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ABSTRACT

Automatic banknote counting comprises a feeding system having rollers for drawing
banknote out of the input store, transport system having two pair of roller use for transmission
banknote through detector , and a banknote detection system by using an optical technique. The
system is controlled by microcontroller and result of detection system show on LCD. The

relative of feeding system and transport system are driven by step motor
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MA
Jude <ATBO9X52.H> N

Tude <STDIO.H>

Initail(void);

DisplayLCD(unsigned char DispIndex);
pelay(unsigned int D);
LoadBank(void);
startCountBank(unsigned char Srmn);
StopCountBank(unsigned char Spmn);
Function(void);

AT R EEA AN T AR RIS LCD Function
Led_init(void);
Print_lcd(unsigned char *Lowl,unsigned char *Low2);
Potx_lcd(bit R,uns1gned char Addr,unsigned char dat);
Lcd_command(unsigned char com):

2ned char Display[16]=0;
**********************ii*t*********i************tt**t********
(2 24 2222233 22 L 1'% 3370 KEYPAD Function ******tti*************itt/

jned char Scanket(void);

**********i*********ti**i*/

jned char TmrRdy[1={0,0},TmrEnable[]={0,0}, k=0;
gned int TmrInit[]={23,5000},Tmrcntr[]={23,5000}; // 23 Tick=5ms,5000

1s

jned char Datakeypad=0;

ine KeyNuml 1

ine KeyNum2 2

ine KeyNum3 3

ine KeyNum4 4

ine KeyNum5 5

ine KeyNumé 6

ine KeyNum?7 7

ine KeyNum8 8

ine KeyNum9 9

ine KeyNumQ 10

ine KeyClear 11

ine KeyEsc 12

ine KeyEnter 13

ine KeyUp 14

ine KeyDown 15

ine KeyFunc 16

ine NokKey
r*********************************************t**t************/
‘ne Buzzer_ON P3_7=0

.ne Buzzer_OFF P3_7=1

ine Relay_ON P2_0=1

ine Relay_OFF P2_0=0

‘ne BackLight P2_4 // BackLight

ne Motor_3A P2_2 // Load back

ne Motor_4A P2_1 //

ne Limit P3_6

ne RCTime P2_5

unsigned char Dispwait[]={" Please wait "1;
unsigned char Dispcntr[)={" C0unting "};
unsigned char DispNumb[]={" Number of bank "};
unsigned char DispFucl ={" Banknote i H
unsigned char DispFuc2[={" Seperate N
unsigned char Dispruc3[]={" Total "}
unsigned char DispFucd4[]={" Counterfile g
unsigned char DisantrModeE]:{" Counter Mode "};
unsigned char DisppPutTaget[]= {" PutTaget '};
unsigned char DispTagetCount{]={" TagetCount '1;
ned char DispNumbk[16]=0;

ned int NumBank=0,BufNum=0;

ned char TimeOut=0;
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MAIN
gned char Menu=0,Mode=1;
StrFlag=0, FuncF1ag—0
gned char TagetCntrSep—O
gned char ChkBnk=0
gned int RCComp=0;
gned char cntrF11e=0

gned char TagetQ[2] = 0,TagetCntrQ=0;
TeStRCTime=0;

main(void)
InitailQ;
?h11e(1)
}f(Terdy[ll = 1)

ETO = 0;
Terdy[l]
EX
}f(++T1meOut 5)
' StopCountBank(Mode) ;
EXD = 1;
ETD = 1;

}
else if(StrFlag == 1 && Mode == 4) // Counterfile Mode

EX0O = 0;
}f(NumBank > ChkBnk)

ChkBnk = NumBank;
EX0 = 1;

Relay_ // stop Motor Feed
De]ay(30000)
Relay_OFF;

RCTime = 0;

TH1 = TL1l = O3

RCTime = 1;

TR1 = 1;

wh11e(RCT1me == ();
TR1 =

RCComp = (TH1*256)+TL1;
}f(RCComp > 1000)

} cntrFile++;
Relay_ //start motor Feed
De]ay(ZOOO)
) Relay_OFF;
; EX0 = 1;
%1se if(strFlag == 1 && Mode == 2) // Seperate Mode

EXQ = 0;
}f(NumBank == TagetCntrsSep)

StopCountBank (Mode);
Exo = 1;
g]se if(Tmrrdy[0] = 1)
{ ETO = 0;

Terdy[O]
DataKeypad ScanKey(),
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_ MAIN
}f(DataKeypad i= NoKey)

Buzzer_ON;
Delay(200Q);
Buzzer_OFF;

if(Mode = 2 &% TagetCntrSep == 0 && D
&% DataKeypad <= 10) 9 P atakeypad

{
if(Datakeypad == 10) DataKeypad = 0O:
TagetQ[TagetCntrQ] = DataKeypad;
Potx_lcd(1,8+TagetCntrqQ,patakeypad+48) ;
TagetCntrQ++;
}f TagetcntrQ == 2)
TagetCntrq = 0;
TagetCntrSep =
atQf0]*10)+TagetqQ[1];
DisplayLCD(9);
FuncFlag = 0;
}
?witch(oatakeypad)
break;
case KeyFunc: if(strFlag == 0)
H+;
:ionQ);
}
break; .
case KeyUp: if(StrFlag == 0 && Menu
)
{
NU < 4) Menu++;
:ion(); }
break; )
case Keypown: if(StrFlag == 0 && Menu
{
‘nu > 1) Menu--;
Hdon();
}
break;

case KeyEnter: if(FuncFlag == O%

CcountBank (Mode) ;

else
{

= Menu;

de == 2 && TagetCntrSep == 0)
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layLCD(8);
tCntrQ = 0;
tCntrSep = 0;

*
if(Mode == 2 & TagetCntrSep != 0) /
layLcD(9);

“lag = 0;
if(Mode == 5)
XnterSep = 0;
lag = 0;
layLcD{mMode) ;
'.'.'0;
}
break;
H
DatakKeypad = NoKey;
} ETO = 1;
}f(StrF1ag = 1)
ExX0O = 0;
}F(Bufﬂum < NumBank)
BufNum = NumBank;
EX0 = 1;
sprintf(DispNumbk," %¥04u ", BufNum) ;
print_lcd(Dispwait,DispNumbk) ;

}
} ExX0 = 1;
?1se if(strFlag == 0)

BackLight = 1;

RCTime = 0;

TH1 = TL1 = 0;

RCTime = 1;

