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Abstract

This Thesis education about data communication of PLC and other device . To
stress in communication between PLC (Programmable Logic Control) and MCS 51
module and to be able to communicate with PC (computer). This communication is
Asynchronous Serial type in RS-232 standard.

PLC can receive data by Host link. The data in command block has pattern
from Unit number , Header code , Ends code with a Frame check sequence, (FCS) code
and terminator. It will corrected command for PLC response to work.

The Program is written for connection between EEPROM and MCS-51 can by
program written in C language it used complied by C-51 to ( File.C) and make to
machine this language (File HEX) . C language has easy to understand and develop

program.
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Foanaslumsfndenems (1/slanea : Protocols)
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2. luwsFelasialysTanea (Binary synchronous protocols)
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2.1 uNnINN (Packet of Information)
[~ o ] 9 1 1 @ d’l
stiwwvewdiniinluszuulassiisssdszneudisaiusieg sl

1. Header 9215208 UA2Y
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9 [ 1] v
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2. Information
- Data field (uduvesdoyass iidesnsozds
3. Tailer
‘ﬂ v dqy Y g 2 ’d_’ :
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v 9
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PREAMBLE DA SA CONTROL INFFORMATION | FCS STOP

HEADER INFORMATION TAILER
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1.1 37 Parity 1uUUBY
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9

v

& i y oy A 4 dy o 2 4y o v
Hugvesngiitmua’ll uduiuaiosmne lindeyaduiv imedmivizasivaeudeyalag
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2. uuuerglasud (asynchronous transmission)
Mmsgauuugalnsila

] 9 A a v a a v @

e 18y 2 nuu e nuvde Tasiadauazuuuge Iagsaonusy

Falastaia
[ 1 Ag} [ 9 91 v a 1 3 4‘1 cv Y
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9A51INITA
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1 Positive Ground N.A.
2 Transmitted Data To DCE
3 Received Data To DCE
4 Request To Send To DCE
5 Clear To Send To DCE
6 Data Set Ready To DCE
7 Signal Ground N.A.
8 Received Line Signal Detector (RS-232C) To DTE

Data Carrier Detect (RS-232A/B)

11 Select Standby To DCE
12 Secondary Receive Line Signal Detector To DTE
13 Secondary Clear To Send To DTE
14 Secondary Transmitted Data To DCE
14 New Sync To DCE
15 Transmitter Signal Element Timing To DTE
16 Secondary Received Data To DTE
17 Receiver Signal Element Timing To DTE
18 Test To DCE
19 Secondary Request To Send To DCE
20 Data Terminal Ready To DCE
21 Signal Quality Detector To DTE
22 Ring/Calling Indicator To DTE
23 Data Signal Rate Selector To DCE
23 Data Signal Rate Selector To DTE
24 Transmitter Signal Element Timing To DCE
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15
16
17
18
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20
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23
24
25

Protective Ground

Transmitted Data

Received Data

Request To Send

Clear To Send

Data Set Ready

Signal Common

Received Line Signal Detect
Reserved For Testing

Reserved For Testing

Unassigned

Secondary Received Line Signal Detector
Secondary Clear To Send
Secondary Transmitted Data
Transmission Signal Element Timing
Secondary Received Data
Received Signal Element Timing
Unassigned

Secondary Request To Send

Data Terminal Ready

Signal Quality Detector

Ring Indicator

Data Signal Rate

Transmitter Signal Element Timing

Unassigned
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Data Carrier Detect
Data Terminal Ready
Ring Indicator

Data Signal Rate Detector
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3 Transmitted Data
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5 Signal Common
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8 Clear To Send
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TMOD u@gafuivn /T aelugdin 222 msshaululuue o,1,2 seadioq du dmsy

GATE C/T M1 MO GATE C/T Ml MO
GATE When TRx (in TCON) is set and GATE = 1.TIMER/COUNTERX will run only while
INTx

pin is high (hand ware control). When GATE=0.timer/counter will run only while
TRx=1 software control)
C/T TIMER or COUNTER selector.Cleared for TIMER operation (input on internal system

clock). Set for Counter operation (inout from Tx input pin)

Ml Mode selector bit.(NOTE 1)
MO Mode selector bit. (NOTE 1)
NOTE 1:
M1 M2 Operating mode
0 0 0 13 bit TIMER
0 1 1 16 bit TIMER/COUNTER
1 0 2 8-bit Auto-Reload Timer/ counter
1 1 3 (TIMEO) TLO is an 8-bit Timer/Counter
controlled
by the standard Timer O control bit . THO is an
8-bit
Timer and is controlled by timer 1 control bits
1 1 3 (Timerl) Timer/Counter 1 stoped.

ci aa o
51 222 33maes 15luarummz TMOD
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a o [] y [ a
yuvediTames Ideumne Tix hignl¥aululvuail nazmsises1vesiin TRx (RUN Flag)

d MYy a Aa J;’f [ [
alildmassalus samaesanesuaesiela

TF1 TR1 TFO TRO IE1 IT1 IEO ITO
TF1 TCON.7 Tmmer 1 overflow flag. Set by handware whenThe
Timer/Counter 1 Overfiows.Cleared by hardware
as processor vectors to the interrrupt service routine

TR1 TCON.6  Timer 1 run control bit. Set/cleared by software to turn Timer
/Counter 1 ON/OFF

TFO TCON.5  Timer 0 overflowflag.Set by hardware when the Timer/Counter

0 overflows. Cleared by hardwar as processor vectors to
service routine |

TRO TCON.4  Timer O run control bit. Set/Cleared by software
to turnTimer/Counter 0 ON/OFF

1IE1 TCON.3 External interrupt 1 edge flag.Set by hardware when External
interrupt edge is detected. clear by hardware when interrupt is
processed.

IT1 TCON.2 Interrupt 1 type control bit. Set/Cieared by software to
specify failling edge/flow level triggered External interrupt.

IEO TCON.1  External interrupt 0 edge flag.Set by hardware when External
interrupt edge is detected. clear by hardware when interrupt is
processed.

ITO TCON.0 Interrupt O type control bit. Set/Cieared by software to

specify failling edge/flow level triggered External interr

a aa /9 ¥
319 2.24 Seaimes Idnumwz TCON
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TIMER 1
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E
(MODEOQ) Max : 1 MHz | 12 MHz X X X
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EA X ET2 ES ET1 EX1 ETO EXO0
Symbol Position Function
EA IE.7 disables all interrupts. If EA=0,no interrupt will be

acknowledged .If EA=1,each in interrupt source is

individually enabled all disabled by setting or clearing

its enable bit.
= IE.6 reserved
ET2 IE.5 enable or disables the Timer 2 overflow or capture

interrupt .If ET2=0, the Timer2 interrupt is disabled.

ES IE.4 enables or disables the serial Port interrupt.If ES=0,
the serial port interrupt is disabled.

ET1 IE3 enables or disables the timer overflow interrupt.
If ET1=0,the Timer 1 interrupt is disabled.

