
 
function TAfCustomComPort.ExecuteConfigDialog: Boolean; 
var 
  CommConfig: TCommConfig; 
  BufSize: DWORD; 
  Res: Boolean; 
begin 
  Result := False; 
  ZeroMemory(@CommConfig, Sizeof(CommConfig)); 
  if Active then 
    Res := GetCommConfig(Handle, CommConfig, BufSize) else 
      Res := GetDefaultCommConfig(PChar(GetDeviceName), CommConfig, BufSize); 
  CommConfig.dcb := FDCB; 
  CommConfig.dwSize := Sizeof(CommConfig); 
  if Res then 
    Result := CommConfigDialog(PChar(GetDeviceName), Application.Handle, 
CommConfig); 
  if Result then 
    SetDCB(CommConfig.dcb); 
end; 
 
function TAfCustomComPort.GetDeviceName: String; 
begin 
  Result := Format('COM%d', [FComNumber]); 
end; 
 
procedure TAfCustomComPort.InternalOpen; 
begin 
  Screen.Cursor := crHourGlass; 
  try 
    FCoreComPort.OpenComPort(FComNumber); 
  finally 
    Screen.Cursor := crDefault; 
  end;   
end; 
 
procedure TAfCustomComPort.SetComNumber(const Value: Word); 
begin 
  if FComNumber <> Value then 
  begin 
    if Active then 
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  begin 
      Close; 
      FComNumber := Value; 
      Open; 
    end else 
      FComNumber := Value; 
  end; 
end; 
 
procedure TAfCustomComPort.SetDefaultParameters; 
var 
  CommConfig: TCommConfig; 
  BufSize: DWORD; 
begin 
  ZeroMemory(@CommConfig, Sizeof(CommConfig)); 
  CommConfig.dwSize := Sizeof(CommConfig); 
  if GetDefaultCommConfig(PChar(GetDeviceName), CommConfig, BufSize) then 
    SetDCB(CommConfig.dcb); 
end; 
 
function TAfCustomComPort.SettingsStr: String; 
const 
  ParityStr: array[TAfParity] of Char = ('N', 'O', 'E', 'M', 'S'); 
  StopbitStr: array[TAfStopbits] of String = ('1', '1.5', '2'); 
begin 
  Result := Format('COM%d: %d,%s,%s,%s', [FComNumber, GetNumericBaudrate, 
    ParityStr[FParity], Chr(Ord(FDatabits) + 4 + 48), StopbitStr[FStopbits]]); 
end; 
 
end. 
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Features
• Compatible with MCS-51™ Products
• 4K Bytes of In-System Reprogrammable Flash Memory

– Endurance: 1,000 Write/Erase Cycles
• Fully Static Operation: 0 Hz to 24 MHz
• Three-Level Program Memory Lock
• 128 x 8-Bit Internal RAM
• 32 Programmable I/O Lines
• Two 16-Bit Timer/Counters
• Six Interrupt Sources
• Programmable Serial Channel
• Low Power Idle and Power Down Modes

Description
The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description
VCC
Supply voltage.

GND
Ground.

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

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode P0 has internal pul-
lups.

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

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

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

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

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register. 

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

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

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

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

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. 

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

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

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INT0 (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 T0 (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine 

cycle, except that two PSEN activations are skipped during
each access to external data memory. 

EA/VPP
External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset. 

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

This pin also receives the 12-volt programming enable volt-
age (VPP) during Flash programming, for parts that require
12-volt VPP.

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics 
XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

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

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1.  Oscillator Connections

Note: C1, C2 = 30 pF ± 10 pF for Crystals
= 40 pF ± 10 pF for Ceramic Resonators

Figure 2.  External Clock Drive Configuration

C2
XTAL2

GND

XTAL1
C1

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORT0 PORT1 PORT2 PORT3

Idle Internal 1 1 Data Data Data Data

Idle External 1 1 Float Data Address Data

Power Down Internal 0 0 Data Data Data Data

Power Down External 0 0 Float Data Data Data
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Power Down Mode 
In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before VCC is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Program Memory Lock Bits 
On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

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

Lock Bit Protection Modes

Program Lock Bits Protection Type

LB1 LB2 LB3

1 U U U No program lock features.

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

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

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

Programming the Flash 
The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(VCC) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

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

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

2. Input the appropriate data byte on the data lines. 

3. Activate the correct combination of control signals.

4. Raise EA/VPP to 12V for the high-voltage programming
mode. 

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling:  The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle 

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated. 

Ready/Busy :   The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

VPP = 12V VPP = 5V

Top-Side Mark AT89C51
xxxx
yyww

AT89C51
xxxx-5
yyww

Signature (030H)=1EH
(031H)=51H

(032H)=FFH

(030H)=1EH
(031H)=51H

(032H)=05H
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Program Verify:  If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled. 

Chip Erase:    The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed. 

Reading the Signature Bytes:  The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows. 

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51
(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface
Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

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

Flash Programming Modes

Note: 1. Chip Erase requires a 10-ms PROG pulse.

