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LISTING PROGRAM 

$inelude (regSI.inc) 

org OOOOh 

main: moy pO,#OOh ; pengosongan port 
awal: setb pO.7 ; lampu hijau nyala 

inp: setb pO.l ; logika hi pO. I 
jb pO.I,$ ; deteksi koin bila I cari terus 
elr pO.7 ; lampu hijau mati 
setb pO.6 ; lampu merah nyala It 

Z <i 
" 

snr_gls: setb pO.O -< CI ,. 
"~ 

jb pO.O,$ ; deteksi gelas bila 0 ngisi air ..: .c: c: 
~ 

~ 

" "" 
turun: setb pO.4 ; nyalain nurunin gelas -<: :i ..: 

~-.; "'1 
IcaH delay ; sekian detik " J;-

0 -( 

elr pO.4 ; matiin nurunin gelas ;:J ; ~ 
setb pO.O :l.. ~ 

I ~:J 
jnb pO.O, turun ; cek gelas, kalau I isi gelas 

~ §" 
isi: setb pO.S ; nyalain ngisi air Q.~ 

moy r4,#S ; isi r4 
ten s: Icall delay ; sekian detik 

djnz r4,ten_s ; hitung r4 
elr pO.S ; matiin ngisi air 

mtrytr: setb pO.3 ; muter meja 
leaH delay ; sekian detik 
elr pO.3 ; mati in meja 
elr pO.6 ; lampu merah mati 

Jmp awal ; kembali ke awal 

delay: moy r7,#40 ; isi r7 
Is: moy r6,#100 ; isi r6 
Ims: moy rS,#IOO ; isi rS 

djnz rS,$ ; hitung rS 
djnz r6,lms ; hitung r6 
djnz r7,ls ; hitung r7 
ret 

end. 



DT-I/O INFRA RED 
RECEIVER 

Infra Red Receiver merupakan suatu modul penerlma 
data melalul gelombang Infra merah dengan frekuensl carrier 
sebesar 38 kHz. ModuIIni dapat dlfungslc:an sebagallnput dalam 
apllkasl transmlsl data nlrkabel sepertI robotIIc, sIstem pellgaman, 
data logger, absensl, dan sebagalnya. 

S"slfllcasl Hardware 

1. Tegangan kerla: +5 VOe. 
2. FrekuensI carrier penerlma Infra merah: 38 kHz. 
3. Panlang gelombang puncak 950 nm. 
4. Sudut peMrlmaan ±45". 
5. Memlllki 2 output: non-Inverting (OUT) dan inverting (OUT). 

Keduanya kompatlbel dengan level tegangan TTl, CMOS, dan 
RS-232. 

Mel .. ilila II 11cIc* MIla ..... 
38kHz 38kHz 

LaeI<a 0 I podaOUT 

LogI!!5L.. 
1 0 podaOUT 

6. Kompatlbel penuh dengan DT-51 til MInImum System (MlnSys) 
ver 3.0, DT-51 til PetraFuz, DT-BASIC SerIes. DT-51 til Low Cost 
Series, DT-AVR L_ Cost Series, dan lain-lain. 

Tata Letak & Pen_ran Jumper 

3 R I 
vee 

47R'().25W 

R2 

VIN 

IOK-O.lSW 

iF OUT 

CI 
I OOuF/I 6V 

GND ~~2 __ ~ __________________ • 

I",IR~I--------.J 

TSOP4838 

Copyright (:) 1005 Innovative Eleetronies 

Alokasl Jl 
OUT OUT 

'# GND +5V 

Konflgurasl J2 (OUT MODE JMP) 

J2 

1001 
J2 

P ....... urTestI .. 

Jlka lumper tldak terpasang, maka 
output yang dapat dlgunakan adalah 
pin OUT (J 1 pin 2) 

Jlka lumper terpasang, maka ~ 
yang dapat dlgwlakan adalah pin OUT 
(JI pin 4) 

1. l-IubI.1gkan sumber tegangan +5 VDC Ice mocIuIlnfra Red 
Receiver. 

2. Lepos lumper J2. 
3. Ukur tegangan poda pin OUT dengan voltmeter. NHalnya 

akan berada pada Ioglka 'I' ( sekltar 5 V). 
4. Pasang lumper J2. _ 
5. Ukur tegangan pada pin OUT dengan \/Ohmeter. Nllalnya 

akan berada pada loglka '0' (sekltar 0 V). 
6. BerI slnyallnfra merah 38 kHz (dengan madullnfra Red 

Transmitter beriarak < 30 an) secara terus menerus. 
7. Lepas jumper J2. 
8. Ukur tegangan pada pin OUT dengan .oItmeIer. Nllalnya 

akan berada poda Ioglka '0' ( sekltar 0 V). 
9. Pasang lumper J2. _ 
10. Ukur tegangan poda pin OUT dengan voltmeter. Nllalnya 

akan berada pada loglka 'I' (sekltar 5 V). 

Data ..... TSOP4131 dapat dl-clownload dl 
_.lnnovativeelec:lronics.com pada bagiGn Support. 

\) Terima Kasih alas kepercayaan Antkt menggrmakan produk 
lami. bila ada kesuJitan. perlanyaan alau saran mengenai 
produk ini silahkan menghubungi technical support lami : 
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Features 
• Compatible with MCS-S1"'Products 
• 4K Bytes of In-System Programmable (ISP) Flash Memory 

- Endurance: 1000 WrlteiErase Cycles 
• 4.0V to S.SV Operating Range 
• Fully Static Operation: 0 Hz to 33 MHz 
• Three-level Program Memory Lock 
• 128 x B-blt Internal RAM 
• 32 Programmable UO lines 
• Two 16-bH Timer/Counters 
• Six Interrupt Sources 
• Full Duplex UART Serial Channel 
• Low-power Idle and Power-down Modes 
• Interrupt Recovery from Power-down Mode 
• Watchdog Timer 
• Dual Data Pointer 
• Power-off Flag 
• Fast Programming Time 
• Flexible ISP Programming (Byte and Page Mode) 

Description 
The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K 
bytes of in-system programmable Flash memory. The device is manufactured using 
Atmers high-density nonvolatile memory technology and is compatible with the indus
try-standard aoC51 instruction set and pinout. The on-chip Flash allows the program 
memory to be reprogrammed in-system or by a conventional nomolalile memory pro
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on a 
monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a 
highly-flexible and cost-effective solution to many embedded control appHcations. 

The AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of 
RAM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five
vector two-level interrupt architecture, a full duplex serial port, on-chip osc~lator, and 
clock circuitry. In addition, the AT89S51 is designed with static logic for operation 
down to zero frequency and supports two software selectable power saving modes. 
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and 
interrupt system to continue functioning. The Power-down mode saves the RAM con
tents but freezes the oscillator, disabling all other chip functions until the next external 
interrupt or hardware reset. 

8-bit 
Microcontroller 
with 4K Bytes 
In-System 
Programmable 
Flash 

AT89S51 

Preliminary 
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Pin Configurations 
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P1.0 

P1.1 

P1.2 

P1.3 

P1.4 

(MOSI)P1.5 
(MISO)P1.6 

(SCK) Pl 7 
AST 

(AXO) PO.O 
(TXO) P3.1 

(INTO) P3.2 

(IN'1) PO.' 

(OOSI) P1.5 1 
(MiSO) P1.6 2 

(TO) PO.' 
(T1) PO.5 

(WI1) PO.6 
(RD) PO.7 

XTAl2 
)(TAU 

GNO 

1 
2 
3 .. 
5 

6 

7 

• 
9 . 10 

11 

12 
13 

I. , 15 
16 
17 

1. 
~ 19 

20 

TQFP 

40 
39 

38 1 
37f-

36 : 
35 
34 
33 
32 
31 
30 . 
29 

2Bf-
27 
26 ' 

25 !--
2. 

23 

22C 
21 

vee 
PO.O (ADO) 
PO.1 (A01) 

P02 (AD2) 
PO.3 (AD3) 

PO.' (AD4) 

PD.5 (ADS) 
PO.6 (ADI5) 

PO.7 (A07) 

EAlVPP 
ALEIl'ROG 
PSEN 

P2.7 (A1S) 
P2.6 (A14) 

P2.5 (A13) 

P2.4 (A12) 

P2.3 (A11) 

P2.2IA10) 
P2.1 (A9) 

P2.0 lAB) 

1 PO.4(A04) 

PO.5(ADS) 

(SCK) P1.7 

AST 

(AXO) P3.0 

31 ' PO.6 (AOS) 

2 

NC 6 

(TXO) P3.1 

(INTO) P3.2 8 

(tNT1) P3.3 

(TO) P3.' 
(T1) P3.5 

NC')~IOW"ctlcnO_N 
... ,... .................... NNN 

AT89S51 

1PO.7 (A07) 
EANPP 

NC 

ALEIPROO 
IPSEN 
P2.7 (A1S) 

.P2.6(A14) 

P2.S(A13) 

PLCC 

(MOSJ) P,.5 ~ 7 Ct It) ..,. C"'l <'II ~ :: ~ ~ ; ~39 PO.4 (A04) 

(MlSO) P1.6 8 38 PO.5 (A05) 

(SCK) P1.7 9 37 PO.6 (AOS) 

RST r 10 36 i-' PO.7 (A07) 
(RXO) PO.O l 11 35 _ EAiVpp 

NC . 12 34 . NC 

(TXO) PO.1 13 33 f- ALEJI'ROO 
(1Kffi) P32 r 1. 32 P PSEN 
(if/'I'j) P3.3 15 31 P P2.7 (A1S) 

(TO) P3.' 16 30 P2.6 (AU) 
(T1) P3.5 
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AT89S51 

Block Diagram 
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Pin Description 

vee 

GND 

Port 0 

Port 1 

Port 2 

Port 3 

Supply voltage. 

Ground. 

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

Port 0 can also be configured to' be the multiplexed low-order address/data bus during 
accesses to external program and data memory. In this mode, PO has internal puU-ups. 

Port 0 also receives the code bytes during Flash programming and outputs the code bytes 
during program verification. External pull-ups are required during program verification. 

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

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

Port Pin Alternate Functions 

P1.5 MOSI (used lor In-System Programming) 

P1.6 MISO (used fur In-system Programming) 
f--

P1.7 SCK (used for In-System Programming) 

Port 2 is an 8-bit bidirectional 1/0 port with internal pull-ups. 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 pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being 
pulled low will source current lln.) because of the internal pull-ups. 

Port 2 emits the high-order address byte during fetches from external program memory and 
during accesses to external data memory that use 16-bit addresses (MOv)( @ DPTR). In this 
application, Port 2 uses strong internal puU-ups when emitting 1s. During accesses to external 
data memory that use 8-bit addresses (MOv)( @ RI), Port 2 emits the contents of the P2 Spe
cial Function Register. 

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

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

Port 3 receives some control signals for Flash programming and verification. 

Port 3 also serves the functions of various special features of the AT89S51, as shown in the 
following table. 

4 AT89S51 
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RST 

ALEIPROG 

EANPP 

XTAL1 

XTAL2 

2487A-10/01 

AT89S51 

Port Pin Alternate Functions 

P3.0 RXD (serial input port) 
-- -

P3.1 TXD (serial output port) 

P3.2 INTO (external interrupt 0) 
r- -

P3.3 INT1 (external interrupt 1 ) 

P3.4 TO (timer 0 external input) 
-

P3.S T1 (timer 1 external input) t: (external data memory write strobe) 
~ 

P3.6 
- -

P3.7 RD (external data memory read strobe) 

Reset input. A high on this pin for two machine cycles while the oscUlator is running resets the 
device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state 
of bit DISRTO, the RESET HIGH out feature is enabled. 

Address Latch Enable (ALE) is an 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 MOVe instruction. Otherwise, the pin is weakly pulled 
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution 
mode. 

Program Store Enable (PSEN) is the read strobe to external program memory. 

When the AT89S51 is executing code from external program memory, PSEN is activated 
twice each machine cycle, except that two PSEN activations are skipped during each access 
to external data memory. 

Extemal Access Enable. EA must be strapped to GND in order to enable the device to fetch 
code from extemal program memory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is programmed, EA will be intemaNy latched on reset 

EA should be strapped to Vcc for intemal program executions. 