EX1 IE.2 enables or disables External Interrupt 1 . If
EX=0,External Interruptl is disabled

ETO IE.1 enables or disables the timer overflow interrupt. If
ETO = 0,the Timer 0 interrupt is disabled.

EXO0 IE.O eables or disables External Interrupt 0 . If

EX=0,External Interruptl is disabled
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83C154/C154D only.
Priority interrupt circuit control bit.
The prority register contents are valid priority assigned Interrupt can
be processed when this bit is “0” .When the bit is “1”,the priority
Interrupt circuit is stopd. And interrupt can only be controlled by
the interrupt enabie register (IE).
reserved
defines the timer 2 interrupt priority level. PT2=1
program it to higher priority level.
defines the Serial port interrupt priority level. PS=1
program it to higher priority level.
defines the timer 1 interrupt priority level. PT1=1
program it to higher priority level.
defines the External interrupt 1 priority level. PX1=1
program it to higher priority level.
defines the timer 0 interrupt priority level. PT0=1
program it to higher priority level .
defines the External interrupt 0 priority level. PX0=1

program it to higher priority level
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Tdsunsumen C Nomaslu EPROM

/**********************************************************************/

/¥ PROGRAM IC CARD 8031 */
R R R RO Rk |
#pragma debug objectextend code

#include<reg51.h>

#include<absacc.h>

#include<stdio.h>

/**********************************************************************/

* SET BIT PORT 1 */
/**********************************************************************/
sbit clk =P170;

sbitcs =PI1"1;

sbitdi =P1"2;

sbit out =P1"3;

sbit plc_com=P1"5;

sbit sensor_card=P1"4;

sbitread_write=P1"6;

sbit enter=P1"7;

/**********************************************************************/

x FUNCTION "
/**********************************************************************/
void serial(void);

void clock(void);

void re_data(void);

char re_dat(int);

void wr_data(void);

void wr_dat(int,char);

void wr_enable(void);



void wr_disable(void);
void erase(int);

int x;

/**********************************************************************/

[® CLOCK */
/**********************************************************************/
void clock(void)

clk=0;

clk=1;

/**********************************************************************/

% READ DATA EEPROM £l
/********************;*************************************************/
char re_dat(int address)
{

nt 1,j;

char cod;

cod=0;

di =0;

clk=0;

cs =0;

out=1;

cs=1;

clock();

di=1;

clock();

di=1;

clock();



}

di=0;
clock();

for(i=5;1>=0;i--)

{

di=(address>>1)&1

clk=0;

clk=1;
}
clock();

for(i=15;1>=0;i--)

{
clk=1;
clk=0;
J=out;
cod|=j<<i;

}

clock();

cs =0;
clock();
cs=1;
di=0;
clk=0;

return(cod);

/**********************************************************************/

/*

/**********************************************************************/

WRITE DATA EEPROM

void wr_dat(int address,char value)

{

int i;

*/



di=0;
clk=0;
cs =0;
out=l;
cs=l;
clock();
di=1;
clock();
di =0;
clock();

clock();

for(i=5;1>=0;i--)

{
di=(address>>1)&1;
clk=0;
clk=1;

b

for(i=15;1>=0;i--)

¥
di=(value>>1)&1;
clk=0;
clk=1;

}

cs=0;

clock();

clock();

cs=1;

clock();

clock();



while(!out)clock();
clock();
cs =0;
clk=0;
di=0;
clock();
}

/**********************************************************************/

/% ERASE EEPROM L

/**********************************************************************/

void erase(int address)
{
it 1;

di=0;

clk=0;

cs =0;

out=l;

cs=1;

clock();

di=l;

clock();

di=l;

clock();

di=l1;

clock();

for(i=5;1>=0;i--)

{
di=(address>>1)&1;
clk=0;
clk=1;



}
clock();
clock();
cs=0;
clock();
cs=1;
clock();
while(!out);clock();
cs=0;
clk=0;
di=0;

}

/**********************************************************************/

I* WRITE _ENABLE EEPROM %/

/**********************************************************************/

void wr_enable(void)
{

di=0;

clk=0;

cs =0;

out=1;

cs=1;

clock();

clock();
di=0;

clock();
clock();

clock();



clock();
clock();
clock();
clock();
clock();
cs =0;
di=0;
clk=0;
}

/**********************************************************************/

[® WRITE DISABLE EEPROM */
AR Rk Rk R R Rk A R Rk R R R R R R o R R ok |
void wr_disable(void)
{

di=0;

clk=0;

cs=0;

out=1;

cs=1;

clock();

di=lI;

clock();

di=0;

clock();

clock();

di=0;

clock();

clock();

clock();

clock();



clock();
clock();
cs =0;
clk=0;

}

/**********************************************************************/

* THANSMITION DATA COMPUTER & 8031 */

/**********************************************************************/

void wr_data(void)
{
int 1;
char read_d[60];
serial();
for(i=0;i<x-1;1++)
{
read_d[i]=re_dat(i);
TI=0;
SBUF=read_dlil;
while(!TD);
}
}

/**********************************************************************/

[* RECEIVE DATA COMPUTER & 8031 */

/**********************************************************************/

void re_data(void)
{
int i;
char cod[60];
serial();

x=0;



do
{
while(!RI);
cod[x]=SBUF;
RI=0;
x=x+1;
}
while(cod[x-1]!="*");
wr_enable();
for(i=0;i<x-1;i++)
{
erase(i);
wr_dat(i,cod[i]);
}
wr_disable();

while(!RI);

/**********************************************************************/

/% THANSMITION DATA PLC & 8031 */

AR R A R R R TR R R RO b AR K
*void wr_dataPLC(void)
{
int i;
char read PLC[60];
Send[16]="@00WR01000120Fcs*";
serial();
for(i=0;i<16;i++)
{
TI=0;



SBUF=Send[i];
while(!TI);
}
for(i=0;i<x-1;i++)
{
read PLC[i]=re_dat(1);
TI=0;
SBUF=read PLCIi];
while(!TD);
}
} ¥
AR R R R R o TR SRR R R R R R ok |
I* RECEIVE DATA PLC & 8031 ¥/
AR R R R R AR R R R R Rk |
*void re_dataPLC(void)
{
int 1;
char Send[16]="@00RR01000002Fcs*";
char codPLC[60];
serial();
x=0;
for(i=0;i<16;i++)
{
TI=0;
SBUF=Send[i];
while(!TD);
}
do

{
while(!RI);



cod[x]=SBUF;
RI=0;
x=x+1;
}
while(x<22);
wr_enable();
for(i=0;i<x-1;it+)
{
erase(i);
wr_dat(i,cod[i]);
}
wr_disable();
while(RI);
+ ¥
/**********************************************************************/

[* SERIAL PORT ¥V

/**********************************************************************/

void serial(void)

{
TMOD = 0x20;
TCON =0x41;
TH1 = 0xFD;
SCON = 0x52;
TR1 =1,

}

/**********************************************************************/
I* MAIN */

/**********************************************************************/

main()