Mode RST PSEN ALE/PROG EA/VPP P2.6 P2.7 P3.6 P3.7

Write Code Data H L  H/12V L H H H

Read Code Data H L H H L L H H

Write Lock Bit - 1 H L H/12V H H H H

Bit - 2 H L H/12V H H L L

Bit - 3 H L H/12V H L H L

Chip Erase H L H/12V H L L L

Read Signature Byte H L H H L L L L

(1)
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Figure 3.  Programming the Flash Figure 4.  Verifying the Flash
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Flash Programming and Verification Characteristics 
TA = 0°C to 70°C, VCC = 5.0 ± 10%

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

Symbol Parameter Min Max Units

VPP
(1) Programming Enable Voltage 11.5 12.5 V

IPP
(1) Programming Enable Current 1.0 mA

1/tCLCL Oscillator Frequency 3 24 MHz

tAVGL Address Setup to PROG Low 48tCLCL

tGHAX Address Hold After PROG 48tCLCL

tDVGL Data Setup to PROG Low 48tCLCL

tGHDX Data Hold After PROG 48tCLCL

tEHSH P2.7 (ENABLE) High to VPP 48tCLCL

tSHGL VPP Setup to PROG Low 10 µs

tGHSL
(1) VPP Hold After PROG 10 µs

tGLGH PROG Width 1 110 µs

tAVQV Address to Data Valid 48tCLCL

tELQV ENABLE Low to Data Valid 48tCLCL

tEHQZ Data Float After ENABLE 0 48tCLCL

tGHBL PROG High to BUSY Low 1.0 µs

tWC Byte Write Cycle Time 2.0 ms
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Flash Programming and Verification Waveforms - High Voltage Mode (V PP = 12V)

tGLGH
tGHSL

tAVGL

tSHGL

tDVGL
tGHAX

tAVQV

tGHDX

tEHSH tELQV

tWC

BUSY READY

tGHBL

tEHQZ

P1.0 - P1.7
P2.0 - P2.3

ALE/PROG

PORT 0

LOGIC 1
LOGIC 0EA/VPP

VPP

P2.7
(ENABLE)

P3.4
(RDY/BSY)

PROGRAMMING
ADDRESS

VERIFICATION
ADDRESS

DATA IN DATA OUT

Flash Programming and Verification Waveforms - Low Voltage Mode (V PP = 5V)

tGLGH

tAVGL

tSHGL

tDVGL
tGHAX
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BUSY READY
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ALE/PROG

PORT 0

LOGIC 1
LOGIC 0EA/VPP

P2.7
(ENABLE)

P3.4
(RDY/BSY)

PROGRAMMING
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VERIFICATION
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Absolute Maximum Ratings*

DC Characteristics
TA = -40°C to 85°C, VCC = 5.0V ± 20% (unless otherwise noted)

Notes: 1. Under steady state (non-transient) conditions, IOL must be externally limited as follows:
Maximum IOL per port pin: 10 mA
Maximum IOL per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total IOL for all output pins: 71 mA
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions.

2. Minimum VCC for Power Down is 2V.

Operating Temperature.................................. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute 
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability.

Storage Temperature ..................................... -65°C to +150°C

Voltage on Any Pin
with Respect to Ground .....................................-1.0V to +7.0V

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

DC Output Current...................................................... 15.0 mA

Symbol Parameter Condition Min Max Units

VIL Input Low Voltage (Except EA) -0.5 0.2 VCC - 0.1 V

VIL1 Input Low Voltage (EA) -0.5 0.2 VCC - 0.3 V

VIH Input High Voltage (Except XTAL1, RST) 0.2 VCC + 0.9 VCC + 0.5 V

VIH1 Input High Voltage (XTAL1, RST) 0.7 VCC VCC + 0.5 V

VOL Output Low Voltage(1) (Ports 1,2,3) IOL = 1.6 mA 0.45 V

VOL1 Output Low Voltage(1)

(Port 0, ALE, PSEN)
IOL = 3.2 mA 0.45 V

VOH Output High Voltage
(Ports 1,2,3, ALE, PSEN)

IOH = -60 µA, VCC = 5V ± 10% 2.4 V

IOH = -25 µA 0.75 VCC V

IOH = -10 µA 0.9 VCC V

VOH1 Output High Voltage
(Port 0 in External Bus Mode)

IOH = -800 µA, VCC = 5V ± 10% 2.4 V

IOH = -300 µA 0.75 VCC V

IOH = -80 µA 0.9 VCC V

IIL Logical 0 Input Current (Ports 1,2,3) VIN = 0.45V -50 µA

ITL Logical 1 to 0 Transition Current 
(Ports 1,2,3)

VIN = 2V, VCC = 5V ± 10% -650 µA

ILI Input Leakage Current (Port 0, EA) 0.45 < VIN < VCC ±10 µA

RRST Reset Pulldown Resistor 50 300 KΩ

CIO Pin Capacitance Test Freq. = 1 MHz, TA = 25°C 10 pF

ICC Power Supply Current Active Mode, 12 MHz 20 mA

Idle Mode, 12 MHz 5 mA

Power Down Mode(2) VCC = 6V 100 µA

VCC = 3V 40 µA
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other 
outputs = 80 pF)