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash 
programming. 

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

Output from the inverting osdUator amplifier 

5 



Special 
Function 
Registers 

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

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple
mented on the chip. Read accesses to these addresses will in general return random data, 
and write accesses will have an indeterminate effect. 

Table 1. AT89S51 SFR Map and Reset Values 
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OFBH 

OFOH 

OEBH 

OEOH 

ODBH 

ODOH 

! 
OCBH 

oeOH 

OBBH 

OBOH 

OABH 

i 
I 

B 
00000000 

I 
Aee I 

00000000 

"J 00000000 
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f.-
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I 

i 
I L -~'-
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- -I-
I 
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- !- -+ 
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--+- -t--

I I .' , 
! I 

1_1 _1~_~_1-1_-1_-_'_-_-_~ __ t-____ + __ ~~_::~ __ --+I--
IE 

OXOOOOOO 

, 

-
t 
I 

- - --

r 

.... 

--

OFFH 

1 
OF7H 

I 
OEFH 

0E7H 

ODFH 

OD7H 

OCFH 

OC7H 

OBFH 

OB7H 
I 

__ 1 0AFH 
-----------~----+--- ~ 

OAOH 11111111 XXXXXXXO XXXXXXXX 
P2 AUXR1 I WDTRST OA7H 

,-_ . +- --- ----~----+--

. ooS:O I XlI SBUF I 
::~ ~XXXXXX-+- ~ 'I - I ! 
BBH TeON TMOD TLO TLl TH~~ AUXR 8FH 

00000000 00000000 oooooooo 00000000_-+1_00000000_ oooooooo XXXOOXXO 

PO sp r DPO!. DPOH DP1L DP1H peON 
11111111 00000111 oooooooo oooooooo 00000000 oooooooo OXXXoooo 80H B7H 
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User software should not write 1s to these unlisted locations, since they may be used in future 
products to invoke new features. In that case, the reset or inactive values of the new bits will 
always be o. 
Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities 
can be set for each of the five interrupt sources in the IP register. 

Table 2. AUXR: Auxiliary Register 

AUXR Address = 8EH Reset Value = XXXOOXXOB 

Not Bit 
Addressable 

Bit 

DISALE 
+----+--

~r--;-'-_-6~~:~_5----WD--~-D-LE-'-D-I-S3-RT-O-----2------~ 

o 

DISALE 

DISRTO 

WDIDLE 

WDIDLE 

o 

Reserved for future expansion 

DisabielEnabie ALE 

DISAlE 

Operating Mode 

o ALE is emitted at a constant rate of 1/6 the DSC~lator frequency 

ALE is active only during a MOVX or MOVe instruction 

Disable/Enable Reset out 

DISRTO 

o Reset pin is driven High after WDT times out 

Reset pin is input only 

DisabielEnabie WDT in IDLE mode 

WDT continues to count in IDLE mode 

WDT halts counting in IDLE mode 

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory, 
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at B4H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1. 
The user should always initialize the DPS bit to the appropriate value before accessing the 
respective Data Pointer Register. 

7 



Memory 
Organization 

Program Memory 

Data Memory 

Watchdog 
Timer 
(One-time 
Enabled with 
Reset-out) 

Using the WDT 

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

Table 3. AUXR1: Auxi~ary Register 1 

AUXR1 

Address = A2H 

Not Bit 
Addressable 

Bit f 7--'-6--'" 

T 

5 
-~--~-

Reserved for future mtpansiDll 

DPS Data Pointer Register Select 

DPS 

or 

3 

o Selects DPTR Registers DPOL, DPOH 

Selects DPTR Registers DP1 L, DP1 H 

Reset Value = XXXXXXXOB 

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K 
bytes each 01 external Program and Data Memory can be addressed. 

If the EA pin is connected to GND. all program fetches are directed to external memory. 

On the A T89S51. if EA is connected to V cc. program fetches to addresses OOOOH through 
FFFH are directed to intemal memory and fetches to addresses 1000H through FFFFH are 
directed to external memory. 

The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct 
and indirect addressing modes. Stack operations are examples of indirect addressing. so the 
128 bytes 01 data RAM are available as stack space. 

The WDT is intended as a recovery method in situations where the CPU may be subjected to 
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset 
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT. a 
user must write 01EH and OE1H in sequence to the WDTRST register (SFR location OA6H). 
When the WOT is enabled. it will increment every machine cycle while the oscillator is running. 
The WDT timeout period is dependent on the external clock frequency. There is no way to dis
able the WDT except through reset (either hardware reset or WDT overflow reset). When 
WDT overflows. it wm drive an output RESET HIGH pulse at the RST pin. 

To enable the WDT. a user must write 01EH and OE1H in sequence to the WDTRST register 
(SFR location OASH). When the WDT is enabled. the user needs to service it by writing 01 EH 
and OE1 H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches 
16383 (3FFFH). and this will reset the device. When the WDT is enabled. it will increment 
every machine cycle while the oscillator is ruming. This means the user must reset the WDT 
at least every 16383 machine cycles. To reset the WOT the user must write 01 EH and OE1 H 
to WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. 
When WDT overflows. it will generate an output RESET pulse at the RST pin. The RESET 

8 
AT89S51e duration is 98xTDSC. where TOSC=l/FOSC. To make the best use of the WDT. it 

2487"-10101 



WDT During 
Power-down 
and Idle 

UART 

Timer 0 and 1 

Interrupts 

2487A-10101 

AT89S51 

should be serviced in those sections of code that will periodically be executed within the time 
required to prevent a WDT reset. 

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power
down mode, the user does not need to service the WDT. There are two methods of exiting 
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is 
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset, 
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting 
Power-down with an interrupt is significantly different. The interrupt is held low long enough for 
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not 
started until the interrupt is pulled high. It is suggested that the WDT be reset during the inter
rupt service for the interrupt used to exit 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 AT89851 while in IDLE mode, 
the user should always set up a timer that will periodically exit IDLE, service the WDT, and 
reenter IDLE mode. 