{



out=l;
di =0;

cs =0;
clk=0;
for(;;)

{

if(sensor_card==0 /*&& plc_com==1*/ && read_write=1 && enter==0)

{

re_data();

}
if(sensor_card==0 /*&& plc_com==1*/ && read_write==0 && enter—0)

{
wr_data();

}
/*if(sensor_card=—0 && plc_com==0 && read_write==1 && enter==0)

{
re_dataPLC();

}
if(sensor_card==0 && plc_com==0 && read_write==0 && enter==0)
{
wr_dataPLC();
} *



11sunsa Visual Basic Nidlouuy Computer

Dim StartTime As Date
Dim Data As Variant

Dim Data_ReceivePlc As Variant
Dim data_s As Variant
Dim FName As Variant
Dim LName As Variant
Dim ID As Variant

Dim DataPLC As Variant
Dim FNamel As Variant
Dim LNamel As Variant
Dim ID1 As Variant

Dim DataPLC1 As Variant
Dim Channel As String

Dim FCS As String

Private Sub ChangeData_Click()
Frame2.Visible = True
Frame4.Visible = True
Send.Enabled = True
Clear.Enabled = True

End Sub

Private Sub Clear_Click()
Textl. Text=""
Text2.Text=""
Text3.Text=""
Text4.Text=""

Label2.Caption =""



Label3.Caption =""
Label4.Caption = ""
Label5.Caption =""
Labell5.Caption =""

End Sub

Private Sub ClosePort_Click()
StopTiming
If MSComm].PortOpen = True Then

MSComm1.PortOpen = False

End If
ChangeData.Enabled = False
Frame2.Visible = False
Frame4.Visible = False
Frame5.Visible = False
Send.Enabled = False
SendPLC Enabled = False
Receive.Enabled = False
Openport.Enabled = True
Labell.Caption =""

End Sub

Private Sub Exit_Click()
End
End Sub

Private Sub Form_Load()
frmmain.Move (Screen.Width - Width) / 2, (Screen.Height - Height) / 2

End Sub



Private Sub MSComm1_OnComm()

Dim a, b, c, w, X, y, z As Integer

Dim d As Variéint

d="v

delay

d = MSComml.Input

delay

a=InStr(1, d, "$", 0)

Ifa < 0 Then

b=Mid(d, a+1, 2)

Data = Mid(d, a, b - 2)

MSComm1.PortOpen = False

x=3

y = InSt(1, Data, "!", 0)

z=InStr(1, Data, "@", 0)

w = InStr(1, Data, "#", 0)

Ifw <z Then
w=z+9

End If

Ifw>z>y>xThen
Label2.Caption = Mid(Data, x + 1,y - x - 1)
FName = Label2.Caption
Label3.Caption = Mid(Data, y +1,z-y - 1)
LName = Label3.Caption
Label4.Caption = Mid(Data, z+ 1, w-z- 1)
ID = Label4.Caption
Label5.Caption = Mid(Data, w +1,b-w- 1)
DataPLC = Labe]S.Caption
Openport.Enabled = True

Timer2.Enabled = True



Else
MsgBox "Error Data", vbOKOnly
End If
Else
MsgBox "Error Data", vbOKOnly
End If
End Sub

Private Sub MSComm2_OnComm()
Dim instring As String
instring = MSComm?2.Input
Data_ReceivePlc = Mid(instring, 8, 12)
MSComm2.PortOpen = False
Frame5.Visible = True
Labell5.Caption = Data_ReceivePlc
Receive.Enabled = True
SendPLC.Enabled = True

End Sub

Private Sub Openport_Click()

If MSComm1.PortOpen = False Then
MSComm1.PortOpen = True

End If
MSComm1.RThreshold = 20
StartTiming
ChangeData.Enabled = True
SendPLC.Enabled = True
Receive.Enabled = True
Openport.Enabled = False

End Sub



Private Sub Receive_Click()

Dim word As String

Channel = InputBox$("Enter Channel number Start: (0001-0050)", "Channel")

If Channel ="" Then
Channel ="0001"

Elself Len(Channel) = 1 Then
Channel = "000" + Channel

Elself Len(Channel) = 2 Then
Channel = "00" + Channel

Elself Len(Channel) = 3 Then
Channel = "0" + Channel

End If

If MSComm?2.PortOpen = False Then
MSComm?2.PortOpen = True

End If

MSComm?2.RThreshold = 23

word = "@00RR" + Channel + "0003"

FCSloop (word)

MSComm2.0Output = word +FCS + "*" + Chr$(13) + Chr$(10)

Channel =""

Receive.Enabled = False

SendPLC.Enabled = False

End Sub

Private Sub Send_Click()
Dim x, y, z, inspect As Variant
If MSComm1.PortOpen = False Then
MSComm1.PortOpen = True

End If



MSComm2.Output = word + FCS + "*" + Chr$(13) + Chr$(10)
Channel =""
MSComm2.PortOpen = Faise
Else
MsgBox "ERROR PLC DATA", vbOKOnly
End If
DataPLC=""
If Text4.Text <> "" Then
DataPLC = Trim(Text4.Text)
End If
End Sub

Private Sub Textl_Change()
Send.Enabled = True
FNamel = Trim(Textl.Text)
If FNamel ="" Then

FNamel = FName
End If
End Sub

Private Sub Text2 Change()
Send.Enabled = True
LNamel = Trim(Text2.Text)
If LNamel ="" Then

LNamel = LName
End If
End Sub



Private Sub Text3_Change()
Send.Enabled = True
ID1 = Trim(Text3.Text)
IfID1="" Then
ID1=1ID
End If
End Sub

Private Sub Text4 Change()
Send.Enabled = True
DataPLCI = Trim(Text4.Text)
[fDataPLC1 ="" Then

DataPLC1 = DataPLC
End If
DataPLC = DataPLCl1

End Sub

Private Sub Timerl Timer()
Labell.Caption = Format(Now - StartTime, "hh:nn:ss")

End Sub

Private Sub StartTiming()
StartTime = Now
Timerl.Enabled = True

End Sub

Private Sub StopTiming()
Timerl.Enabled = False
End Sub



Private Sub FCSloop(word As String)
Dim b, c As Integer
b = Len(word)
c=0
Forb=0Tob-1
¢ = ¢ Xor Asc(Mid(word, b + 1, 1))
Next b
FCS = Hex(c)
If Len(FCS) = 1 Then
FCS="0"+FCS
End If
End Sub
Private Sub delay()
Dim x As Variant
Forx =0 To 150000
Next x

End Sub

Private Sub Timer2 Timer()
If MSComral .PortOpen = False Then
MSCommIl.PortOpen = True
End If
End Sub



Features

® Compatible with MCS-51™ Products

® 4 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,060 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 ' 8_Bit
Programmable Serial Channel