External Program and Data Memory Characteristics 

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units

Min Max Min Max

1/tCLCL Oscillator Frequency 0 24 MHz

tLHLL ALE Pulse Width 127 2tCLCL-40 ns

tAVLL Address Valid to ALE Low 43 tCLCL-13 ns

tLLAX Address Hold After ALE Low 48 tCLCL-20 ns

tLLIV ALE Low to Valid Instruction In 233 4tCLCL-65 ns

tLLPL ALE Low to PSEN Low 43 tCLCL-13 ns

tPLPH PSEN Pulse Width 205 3tCLCL-20 ns

tPLIV PSEN Low to Valid Instruction In 145 3tCLCL-45 ns

tPXIX Input Instruction Hold After PSEN 0 0 ns

tPXIZ Input Instruction Float After PSEN 59 tCLCL-10 ns

tPXAV PSEN to Address Valid 75 tCLCL-8 ns

tAVIV Address to Valid Instruction In 312 5tCLCL-55 ns

tPLAZ PSEN Low to Address Float 10 10 ns

tRLRH RD Pulse Width 400 6tCLCL-100 ns

tWLWH WR Pulse Width 400 6tCLCL-100 ns

tRLDV RD Low to Valid Data In  252 5tCLCL-90 ns

tRHDX Data Hold After RD 0 0 ns

tRHDZ Data Float After RD 97 2tCLCL-28 ns

tLLDV ALE Low to Valid Data In 517 8tCLCL-150 ns

tAVDV Address to Valid Data In 585 9tCLCL-165 ns

tLLWL ALE Low to RD or WR Low 200 300 3tCLCL-50 3tCLCL+50 ns

tAVWL Address to RD or WR Low 203 4tCLCL-75 ns

tQVWX Data Valid to WR Transition 23 tCLCL-20 ns

tQVWH Data Valid to WR High 433 7tCLCL-120 ns

tWHQX Data Hold After WR 33 tCLCL-20 ns

tRLAZ RD Low to Address Float 0 0 ns

tWHLH RD or WR High to ALE High 43 123 tCLCL-20 tCLCL+25 ns
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External Program Memory Read Cycle

External Data Memory Read Cycle

tLHLL

tLLIV

tPLIV

tLLAX
tPXIZ

tPLPH

tPLAZ
tPXAV

tAVLL tLLPL

tAVIV

tPXIX

ALE

PSEN

PORT 0

PORT 2 A8 - A15

A0 - A7 A0 - A7

A8 - A15

INSTR IN

tLHLL

tLLDV

tLLWL

tLLAX

tWHLH

tAVLL

tRLRH

tAVDV

tAVWL

tRLAZ tRHDX

tRLDV tRHDZ

A0  -  A7  FROM  RI  OR  DPL

ALE

PSEN

RD

PORT  0

PORT  2 P2.0  -  P2.7  OR  A8  -  A15  FROM  DPH

A0  -  A7  FROM  PCL

A8  -  A15  FROM  PCH

DATA  IN INSTR  IN
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External Data Memory Write Cycle

External Clock Drive Waveforms

External Clock Drive

Symbol Parameter Min Max Units

1/tCLCL Oscillator Frequency 0 24 MHz

tCLCL Clock Period 41.6 ns

tCHCX High Time 15 ns

tCLCX Low Time 15 ns

tCLCH Rise Time 20 ns

tCHCL Fall Time 20 ns

tLHLL

tLLWL

tLLAX

tWHLH

tAVLL

tWLWH

tAVWL

tQVWX
tQVWH

tWHQX

A0  -  A7  FROM  RI  OR  DPL

ALE

PSEN

WR

PORT  0

PORT  2 P2.0  -  P2.7  OR  A8  -  A15  FROM  DPH

A0  -  A7  FROM  PCL

A8  -  A15  FROM  PCH

DATA  OUT INSTR  IN

tCHCX

tCHCX

tCLCX

tCLCL

tCHCLtCLCH
V     -  0.5VCC

0.45V
0.2  V -  0.1VCC

0.7 VCC
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Serial Port Timing: Shift Register Mode Test Conditions
(VCC = 5.0 V ± 20%; Load Capacitance = 80 pF)

Shift Register Mode Timing Waveforms

Symbol Parameter 12 MHz Osc Variable Oscillator Units

Min Max Min Max

tXLXL Serial Port Clock Cycle Time 1.0 12tCLCL µs

tQVXH Output Data Setup to Clock Rising Edge 700 10tCLCL-133 ns

tXHQX Output Data Hold After Clock Rising Edge 50 2tCLCL-117 ns

tXHDX Input Data Hold After Clock Rising Edge 0 0 ns

tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 ns

tXHDV

tQVXH

tXLXL

tXHDX

tXHQX

ALE

INPUT DATA

CLEAR RI

OUTPUT DATA

WRITE TO SBUF

INSTRUCTION

CLOCK

0

0

1

1

2

2

3

3

4

4

5

5

6

6

7

7

SET TI

SET RI

8

VALID VALIDVALID VALIDVALID VALIDVALID VALID

Float Waveforms (1)

Note: 1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. A 
port pin begins to float when 100 mV change from 
the loaded VOH/VOL level occurs.

VLOAD
+ 0.1V

Timing  Reference
Points

V

LOAD
- 0.1V

LOAD

V VOL
+ 0.1V

VOL
- 0.1V

AC Testing Input/Output Waveforms (1)

Note: 1. AC Inputs during testing are driven at VCC - 0.5V for 
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at VIH min. for a logic 1 and VIL 
max. for a logic 0.