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

The UART in the AT89851 operates the same way as the UART in the AT89C51. For further 
information on the UART operation, refer to the ATMEL Web site (http://www.atmel.com). 
From the home page, select 'Products', then '8051-Architecture Flash Microcontroller', then 
'Product Overview'. 

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the 
AT89C51. For further information on the timers' operation, refer to the ATMEL Web site 
(http://www.atmel.com). From the home page, select 'Products', then '8051-Architecture Flash 
Microcontro/ler', then 'Product OI/erview'. 

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1), two 
timer interrupts (nmers 0 and 1), and the serial port interrupt. These interrupts are all shown in 
Figure 1. 

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a 
bit in Special Function Register IE. IE also contains a global disable bit, EA, which disables all 
interrupts at once. 

Note that Table 4 shows that bit position 1E.6 is unimplemented. In the AT89S51, bit position 
IE.5 is also unimplemented. User software should not write 1s to these bit positions, since they 
may be used in future AT89 products. 

The Timer 0 and Timer 1 flags, TFO and TF1, are set at SSP2 of the cycle in Which the timers 
overflow. The values are then polled by the circuitry in the next cycle 
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Table 4. Interrupt Enable (IE) Register 

(MSS) 

EA 

Enable Bit = 1 enables the interrupt 

Enable Bit = 0 disables the interrupt. 

Symbol I Position 

EA IE.7 

-- IE.G -- --- IE.S 

ES lEA 

ET1 IE.3 

ES 

ILSS) 

ET1 EX1 ETo 

Function 

Disables all interrupts. If EA ; O. no interrupt is 
acknowtedged. If EA = 1. each interrupt source is 
individually enabled or disabled by setting or clearing 
ils enable bit. --
Reserved 

I -- -
Reserved 

t Serial Port interrupt enable bit - -- . 
Timer 1 interrupt enable bit -- - - ---

EXI 1E.2 External interrupt 1 enable bit --- --
ETO IE.1 Timer 0 intemJp/ enable bit 

I- --
~ernal interrupt 0 enable bit EXO IE.O --

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

Figure 1. Interrupt Sources 
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Oscillator 
Characteristics 

Idle Mode 

Power-down 
Mode 

2487 A-1 DID. 

AT89S51 

XT At. 1 and XT Al2 are the "put and output, respectively, of an inverting amplifier that can be 
configured tOl use as an on-chip OSCiJiatOl, as shown in Figure 2. Either a quartz crystal or 
ceramic resonator may be used. To drive the device from an external clock source, XTAL2 
should be left uncormec\ed while XT AL 1 is driven, as shown in Figure 3. There are no require
ments on the duty cycle of the external clock signal, since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low 
time specifications must be observed. 

Figure 2. OsciUator Connections 

T 
T 

c, 
11 -

1 XTA1.2 

~ 

T .. XTAl.1 

GND 

Note: C1. C2 = 3D pF ± 10 pF for Crystals = 40 pF ± 10 pF for Ceramic Resonators 

Figure 3. External Clock Drive Configuration 

r---j GOoD 

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

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro
gram execution from where it left off, up to two machine cycles before the internal reset 
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but 
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a 
port pin when idle mode is terminated by a reset, the instruction foRowing the one that invokes 
idle mode should not write to a port pin or to external memory. 

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 Registers retain 
their values until the Power-down mode is terminated. Exit from Power-down mode can be ini
tiated either by a hardware reset or by activation of an enabled external interrupt into INTO or 
INT1. Reset redefines the SFRs but does not change the on-chip RAM. The reset should not 
be activated before V cc is restored to its normal operating level and must be held active long 
enough to allow the oscillator to restart and stabilize. 

11 



Program 
Memory Lock 
Bits 

Programming 
the Flash
Parallel Mode 

Table 5. Status of Extemal Pins During Idle and Power-down Modes 

Mode Program Memory ALE PSEN PORTo PORTl PORT2 I PORT3 

Idle ~m~ 1 1 Data Data Data Data 

=1 
I I -i--

Idle Extern~ 1 1 Float Data Address Data 

Power-down Internal 0 0 Data Data Data Data 
r----- ~ 

Power-down Extem~ 0 0 Float Data Data Data 

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed 
(P) to obtain the addilionaJ features Usted in the following table. 

Table 6. Lock en Pfotec\on tI.odes 

Program Lock Bits 

LBl LB2 LB3 Protection Type 

1 U U U No program lock features 

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

3 

I 
P 

i 
p u t Same as mode 2, but verify is also disabled 

I- - -
4 P P P Same as mode 3, but external execution is also disabled 

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 random value and 
holds that value until reset is activated. The latched value of EA must agree with the current 
logic level at that pin in order for the dellice to function properly. 

The AT89S51 is shipped with the on-chip Flash memory array ready to be programmed. The 
programming interface needs a high-voltage (12-volt) program enable signal and is compati
ble with conventional third-party Flash or EPROM programmers. 

The AT89S51 code memory array is programmed byte-by-byte. 

Programming Algorithm: Before programming the AT89S51, the address, data, and control 
signals should be set up according to the Flash programming mode table and Figures 13 and 
14. To program the AT89S51, take the foUowing steps: 

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

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

3. Activate the correct combination of control signals. 

4. Raise EANpp to 12V. 

5. Pulse ALEIPROG once to program a byte in the Flash array or the lock bits. The byte
write cycle is self-timed and typically takes no more than 50 IJS. 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 AT89S51 features Data Polling to indicate the end of a byte write cycle. 
During a write cycle, an attempted read of the last byte written will result in the complement of 
the written data on PO.7. Once the write cycle has been completed, true data is valid on all out
puts, and the next cycle may begin. Data Polling may begin any time after a write cycle has 
been initiated. 

12 AT89S51 
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Serial 
Programming 
Algorithm 

2487 A-1 0101 

AT89S51 

ReadyJBusy: The progress of byte programming can also be monitored by the RDYIBSY out
put signal. P3.0 is puled low after ALE goes high dumg programming to indicate BUSY. P3.0 
is puUed high again when programming is done to indicate READY. 

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed code 
data can be read back via the address and data lines for verification. The status of the individ
ual 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 nor
mal verification of locations OOOH, 100H, and 200H, except that P3.6 and P3.7 must be pulled 
to a logic low. The values retumed are as follows. 