TRLI = 1;

while(RCTime == 0);
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TR1 = 0O;
RCComp = (TH1*256)+TL1;
spr1ntf(D1spNumbk " %04u ", RCComp) ;
; Print_lcd(" Test " D1spNumbk).
/* ?1se if(TestRCTime = 1)
BackLight = 1;
RCTime = 0;
TH1 = TL1 = O;
RCTime = 1;
TR1 = 1;
wh11e(RCT1me == 0);
TR1 = 0;
RCComp = (TH1*256)+TL1;
sprintf(DispNumbk, " *04u " ,RCComp) ;
Print_lcd(" Test D1spNumbk).
}*/
}
Initail(void)
Relay_ON;
BackLight = Motor_3A = Motor_4A = 0;
EA = 1; ETO = 1; €X0 = 0;
IT0 = 1;
TMOD = 0Ox12;
THO = TLO = 0x37;
TRO = 1;
Led_init();
Buzzer_ON;
Delay(2000);
Buzzer_OFF;
Print_lcd(™ WELCOME TO ".," KMITL ")
Delay{40000) ;
Pr..lnt 'ch(ﬂ n’n n) ;

LoadBank();
DisplayLcp(l):
Relay_OFF;

DisplayLcD(unsigned char DispIndex)

?witch(oispIndex)
case 1: Print_lcd(DispFucl,DispCntrmode) ;
break; . . .
case 2: Print_1cd(DispFuc2,DispCntrMode);
break;
case 3: Print_lcd(DispFuc3,DispCntrMode);
break; ) ] .
case 4: Print_lcd(DispFuc4,DispCntrMode);
break; . .
case 5: Print_lcd(Dispwait,Dispcntr);
break’;
case 6: sprintf(DispNumbk,” %04u " NumBank) ;
Pr1nt_1cd(D1spNunb D1spNumbk),
break;
case 7: sprintf(DispNumbk,"”  %04u;%04bu; " NumBank,cntrrile);

Pr1nt_1cd(D1spNumb DispNumbk) ;
Page S
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break;

case 8: Print_]cd(nisqputTa?et,"
Potx_lcd(1l,

break:;

case 9: sprintf(DispNumbk,”

Pr1nt_1cd(D1spTagetcount D1spNum

break;

Delay(unsigned int D)

unsigned int 1i;
?h11e(D)

D.._
for(1—0 i<l;i+d);

LoadBank(void)

?hi1e(Limit == 1)

Motor_3A
Motor_4A

}
Motor_3A = 0;
Motor_4A = (:

StartCountBank{unsigned char SrMn)

strrlag = 1;
BufNum = 0;
?w1tch(SrMn)

case 1: DisplayLcp(5);

Tmrenable{Q] = O;

Motor_3A = 0;
Motor_4A = 1:
De1ay(60000),
Motor_3A = 0;
Motor_4A = 0;

NumBank = 0;
EX0 = 1;

")

TagetCntrSep);
B oo

// Sstop Keypad

Relay_; . //srart Motor Feed

Delay(200
Re]ay_oFF

Tmreénable[1l] = 1;
break;
case 2: DisplayLcp(5);
Tmrenable[0] = 0;
Motor_3A = 0;

Motor_4a = 1'
De1ay(60000),
Motor_3A = 0;
Motor_4A = 0'

NumBank = 0;
EX0 = 1;

Relay_ON
ne1ay(2000).

Page 6
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Relay_OFF;

TmrEnable[l] = 1;
break; (1]

case 3: DisplayLcp(5); ]
TmreEnablef0] = 0; // stop Keypad
Motor_3A = 0; P Reyp
Motor_4A = 1'
De1ay(60000),
Motor_3A = (3
Motor_4A = O;

/7 NumBank = 0;
ExQO = 1;

Relay_ON; //Start Motor Feed
Delay(2000);
Relay _OFF;

TmrEnable[l} = 1;
break;
case 4: DispTayLCD(S),
Bac L1ght = 1;
Tmrenable[0] = 0; // Stop Keypad
Motor_3A = O;
Motor_4A = 1'
De]ay(GOOOO),
Motor_3A = 0;
Motor_4A = 0;

NumBank = 0;
chkBnk = 0;
cntrFile = 0;
EX0 = 1;

Relay_ON; //start Motor Feed
Delay(2000);
Relay_OFF;

TmreEnable[1l] = 1;
break;

stopCountBank(unsigned char SpMn)

StrFla
sw1tch%SpMn)

case 1l: TimeOut = 0;
EXQ = 0;

Relay // Stop motor Feed
De]ay(30000),
Relay_OFF;

D1sp1a§LCD(6);
TmrEna 1e51] = (;
Tmrcntr[1l] = TmrInit[l1l];
break;
case 2: TimeOut = 0;

EXQ = 0O;

Relay_ON; // Stop Motor Feed
De]ay(30000).
Relay_OFF;
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TagetCntrSep = 0;
D1sp1agLCD(6),
TmreEnable 1] = (;
Tmrcntr[1 TmrInit[IJ;

break;

case 3: TimeQut

0;
EX0 = 0;

Relay_ON; // Stop Motor Feed
De1ay(30000)
Relay_OFF;

Disp1agLCD(6).
TmrEna 1e51] = 0;

Tmrentr[1] = TmrInit[1];

break;
case 4: Timeout = 0;

EX0 = 0;

Relay_ON // Stop Mmotor Feed
De1ay(30000),
Relay_OFF;

D1sp1agLCD(7):
TmrEnable[1] = 0;
Tmrcntr[l] = TmrInit[1]};
BackLight = 0;

break;

}

Buzzer_ON;
Delay(1500);
Buzzer_OFF;
Delay(1500);
Buzzer_ON;
Delay(1500);
Buzzer_OFF;
Delay(1500);
Buzzer.ON;
Delay(1500);
Buzzer_OFF;
LoadBank();

TmrEnable[0] =

Function(void)

FuncFlag = 1;
TagetcntrQ =
TagetCntrsep
BackLight = O;
?w1tch Menu)

case

// start Keypad

0;
_0;

1: DisplayLCD({Menu);
Potx_lecd(1,16,'>");

break;

case

2: DisplayLcD(Menu);
potx_lcd(1,1,'<"');
Potx_lcd(l,16,'>");

break;

case

3: D1sp1ayLCD(Menu),
Potx_lcd(1,1, '<");
Potx_lcd(1,16,"'>"');

break;

case

4: DisplayLco(Menu);
Potx_lecd(1,1, '< 2

Potx_lcd(1,16,'>");

break;

/= case

5: TestRCTime = 1:;
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Print_led(”
rPotx_lcd(1,1 <'):
rPotx_lcd(l,1 ');
break;*/
case 5: Menu = 1;
D1sp1ayLCD(Menu)
Potx_T1cd(1,16, " '> ).
break;
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ible with MCS-51° Products

= of In-System Programmabie (ISP) Flash Memory
iurance: 1000 Write/Erase Cycles
5.5V Operating Range

atic Operation: 0 Hz to 33 MHz

wel Program Memory Lock

hit Internal RAM

rammabie YO Lines

G-bit Timer/Counters

terrupt Sources

sex UART Serial Channel

wer ldle and Power-down Modes

¢ Recovery from Power-down Modo
bg Timer

ta Pointer

¥t Flag

ption

1552 is a low-power, high-performance CMQS 8-bit microcontrolier with 8K
-system programmable Flash memory. The device is manufactured using
gh-density nonvolatile memory technology and is compatible with the indus-
ird 80C51 instruction set and pinout. The on-chip Flash allows the program
3 be reprogrammed in-system or by a conventional nonvolatite memory pro-
By combining a versatile 8-bit CPU with in-system programmable Flash on
vic chip, the Atmel AT89S52 is a powerful microcontroller which provides a
lible and cost-effective solution to many embedded control applications.