Low Power Idle and Power Down Modes M icroco ntrOI Ier
Description with 4 Kbytes

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4

Kbytes of Flash Programmable and Erasable Read Only Memory (PEROM). The Flash
device is manufactured using Atmel's high density nonvclatile 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 conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU

with Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer AT89C51
which provides a highly flexible and cost effective solution to many embedded control

applications.
(continued)
Pin Configurations PDIP/Cerdip
=T
P1.0 ] 1 40 pvcce
P1.102 39 P0.0 (ADO)
P1.20 3 38@901 (AD1)
P1.3 4 37 0 P0.2 (AD2)
P1.40]5 36 0 P0.3 (AD3)
P1.50C] 6 35 0 P0.4 (AD4)
Pi6]7 34 5 PO.5 (ADS)
P1.70]8 33 0 P0.6 (AD6)
RST ] 9 32 b P0.7 (AD7)
(RXD) P3.0C] 10 31 QD EAIVPP
PQFP/TQEP _ = (TXD) P3.1 0] 11 30 0 ALE/PROG
N (TNTO) P3.20 12 29 O PSEN
A%< (TNTT) P3.30] 13 28 1 P2.7 (A15)
INDEX W % (T0) P3.4C] 14 270 P2.6 (Al4)
CORNER NeN-o O NO (T1) P3.5C] 15 26 0 P2.5 (A13)
~ crzaz292 KA (WR) P3.6C 16 25 Q1 P2.4 (A12)
\ nnnnnonnnoo (RD) P3.7 4 17 24 0 P2.3 (A11)
44, 42, 40, 36, 36, 34 XTAL2 ] 18 23 [ P2.2 (A10)
L XTALY O 19 22 P2.1 (A9)
P15 ] 1 33 OJP0.4.(AD4) GND O] 20 21 P2.0 (AB)
P1.6 ] 2 32 1 P0.5 (ADS)
P1.70 3 31 P0.6 (AD6)
RSTC] 4 30 b P0.7 (AD7)
(RXD) P3.0C 5 29 O EA/VPP PLCC/LCC
NCC 6 28 FINC S
(TXD) P3.1Q 7 27 JALE/PROG =5y
(TNTO) P3.2 8 26 M PSEN <<aC<
(TNTT) P3.37 9 25 OP2.7 (A15) PN
(TO) P3.4 10 24 [OP2.6 (A14) 'cNoDRE,@(ER “"’”"."082222
(T1) P3.53 11 23 [ P2.5 (A13) \;EEZEZNL&ML
1231415161718 %202 122
gUuuuouguguoo p1.scf7 5 3 1 43 4l3ghpo.4 (AD4)
ergzon mane p1.6C]8 se:lPo.: (:gg;
M0 g (ngiingin] P1.7 ]9 37(3P0.6 (
Sy 28 &b RST C]10 362 P0.7 (AD7)
"E moeca (RXD) P3.0]11 35[0 EA/VPP
Ev <33 Z NC 12 34NC
= e (TXD) P3.113 330 ALE/PROG
(TNTD) P3.2C]14 32 PSEN
(TNTT) P3.3C]15 31[3P2.7 (A15)
(To) P3.4C]16 30[0P2.6 (A14)
i 29 ;
(T P3.501719, 1215523256255 (P28 (A18)
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Block Diagram
P0.0 - PO.7 P2.0 - P2.7
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Description (Continued)

The AT89C51 provides the following standard features: 4
Kbytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architec-
ture, a full duplex serial port, on-chip oscillator and clock
circuitry. 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/count-
ers, serial port and interrupt system to continue function-
ing. The Power Down Mode saves the RAM contents but
freezes the oscillator disabling all other chip functions until
the next hardware reset.

Pin Description

Vece

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/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-im-
pedance 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 PO 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 1is 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 interal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (liL) because of the internal pullups.

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

Port 2

Port 2is 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 extemally being pulled low will source
current (liL) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from extemal program memory and during accesses to
external data memory that use 16-bit addresses (MOVX

@ DPTR). In this application it uses strong intemal 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/0 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 intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally 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 Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

RER INTO (extenal interrupt 0)

P3.3 INT1 (extenal interrupt 1)

P3.4 TO (timer 0 extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (extemal data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and programming 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
timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data
Memory.

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

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

(continued)

AIMEL :



AIMEL

Pin Description (Continued)

When the AT89C51 is executing code from extemnal pro-
gram memory, PSEN is activated twice each machine cy-
cle, except that two PSEN activations are skipped during
each access to external data memory.

EANVpp

External Access Enable. EA must be strapped to GND in
orderto enable the device to fetch code from extemal 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
voltage (Vpp) during Flash programming, for parts that re-
quire 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 XTALZ2 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

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 intemal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections

c2
—)}———I——— XTAL2
[]
I
—)

XTAL1

_T- GND

Notes: C1, C2 =30 pF + 10 pF for Crystals
= 40 pF £ 10 pF for Ceramic Resonators

Figure 2. Extemnal Clock Drive Configuration

the device from an external clock source, XTAL2 should NC — - XTAL2

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 EXTERNAL

minimum and maximum voltage high and low time specifi- OSCILLATOR XTAL1

cations must be observed. SIGNAL

Idle Mode GND

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

Status of External Pins During Idle and Power Down
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Intemal 1 1 Data Data Data Data
Idle Extemal 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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ware inhibits access to internal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility 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.

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

Lock Bit Protection Modes

is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

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 ad-
ditional 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
powered up without a reset, the latch initializes to a ran-
dom value, and holds that value until reset is activated. It
is necessary 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.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U u U No program lock features.
MOVC instructions executed from external program memory are disabled from
2 P U U fetching code bytes from intemal 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.
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.

Vpp=12V vpp=5V
AT89C51 AT89C51
Top-Side Mark XXX XXXX-5
yyww yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

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
following 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 12 V for the high-voltage program-
ming 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 at-

AIMEL :
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Programming the Flash (Continued)

tempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cy-
cle 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 in-
dicate BUSY. P3.4 is pulled high again when program-
ming is done to indicate READY.

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

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 writ-
ten with all “1"s. The chip erase operation must be exe-
cuted before the code memory can be re-programmed.

Flash Programming Modes

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 12 V programming
(032H) = 05H indicates 5 V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination 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 re-
vision.

ALE/ EA/
Mode RST PSEN PROG Vpep P2.6 P2.7 P3.6 P3.7
Write Code Data H L T Hia2v() . H H H
Read Code Data H L H H L L4 H H
Wirite Lock Bit - 1 H L s H/12V H H H H
Bit - 2 H P ~ o H/12V H H L L
Bit- 3 H L N 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

Notes: 1. The signature byte at location 032H designates
whether Vpp =12 V or Vpp = 5 V should be used to
enable programming.