(OOOH) = 1 EH indicates manufactured 'rI'J Atrnel 
(l00H) = 51 H indicates 89S51 
(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 ALEJPROG low for a duration of 200 ns -
500 ns. 

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

During chip erase, a serial read from any address location will return OOH at the data output. 

The Code memory array can be programmed using the serial ISP interface while RST is 
pulled to Vcc. The serial interface wnsists of pons SCK, MOSI (input) and MISO (output). After 
RST is set high, the Programming Enable instruction needs to be executed first before other 
operations can be executed. Before a reprogramming sequence can occur, a Chip Erase 
operation is required. 

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

Either an external system clock can be supplied at pin XT ALlor a crystal needs to be con
nected across pins XTAL 1 and XT AL2. The maximum serial clock (SCI<) frequency should be 
less than 1116 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre
quency is 2 MHz. 

To program and verify the AT89S51 in the serial programming mode, the following sequence 
is recommended: 

1. Power-up sequence: 

Apply power between VCC and GND pins. 

Set RST pin to "H". 

If a crystal is not connected across pins XT AL 1 and XT AL2, apply a 3 MHz to 33 MHz 
clock to XT AL 1 pin and wait for at least 10 milliseconds. 

2. Enable serial programming by sending the Programming Enable serial instruction to 
pin MOSlfP1.5. The frequency of the shift clock supplied at pin SCKfP1.7 needs to be 
less than the CPU clock at XTAL 1 dMded by 16. 

3. The Code array is programmed one byte at a time in either the Byte or Page mode. 
The write cycle is self-timed and typically takes less than 0.5 ms at 5V. 

4. Any memory location can be verified by using the Read instruction that returns the con
tent at the selected address at serial output MISOfP1.6. 

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

13 



Serial 
Programming 
Instruction Set 

Programming 
Interface -
Parallel Mode 

Power-off sequence (if needed): 

Set XT AL1 to "L" (if a crystal is not used). 

Set RST to "L". 

Turn Vee power off. 

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, dur
ing a write cycle an attempted read of the last byte written will result in the complement of the 
MSB of the serial output byte on MISC. 

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 8 
on page 18. 

Every code byte in the Flash array can be programmed by using the appropriate combination 
of control signals. The write operation cycle is selt-timed and once initiated, will automatically 
time itself to completion. 

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

Table 7. Flash Programming Modes 

I ALE! EAt PO.7-0 
P2.3-0 I Pl.N) 

Mode Vee RST J5SEN JiROO V"" P2.6 P2.7 P3.3 P3.6 P3.7 Data Add ...... 

(2) 

Write Code Data 5V H L 
'-..r 

12V L H H H H 0 ... AII·S A7-0 

- .... I I 
Read Code Data 5V H L H H L L L H H DOUT AII-S A7-0 

I I (31 1 
Write Lock Bit I 5V H L 12V H H H H H X 

+~ '-..r 
I (3) 

Write Lock Bil 2 5V H L 
'-..r I 12V H I H H L I L X X X 

I I 
I 

(3) 

Write Lock Bit 3 5V H L 
'-..r 

12V H L H H L X X X 

I- --
Read Lock Bits 

PO.2. 
5V H L H 

J 
H 

I 
H H L H L 

I ~ X 
X 

1,2,3 POA 
f- I ~ ~ I -

Chip Erase 5V H L 12V H L H L L X X X 
'-.r 

I I 

I J 1 0000 Read AtmellD SV H L H H L L L L L IEH OOH 
j-

Read De,"ce 10 5V H L H H I L L L L L 51H 0001 OOH 
f- tL Read De,"ce 10 5V H L H H L l l l 06H 0010 OOH 

Notes: 1. Each PROG pulse (s 200 ns - 500 ns for Chip Erase. 
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data. 
3. Each J5ROG pulse is 200 ns - 500 ns for Write Lock Bits. 
4. RDVtt3SY signal is output on P3.0 during programming. 
5. X = don't care. 

14 AT89S51 
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Figure 4. Programming the Flash Memory (ParaDel Mode) 

AT89S51 

..:rc.;..::'-ooj P1.().Pl.7 Va. 

P2.0 - P2.3 PO 

P2.6 
P2.7 AlE 
P3.3 
1':1.6 

P3.7 

XT"L2 EA 

P30 

'-..... --"1--1 ~ 1 RST 

Figure 5. Verifying the Flash Memory (Parallel Mode) 
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v~ I 
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• 
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Flash Programming and Verification Characteristics (Para"el Mode) 
T A = 20°C to 30°C. Vee = 4.5 to 5.5V 

Symbol Parameter I Min 

Vpp Programming Supply Voltage I 11.5 I 
Ipp Programming Supply Current I 
Icc V cc Supply Current [ I - ' 

I lltClCl Oscillator Frequency 3 
- -- - I , 

IAVOl Address Setup to PROG Low 
[ 48lclCl 

IoHAx Address Hold After PROG 48lclCl I 

I Data Setup to PROG Low 
- -- I I ~GL 481cLCl - - - I + 

~ox Data H old After PROG 48lcLCl - I . 
r-IEHSH P2.7 (ENABLE) High to Vpp 481a.Cl '. 

~GL V pp Setup to PROG Low I 10 I 
IoHsL Vpp Hold After PROG 10 

IoLGH PROGWidth I 0.2 

~v Address to Data Valid 
-.L I 

,"LOV ENABLE Low to Data Valid I 
tEHDZ Dala Float After ENABLE 0 l I-- I IoHBL PROG High to BUSY Low -- I 
twc Byte Write Cycle Time , 

Figure 6. Flash Programming and Verification Waveforms - Parallel Mode 

Pl.0 - Pl.7 
P2.0 - P2.3 

PORTO 

ALE/PROG 

IAVDI. 

IlTlGL 

ADDRESS 

1 . 1 
DATA IN 

E Io.a Ioi<ox a 
" / --~Iu.QH-

__ _ ~l!!' ___ __ ___ _ 

I. VERIFICATION 
ADDRESS 

I-- IA'>Q\I 

DATA OUT 

t"w." 