0.45V

TEST  POINTS

V     -  0.5VCC 0.2  V     +  0.9VCC

0.2  V     -  0.1VCC
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Ordering Information

Speed
(MHz)

Power
Supply Ordering Code Package Operation Range

12 5V ± 20% AT89C51-12AC 44A Commercial

AT89C51-12JC 44J (0°C to 70°C)

AT89C51-12PC 40P6

AT89C51-12QC 44Q

AT89C51-12AI 44A Industrial

AT89C51-12JI 44J (-40°C to 85°C)

AT89C51-12PI 40P6

AT89C51-12QI 44Q

AT89C51-12AA 44A Automotive

AT89C51-12JA 44J (-40°C to 105°C)

AT89C51-12PA 40P6

AT89C51-12QA 44Q

16 5V ± 20% AT89C51-16AC 44A Commercial

AT89C51-16JC 44J (0°C to 70°C)

AT89C51-16PC 40P6

AT89C51-16QC 44Q

AT89C51-16AI 44A Industrial

AT89C51-16JI 44J (-40°C to 85°C)

AT89C51-16PI 40P6

AT89C51-16QI 44Q

AT89C51-16AA 44A Automotive

AT89C51-16JA 44J (-40°C to 105°C)

AT89C51-16PA 40P6

AT89C51-16QA 44Q

20 5V ± 20% AT89C51-20AC 44A Commercial

AT89C51-20JC 44J (0°C to 70°C)

AT89C51-20PC 40P6

AT89C51-20QC 44Q

AT89C51-20AI 44A Industrial

AT89C51-20JI 44J (-40°C to 85°C)

AT89C51-20PI 40P6

AT89C51-20QI 44Q
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Ordering Information

Speed
(MHz)

Power
Supply Ordering Code Package Operation Range

24 5V ± 20% AT89C51-24AC 44A Commercial

AT89C51-24JC 44J (0°C to 70°C)

AT89C51-24PC 44P6

AT89C51-24QC 44Q

AT89C51-24AI 44A Industrial

AT89C51-24JI 44J (-40°C to 85°C)

AT89C51-24PI 44P6

AT89C51-24QI 44Q

Package Type

44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)

44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)

40P6 40 Lead, 0.600” Wide, Plastic Dual Inline Package (PDIP)

44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Ultralow Offset Voltage
Operational Amplifiers

FEATURES

Low VOS: 75 �V Max

Low VOS Drift: 1.3 �V/�C Max

Ultra-Stable vs. Time: 1.5 �V/Month Max

Low Noise: 0.6 �V p-p Max

Wide Input Voltage Range: �14 V

Wide Supply Voltage Range: 3 V to 18 V

Fits 725,108A/308A, 741, AD510 Sockets

125�C Temperature-Tested Dice

APPLICATIONS

Wireless Base Station Control Circuits

Optical Network Control Circuits

Instrumentation

Sensors and Controls

Thermocouples

RTDs

Strain Bridges

Shunt Current Measurements

Precision Filters

GENERAL DESCRIPTION
The OP07 has very low input offset voltage (75 µV max for
OP07E) which is obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external null-
ing. The OP07 also features low input bias current (±4 nA for
OP07E) and high open-loop gain (200 V/mV for OP07E). The
low offsets and high open-loop gain make the OP07 particularly
useful for high-gain instrumentation applications.

The wide input voltage range of ±13 V minimum combined with
high CMRR of 106 dB (OP07E) and high input impedace pro-
vides high accuracy in the noninverting circuit configuration.
Excellent linearity and gain accuracy can be maintained even at

high closed-loop gains. Stability of offsets and gain with time or
variations in temperature is excellent. The accuracy and stability
of the OP07, even at high gain, combined with the freedom
from external nulling have made the OP07 an industry standard
for instrumentation applications.

The OP07 is available in two standard performance grades. The
OP07E is specified for operation over the 0°C to 70°C range, and
OP07C over the –40°C to +85°C temperature range.

The OP07 is available in epoxy 8-lead Mini-DIP and 8-lead SOIC.
It is a direct replacement for 725,108A, and OP05 amplifiers;
741-types may be directly replaced by removing the 741’s nulling
potentiometer. For improved specifications, see the OP177 or
OP1177. For ceramic DIP and TO-99 packages and standard
micro circuit (SMD) versions, see the OP77.

Figure 1. Simplified Schematic

PIN CONNECTIONS

Epoxy Mini-Dip (P-Suffix)
8-Pin SO (S-Suffix)

8

7

6

5

1

2

3

4

NC = NO CONNECT

VOS TRIM

–IN

+IN

VOS TRIM

V+

OUT

NCV–

OP07
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OP07–SPECIFICATIONS
OP07E ELECTRICAL CHARACTERISTICS
Parameter Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage1 VOS 30 75 µV
Long-Term VOS Stability2 VOS/Time 0.3 1.5 µV/Mo
Input Offset Current IOS 0.5 3.8 nA
Input Bias Current IB ±1.2 ±4.0 nA
Input Noise Voltage en p-p 0.1 Hz to 10 Hz3 0.35 0.6 µV p-p
Input Noise Voltage Density en fO = 10 Hz 10.3 18.0 nV√Hz

fO = 100 Hz3 10.0 13.0 nV√Hz
fO = 1 kHz 9.6 11.0 nV√Hz

Input Noise Current In p-p 14 30 pA p-p
Input Noise Current Density In fO = 10 Hz 0.32 0.80 pA√Hz

fO = 100 Hz3 0.14 0.23 pA√Hz
fO = 1 kHz 0.12 0.17 pA√Hz

Input Resistance—Differential Mode4 RIN 15 50 mΩ
Input Resistance—Common-Mode RINCM 160 GΩ
Input Voltage Range IVR ±13 ±14 V
Common-Mode Rejection Ratio CMRR VCM = ±13 V 106 123 dB
Power Supply Rejection Ratio PSRR VS = ±3 V to ±18 V 5 20 µV/V
Large-Signal Voltage Gain AVO RL ≥ 2 kΩ, VO = ±10 V 200 500 V/mV

RL ≥ 500 Ω, VO = ±0.5 V,
VS = ±3 V4 150 400 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing VO RL ≥ 10 kΩ ±12.5 ±13.0 V

RL ≥ 2 kΩ ±12.0 ±12.8 V
RL ≥ 1 kΩ ±10.5 ±12.0 V

DYNAMIC PERFORMANCE
Slew Rate SR RL ≥ 2 kΩ3 0.1 0.3 V/µs
Closed-Loop Bandwidth BW AVOL = 15 0.4 0.6 MHz
Closed-Loop Output Resistance RO VO = 0, IO = 0 60 Ω
Power Consumption Pd VS = ±15 V, No Load 75 120 mW

VS = ±13 V, No Load 4 6 mW
Offset Adjustment Range RP = 20 kΩ ±4 mV

NOTES
1Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
2Long-term input offset voltage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
tial hour of operation, changes in VOS during the first 30 operating days are typically 2.5 µV refer to the typical performance curves. Parameter is sample tested.
3Sample tested.
4Guaranteed by design.
5Guaranteed but not tested.