'S52 provides the following standard features: 8K bytes of Flash, 256 bytes
2 1/0 lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
two-levet interrupt architecture, a full duplex serial port, on-chip osciltator,
circuitry. In addition, the AT89S52 is designed with static logic for operation
ero frequency and supports two software selectable power saving modes.
fode stops the CPU while allowing the RAM, timer/counters, serial port, and
ystem to continue functioning. The Power-down mode saves the RAM con-
reezes the oscillator, disabling al other chip functions until the next interrupt
re reset.

A

Y )

L

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

AT89S52
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AMEL

scription

ftage.

an 8-bit open drain bidirectional I/O port. As an
rt, each pin can sink eight TTL inputs. When 1s
A to port 0 pins, the pins can be used as high-
2 inputs,

n also be configured to be the multiplexed low-
dress/data bus during accesses to external
ind data memory. in this mode, PO has internat

b receives the code bytes during Flash program-
outputs the code bytes during program verifica-
arnal pullups are requirad during program
1

n 8-bit bidirectional /O port with internal putiups.
| output buffers can sink/source four TTL inputs.
are written to Port 1 pins, thay are pulied high by
al pullups and can be used as inputs. As inputs,
s that are externally being pulled low will source
) because of the internal pullups.

n, P1.0 and P1.1 can be configured to be the
nter 2 external count input (P1.0/T2) and the
ter 2 trigger input (P1.1/T2EX), respectively, as
he following table.

o receives the low-order address bytes during
rramming and verification.

Altornate Functions

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

T2EX (Timer/Counter 2 capture/reload trigger
and direction control)

MOSI (used for In-System Programming)
MISO (used for In-System Programming)
SCK (used for In-System Programming)

n 8-bit bidirectional IO port with internal pullups.
! output buffers can sink/source four TTL inputs.
ire written to Port 2 pins, they are pulled high by
il pullups and can be used as inputs. As inputs,
s that are extenally being pulled low will source
) because of the internal pullups.

its the high-order address byte during fetches
‘nal program memeory and during accesses to

external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemai pul-
lups when emitting 1s. During accessas to extemnal data
memory that use 8-bit addresses (MOVX @ R!), 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 intemal puiiups.
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 intemmal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current (I, ) because of the pullups.

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

Port 3 also receives soma control signals for Flash pro-
gramming and verification,

Port Pin Altsrnate Functions

P3.0 RXD (serial input port)

Pai TXD (serial output port)

= INTO (external interrupt 0)

P33 INT7 (external interrupt 1)

P34 TO (timer 0 external input)

P3.5 T4 (timer 1 external input)

P36 WR (external data memory write strobe)

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

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

ALE/PROG

Address Latch Enable (ALE) is an autput pulse for latching
the low byte of the address during accesses to external
memory. This pin is aiso 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 cne
ALE pulse is skipped during each access to extemnal data
memory.

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

AT89552 msssesesss s ———
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ufled high. Setting the ALE-disable bit has no
€ microcontroller is in external execution mode.

Store Enable (PSEN) is the read strobe to exter-

1m memory.

» ATB9S52 is exacuting code from external pro-
mory, PSEN is activated twice each machine

ept that two PSEN activations are skipped during
1S to external data memory.

Access Enable. EA must be strapped to GND in
nable the device to fetch code from extemat pro-
nory locations starting at 0000H up to FFFFH.

AT89552 SFR Map and Reset Values

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

EA should be strapped to V. for intemal program execu-

tions.

This pin also receives the 12-volt programming enable volt-

age (Vpe) during Flash programming.

XTAL1

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

XTAL2

Output from the inverting oscillator emplifier.

ACC

PSW

T2CON

T2MOD
XY

RCAP2L

RCAP2H

TH2

P
XX000000

P3
11111411

IE
0X000000

P2
111111

AUXR1
FOOOXHKXKO

WDTRST

SCON
00000000

SBUF

P1
11111111

TCON
00000000

TMOD

TLO
00000000

TL1

THO

TH1
00000000

AUXR
XXX00XX0

PO
111111141

sP
00000111

DPOL

DP1L

DP1H
00000000

PCON
0XXX0000

OFFH

OF7H

O0EFH

0E7H

ODFH

OD7H

OCFH

0C7H

0BFH

0B7TH

OAFH

0ATH

OFH

9TH

8FH

87H
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| Function Registers

he on-chip memory area called the Special Func-
ter (SFR) space i$ shown in Tabie 1.

not all of the addresses are occupied, and unoc-
idresses may not be implemented on the chip.
esses to these addresses will in general return
ata, and write accesses will have an indetermi-
L.

vare should not write 1s to these unlisted foca-
8 they may be used in future products to invoke

F2CON — Timer/Counter 2 Control Register

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

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

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

IN Address = 0C8H

Reset Value = 0000 0000B

idressabls
TF2 EXF2 RCLK TCLK EXEN2 TR2 cz CPRILZ
7 8 5 4 3 2 1 0
Function

or TCLK = 1.

Timer 2 overfiow flag set by a Timer 2 overfiow and must be clasared by software. TF2 will not be set when either RCLK = 1

Timer 2 external flag set when either e capture or reload is caused by a negative transition on T2EX and EXENZ2 = 1.
When Timer 2 interrupt ks enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1),

Receivedockanable.wrnenset,causestheserialpmtouseTm2ovelﬂowpulsesforitsraoeivecbd(inserialport
- Modes 1 and 3. RCLK = 0 causas Timer 1 overflow to be used for the receive dock.

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

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

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

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

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

AT89552 mmesssssss s ss———
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AUXR: Auxiliary Register

Address = 8EH
Not Bit Addressable

Reset Value = X0O(00XX0B

- - - WDIDLE | DISRTO - - DISALE

Bit 7 6 5

3 2 1 0

Reserved for future expansion
Disable/Enable ALE
DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the caciiator frequency
1 ALE s active only during 2 MOVX or MOVC instruction

Disable/Enable Reset out
DISRTO

0 Reset pin is driven High after WDT times out

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

0 WDT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

1 Pointer Registers: To facilitate accessing both
nd external data memory, two banks of 16-bit
ter Registers are provided: DP0 at SFR address
82H-83H and DP1 at B4H-85H. Bit DPS =0
JXR1 selects DPQ and DPS = 1 selects DP1.
should always initialize the DPS bit to the

AUXR1: Auxiliary Register 1

appropriate value before accessing the respective Data
Pointer Register.