'oHa. 

,,-.omr. 1 

Max 

12.5 

10 

30 

33 

1 

48tcLCl 

48IcLCl 

48IcLCl 

1.0 

50 

-

I 
r 
! 

-t-

I 

I 
i 

ElVVpp ------------ -------------- :::::_~J ------ -- - -- ------
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Figure 7. Flash Memory Serial Downloading 

Vee 
AT89S51 0 

INSTRUCTION 
INPUT 

__ P1 .5IMOSI 

DATA OUTPUT P1 .6IMISO 

CLOCK IN -_ •• P1 .7/SCK 

3-33 MHz 
r 

• XTAL2 

- , 7 
• .. --

I I l 
XTALl ,.. 

• GND 

W 

Vrx _ 

Flash Programming and Verification Waveforms - Serial Mode 

Figure 8. Serial Programming Waveforms 

SERiAL DATA iNPUT 
P1.S (MOS,) 

SER,Al DATA OUTPUT 
P1.6 (M,SO) 

SER,Al CLOCK ,NPUT 
P1 .7 (SCK) 

2487,6.-10101 
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Table 8. Serial Programming Instruction Set 

I Instruction I I I 
Format 

.- i 

Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation 

Programming Enable 1010 1100 0101 0011 

J:~ 
XXXX xxxx Enable Serial Programming 
0110 1001 while RST is high 
(Output) 