Specifications subject to change without notice.

(VS = �15 V, TA = 25�C, unless otherwise noted.)
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OP07

OP07C ELECTRICAL CHARACTERISTICS
Parameter Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage1 VOS 60 150 µV
Long-Term VOS Stability2 VOS/Time 0.4 2.0 µV/Mo
Input Offset Current IOS 0.8 6.0 nA
Input Bias Current IB ±1.8 ±7.0 nA
Input Noise Voltage en p-p 0.1 Hz to 10 Hz3 0.38 0.65 µV p-p
Input Noise Voltage Density en fO = 10 Hz 10.5 20.0 nV√Hz

fO = 100 Hz3 10.2 13.5 nV√Hz
fO = 1 kHz 9.8 11.5 nV√Hz

Input Noise Current In p-p 15 35 pA p-p
Input Noise Current Density In fO = 10 Hz 0.35 0.90 pA√Hz

fO = 100 Hz3 0.15 0.27 pA√Hz
fO = 1 kHz 0.13 0.18 pA√Hz

Input Resistance- Differential Mode4 RIN 8 33 mΩ
Input Resistance- Common-Mode RINCM 120 GΩ
Input Voltage Range IVR ±13 ±14 V
Common-Mode Rejection Ratio CMRR VCM = ±13 V 100 120 dB
Power Supply Rejection Ratio PSRR VS = ±3 V to ±18 V 7 32 µV/V
Large-Signal Voltage Gain AVO RL ≥ 2 kΩ, VO = ±10 V 120 400 V/mV

RL ≥ 500 Ω, VO = ±0.5 V,
VS = ±3 V4 100 400 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing VO RL ≥ 10 kΩ ±12.0 ±13.0 V

RL ≥ 2 kΩ ±11.5 ±12.8 V
RL ≥ 1 kΩ ±12.0 V

DYNAMIC PERFORMANCE
Slew Rate SR RL ≥ 2 kΩ3 0.1 0.3 V/µs
Closed-Loop Bandwidth BW AVOL = 15 0.4 0.6 MHz
Closed-Loop Output Resistance RO VO = 0, IO = 0 60 Ω
Power Consumption Pd VS = ±15 V, No Load 80 150 mW

VS = ±13 V, No Load 4 8 mW
Offset Adjustment Range RP = 20 kΩ ±4 mV

NOTES
1Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
2Long-term input offset voltage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
tial hour of operation, changes in VOS during the first 30 operating days are typically 2.5 µV refer to the typical performance curves. Parameter is sample tested.
3Sample tested.
4Guaranteed by design.
5Guaranteed but not tested.

Specifications subject to change without notice.

(VS = �15 V, TA = 25�C, unless otherwise noted.)
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OP07–SPECIFICATIONS
OP07E ELECTRICAL CHARACTERISTICS
Parameter Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage1 VOS 45 130 µV
Voltage Drift without External Trim2 TCVOS 0.3 1.3 µV/°C
Voltage Drift with External Trim3 TCVOSN RP = 20 kΩ 0.3 1.3 µV/°C
Input Offset Current IOS 0.9 5.3 nA
Input Offset Current Drift TCIOS 8 35 pA/°C
Input Bias Current IB ±1.5 ±5.5 nA
Input Bias Current Drift TCIB 13 35 pA/°C
Input Voltage Range IVR ±13 ±13.5 V
Common-Mode Rejection Ratio CMRR VCM = ±13 V 103 123 dB
Power Supply Rejection Ratio PSRR VS = ±3 V to ±18 V 7 32 µV/V
Large-Signal Voltage Gain AVO RL ≥ 2 kΩ, VO = ±10 V 180 450 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing VO RL ≥ 10 kΩ ±12 ±12.6 V

NOTES
1Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
2Guaranteed by design.
3Sample tested.

Specifications subject to change without notice.

(VS = �15 V, 0�C ≤ TA ≤ 70�C, unless otherwise noted.)

OP07C ELECTRICAL CHARACTERISTICS
Parameter Symbol Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage1 VOS 85 250 µV
Voltage Drift without External Trim2 TCVOS 0.5 1.8 µV/°C
Voltage Drift with External Trim3 TCVOSN RP = 20 kΩ 0.4 1.8 µV/°C
Input Offset Current IOS 1.6 8.0 nA
Input Offset Current Drift TCIOS 12 50 pA/°C
Input Bias Current IB ±2.2 ±9.0 nA
Input Bias Current Drift TCIB 18 50 pA/°C
Input Voltage Range IVR ±13 ±13.5 V
Common-Mode Rejection Ratio CMRR VCM = ±13 V 97 120 dB
Power Supply Rejection Ratio PSRR VS = ±3 V to ±18 V 10 51 µV/V
Large-Signal Voltage Gain AVO RL ≥ 2 kΩ, VO = ±10 V 100 400 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing VO RL ≥ 10 kΩ ±11 ±12.6 V

NOTES
1Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
2Guaranteed by design.
3Sample tested.