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

Address = AZH
Not Bit Addressable

Resst Vatug = X00000X0B

Bit 7 6 5

Reserved for future expansion
Data Pointer Ragister Salect
DPS

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

_—‘_l-n-m
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ry Organization

jevices have a separate addrass space for Pro-
Data Memory. Up to 64K bytes each of external
and Data Memory can be addressed.

n Memory

pin is connected to GND, all program fetches are
2 external memory.

\T89S52, if EA is connected to V¢¢, program
' addressas GO00H through 1FFFH are directed to
yemory and fetches to addresses 2000H through
‘e to external memory.

amory

1852 implements 256 bytes of on-chip RAM. The
8 bytes occupy a parallel address space to the
unction Registers. This means that the upper 128
0 the same addresses as the SFR space but are
1 separate from SFR space.

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

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

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

MOV @RO, #data

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

AT89S52
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dog Timer
ime Enabled with Reset-out)

"is intended as a recovery method in situations
+ CPU may be subjected to software upsets. The
sists of a 13-bit counter and the Watchdog Timer
DTRST) SFR. The WDT is defaulted to disable
ng reset. To enable the WDT, a user must write
4 OE1H in sequence to the WDTRST register
ation OA6H). When the WDT is enabled, it will
! every machine cycle while the oscillator is run-
WDT timeout period is dependent on the extermal
juency. There is no way (o disable the WDT
‘ough reset (either hardware reset or WOT over-
{). When WODT overflows, it will drive an output
IGH pulse at the RST pin.

the WDT

: the WDT, a user must write 01EH and OE1H in
to the WDTRST register (SFR location 0A6H).
WDT is enabled, the user needs to service it by
EH and OE1H to WDTRST to avoid a WDT over-
13-bit counter overflows when it reaches 8191
and this will reset the device. When the WDT is
it will increment every machine cycle while the
is running. This means the user must reset the
3ast every 8191 machine cycles. To reset the
user must write 01EH and OE1H to WDTRST.
is a write-only register. The WDT counter cannot

~written. When WDT overflows, it will generate an

:SET pulse at the RST pin. The RESET pulse
i B6xTOSC, where TOSC=1/FOSC. To make the
of the WDT, it should be serviced in those sec-
»de that will periodically be executed within the
ed to prevent a WDT reset.

uring Power-down and Idle

iown mode the oscillator stops, which means the
» stops. While in Power-down mode, the user
0ed to service the WDT. There are two methods
Sower-down mode: by a hardware reset or via a
ated external interrupt which is enabled prior to
'ower-down mode. When Power-down is exited
rare raset, servicing the WDT should occur as it
loes whenever the AT89S52 is reset, Exiting
vn with an interrupt is significantly different. The
+ held low long enough for the oscillator to stabi-
1 the interrupt is brought high, the interrupt is
To prevent the WDT from resetting the device
nterrupt pin is heid low, the WDT is not started
terrupt is pulled high. It is suggested that the
sset during the interrupt service for the interrupt
it Power-down mode.

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

Before going into the IDLE mode, the WDIDLE bit in SFR
AUXR is used to determine whether the WDT continues to
count if enabled. The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the default state. To prevent the WDT
from resetting the AT83552 whiie in IDLE mode, the user
should always set up a timer that will periodically exit iDLE,
service the WDT, and reenter IDLE mode.

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

UART

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

Timer 0 and 1

Timer O and Timer 1 in the AT89S52 operate the same way
as Timer 0 and Timer 1 in the AT89CS51 and AT89C52, For
further information on the timers’ operation, refer to the
ATMEL Web site (hitp://www.atmel.com). From the home
page, select ‘Products’, then ‘8051-Architecture Flash
Microcontroller’, then ‘Product Overview’.

Timer 2

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

Table 3. Timer 2 Operating Modes

RCLK+TCLK | CPRRLZ | TR2 | MODE
0 1] 1 16-bit Auto-reload
(] 1 1 16-bit Capture
1 X 1 Baud Rate Genarator
X X 0 (Off)

“‘m 9
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wnter function, the register is incremented in
to a 1-to-0 transition at its corresponding external
T2. In this function, the external input is sampled
P2 of every machine cycle. When the samples
gh in one cycle and a low in the next cycle, the
wcremented. The new count value appears in the
1ring S3P1 of the cycle following the one in which
ion was detected. Since two machine cycles (24
paricds) are required to recognize a 1-to-0 transi-
naximurm count rate is 1/24 of the oscillator fre-
‘o ensure that a given level is sampled at least
re it changes, the level should be held for at least
achine cycle.

 Mode

pture mode, two options are selected by bit
T2CON. If EXENZ = 0, Timer 2 is a 16-bit timer
F which upon overflow sets bit TF2 in T2CON.

Timer in Capture Mode

+12 .

QsCc

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

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2ZMOD (see Tabte 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

: ---—->|7TH2 CTL2 I——LTFZ =

| conTROL

CAPTURE‘; )

OVERFLOW

T2 PIN
| FCAPZH RCAP2L
TRANSITION
DETECTOR | TIMER 2
. INTERRUPT
EX PIN [ " | oot EXF2 -

shows Timer 2 automatically counting up when
In this mode, two options are selected by bit
T2CON. if EXEN2 = 0, Timer 2 counts up to
ind then sets the TF2 bit upon overflow. The
Iso causes the timer registers to be reloaded with
value in RCAP2H and RCAPZ2L. The values in
:apture ModeRCAP2H and RCAPZL are preset
e. fEXEN2 = 1, a 16-bit reload can be triggered
an overflow or by a 1-to-0 transition at externai
<. This transition also sets the EXF2 bit. Both the
XF2 bits can generate an interrupt if enabled.
» DCEN bit enables Timer 2 to count up or down,
in Figure 6. In this mode, the T2EX pin controls

|  coNTROL
XEN2

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

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sats the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 gverflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

AT89S52 e s ——————
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Timer 2 Auto Reload Mode (DCEN = 0)

oscC M +12 _
T2 =
—O/E/O..__.._..—._._.liTHz T 1_
icon‘rR oL | A OVERFLOW
TR2
I T = 1 % A\
! RELOAD 1
T2 PIN TIMER 2
RCAP2H | RCAP2L INTERRUPT
-— o TF2
TRANSITION
DETECTOR
XPIN[ J—— N O’/O . o Exr2
| ConTROL
EXEN2

r2MOD ~ Timer 2 Mode Control Register
3D Address = 0CSH Reseat Value = XXX XX00B
it Addressable