2. Chip Erase requires a 10 ms PROG pulse.
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Figure 3. Programming the Flash

Figure 4. Verifying the Flash

AT89C51

+5V 5V
AT89C51 j’ AT89C51 T
ADDR, RO - ATl b4 Vee appr. 20 - Al by Vee
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO [¢—— para P20 - P23 PO | (USE 10K
A8 - A11 A8 - A11 PULLUPS
— » P26 —» P26 )
SEE FLASH —» P27 ALE le—— PROG SEE FLASH ——p P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE — ¥ P3.6 MODES TABLE —»| P36 ”
» P37 —p{ P37 "
’_I—— XTAL 2 EA |[&—— ViiVpp —@———| XTAL 2 EA
424 MHz |
]
XTAL 1 RST |[¢—— Vy XTAL 1 RST [¢—— V4
GND PSEN GND PSEN

-

Flash Programming and Verification Characteristics
TA=21°Ct027°C,Vcc=5.0+10%

-

Symbol Parameter Min Max Units
vpp!! Programming Enable Voltage 11.5 12.5 Vv
Ipp(” Programming Enable Current 1.0 mA
1/tcLcL Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48tcLcL

tGHAX Address Hold After PROG 48tcLcL

tbveL Data Setup to PROG Low 48tcLcL

tGHDX Data Hold After PROG 48tcLeL

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

tsHGL Vpp Setup to PROG Low 10 us
tars") | Vpp Hold After PROG 10 s
tGLGH PROG Width 1 110 ys
tavav Address to Data Valid 48tCLCL

teLav ENABLE Low to Data Valid 48tcLcL

tEHQV Data Float After ENABLE 0 48tcLoL

tGHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 20 ms

Note:

1. Only used in 12-volt programming mode.

AIMEL
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Flash Programming and Verification Waveforms - High Voltage Mode

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

PORT 0

PROGRAMMING

ADDRESS

DATA IN

VERIFICATION

ADDRESS

; tAVQV

DATA OUT

ALE/PROG

EANpp

P2.7
(ENABLE)

P34
(RDY/BSY)

tGHDX

tD\/GL

toHax

tGHSL

LOGIC 1

toHeL —

LOGIC 0

READY

Flash Programming and Verification Waveforms - Low Voltage Mode

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS —‘:T ADDRESS
<— tavau
PORT O J{: DATA IN DATA OUT
]‘_’ tovaL  torox
taveL ¢ > P > torax
ALE/PROG
tsheL AT p—
__ LOGIC 1
EANpp e e POCIC O |
le— t t
P2.7 e teray — e
(ENABLE)
toHeL —]
P34
(RDY/BSY) BUSY READY
tae
8 AT89C51
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Absolute Maximum Ratings*

Operating Temperature................... -55°C to +125°C
Storage Temperature...................... -65°C to +150°C
Voltage on Any Pin

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

with Respectto Ground ................... -1.0Vto+7.0V
Maximum Operating Voltage ..............cc........... 6.6V
DC Output Current.........ccceoeeeveeeieeieee. 15.0 mA

D.C. Characteristics

TA =-40°C to 85°C, Vcc = 5.0 V = 20% (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage (Except EA) 05 0.2 Vee-0.1 v
ViL1 Input Low Voltage (EA) 0.5 0.2 Vce-0.3 v
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vcct+0.9 Vce+0.5 \%
VIH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vect0.5 \
Output Low Voltage(” 4
VoL (Ports 12,3) loL = 1.6 mA 0.45 \
Output Low Voltagem \{
Vo1 (Port 0, ALE, PSEN) loL = 3.2 mA 0.45 \%
I loH =-60 MA, Vec =5V + 10% 2.4 Vv
Output High Voltage =
Vo (Ports 1.2.3, ALE, PSEN) lon = -25 pA 0.75 Vec v
loH =-10 pA 0.9 Vce \
) lon =-800 pA, Vec =5V .+ 10% 2.4 Vv
Vs Output ngh Voltage o = -300 2 0.75V v
(Port 0 in External Bus Mode) loH = -300 pA .75 Vee.
loH = -80 pA 0.9 Vce VvV
Logical 0 Input Current X
o (Ports 1,2,3) ViN=0.45V -50 A
Logical 1 to 0 Transition A
I Current (Ports 1,2,3) V= -650 HA
Input Leakage Current
Iu (Port 0, EA) 0.45<V|N<Vce +10 HA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current Idle Mode, 12 MHz 5 mA
Icc !
Power Down Mode® \\;CC - g z . 14000 ﬁ
cc=

Notes: 1. Under steady state (non-transient) conditions, loL
must be externally limited as follows:
Maximum loL per port pin:10 mA
Maximum loL per 8-bit port:
Port0:26 mA
Ports 1,2, 3:15 mA

AlmEL

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 2 V.
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A.C. 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

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1/tcLcL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLcL-40 ns
tAvLL Address Valid to ALE Low 28 tCLCL-13 ns
tLLAX Address Hold After ALE Low 48 tCLCL-20 ns
tLuv ALE Low to Valid Instruction In 233 4tCLCL-65 ns
tLLPL ALE Low to PSEN Low 43 tcLcL-13 ns
ttpH | 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 tcLc-10 ns
tpxav | PSEN to Address Valid 75 T HE
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
twiwH | WR Pulse Width 400 BtcLcL-100 ns
trRiov | RD Low to Valid Data In 252 5tcLcL-90 ns
tRHDX | Data Hold After RD 0 0 ns
trRHDZ Data Float After RD 97 2tcLcL-28 ns
tLLDv ALE Low to Valid Data In 517 8tCLCL-150 ns
tavpv Address to Valid Data In 585 9tCLCL-165 ns
tiw. | ALE Low to RD or WR Low 200 300 3tcLcl-50  3tcLcL+50 ns
tavwL | Address to RD or WR Low 203 4cLcL-75 ns
tawwx | Data Valid to WR Transition 23 tcLcL-20 ns
tavwH Data Valid to WR High 433 7tcLcL-120 ns
twHax | 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

10 AT89C5 mmrrrrrrr e R T
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External Program Memory Read Cycle

F: b —
ALE
teLpH
taviL — ty
—P tLLPL e
PSEN : toLv
t
i ‘_tPLAZ tPXIZ T
tUﬁK <
toxix—  fe—
PORT 0 AO - A7 — K INSTRIN b > A0 - A7
%NN
PORT 2 A8 - A15 AB-A15

External Data Memory Read Cycle

b —»
ALE
2 taLH

PSEN
< tuov
le— trirH —»
— t . —»
RD NN o |

triov tripz

e— tavi —> ™

b ‘4— t
—> RHDX
PORT 0 _ >A0 - A7 FROM RI OR DPLY —(CDATA INJE>((A0 - A7 FROM PCLY—<INSTR IN

tava
o tyoy

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

AIMEL "
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External Data Memory Cycle

- tLH.LL“"’
ALE L
—> twHLH

PSEN y
— tw —se—tpan —»
WR et ax
e— tav L —» tovwx D —> < fmHax
H— tovan —»