Specifications subject to change without notice.

(VS = �15 V, �40�C ≤ TA ≤ �85�C, unless otherwise noted.)
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage (VS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±22 V
Input Voltage*  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ±22 V
Differential Input Voltage  . . . . . . . . . . . . . . . . . . . . . . . ±30 V
Output Short-Circuit Duration  . . . . . . . . . . . . . . . . Indefinite
Storage Temperature Range

S, P Packages  . . . . . . . . . . . . . . . . . . . . . . –65°C to +125°C
Operating Temperature Range

OP07E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0°C to 70°C
OP07C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . –40°C to +85°C

Junction Temperature Range  . . . . . . . . . . . . . . . . . . . . . 150°C
Lead Temperature Range (Soldering, 60 sec)  . . . . . . . . 300°C
*For supply voltages less than ± 22 V, the absolute maximum input voltage is equal

to the supply voltage.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the OP07 features proprietary ESD protection circuitry, permanent damage may occur on devices
subjected to high-energy electrostatic discharges. Therefore, proper ESD precautions are recom-
mended to avoid performance degradation or loss of functionality.

WARNING!

ESD SENSITIVE DEVICE

ORDERING GUIDE

Temperature Package Package Branding
Model Range Description Option Information

OP07EP 0°C to 70°C 8-Lead Epoxy DIP P-8
OP07CP –40°C to 85°C 8-Lead Epoxy DIP P-8
OP07CS –40°C to 85°C 8-Lead SOIC S-8

Package Type �JA* �JC Units

8-Lead Plastic DIP (P) 103 43 °C/W
8-Lead SOIC (S) 158 43 °C/W

*�JA is specified for worst case conditions, i.e., �JA is specified for device in socket
for P-DIP package, �JA is specified for device soldered to printed circuit board
for SO package.
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– Typical Performance Characteristics
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TYPICAL APPLICATIONS

Figure 8. High-Stability Thermocouple Amplifier

Figure 9. Precision Absolute-Value Circuit

APPLICATIONS INFORMATION
OP07 series units may be substituted directly into 725, 108A/
308A* and OP05 sockets with or without removal of external
compensation or nulling components. Additionally, the OP07
may be used in unnulled 741 type sockets. However, if conven-
tional 741 nulling circuitry is in use, it should be modified or
removed to enable proper OP07 operation. OP07 offset voltage
may be nulled to zero through use of a potentiometer (see offset
nulling circuit diagram).

PRECISION ABSOLUTE-VALUE CIRCUIT
The OP07 provides stable operation with load capacitance of
up to 500 pF and ±10 V swings; larger capacitances should be
decoupled with a 50 Q decoupling resistor.

Stray thermoelectric voltages generated by dissimilar metals at
the contacts to the input terminals can degrade drift performance.
Therefore, best operation will be obtained when both input con-
tacts are maintained at the same temperature, preferably close to
the package temperature.

*TO-99 Package only
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8-Lead SO DIP
(S-Suffix)

0.0098 (0.25)
0.0075 (0.19)

0.0500 (1.27)
0.0160 (0.41)

8�
0�

0.0196 (0.50)
0.0099 (0.25)

	 45�

8 5

41

0.1968 (5.00)
0.1890 (4.80)

0.2440 (6.20)
0.2284 (5.80)

PIN 1

0.1574 (4.00)
0.1497 (3.80)

0.0500 (1.27)
BSC

0.0688 (1.75)
0.0532 (1.35)

SEATING
PLANE

0.0098 (0.25)
0.0040 (0.10)

0.0192 (0.49)
0.0138 (0.35)
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ULN2801A

ULN2804A - ULN2805A
ULN2802A - ULN2803A

September 1997

EIGHT DARLINGTON ARRAYS

.EIGHTDARLINGTONS WITHCOMMON EMIT-
TERS.OUTPUT CURRENT TO 500 mA.OUTPUT VOLTAGE TO 50 V. INTEGRAL SUPPRESSION DIODES.VERSIONS FOR ALL POPULAR LOGIC FAMI-
LIES.OUTPUT CAN BE PARALLELED. INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY BOARD LAYOUT

DESCRIPTION

The ULN2801A-ULN2805Aeach contain eight dar-
lington transistors with common emitters and inte-
gral suppression diodes for inductive loads. Each
darlington features a peak load current rating of
600mA (500mA continuous) and can withstand at
least50V in the off state.Outputsmay be paralleled
for higher current capability.
Five versions are available to simplify interfacing to
standard logic families : the ULN2801A is designed
for generalpurpose applicationswith a current limit
resistor ; the ULN2802Ahas a 10.5kΩ input resistor
and zener for 14-25V PMOS; the ULN2803Ahas a
2.7kΩ input resistor for 5V TTL and CMOS ; the
ULN2804A has a 10.5kΩ input resistor for 6-15V
CMOS and the ULN2805A is designed to sink a
minimum of 350mA for standard and Schottky TTL
where higher output current is required.
All types are supplied in a 18-lead plastic DIP with
a copperlead fromandfeaturethe convenientinput-
opposite-outputpinout to simplify board layout.