- - - - - - T20E DCEN

7 6 5 4 3 2 1 0

Function

Not implemented, reserved for future

Timer 2 Cutput Enable bit

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




AIMEL

Timer 2 Auto Reload Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH OFFH >: | EXF2
0SC |- +12 _ N OVERFLOW
c2 =
—0 O~—4 TH2 2 TF2
JCONTROL A 1
TRZ 4 l ]
T3 = 1 VAR TIMER 2
INTERRUPT
T2 PIN
RCAP2H| RCAP2L *
COUNT
{(UP COUNTING RELOAD VALUE) DIRECTION
1=up
0=DOWN
T2EX PIN
Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW
+2
L ’ g e
~——— NOTE: OSC, FREQ. IS DIVIDED BY 2, NOT 12 —_—
\(? ------------ SMODA
osC | +2 |— _
oz =0
o 7o -+ TH2 }—4 S b
H P S RCLK Rx
| CONTROL | CLOCK
E j +16 |- —
Cim2 =
5] .
T2 PIN - «
RCAPZH | RCAP2L \(i o TOLK Tx
TRANSITION ] CLOCK
DETECTOR T8
. TIMER 2
XPIN[F— ~ 0// O——=-—— ExF2 INTERRUPT
| conTrROL
EXEN2
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Rate Generator

3 selected as the baud rate generator by setting
d/or RCLK in T2CON (Tablé 2). Note that the
3 for transmit and receive can be different if Timer
for the receiver or transmitter and Timer 1 is used
her function. Setting RCLK and/or TCLK puts
to its baud rate generator mode, as shown in Fig-

rate generator mode is similar to the auto-reload
hat a rollover in TH2 causes the Timer 2 registers
aded with the 16-bit value in registers RCAPZH
2L, which are preset by software.

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

1 and 3 Baud Rates = 1imer 2 O:glﬂow Rate

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

Timer 2 in Clock-Out Mede

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

Modes 1 and 3 _
Baud Rate

Oscillator Frequency
32 x {65536-RCAP2H,RCAP2L)]

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

Timer 2 as a baud rate generator is shown in Figure 8. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a roflover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-t0-0
transition in T2EX will sat EXF2 but will not cause a reload
from (RCAP2H, RCAP2L} to (TH2, TL2}. Thus, when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra extemnal interrupt.

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

| ‘ T2 TH2
| osC H 2 > oo {8-ITS} | (8-BITS)
1
TRe
™
RCAP2L | RCAPZH
citz aiv
pof” ) I P
m2) A N ‘
i
T20E (T2MODA)
TRANSITION
DETECTOR

P1.1
() oo —{em | et

EXEN2
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immable Clock Out

ty cycle clock can be programmed to come out on
thown in Figure 9. This pin, besides being a regu-
n, has two alternate functions. It can be pro-
to input the external clock for Timer/Counter 2 or
a 50% duty cycle clock ranging from 61 Hz to 4
16 MHz operating frequency.

Jre the Timer/Counter 2 as a clock generator, bit
*ON.1) must be cleared and bit T20E (T2MOD.1)

Table 5. Interrupt Enable (IE) Register

{MSB)

{LSB)

lea |- [er2Jes | e ]Ex1[ETolexo|

Eneble Bit = 1 énables the intarrupt.
Enzbie Bit = 0 disabies the interrupt.

st. Bit TR2 (T2CON.2) starts and stops the timer. | Symbol Position | Function
-out frequency depends on the oscillator fre- EA IE.7 Disables all interrupts. If EA = 0,
1d the reload value of Timer 2 capture registers no interrupt is acknowledged.
» RCAP2L), as shown in the following equation. EA = 1, each interrupt source is
individually enabted or disabled
by setting or clearing its enable
- Oscillater Fraquancy bit.
it Freguency =
reQUeNCY = X [B5536-(RCAPZH,RCAPZLY] | - Eo —
ET2 IE.5 Timer 2 interrupt enable bit.
;k-out mode, Timer 2 rofl-overs will not generate ES IEA4 Serial Port interrupt enable bit.
pt. This behavior is similar to when Timar 2 is ET1 IE.3 Timer 1 interrupt enable bit.
baud-rate generator. It is possible to use Timer 2 . .
l-rate generator and a clock generator simulta- Ex1 IE2 Extemal interrupt 1 enable bt
lote, however, that the baud-rate and clock-out ET0 IE.1 Timer O interrupt enable bit.
15 cannot be determined independently from one EX0 IE0 External interrupt 0 enable bit.

nce they both use RCAP2H and RCAP2L.,

pts

852 has a total of six interrupt vectors: two exter-
pts (INTG and INT1), three timer interrupts (Tim-
and 2}, and the serial port interrupt. These
are all shown in Figure 10.

ese interrupt sources can be individually enabled
d by setting or clearing a bit in Special Function
. IE also contains a giobal disable bit, EA, which
Il interrupts at once.

Table 5 shows that bit position IE.6 is unimple-
| the AT89552, bit position IE.5 is also unimple-
Jser software should not write 1s to these bit
since they may be used in future AT89 products.

‘errupt is generated by the logical OR of bits TF2
' in register T2ZCON. Neither of these flags is
" hardware when the service routine is vactored
, the service routine may have to determine
was TF2 or EXF2 that generated the interrupt,
t will have to be cleared in software.

"0 and Timer 1 flags, TFQ and TF1, are set at
e cycle in which the timers overflow. The values
vlled by the circuitry in the next cycle. However,
2 flag, TF2, is set at $2P2 and is polled in the
¢ in which the timer overflows.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Figure 10. Interrupt Sources

TF1

e L
RI
T2

Xty ) >
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itor Characteristics

id XTAL2 are the input and output, respectively,
rting amplifier that can be configured for use as
y oscillator, as shown in Figure 11. Either a quartz
ceramic resonator may be used. To drive the
m an external clock source, XTAL2 should be left
ted while XTAL1 is driven, as shown in Figure 12.
no requirements on the duty cycle of the extemal
al, since the input to the intermmal clocking circuitry
a divide-by-two fiip-fiop, but minimum and maxi-
age high and low time specifications must be

de

de, the CPU puts itself to sleep while all the on-
sherals remain activa. Tha mode is invoked by
The content of the on-chip RAM and all the spe-
ions registers remain unchanged during this
8 idle mode can be terminated by any enabied
r by a hardware reset.

when idle mode is terminated by a hardware
device normally resumes program execution
e it left off, up to two machine cycles before the
'set algorithm takes control. On-chip hardware
cess to intemal RAM in this event, but access to
ns is not inhibited. To eliminate the possibility of
:cted write to a port pin when idle mode is termi-
a reset, the instruction following the one that
le mode should not write to a port pin or to exter-
Y.

down Mode

er-down mode, the oscillator is stopped, and the
that invokes Power-down is the lest instruction
The on-chip RAM and Special Function Regis-
their values until the Power-down mode is termi-
t from Power-down mode can be initiated either
vare reset or by an enabled external interrupt.
ffines the SFRs but does not change the on-chip
+ reset should not be activated before V¢ is
0 its normal operating level and must be held

active long enough to allow the oscillator to restart

and stabilize.
Figure 11. Osciflator Connections

c2
_—n——I—— XTAL2
[
a1
*) XTAL1
_I_ - e GND

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

=40 pF +10 pF for Ceramic Resonators

Figure 12. External Clock Drive Configuration

XTAL2

EXTERNAL
OSCILLATOR
SIGNAL

XTAL1

GND

-

itatus of Externat Pins During Idle and Power-down Modaes

Program Memory ALE

PSEN

Internal

Data Data Data

External

Float Data Address

internal

Data Data Data

Data

QIO | =] -

External

O | Q= | -

Float Data Data

Data

koot i
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im Memory Lock Bits

1S52 has three lock bits that can be left unpro-
{U) or can be programmed (P) to cbtain the addi-
ures listed in the following table.