PORT 0 _ > A0 - A7 FROM RI OR DPL DATA OUT X A0 - A7 FROM PCL><INSTR IN

‘—tAVV\A_ X

PORT 2 P2.0 - P2.7 OR A8 - A15 FROM DPH ) Y4 A8 - A15 FROM PCH

External Clock Drive Waveforms

e lohex torcy —* ~— — < tenoL

S A/ ~ )
=107 Veg

0.2 Vg - 0.1V N
0.45V J \ ‘————7 L

tCLCX ,

tCLCL g
External Clock Drive

Symbol Parameter Min Max Units
1/tcLeL Oscillator Frequency 0 24 MHz
tcLeL Clock Period 41.6 ns
tcHex High Time 15 ns
tcLex Low Time 15 ns
tcLcH Rise Time 20 ns
tcHeL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vcc= 5.0 V+20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
EXLXL Serial Port Clock Cycle Time 1.0 12tcLcL us
tQuxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
txHax Output Data Hold After Clock Rising Edge 50 2tcLcL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
== AN~ "~ &~

INSTRUCTION | 0 I 1 | 2 | 3 l 4
7 S Y I 415 o 0 2 O S S R R R N S R

CLOoCK = —P% e UK\
VXH
=08

WRITE TO SBUF 0 1 2 -ASEIVIA T2 | TG

v —p t
OUTPUT DATA S [+ oo SETTI
| CLEARRI |

v
INPUT DATA

AC Testing Input/Output Waveforms”  Float Waveforms "’

Ve - 0.5V
CcCc :
0.2 Vi + 0.9V

TEST POINTS
0.2 Vg - 0.1V

0.45V

Note: 1. AC Inputs during testing are driven at Vcc - 0.5V fora  Note:
logic 1and 0.45 V for a logic 0. Timing measure-
ments are made at ViH min. for a logic 1 and Vi
max. for a logic 0.

AIMEL

oL

Timing Reference
Points

oL

- 0.1V

V .+ 01V

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs.
A port pin begins to float when a 100 mV change

from the loaded Von/VoL level occurs.

13
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Ordering Information

Speed Power
(MHz) 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
AT89C51-12Al 44A Industrial
AT89C51-12J1 44J (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44J (-40°C to 125°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q
5V+10% AT89C51-12DM 40D6 Military
AT89C51-12LM 44L (-55°C to 125°C)
AT89C51-12DM/883 40D6 Military/883C
AT89C51-12L.\M/883 44 Class B, Fully Compliant
(-55°C to 125°C)
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44J (-40°C to 125°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
AT89C51-20Al 44A Industrial
AT89C51-20JI 44J (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q

14 AT89CH1 mrmmws s
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Ordering Information

Speed Power
(MHz2) Supply Order.ing 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
AT89C51-24Al 44A Industrial
AT89C51-24JI 44J (-40°C to 85°C)
AT89C51-24PI 44P6
AT89C51-24Ql 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

ATMEL
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MICROCHIP

93LC46B/56B/66B

1K/2K/4K 2.0V CMOS Serial EEPROM

FEATURES

* Single supply with programming operation down
to 2.0V (Commercial only)

* Low power CMOS technology
- 1 mA active current typical
- & pA standby current (typical) at 3.0V

* X16 bit organization

+ 64x16 (93LC46B)

* 128x16 (93LC56B)

+ 256x16 (93LC66B)

¢ Self-timed ERASE and WRITE cycles
(including auto-erase)

* Automatic ERAL before WRAL

 Power on/of? data protection circuitry

* Industry standard 3-wire serial I/O

* Device status signal during ERASE/WRITE
cycles

+ Sequential READ function

* 10,000,000 ERASE/WRITE cycles guaranteed
on 93LC56B and 93LC66B

* 1,000,000 E/W cycles guaranteed on 93L.C46B*

* Data retention > 200 years

* 8-pin PDIP/SQOIC and 14-pin SOIC package
(SOIC in JEDEC and EIAJ standards)

* Available for extended temperature ranges:
- Commercial: 0C to +70 C
- Industrial: 40 C to +85C

PACKAGE TYPE

DESCRIPTION

The Microchip Technology Inc. 93LC46B/56B/66B are
1K, 2K and 4K low voltage serial Electrically Erasable
PROMs. The device memory is configured as x16.
Advanced CMOS technology makes these devices
ideal for low power non-volatile memory applications.
The 93LC Series is available in standard 8-pin DIP and
8/14-pin surface mount SOIC packages.

BLOCK DIAGRAM

Vce Vss

L

 —
MEMORY N ADDRESS
ARRAY DECODER
ADDRESS
COUNTER

DATA REGISTER

OUTPUT
BUFFER Bo

DI

MODE
DECODE
LOGIC

LS — % o

CLocK
L GENERATOR

DIP SoicC

cs 1 8[1Vee cs 1 8 Vee
NV ok £2 7w
ol 3 6 [ NC D]E:3 6:]NC

oo []4 5[1vss po 4 5[ Jvss

~

clk 2

93LC46B
93LC56B
93LC66B

93LC46B
93LC56B
93LC66B

VOCE::2
cs 3

SOIC
(o
Ne 1 14[Ine
solc cs L2 8 vee
= ctk O3 12N
NU 1 8[InC N 4 1 JNe
7[5 ves ol 5 10 dne
6[ oo po []6 9 T ves
cLk 4 g ne O 7 8[Ine
93LC46BX 93LC56B
93LC56BX 93LC66B
93LC66BX

**Future: 10,000,000 E/W cycles guaranteed

© 1995 Microchip Technology Inc.
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93LC46B/56B/66B