-
Chip Erase 1010 1100 

1 100x 
XXXX XXXX ~ I XXXX XXXX 

Chip Erase Flash memory 

I 0010 

I array 

Read Program Memory 0000 xxxx ~OO>GO 

~~~~ bgg~ 8~Ci8 Read data from Program ~~«« 

(Byte Mode) «« memory in the byte mode 

Wr~e Program Memory 0100 0000 xxxx ~o""" ~~~ S&gC!j 8308 Write data to Program 
(Byte Mode) ~::t<c( memory in the byte mode 

Wr~e Lock Bits(') 1010 1100 1110 00 ~'" xxxx xxxx I xxxx ~ Write Lock bits. See Note (2). tOm 

Read Lock Bits 0010 0100 xxxx ~ ~ ~ XX§ 
N~XX Read back current status of 

I 

~~ the lock bits (a programmed 

Read Signature Bytes~ 0010 Lxxx I Signature Byte 

lock bit reads back as a ·1") 
--

1000 xxx ~:~;; « ~ Read Signature Byte 

I xxxx 
i 

Read Program Memory 0011 0000 ~OO>GO Byte 0 Byte 1 ... Read data from Program 
(Page Mode) 

;;;;«« 
Byte 255 memory in the Page Mode 

I (256 bytes) 
i --

Wr~e Program Memory 0101 0000 ~ ~OO>GO Byte 0 Byte 1 ... Write data to Program 
(Page Mode) 

I 
;;;;«« Byte 255 memory in the Page Mode 

(256 bytes) 

Notes 1 The signature bytes are not readable III lodl 8ft Modes 3 and 4 

B 1 = 0, B2 = 1 ~ Mode 2, lock b1t 1 activated ~ of the lock bits needs to be activated sequentially before 
2. B1 = 0, B2 = 0 ~ Mode 1, no lock protection } 

18 

Bl = 1, B2 = 0 ~ Mode 3, lock bit 2 activated Mode 4 can be executed. 
B 1 = 1 , B 1 = 1 ~ Mode 4, lock bit 3 activated 

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

For Page ReadlWrlte, the data always starts from byte 0 to 255. After the command byte and upper address byte are 
latched, each byte thereafter is treated as data until all 256 bytes are shifted in/out. Then the next instruction will be ready to 
be decoded. 

AT89S51 
2487A-10/01 



AT89S51 
Serial Programming Characteristics 

Figure 9. Serial Programming Timing 

MOSI --, 

SCK 

MISO 
-_/ 

Table 9. Serial Programming Characteristics, TA = -40°C to 85°C. Vcc = 4.0 - S.SV (Unless Otherwise Noted) 

Symbol Parameter IIIn Typ 110 Units 

ll1c~c~ Oscillator Frequency I 0 
i 1 

33 . MHz 

tCLC~ i Oscillator Period 30 I I ns - - } -.- ---
ISHSL SCK Pulse Width High I 8lcLCL ns 

r- ---- I ~ 

tSLSH SCK Pulse Width Low I 81a.Cl. I I 
ns 

, T -
IovsH MOSI Setup 10 SCK High IC~L I ns 

. - - -
tSHoX MOSI Hold after SCK High 2'c~L I ns 

Isuv SCK Low 10 MISO Valid 

I 
10 I 16 I 32 ns 

-
IERASE Chip Erase Instruction Cyde Time 500 ms 

I i -
tSWG Serial Byte Write Cycle Time 641c~L +400 ~s 

19 
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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 
w~h Respect to Ground .. ........... ... .......... .. .. ... .... -1.0V to +7.0V 

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

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

DC Characteristics 

"NOTICE: Stresses beyond those listed l6lder "Absolute 
Maximum Ratings' may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability. 

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

Symbol Parameter Condition Min Max Units 

V'l Input Low Voltage I (Except EA) ~ -0.5 -r*.Vee-o.l V 

V,l, I Input Low Voltage (EA) -0.5 0.2 Vee-0.3 V 

V'H [ Input High Voltage (Except XTAL 1, RST) ~e+O.9 Vee+O·5 V 

V,H, Input High Voltage (XTAl1, RST) 0.7 Vee I Vee+0.5 
I 

V 

Output Low Voltage(1) (Ports 0.45 V 

VOL 1,2,3) 101. = 1.6 mA ~ I I , -f ""'" "'" "",g,'" I L O
.
45 V 

VOl' (Port 0, ALE, PSEN) 101. = 3.2 mA ! r- I IOH = -60 IJA. Vee = 5V ± 10% 2.4 
I 

V 

I IOH = -25 IlA 
I- .. 

Output High Voltage 0.75 Vee V 

VOH (Ports 1,2,3, ALE, PSEN) IOH = -10 IJA 0.9 Vee V 
-- ---

t IQH=-800jJA. Vcc =5V±100/0 2.4 I V 

IOH = -300 IJA 
I 

0.75 Vee I V 
Output High Voltage - . .- -

VOH' (Port 0 in External Bus Mode) IOH = -80 IlA 0.9 Vee V 
-- • 

~W7 I'""''' " ..... c,",,", ,-I'l 1,2,3) Viti = 0.45V 
f--

Logical 1 to 0 Transition Current I -650 IJA 
ITl (Ports 1,2,3) ;o.--t. V,N = 2V, Vee = 5V ± 10% 

Input Leakage Current (Port 0, 

1 
±10 IJA 

III EA) 0 .45 < V,N < Vee 
-- I I RRST Reset Pulldown Resistor 50 300 Kn -- - r lO C,O Pin Capacitance Test Preq. = 1 MHz, T .. = 25"C pF 

I- --
Active Mode, 12 MHz L 25 

l 
mA 

Power Supply Current Idle Mode, 12 MHz 6.5 mA 

[ Power-{!own Mode(2) 
--

I Icc Vec= 5.5V 50 IJA 
.. 

Notes: 1. Under steady state (non-tranSient) conditions, 10l must be externally limited as follows . 

20 

Maximum 10l per port pin: 10 mA 
Maximum 10l per 8-bit port: 
Port 0: 26 mA Ports 1, 2, 3: 15 mA 
Maximum total IOL for aU output pins: 71 mA 
If IOL exceeds the lest condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power-down is 2V. 

AT89S51 
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AT89S51 

AC Characteristics 
Under operating conditions, load capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; load capacitance for all other 
outputs = 80 pF. 

External Program and Data Memory Characteristics 
12 MHz Oscillator Variable Oscillator 

Symbol Parameter r 1IIln lilax --+1-- Min 

---1 .~ I _ 0_ t 
"-Hll J ALE Pulse Width ____ _~. 127 I 2tclCl. -40 _ 

IAVll Address Valid to ALE Low I 43 1ct.CI. -25 

"-LAX A- dd- re- ss- Hold After-A-L-E-L-ow -----+1--48 -r-- IelCl.-25 

ItLIV ALE Low to Valid Instruction In I --J- 233 

"-lPL ALELowtoPSENLow --- I 43 ~-25 
",,"PH PSEN Pulse Width I 2.05 I =---i3lct.CI.-45 

tpLiv PSEN Low to Valid Instruction In 1 145 

tpXIX Input Instruction Hold After PSEN t 0 1 -----:-'--0-

IP~. Input Ins;;;;;;;;;;;; Float After P_S_E_N___ __ 59 I 

tpXAV I PSEN to Address Valid t 75 IClCl.-8 

tAVIv Address to Valid Inslrudion_l_n ____ t 312 ! 
tpLAZ PSEIII Low to Address Aoat , 10 + 

~RLRH AD Pulse Width ____ -_ -:: - 4OO __ -----t+____ 61ct.CI.-1oo 

tWlWH WA Pulse Width______ I 4oo ! I 6Ict.CI.-1oo 

tALoo AD Low to Valid _D-a-ta- ln----- 252 I 
IRHOX Data Hold After AD 0 t 
IAHOZ Data Float After AD 

Oscillator Frequency 

o 
97 

t-

Mo Unit. 

33 MHz 

ns 

L ns 

ns 

4lct.CI. -65

r =r ns 

ns 

ns 

3IcLCI. -60 I--ns--I 
ns 

ns 1ct.CI. -25 
-----1 

5lcLCI. -80 

10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns ALE Low to Valid Data In 

tAVOV I Address to Valid Data In __ _ 

517 

585 

2tClCl-28 I 
Blct.C1. -150 - __ I - -----j 
9Ict.CI. -165 ns -

"-LWL ALE Low to AD or WA Low 

tAVWl Address to AD or WR Low 

Ic:.:..:vwc.:x'-------tt-D- a-ta- Valid to WA Transition 

IcvwH Data Valid to WA High 
t 

tWHox i Data Hold A_fte_r_WR ______ _ 

tRLAZ AD Low to Address Float ---
IWHLH AD or WR High to ALE High 

248711-10101 

300 

203 f-I ______ 41ct.-=: Cl-75 l 
23 I' _ IelCl -30 

433 7la.Cl-130 I 