-0ck Bit Protection Modes

iram Lock BHs

B1 LB2 LB3 | Protection Type

u V) V) No program lock features

P U U MOVC instructions exscuted
from external program
memory are disabled from
fetching code bytes from

internal memory, EA is
sampled and latched on reset,
and furthar programming of
the Flash memory is disabled

Same as mode 2, but verify is
also disabled

Same as mode 3, but external
execution s also disabled

i bit 1 is programmed, the logic levei at the EA pin
1 and latched during reset. If the device is pow-
ithout a reset, the latch initializes to a random
| holds that value untii reset is activated. The
lue of EA must agree with the current logic ievel
in order for the device to function properly.

mming the Flash — Paralle! Mode
852 is shipped with the on-chip Flash memory
y to be programmed. The programming interface
igh-voltage (12-volt) program enable signal and
tible with conventional third-party Flash or
rogrammars.

552 code memory array is programmed byte-by-

ming Algorithm: Before programming the
the address, data, and control signals should be
ording to the Flash programming mode table and
+and 14, To program the AT89S52, take the fol-
Is:

he desired memory location on the address

he appropriate data byte on the data lines.
'@ the correct combination of control signals.
EANe to 12V,

ALE/PROG once to program a byte in the
array or tha lock bits. The byte-write cycle is
1ed and typically takes no mare than 50 ps.

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

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

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

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

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

{(000H) = 1EH indicates manufactured by Atmel

{100H) = 52H indicates 89552

(200H) = 06H
Chip Erase: In the parallel programming mode, a chip
erase operation is initiated by using the proper combination
of control signals and by pulsing ALE/PROG low for a dura-
tion of 200 ns - 500 ns.

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

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

Programming the Flash — Serial Mode

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

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

Either an external system clock can be supplied at pin

XTAL1 or a crystal needs to be connected across pins
XTAL1 and XTAL2. The maximum serial clock (SCK)

AT89S52 messsesss s ——————
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¢ should be less than 1/16 of the crystal fre-
fith a 33 MHz oscillator clock, the maximum SCK
is 2 MHz.

rogramming Aigorithm

m and verify the AT89S52 in the serial program-
2, the following sequence is recommended:

=up sequence:

power between VCC and GND pins.

3T pin to “H",

ystal is not connected across pins XTAL1 and
2, apply a 3 MHz to 33 MHz clock to XTAL1 pin
ait for at least 10 milliseconds.

2 serial programming by sending the Pro-

1ing Enable serial instruction to pin

P1.5. The frequency of the shift clock sup-

it pin SCK/P1.7 needs to be less than the
dock at XTAL1 divided by 16.

ode array is programmed one byte at a time
plying the address and data together with the

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

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

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

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

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

Serial Programming Instruction Set

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

] ‘1“]_5'! 17



mming Interface — Parallel Mode

le byte in the Flash amray can be programmed by  All mejor programming vendors offer worldwide support for
appropriate combination of contro! signals. The  the Atmel microcontroller series. Please contact your local

“ation cycle is self-timed and once initiated, will  programming vendor for the appropriate software ravision.
ally time itself to completion,
“lash Programming Modes
e | B poyo L P240 | P170
Vo | RST | PSEN | PROG Voo P28 | P27 | P33 | P38 | PAT Data Address
@)
' Data 5v H L ~ 12v L H H H H D A28 AT0
tData | 5V H L H H L L L H H Dour A28 AT-0
@)
it 1 Y H L -~ 12v H H H H H X X X
@ 12v
Bit 2 5v H L ~ 2 H H H L L X X X
5 ® 12v H X
Bit 3 v H L —~~ L H H L X x
P0.2,
Bits sV H L H H H H L H L P0.3, X X
P04
m ]
sV H L ~ 2v H L H L L X X x
1D 5v H L H H L L L L L 1EM X 0000 00H
@ 1D sV H L H H L L L L L 52H X 0001 00H
2D 5V H L H H L L L L L 08H X 0010 00H

Each PROG pulse is 200 ns - 500 ns for Chip Erase.
Each PROG pulse is 200 ns - 500 ns for Write Cade Data.
Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
ROY/BSY signal is output on P3.0 during programming.

X = don't care.
. Programming the Flash Memory Figure 14. Verifying the Flash Memory (Parallel Mode)
{Parallel Mode) v
(=
" ATBOSS2 T
AQ - A7 ATERR0R I iy _A\_:_Ai_: PLOPIZ Ye PGM DATA
- v, 0000H/AFFFH
ADDR, P1.0-P1.7 o P20 - P24 PO 1-» (USE 10K
DOOH/IFFFH PGM AB-A1Z Stturs)
AETEE™ P20 - P24 PO je—— on ol p2s
——» P28 SEE FLasH | —# P27 ALE
E FLASH | — ¥ P27 ALE l—— PROG PROGRAMMING-| —#{ P3.3
GRAMMING ——»] P32 MODES TABLE | . P3sg oV
JES TABLE | — ] P36 —»| P37 '"
—» P37 . XTALZ EA
XTAL2 EA je—— v I
1 asamz | L
P3.0 RDY/ ;] —
i * Bsy I
* XTAL1 RST |4—— V,,
g £-1 GND  FSEN -1
PSEN —l = =

AT89S52
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>rogramming and Verification Characteristics (Parallel Mode)
10 30°C, Ve = 4.5 t0 5.5V

Parameter Min Max Units
Programming Supply Voltage 1.5 12.5

Programming Supply Current 10 mA
Ve Supply Current 30 mA
Oscillator Frequency 3 33 MHz
Address Setup to PROG Low 4Bleicy

Address Hold After PROG ) 48l

Data Setup to PROG Low 48tc1 00

Data Hoid After PROG 48t o,

P2.7 (ENABLE) High to Vpp 4Btorcr

Ves Setup to PROG Low 10 [
Vir Hold After PROG 10 Bs
PROG width 0.2 1 Hs
Address to Data Valid 48te o

ENABLE Low to Data Valid 48teic,

Data Float After ENABLE 0 48t o,

PROG High to BUSY Low 1.0 ps
Byte Write Cycle Time 50 HS

. Flash Programming and Verification Waveforms - Parallel Mode

P10 - P17 PROGRAMMING VERIFICATION
P20 - P25 ———— ADDRESS )ﬁ ADDRESS  >———

P3.4 [*— tavay
PORT 0 DATA IN N ( DATA OUT p——
*+—* love  tenox ‘_:! 1
tavee [* ! lohax
ALEPROG N /]

P2.7 "' " e teiav F-— T levaz
(ENABLE} /|

loheL —*
P3.0
(ROY/BSY) BUSY READY

IS TR ‘ImEl' 19



ATEL,

. Flash Memory Serial Downloading

AT89852

INSTRUCTION
INPUT

DATA OUTPUT
CLOCK IN -~ ™

333 MHz| L

—» P1.5MOS]|

P1.6/MISO
P1.7/SCK

XTAL2

XTAL1 RST
GND

+— V,

’rogramming and Verification Waveforms — Serial Mode

. Serial Programming Waveforms

SERIAL DATA INPUT m X X
P1.5 (MOSI) .