1.0 ELECTRICAL CHARACTERISTICS TABLE 1-1:  PIN FUNCTION TABLE
11 Maximum Ratings* Name Function
VCCie oo 7.0V GS Chip Belect
All inputs and outputs w.r.t. Vss ....-0.6V to Vcc +1.0V CLK Serial Data Clock
Storage temperature .........c..ccoeoee 65 Cto+150 C ’
Ambient temp. with power applied ......-65 C to +125 C Dl Serial Data Input
Soldering temperature of leads (10 seconds)...+300 C DO Serial Data Output
ESD protection on all pins.........cccceviiiiiiiicee. 4 kV Vss Ground
*Notice: Stresses above those listed under “Maximum ratings”
may cause permanent damage to the device. This is a stress rat- NC No Connect
ing only and functional operation of the device at those or any
O e e D e crsolonal s NU Not Utiized
conditions for extended periods may affect device reliability.
Vce Power Supply
TABLE 1-2: DC AND AC ELECTRICAL CHARACTERISTICS
Commercial (C): Vcc =+2.0V to +6.0V (C): Tamb=0Cto+70C
Industrial (I):  Vecec =+2.5V to +6.0V (I): Tamb=-40 Cto +85C
Parameter Symbol Min Max Units Conditions
High level input voltage VIH1 2.0 vee + 1 Vv veec 22.7V
VIH2 0.7Vcc |Vec+1 Vv Vec < 2.7V
Low level input voltage Vi1 -0.3 0.8 \ Veec 22.7V
ViL2 -0.3 0.2Vce " Vee <2.7V
Low level output voltage Vo1 — 0.4 \Y oL =2.1 mA; Vce = 4.5V
VoL2 — 0.2 \% loL = 100 pA; Vee = Vee Min.
High level output voltage VOH1 2.4 — \Y IoH = -400 pA; Vcc = 4.5V
VoH2 Vce-0.2 — Vv lIoH = -100 pA, Vcc = Vee Min.
Input leakage current LI -10 10 HA VIN=0.1V to Vcc
Output leakage current ILo -10 10 HA VouTt =0.1V to Vcc
Pin capacitance CIN, Cout — s pF VIN/VouT =0 V (Note 1 & 3)
(all inputs/outputs) Tamb = +25 C, FCLK = 1 MHz
Operating current loc write — 3 mA FcLK = 2 MHz; Ve = 6.0V (Note 3)
Icc read — 1 mA FCLK = 2 MHz; Vcc = 6.0V
500 HA FcLk = 1 MHz; Vcc = 3.0V
Standby current Iccs — 100 HA CLK=CS =0V; Vcc =6.0V
30 HA CLK=CS=0V; Vcec =3.0V
Clock frequency FcLk — vJ MHz Vce 2 4.5V
1 MHz Vece < 4.5V
Clock high time TCKH 250 — ns
Clock low time TCKL 250 -— ns
Chip select setup time Tcss 50 — ns Relative to CLK
Chip select hold time TCsH 0 — ns Relative to CLK
Chip select low time TesL 250 - ns
Data input setup time ToIs 100 — ns Relative to CLK
Data input hold time TOH 100 — ns Relative to CLK
Data output delay time TPD — 400 ns CL=100 pF
Data output disable time Tcz — 100 ns CL =100 pF (Note 3)
Status valid time Tsv — 500 ns CL=100 pF
Program cycle time Twe — 10 ms ERASE/WRITE mode (Note 2)
TEC — 15 ms ERAL mode
T™L — 30 ms WRAL mode
Note 1:  This parameter is tested at tamb = 25 C and FCLK = 1 MHz.
Note 2:  Typical program cycle time is 4 ms per word.
Note 3:  This parameter is periodically sampled and not 100% tested.

DS20068F-page 2
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93LC46B/56B/66B

TABLE 1-3: INSTRUCTION SET FOR 93LC46B
Instruction| SB | Opcode Address Data In Data Out e, CLK
Cycles
READ 1 10 A5 A4 A3 A2 A1A0 — D15 -DO 25
EWEN 1 00 11 X X XX — High-Z 9
ERASE 1 11 A5 A4 A3A2 A1 A0 — (RDY/BSY) 9
ERAL 1 00 10 X X XX — (RDY/BSY) 9
WRITE 1 01 A5 A4 A3 A2 A1 A0 D15 -DO0 (RDY/BSY) 25
WRAL 1 00 01 X X XX D15 -DO (RDY/BSY) 25
EWDS 1 00 00 X XXX — High-Z 9
TABLE 14: INSTRUCTION SET FOR 93LC56B
Instruction SB Opcode Address Data In Data Out REq; GLK
Cycles
READ 1 10 X A6 A5 A4 A3 A2 A1 A0 — D15-D0 27
EWEN 1 00 1T1 X XXX XX — High-Z 11
ERASE 1 11 X A6 A5 A4 A3 A2 A1 AO — (RDY/BSY) 1
ERAL 1 00 10X XX X X X — (RDY/BSY) 11
WRITE 1 01 X A6 A5 A4 A3 A2 A1 A0 D15 -DO0 (RDY/BSY) 27
WRAL 1 00 01 X X X XXX D15 -DO0 (RDY/BSY) 27
EWDS 1 00 00 X XXX XX — High-Z 1
TABLE 1-5: INSTRUCTION SET FOR 93LC66B
Instruction SB Opcode Address Data In Data Out qu' SLK
ycles
READ 1 10 A7 A6 A5 A4 A3 A2 A1 AO — D15 -DO0 27
EWEN 1 00 11 XX XX XX — High-Z 1
ERASE 1 1 AT A6 A5 A4 A3 A2 A1 AD — (RDY/BSY) 11
ERAL 1 00 10X X X X X X — (RDY/BSY) 11
WRITE 1 01 A7 A6 A5 A4 A3 A2 A1 AO D15 - DO (RDY/BSY) 27
WRAL 1 00 01 X X X X X X D15 - D0 (RDY/BSY) 27
EWDS 1 00 00 X XX X X X — High-Z 11

© 1995 Microchip Technology Inc.
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93LC46B/56B/66B

2.0 FUNCTIONAL DESCRIPTION

Instructions, addresses and write data are clocked into
the DI pin on the rising edge of the clock (CLK). The
DO pin is normally held in a high-Z state except when
reading data from the device, or when checking the
ready/busy status during a programming operation.
The ready/busy status can be verified during an Erase/
Write operation by polling the DO pin; DO low indicates
that programming is still in progress, while DO high
indicates the device is ready. The DO will enter the
high-Z state on the falling edge of the CS.

21 START Condition

The START bit is detected by the device if CS and DI
are both HIGH with respect to the positive edge of CLK
for the first time.

Before a START condition is detected, CS, CLK, and DI
may change in any combination (except to that of a
START condition), without resulting in any device oper-
ation (READ, WRITE, ERASE, EWEN, EWDS, ERAL,
and WRAL). As soon as CS is HIGH, the device is no
longer in the standby mode.

An instruction following a START condition will only be
executed if the required amount of opcode, address
and data bits for any particular instruction is clocked in.

After execution of an instruction (i.e., clock in or out of
the last required address or data bit) CLK and DI
become don't care bits until a new start condition is
detected.

2.2 DI/DO

Itis possible to connect the Data In and Data Out pins
together. However, with this configuration it is possible
for a “bus conflict” to occur during the “dummy zero”
that precedes the READ operation, ifAQ is a logic HIGH
level. Under such a condition the voltage level seen at
Data Outis undefined and will depend upon the relative
impedances of Data Out and the signal source driving
A0. The higher the current sourcing capability of A0,
the higher the voltage at the Data Out pin.

2.3 Data Protection

During power-up, all programming modes of operation
are inhibited until Vcc has reached a level greater than
1.4V. During power-down, the source data protection
circuitry acts to inhibit all programming modes when
Vcc has fallen below 1.4V at nominal conditions.

The EWEN and EWDS commands give additional pro-
tection against accidentally programming during nor-
mal operation.

After power-up, the device is automatically in the
EWDS mode. Therefore, an EWEN instruction must be
performed before any ERASE or WRITE instruction
can be executed.

3.0 READ

The READ instruction outputs the serial data of the
addressed memory location on the DO pin. A dummy
zero bit precedes the 16 bit (x16 organization) output
string. The output data bits will toggle on the rising
edge of the CLK and are stable after the specified time
delay (TPD). Sequential read is possible when CS is
held high. The memory data will automatically cycle to
the next register and output sequentially.