DIP18

PIN CONNECTION (top view)

1/8



SCHEMATIC DIAGRAM AND ORDER CODES

For ULN2801A (each driver for PMOS-CMOS) For ULN2802A (each driver for 14-15 V PMOS)

For ULN2804A (each driver for 6-15 V
CMOS/PMOS

For ULN2803A (each driver for 5 V, TTL/CMOS)

For ULN2805A (each driver for high out TTL)

ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A
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THERMAL DATA

Symbol Parameter Value Unit

Rth j–amb Thermal Resistance Junction-ambient Max. 55 °C/W

ELECTRICAL CHARACTERISTICS (Tamb = 25oC unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
ICEX Output Leakage Current VCE = 50V

Tamb = 70°C, VCE = 50V
Tamb = 70°C
for ULN2802A

VCE = 50V, Vi = 6V
for ULN2804A

VCE = 50V, Vi = 1V

50
100

500

500

µA
µA

µA

µA

1a
1a

1b

1b

VCE(sat) Collector-emitter
Saturation Voltage

IC = 100mA, IB = 250µA
IC = 200mA, IB = 350µA
IC = 350mA, IB = 500µA

0.9
1.1
1.3

1.1
1.3
1.6

V
V
V

2

Ii(on) Input Current for ULN2802A Vi = 17V
for ULN2803A Vi = 3.85V
for ULN2804A Vi = 5V

Vi = 12V
for ULN2805A Vi = 3V

0.82
0.93
0.35

1
1.5

1.25
1.35
0.5
1.45
2.4

mA
mA
mA
mA
mA

3

Ii(off) Input Current Tamb = 70°C, IC = 500µA 50 65 µA 4
Vi(on) Input Voltage VCE = 2 V

for ULN2802A
IC = 300mA

for ULN2803A
IC = 200mA
IC = 250mA
IC = 300mA

for ULN2804A
IC = 125mA
IC = 200mA
IC = 275mA
IC = 350mA

for ULN2805A
IC = 350mA

13

2.4
2.7
3

5
6
7
8

2.4

V

V
V
V

V
V
V
V

V

5

hFE DC Forward Current Gain for ULN2801A
VCE = 2V, IC = 350mA 1000 – 2

Ci Input Capacitance 15 25 pF –
tPLH Turn-on Delay Time 0.5 Vi to 0.5 Vo 0.25 1 µs –

tPHL Turn-off Delay Time 0.5 Vi to 0.5 Vo 0.25 1 µs –
IR Clamp Diode Leakage Current VR = 50V

Tamb = 70°C, VR = 50V
50

100
µA
µA

6
6

VF Clamp Diode Forward Voltage IF = 350mA 1.7 2 V 7

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vo Output Voltage 50 V

Vi Input Voltage
for ULN2802A, UL2803A, ULN2804A
for ULN2805A

30
15

V

IC Continuous Collector Current 500 mA
IB Continuous Base Current 25 mA

Ptot Power Dissipation
(one Darlington pair)
(total package)

1.0
2.25

W

Tamb Operating Ambient Temperature Range – 20 to 85 °C

Tstg Storage Temperature Range – 55 to 150 °C
Tj Junction Temperature Range – 20 to 150 °C

ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A
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TEST CIRCUITS

Figure 1a. Figure 1b.

Figure 2. Figure 3.

Figure 4. Figure 5.

Figure 6. Figure 7.
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Figure 8 : Collector Current as a Function of
SaturationVoltage.

Figure 9 : Collector Current as a Functionof
InputCurrent.

Figure 10 : Allowable Average Power Dissipation
as a Functionof Ambient Temperature.

Figure 11 : Peak Collector Current as a Function
of Duty Cycle.

Figure 12 : Peak Collector Current as a Function
of Duty.

Figure 13 : InputCurrent as a Function of Input
Voltage(for ULN2802A).
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Figure 14 : InputCurrent as a Function of Input
Voltage (for ULN2804A)

Figure 15 : InputCurrent as a Function of Input
Voltage (for ULN2803A)

Figure 16 : InputCurrent as a Function of Input
Voltage (for ULN2805A)
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DIP18 PACKAGE MECHANICAL DATA

DIM.
mm inch

MIN. TYP. MAX. MIN. TYP. MAX.

a1 0.254 0.010

B 1.39 1.65 0.055 0.065

b 0.46 0.018

b1 0.25 0.010

D 23.24 0.915

E 8.5 0.335

e 2.54 0.100

e3 20.32 0.800

F 7.1 0.280

I 3.93 0.155

L 3.3 0.130

Z 1.27 1.59 0.050 0.063
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its
use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previously
supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems
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MM74HC14
Hex Inverting Schmitt Trigger

General Description
The MM74HC14 utilizes advanced silicon-gate CMOS
technology to achieve the low power dissipation and high
noise immunity of standard CMOS, as well as the capability
to drive 10 LS-TTL loads.

The 74HC logic family is functionally and pinout compatible
with the standard 74LS logic family. All inputs are protected
from damage due to static discharge by internal diode
clamps to VCC and ground.

Features
■ Typical propagation delay: 13 ns

■ Wide power supply range: 2–6V

■ Low quiescent current: 20 PA maximum (74HC Series)

■ Low input current: 1 PA maximum

■ Fanout of 10 LS-TTL loads

■ Typical hysteresis voltage: 0.9V at VCC   4.5V

 

Ordering Code:

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.
Pb-Free package per JEDEC J-STD-020B.

Connection Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP

Top View

Logic Diagram

Order Number
Package

Package Description
Number

MM74HC14M M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow

MM74HC14MX_NL M14A Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow

MM74HC14SJ M14D Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

MM74HC14MTC MTC14 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide

MM74HC14MTCX_NL MTC14 Pb-Free 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm 
Wide

MM74HC14N N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

MM74HC14N_NL N14A Pb-Free 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
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(Note 2)

Recommended Operating 
Conditions

Note 1: Absolute Maximum Ratings are those values beyond which dam-
age to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N” package: �
12 mW/qC from 65qC to 85qC.