D SN
oo/ W X X X X (@
‘RIAL CL%?; |?1SF;:L';<T) |_| ’_I [—l ,—l l—l l——l |__|

6 5 4 3 2 1




Sarial Programming Instruction Set

AT89S52

Instruction
Format
n Byto 1 Byts 2 Byts 3 Byte 4 Operation
ning Enable 1010 1100 0101 0011 00K IO 3000C X000¢ Enable Serial Programming
0110 1001 while RST is high
{Output)

] 1010 1100 100x oo 000¢ 000K X000 X000 Chip Erasae Flash memaory
array

gram Memory | 0010 0000 X N Toag | oge o oo—o | Read data from Program

i) < << < R R 8858 mamory in the byte mode

yram Memory | 0100 0000 0o N T I3 TS | hRox ans Write data to Program

le) o L < = e memory in the byte mode

< Bits® 1010 1100 1110 00 Z& | w000 000 000( X000 Write Lock bits. See Note (2).

k Bits 0010 0100 X000( X000 000(  J000C Xx2 Sio X Read back cumrent status of

3 33 the lock bits (a programmed

lock bit reads back as a ‘1)

wature Bytes'! | 0010 1000 0K 9 IFYTY | 200K K000 Signature Byte | Read Signature Byte

yam Memory | 0011 0000 XX o Coog Byte 0 Byte 1... Read data from Program

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

yam Memory | 0101 0000 b o S Rl Byte 0 Byte 1... Write data to Program

de) < < Byte 255 memory in the Page Mode
{256 bytes)

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

B1 =0, B2 =0 —> Mode 1, no lock protection

B1 =0, B2 = 1 —> Mode 2, lock bit 1 activated

B1 =1, B2 = 0 —> Mode 3, lock bit 2 activated

B1 =1, B1 = 1 > Mode 4, lock bit 3 activated

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

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

For Page Read/Whrite, the data always starts from byta 0 to
255. Afler the command byte and upper address byte are
latched, each byte thereafler is treated as data until all 256
bytes are shifted infout. Then the next instruction will be
ready to be decoded.

R N ‘Tl-n_ El 21
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rogramming Characteristics

. Senal Programming Timing

MOSI j( X X

tovsH jesie » tshox tsLsh

SCK \J%F
MISO X X ‘_).LC

Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless otherwise noted)

Parameter Kin Typ Max Units
Oscillator Frequency 0 33 MHz
Oscillator Period 30 ns
SCK Pulse Width High 2tc1o ns
SCK Pulse Width Low 200 ns
MOSI Setup to SCK High teroL ns
MOS! Hold after SCK High 21000 ns
SCK Low to MISO valid 10 16 32 ns
Chip Erase Instruction Cycle Time 500 ms
Serial Byte Write Cyde Time B4 to o + 400 us

AT89S52 msswessms e ——



AT89S552

ite Maximum Ratings*

TOMPEBIIG. .......ovevevrrereereseressonns -55°C to +125°C *NOTICE:  Stresses beyond those listed under *Absolute
Maximum Ratings™ may cause permanent dam-
BMPETAIUME .....c.vececersecrearesrrenraserane 65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
1Any Pin other conditions beyond those indicated in the
6Ct 10 Ground ........coceevericceececcconnne -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Operating Voltage .......c.cccoeevviceeeeereeeeren 6.6V conditions for extended periods may affect
device reliability.
LCUMENL ... v s e veneas 15.0mA
aracteristics
3 shown in this table are valid for T, = 40°C to 85°C and V.. = 4.0V to 5.5V, unless otherwise noted.
Parameter Condition Min Max Units
Input Low Voltage (Except EA) 05 0.2 V0.1 v
Input Low Voltage (EA) 0.5 0.2V 03 v
Input High Voltage (Except XTAL1, RST) 0.2 Voo+0.9 Veot0.5 v
Input High Voitage (XTAL1, RST) 0.7 Ve Ve 06 v
Output Low Voltage!" (Ports 1,2,3) | Ig, = 1.6 mA 045 v
Output Low Voltage(" _
(Port 0, ALE, PBEN) o =3.2mA 045 v
fon = B0 PA, Vi = 5V £ 10% 24 v
Qutput High Viliage -
(PDHB 1’2'3. ALE. m—) IOH '25 H-A 075 Vcc v
low =10 pA 0.8 Ve v
lown = <800 pA, Ve =5V +10% 24 v
Output High Voltage -
(Port 0 in Extemei Bus Moda) lon = -300 pA 075 Vec v
low = =80 pA 0.8V v
Logicai 0 input Current (Poris 1,2,3) | v, =0.45v -50 pA
Logicat 1 to 0 Transition Cument - -
(Ports 1.2.3) Vi =2V, Voo = 5V £ 10% -650 BA
Input Leakage Curment (Port 0, EA) | 0.45 <V <V #0 pA
Raset Pulldown Resistor 10 30 K
Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Activa Mode, 12 MHz 25 mA
Power Supply Cumrent
Idie Mode, 12 MHz 6.5 mA
Power-down Mode'!? Vee = 5.5V 50 HA

Under steady state (non-transient) conditions, Io, must be extemnally imited as follows:

Maximum i, per port pin: 10 mA

Maxirmum I, per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 16 mA

Mandmum total I, for all output pins: 71 mA

If I exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions,

Minimum V. for Power-down is 2\,

(R S L-"m 23
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aracteristics

srating conditions, toad capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
80 pF.