4.0 ERASE/WRITE ENABLE AND
DISABLE

The 93LC46B/56B/66B powers up in the Erase/Write
Disable (EWDS) state. All programming modes must
be preceded by an Erase/Write Enable (EWEN)
instruction. Once the EWEN instruction is executed,
programming remains enabled until an EWDS instruc-
tion is executed or Vcc is removed from the device. To
protect against accidental data disturb, the EWDS
instruction can be used to disable all Erase/Write func-
tions and should follow all programming operations.
Execution of a READ instruction is independent of both
the EWEN and EWDS instructions.

5.0 ERASE

The ERASE instruction forces all data bits of the spec-
ified address to the logical "1" state. CS is brought low
following the loading of the last address bit. This falling
edge of the CS pin initiates the self-timed programming
cycle.

The DO pin indicates the READY/BUSY status of the
device if CS is brought high after a minimum of 250 ns
low (TcsL). DO at logical "0" indicates that program-
ming is still in progress. DO at logical "1" indicates that
the register at the specified address has been erased
and the device is ready for another instruction.

The ERASE cycle takes 4 ms per word (Typical).

6.0 WRITE

The WRITE instruction is followed by 16 bits of data
which are written into the specified address. After the
last data bit is put on the DI pin, CS must be brought
low before the next rising edge of the CLK clock. This
falling edge of CS initiates the self-timed auto-erase
and programming cycle.

The DO pin indicates the READY/BUSY status of the
device if CS is brought high after a minimum of 250 ns
low (TcsL) and before the entire write cycle is com-
plete. DO at logical "0" indicates that programming is
stillin progress. DO at logical "1" indicates that the reg-
ister at the specified address has been written with the
data specified and the device is ready for another
instruction.

The WRITE cycle takes 4 ms per word (Typical).

DS20068F-page 4

© 1995 Microchip Technology Inc.



93LC46B/56B/66B

7.0 ERASEALL

The ERAL instruction will erase the entire memory
array to the logical "1" state. The ERAL cycle is identi-
cal to the ERASE cycle except for the different opcode.
The ERAL cycle is completely self-timed and com-
mences at the falling edge of the CS. Clocking of the
CLK pin is not necessary after the device has entered
the self clocking mode. The ERAL instruction is guar-
anteed at Vcc = +4.5V to +6.0V.

The DO pin indicates the READY/BUSY status of the
device if CS is brought high after a minimum of 250 ns
low (TcsL) and before the entire write cycle is com-
plete.

The ERAL cycle takes 15 ms maximum (8 ms typical).
8.0 WRITEALL

The WRAL instruction will write the entire memory
array with the data specified in the command. The
WRAL cycle is completely self-timed and commences
at the falling edge of the CS. Clocking of the CLK pin
is not necessary after the device has entered the self
clocking mode. The WRAL command does include an
automatic ERAL cycle for the device. Therefore, the
WRAL instruction does not require an ERAL instruction
but the chip must be in the EWEN status. The WRAL
instruction is guaranteed at Vcc = +4.5V to +6.0V.

The DO pin indicates the READY/BUSY status of the
device if CS is brought high after a minimum of 250 ns
low (TcsL).

The WRAL cycle takes 30 ms maximum (16 ms typi-
cal).

9.0 PIN DESCRIPTION
9.1 Chip Select (CS)

A HIGH level selects the device. A LOW level dese-
lects the device and forces it into standby mode. How-
ever, a programming cycle which is already initiated
and/or in progress will be completed, regardless of the
CS input signal. If CS is brought LOW during a pro-
gram cycle, the device will go into standby mode as
soon as the programming cycle is completed.

CS must be LOW for 250 ns minimum (TcsL) between
consecutive instructions. |f CS is LOW, the internal
control logic is held in a RESET status.

9.2 Serial Clock (CLK)

The Serial Clock is used to synchronize the communi-
cation between a master device and the 93LCXXB.
Opcode, address, and data bits are clocked in on the
positive edge of CLK. Data bits are also clocked out on
the positive edge of CLK.

CLK can be stopped anywhere in the transmission

sequence (at HIGH or LOW level) and can be contin-
ued anytime with respect to clock HIGH time (TckH)

and clock LOW time (TckL). This gives the controlling
master freedom in preparing opcode, address, and
data.

CLKisa“Don't Care” if CS is LOW (device deselected).
If CS is HIGH, but START condition has not been
detected, any number of clock cycles can be received
by the device without changing its status (i.e., waiting
for START condition).

CLK cycles are not required during the self-timed
WRITE (i.e., auto ERASE/RITE) cycle.

After detecticn of a start condition the specified number
of clock cycles (respectively LOW to HIGH transitions
of CLK) must be provided. These clock cycles are
required to clock in all required opcode, address, and
data bits before an instruction is executed (see instruc-
tion set truth table). CLK and DI then become don't
care inputs waiting for a new start condition to be
detected.

9.3 ‘Data In (DI)

Data In is used to clock in a START bit, opcode,
address, and data synchronously with the CLK input.

9.4 Data Out (DO

Data Out is used in the READ mode to output data syn-
chronously with the CLK input (TPD after the positive
edge of CLK).

This pin also provides READY/BUSY status informa-
tion during ERASE and WRITE cycles. READY/BUSY
status information is available on the DO pin if CS is
brought HIGH after being LOW for minimum chip select
LOW time (TcsL) and an ERASE or WRITE operation
has been initiated.

The status signal is not available on DO, if CS is held
LOW or HIGH during the entire WRITE or ERASE
cycle. In all other cases DO is in the HIGH-Z mode. If
status is checked after the WRITE/ERASE cycle, a
pull-up resistor on DO is required to read the READY
signal.

© 1995 Microchip Technology Inc.
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FIGURE 9-1: SYNCHRONOUS DATA TIMING
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FIGURE 9-2: READ TIMING
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FIGURE 94: EWDS TIMING
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FIGURE 9-7: ERASE TIMING
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93L.C46B/56B/66B Product Identification System

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed

sales offices.

93LC46B/56B/66B - /P
I | Package: P = Plastic DIP (300 mil Body), 8-lead
SN = Plastic SOIC (150 mil Body), 8-lead
SM = Plastic SOIC (207 mil Body), 8-lead
SL = Plastic SOIC (150 mil Body), 14-lead (93LC56B/93LC66B)
Temperature Blank = 0°C to +70°C
Range: I = -40°C to +85°C
Device: Configuration
93LC46B/56B/66B CMOS Serial EEPROM
93LC46BX/S6BX/66BX CMOS Serial EEPROM in alternate
pinouts (SN package only)
93LC46BT/S6BT/66BT CMOS Serial EEPROM (Tape and Reel)
93LC468XT/S6BXT/66BXT  CMOS Serial EEPROM (Tape and Reel)
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