DC Electrical Characteristics  (Note 4)

Note 4: For a power supply of 5V r10% the worst case output voltages (VOH, and VOL) occur for HC at 4.5V. Thus the 4.5V values should be used when

designing with this supply. Worst case VIH and VIL occur at VCC   5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage cur-

rent (IIN, ICC, and IOZ) occur for CMOS at the higher voltage and so the 6.0V values should be used.

Supply Voltage (VCC) �0.5 to �7.0V

DC Input Voltage (VIN) �1.5 to VCC �1.5V

DC Output Voltage (VOUT) �0.5 to VCC �0.5V

Clamp Diode Current (IIK, IOK) r20 mA

DC Output Current, per pin (IOUT) r25 mA

DC VCC or GND Current, per pin 

(ICC) r50 mA

Storage Temperature Range (TSTG) �65qC to �150qC

Power Dissipation (PD)

(Note 3) 600 mW

S.O. Package only 500 mW

Lead Temperature (TL) 

(Soldering 10 seconds) 260qC

Min Max Units

Supply Voltage (VCC) 2 6 V

DC Input or Output Voltage 0 VCC V

(VIN, VOUT)

Operating Temperature Range (TA) �55 �125 qC

Symbol Parameter Conditions VCC
TA   25qC TA   �40 to 85qC TA   �55 to 125qC

Units
Typ Guaranteed Limits

VT� Positive Going Minimum 2.0V 1.2 1.0 1.0 1.0 V

Threshold Voltage 4.5V 2.7 2.0 2.0 2.0 V

6.0V 3.2 3.0 3.0 3.0 V

Maximum 2.0V 1.2 1.5 1.5 1.5 V

4.5V 2.7 3.15 3.15 3.15 V

6.0V 3.2 4.2 4.2 4.2 V

VT� Negative Going Minimum 2.0V 0.7 0.3 0.3 0.3 V

Threshold Voltage 4.5V 1.8 0.9 0.9 0.9 V

6.0V 2.2 1.2 1.2 1.2 V

Maximum 2.0V 0.7 1.0 1.0 1.0 V

4.5V 1.8 2.2 2.2 2.2 V

6.0V 2.2 3.0 3.0 3.0 V

VH Hysteresis Voltage Minimum 2.0V 0.5 0.2 0.2 0.2 V

4.5V 0.9 0.4 0.4 0.4 V

6.0V 1.0 0.5 0.5 0.5 V

Maximum 2.0V 0.5 1.0 1.0 1.0 V

4.5V 0.9 1.4 1.4 1.4 V

6.0V 1.0 1.5 1.5 1.5 V

VOH Minimum HIGH Level VIN   VIL 2.0V 2.0 1.9 1.9 1.9 V

Output Voltage |IOUT|   20 PA 4.5V 4.5 4.4 4.4 4.4 V

6.0V 6.0 5.9 5.9 5.9 V

VIN   VIL

|IOUT|   4.0 mA 4.5V 4.2 3.98 3.84 3.7 V

|IOUT|   5.2 mA 6.0V 5.7 5.48 5.34 5.2 V

VOL Maximum LOW Level VIN   VIH 2.0V 0 0.1 0.1 0.1 V

Output Voltage |IOUT|   20 PA 4.5V 0 0.1 0.1 0.1 V

6.0V 0 0.1 0.1 0.1 V

VIN   VIH

|IOUT|   4.0 mA 4.5V 0.2 0.26 0.33 0.4 V

|IOUT|   5.2 mA 6.0V 0.2 0.26 0.33 0.4 V

IIN Maximum Input Current VIN   VCC or GND 6.0V r0.1 r1.0 r1.0 PA

ICC Maximum Quiescent VIN   VCC or GND 6.0V 2.0 20 40 PA

Supply Current IOUT   0 PA
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AC Electrical Characteristics 
VCC   5V, TA   25qC, CL   15 pF, tr   tf   6 ns

AC Electrical Characteristics
VCC   2.0V to 6.0V, CL   50 pF, tr   tf   6 ns (unless otherwise specified)

Note 5: CPD determines the no load dynamic power consumption, PD   CPD VCC2 f � ICC VCC, and the no load dynamic current consumption, 

IS   CPD VCC f � ICC.

Typical Performance Characteristics
 

Input Threshold, VT�, VT�,
vs Power Supply Voltage

Propagation Delay vs
Power Supply

Symbol Parameter Conditions Typ Guaranteed Limit Units

tPHL, tPLH Maximum Propagation Delay 12 22 ns

Symbol Parameter Conditions VCC
TA   25qC TA   �40 to 85qC TA   �55 to 125qC

Units
Typ Guaranteed Limits

tPHL, tPLH Maximum Propagation 2.0V 60 125 156 188 ns

Delay 4.5V 13 25 31 38 ns

6.0V 11 21 26 32 ns

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns

and Fall Time 4.5V 8 15 19 22 ns

6.0V 7 13 16 19 ns

CPD Power Dissipation (per gate) 27 pF

Capacitance (Note 5)

CIN Maximum Input Capacitance 5 10 10 10 pF
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Low Power Oscillator

Note: The equations assume t1� t2 !! tpd0 � tpd1
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Physical Dimensions inches (millimeters) unless otherwise noted

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
Package Number M14A
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Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M14D
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC14
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14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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