al Program and Data Memory Characteristics

12 MHz Osclilstor Variable Osciliator
Parameter Min Max Min Max Units
Oscillator Frequancy )] 33 MHz
ALE Pulse Widih 127 2y ¢ 40 ns
Address Valid to ALE Low 43 toro-25 ns
Address Hold After ALE Low 48 toie-25 ns
ALE Low to Valid Instruction In 233 41y, -65 ns
ALE Low to PSEN Low 43 to1c 25 ns
PSEN Pulse Width 205 3ty 45 ns
PSEN Low to Valid Instruction in 145 3t 60 ns
input Instruction Hold After PSEN 0 0 ns
Input Instruction Float After PSEN 59 teLci-25 ns
PSEN to Address Vaiid 75 tercl 8 ns
Address to Valid Instruction In 312 Stey o -80 ns
PSEN Low to Address Float 10 10 ns
RD Pulsa Width 400 6t ~100 ns
WR Puise Width 400 6t o -100 ns
RD Low to Valid Data In 252 St 90 ns
Data Hold After RD 0 0 ns
Data Float After RD a7 2 028 ns
ALE Low to Valid Data In 517 8l ¢ -150 ns
Address to Valld Data In 585 9 1 ~165 ns
ALE Low to RD or WR Low 200 300 3te 50 3ty +50 ns
Address to RD or WR Low 203 Mg o, 75 ns
Data Valid to WR Transition 23 terc-30 ns
Data Valid to WR High 433 T e -130 ns
Data Hold After WR 33 terc-25 ns
RD Low to Address Float ] 0 ns
RD or WR High to ALE High 43 123 tere 25 oo 425 ns




— AT89S52

al Program Memory Read Cycle

Y, —
ALE ,F \ A
* torpn
t - bt >
AL i Y
PSEN / N touiv N\
b fe - . texz
‘thx—" il
PORT 0 > AD-A7 K INSTRIN b > AD-AT >
* taviy »
PORT 2 .4 A8 - A15 X__AB-A15
3l Data Memory Read Cycle
tLHL.!..—b
ALE /F AN bL/
= b n
PSEN
|°— tRLRH —
P "LLWL -
RD e o A
e— L) ] +—! tri oy trunz
‘RLAZ"_"’ tR
i HOX
PORT 0 >KAD - A7 FROM RI OR DPLY KDATA INDXCAD - A7 FROM PCLY— INSTR IN
[ LawL b
vy ——————;
PORT 2 X F2.0 - P27 OR AB - A15 FROM DPH >(____AB - A15 FROM PCH
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al Data Memory Write Cycle

b —
ALE 1

N
| b
PSEN /
e b —— bl iaas —]
Wi N y
R ety ax — N

PORT 0

PORT 2

tA\,ﬂ_ L™

K 3

N —* M faniax
o touwH —»

touwx —

AD - A7 FROM RI OR DPLI | DATA OUT I XAD - A7 FROM PCL>—CINSTR IN

taww, ——=

P20 - P2.7 OR A8 - A15 FROM DPH > AB - A15 FROM PCH

1l Clock Drive Waveforms

Vee - 05V T forex feon b *— fenel
0.7 V¢
sasy ‘7/0.2 V- 0.1V - 5’ <
oo —¥
- ti'.‘LCL
il Clock Drive
Parameter Min Max Units
Oscillator Frequency 0 33 MHz
Clock Period 30 ns
High Time 12 ns
Low Time 12 ns
Rise Time ns
Fall Time ns
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Port Timing: Shift Register Mode Test Conditions
5 in this tabte are valid for Ve = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Oac Variable Oscillator
Parameter Min Kax Min Max Units
Serial Port Clock Cycle Time 1.0 12t oL us
Cutput Data Setup to Clock Rising Edge 700 10t o ~133 ns
Cutput Data Hold After Clock Rising Edge 50 2o, 80 ns
Input Data Hoid After Clock Rising Edge 0 0 ns
Clock Rising Edge to Input Data Valid 700 10t ¢, ~133 ns

egister Mode Timing Waveforms

SETTIT

INSTRUCTION 0 |1 2_ 4 5 6 7
xe ‘MMM api s NpMp My lipiisl
* b
CLOCK . | I O R e
VXH [+
—-—I-l‘—tXHLX
WRITE TO SBUF N0 DX A IX 2 (T X a X 5 X 6 X7 7
v ———] 1
OUTPUT DATA turov '-—'] 7 bevox
, CLEARRI , : Ly
+
INPUT DATA

ting Input/Output Waveforms!"

Y
0.2 V. + 08V
TEST POINTS
02 Vo - 0.1V

15v ce

AC inputs during testing are driven at Vee - 0.5V
for a logic 1 and 0.45V for & logic 0. Timing mea-
surements are made at Vi, min. for a logic 1 and V,_
max, for a logic 0.

Timing Reference
Points

Vioap™

For timing purposes, a port pin is ne longer floating
when & 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loadad Vo,V level occurs,

R B ‘IﬁEI’ 27




1g Information

Power
Supply Ordering Code Packaga Operation Range
4.0V 10 5.5V ATBIS52-24AC 44A Commercial
ATB9S52-24./C 444 (0°C 10 70°C)
AT89552-24PC 40P8
ATB9S52-24A 44A Industrial
AT89552-24.1 44) {40°C to 85°C)
AT89552-24P1 40P
45V 1055V ATB9G52-33AC 44A ) Commercial
ATB9S52-334C 44) (0°C to 70°C)
AT89552-33PC 4CP6

: Prefiminary Availability

Package Type
44-{ead, Thin Plastic Gull Wing Quad Flatpack (TQFP)

44-lead, Plastic J-{eaded Chip Carrier (PLCC)
40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

AT89S52
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ling Information

14-lead, Thin (1.0 mm) Piastic Gull Wing Quad
ackage (TQFP)
isions in Millimeters and (Inches)*

12.210478) o
19.75(0.458)

0.45(0.018,

_r 0.30(0.012)

= =

=

10.10{0.394)

9.90(0.385) sa

r 1.20(0.047) MAX

% J L 0.750.030) 0.15(0.006)

0.45(0,018) 0.05(0.002)

1]

alling dimension: millimeters

44, 44-ead, Plastic JHeaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)

O45(1.14) X 45°  PINNO.1 045(1.14) X 30° - 45*

-012(.305)

WENTEY e osgsos
t . ..L‘::‘ Bom—— F —I ——1{ “"“Tl-.-.__ 8(.203)
LT ' gs
! ssen | L.t saeo)
h.850(16.5) | so(is0)
032813 4 [] - BoS17.7) 021(.533)
OB Bt
)y :  5as(17.4)°0 E 01%:330)
i o
ssopmrye oo LU i
= . —w SO0{12.7)REF 50 T G20(.508)
Iy 120(3.05}
. L L | o 1804.5T)
pi =T e504.48)
a
“r'k.
z_ag iyt
T:’ m n'zz(.sss) X 45 MAX (3%)

40-pin, 0.600" Wide, Plastic Dual Inline
jo (PDIP)

sions in Inches and (Millimeters)
STANDARD MS-011 AC

2 07(52 8
Z04{51.8)

_+>
I,
!

‘vtoooom

|- 1.900(48.28) ReF _:| }_‘ ogo(zzgg

-?20(5 59)

127;
MIN
.A‘I1NG
PLANE
JL 015(331 )
D22, 559)
065(1.65)
mxz n) O41(1.09) (56}
-090(2.29) 630{16.0}
[‘".590(15.0)
U REF
012{.305) 15
Bo8(203) "1

B890{17.5
b Sz e
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