_33 __ +I _____ -----"tclCl-25 

o 

-TI-
3la.CI. +50 ns 

ns 

1 ns 

ns 

ns 

o ns 

43 123 1ct.CI. -25 T IelCi. +25 ns 
-
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External Program Memory Read Cycle 

l"=..1uu-
ALE " / "-

~ 
t.vu. Iwv -. Iu.PL - Iruv -:-~ I+-""v-

tu....o. 'Pm 
~I---

PORTO >- NJ -,.,7 INSTRIN ') - lID -,.,7 

I~VlV 

PORT 2 AS - ""5 X AS- AI5 

External Data Memory Read Cycle 

ALE 

0\ 
I-- tAtRi ---

I.-- 1wM.--
RD ~1uAx-

..--1,,\U ---10 I+--~ I----' ~ 
~ '-0 I+- -i-- r...ox 

PORT 0 =>- AO - A7 FROM RI OR OPL r-- OATA IN i'7] AO 1.1 FROM PeL INSTR IN 

t .. __ 

"VDY 
PORT 2 P2.0 - P2.7 OR M - A'S FRON OPH X AI - AI!; FROM PCH 

22 AT89S51 
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AT89S51 

External Data Memory Write Cycle 

ctuu.-t 
ALE 

-4 I--lwtut 

~ 

-1u.wL , 
""-- -1 

-lu.o.x-
- 1,,10\.1. ---t \ovw,.- I- ---t -1v.Hox 

'-1ovIIH-

PORT 0 :>- AO . A7 FROM RI OR DPL OATA OUT >( XAO · A7 FROM PC!. INSTR IN 

t~ ....... 

~ 

PORT 2 P2.0 • P2.7 OR Aa • A\5 ffiOl.l OPH X Aa . A\5 FROI.I PCH 

External Clock Drive Waveforms 

O.45V 

External Clock Drive 
Symbol Parameter I IIln I Max I Unhs 

1ltclCL Oscillator Frequency 

! 
0 

-=f-
33 I MH2 

t -

tCLCL Clock Period 30 ns 
- -

Ict.cx High Time 12 -+ ns 

I 
~ 

-- --
tCLCX Low Time 12 ns 

+ -
tCLCI< Rise Time 5 ns 

-
Ict.CL Fall Time I 5 ns 
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Serial Port Timing: Shift Register Mode Test Conditions 
rhe values in this table are valid for V GG = 4.0V to S.SV and Load Capacitance = 80 pF. 

Symbol 

tXLXl 

toVXH 

txHOX 

tXHDx 

tXHDV 

12 MHz o.c Variable Oscillator 

Parameter Min M.;;-t Min -r- Max 

Serial Port Clock Cycle lime 1.0 

700 b OUtput Data Setup to Clock Rising Edge 

Output Data Hold After Clock RiSIng Edge 

Input Data Hold After Clock Rising Edge 

Clock Rising Edge to Input Data Valid 

_ so =f =r 
---t _0_/ __ 

700 

Shift Register Mode Timing Waveforms 
INSTRUCTION 

N..E 

CLOCK 

OUTPUT DATA 

I CLEAR FlI . 
+ 

INPUT DATA 

AC Testing Input/Output Waveforms(l) 

O.45V 

0.2 Vee + 0.9V 

TEST POINTS 

Unit. 

Note: 1. AC Inputs during testing are driven at Vee - O.SV for a rogic 1 and O.45V for a logic O. Timing measurements are made at Viti 
min. for a rogic 1 and V'l max. for a logic O. 

Float Waveforms(1) 

vLOAO ---< TIming Aeference 
Points 

Nole FO( Ilmlng purposes, a port pm Is no longer ftoallng when a 100 mV change from load voltage occurs. A ~t pin begins to 
float when a 100 mV change from the IDllded VotIN OL level occurs. 

24 AT89S51 
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AT89S51 

Ordering Information 
Speed Power 
(MHz) Supply Ordering Code Paclcage Operation Range 

24 4.0V to 5.5V AT89S51-24AC 44A I Commercial 

AT89S51-24JC 44J (ovC to 70c C) 

AT89S51-24PC 40P6 I 
I 

r AT89S51-24AI 
- ~ 

44A Industrial 
AT89S51-24J1 44J (-40°C to 85'C) 
AT89S51-24PI 40P6 

33 4 5V to 5 5V ! AT89SS1-33AC .... " Commen;ial I AT89S51·33JC 44J (OC to 70'C) 
AT89S51·33PC 4OP6 

I = Preliminary Availability 
~--' 

Package Type 

44" 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 

44J 44-lead, Plastic J-Ieaded Chip Carrier (PlCC) 

4OP6 I 4O-pin, 0.600' Wide, Plastic Dual/mine Package (PDIP) 

25 
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Packaging Information 

26 

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad 
Flat Package (TQFP) 
Dimensions in Millimeters and (Inches)" 

PIN 110 - -

0.80(003') sse .... 
L 
r 

t 
0,",,(.008) F 
01i9f003J 

'Controlling dimension: m~limeters 

4OP6, 40-pin, 0.600· Wide, Plastic Dualln~ne 
Package (PDIP) 
Dimensions in Inches and (Millimeters) 
JEDEC STANDARD MS-011 AC 

1_ 207(526) I 
r-- -- 204(518) PIN 

~.c ,' o DnD 'ra' I 
I '\ 'Ii! 

Ii ( 5811(''') 
/ !'<lO(135) 

-'" _I~ --L 
--I r-- 090(' 2111 I-- ,_ ... 26) REF --1 """ 

~5gl I! 005( ':~ 
. '---; ~----:: ~ 

SE.nN~O D, ~ '..1 . .. ;.i .... w ". ~ fJ ~ 
PLANE U L L, ~ ~ J u· l """ I ~I 

1614091 I -J f- I Ol~ ast ' 
125(318): I' f " --- 1J22t8J r ,- 1JII5I" ..., .'«:H'i 

110(2.79) omriM, 
090(229) 

012(305) 
008( 2(3) 

1_ 690(17 5) . 
r-- .'0(155)~ 

AT89S51 

44J, 44-lead, Plastic J-leaded Chip Carrier (PlCC) 
Dimensions in Inches and (Millimeters) 

.0<5(, lO l l( 

~ 

riJ 
r 

aa2!"" r -
1i!s!SJ) i 
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Almel SarL 
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TEL (41) 26-426-5555 
FAX (41) 26-426-5500 

11sia 
Almel Asia, Ltd. 
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Chinachem Golden Plaza 
77 Mody Road Tsimhatsui 
East Kowloon 
Hong Kong 
TEL (852) 2721-9778 
FAX (852) 2722-1369 
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Almel Japan K.K. 
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1-24-8 Shinkawa 
C huo-ku, Tokyo 104-0033 
Japan 
TEL (61) 3-3523-3551 
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Atmel Colorado Springs 
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Colorado Springs, CO 80906 
TEL (719) 576-3300 
FAX (719) 540-1759 
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44306 Nanles Cedex 3, France 
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FAX (33) 0 240181960 

Atmel Rousset 
Zone Industrielle 
13106 Roussel Cedex, France 
TEL (33) 4-4253-6000 
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Atmel Smart Card ICs 
Scottish Enterprise Technology Park 
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TEL (44) 1355-357-000 
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Atmel Corporation makes no warranty for the use 01 its products, other than those expressly contained in the Company's standard warranty 
which is detailed in Alme"s Terms and Conditions located on Ihe COO>J>any's web site. The Company assumes no responsibility for any errors 
which may appear in this document. reserves the right to change devices or specifications detailed herein at any lime without notice, and does 
nol make any commitment to updale the information contained herein. No licenses to patents or other inlellectual property of Atmel are granted 
by the Company in connection with the sale of Atmel products. expressly or by implication. Atmers products are nol authoriZed for use as critical 
components In life support devices or systems. 

ATMEL" is the registered trademark of Atmel. 

MCS-Sl" is the registered lrademark of Intel Corporation. Terms and product names in this document may be 
trademarks of others. 
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