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LAMPIRAN 1 

Program Pada ~krokontroller Halaman:l 

; KONSTANTA 
DISPCLR 
FUNCSET 
ENTRMOD 
DISPON 
OFF 

LCD 
EQU 
EQU 
EQU 
EQU 

0000000IB 
00111000B 
00000110B 
00001100B 

;DISPLAY CLEAR 
;INTERFACE DATA LENGTH :8 BITS 
; INCREMENT, NO DISPLAY SHIFT 
;DISPLAY ON, CURSOR OFF, BLINK 

CURSOR EQU 00001110B ;DISPLAY ON, CURSOR ON, BLINK 
OFF 
BLINK EQU 00001101B ;DISPLAY ON, CURSOR OFF, BLINK 
ON 

detsd 
detpd 
mensd 
menpd 
detsu 
detpu 
mensu 
menpu 

equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

08h 
09h 
Oah 
Obh 
Och 
Odh 
Oeh 
Ofh 

adagerakan equ 10h 
tunggu_ac equ 11h 

ORG OOh 

AJMP START 

org 30h 

POSISI2.1 : MOV A, r7 
POSISI2 : ADD A,#11000000B 

SJMP POSISI.SUB 

POSISIl. 1: MOV A, r6 
POSISIl: ADD A,#10000000B 

SJMP POSISI.SUB 

POSISI.SUB: dec A 
ACALL CONTROL OUT 
RET 

PRINTSTRING2: 
ACALL POSISI2.1 

SJMP PRINTSTRING 

PRINTSTRING1: 
ACALL POSISIl.l 

PRINTSTRING: 
SJMP OUTSTRING 



Halaman: 2 
PRINTSTRINGLOOP:ACALL DATAOUT 

INC DPTR 

OUTSTRING: CLR A 
MOVC A,@A+DPTR 
JNZ PRINTSTRINGLOOP 
RET 

CONTROLOUT: 
PUSH DPH 
PUSH DPL 
cir p2.0 
SJMP LCD. OUT 

DATAOUT: PUSH DPH 
PUSH DPL 
setb p2.0 

LCD. OUT: 
MOV pl,A 
setb p2.1 
cir p2.1 

DELAY.LCD: MOV r2,#250 
DJNZ r2, $ 
POP DPL 
POP DPH 
RET 

DELAY.INIT.LCD: MOV R2,#20H 
DLY.LCD.LP: MOV R3,#200 

DJNZ R3,$ 
DJNZ R2,DLY.LCD.LP 
RET 

INIT.LCD: MOV A, #DISPCLR 
ACALL CONTROLOUT 
ACALL DELAY. INIT . LCD 
MOV A,#FUNCSET 
ACALL CONTROLOUT 
MOV A,#DISPON 
ACALL CONTROLOUT 
MOV A,#ENTRMOD 
ACALL CONTROLOUT 
RET 

DELAYdetik MOV R2,#255 
DELdet: MOV R3,#50 

jnb p2.5,terus6 
mov detsd,#Olh 



Halaman : 3 
mov detpd,#OOh 
mov mensd,#05h 

mov menpd,#OOh 
mov adagerakan,#Olh 
clr pO.O 
ajmp terus4 

terus6: mov adagerakan,#OOh 
terus4: DJNZ R3,$ 

DJNZ R2,DELdet 
RET 

DELAY4M MOV R2,#255 
DEL4M: MOV R3,#255 

DJNZ R3,$ 
DJNZ R2,DEL4M 
RET 

timerdown mov rl,detsd 
cjne rl,#O,loml 
mov detsd,#9 
mov rl,detpd 
cjne rl,#O,lom2 
mov detpd,#5 
mov rl,mensd 
cjne rl,#O,lom3 
mov mensd,#9 
mov rl,menpd 
cjne rl,#O,lom4 
mov menpd,#5 
ajmp terus 

loml: dec detsd 
ajmp terus 

10m2: dec detpd 
ajmp terus 

10m3: dec mensd 
ajmp terus 

lom4: dec menpd 
terus: ret 

timerup mov rl,detsu 
cjne rl,#9,lomul 
mov detsu,#O 
mov rl, detpu 
cjne rl,#5,lomu2 
mov detpu, #0 

mov rl,mensu 
cjne rl,#9,lomu3 
mov mensu,#O 
mov rl,menpu 
cjne rl,#6,lomu4 
mov menpu, #0 

lomul: inc detsu 



Halaman : 4 
ajmp terusl 

lomu2: inc detpu 
ajmp terusl 

lomu3: inc mensu 
ajmp terusl 

lomu4: inc menpu 
terusl: ret 

tampilan 
mov r7,#5 
acall posisi2.1 
mov a,detsd 
add a,#30h 
acall dataout 
mov r7,#4 
acall posisi2.1 
mov a,detpd 
add a,#30h 
acall dataout 
mov r7,#3 ; 14 
acall posisi2.1 
mov a, #' : ' 
acall dataout 
mov r7,#2 ;13 
acall posisi2.1 
mov a,mensd 
add a,#30h 
aca11 dataout 
mov r7,#1 
acall posisi2.1 
mov a,menpd 
add a,#30h 
acall dataout 

mov r7,#16 
acall posisi2.1 
mov a,detsu 
add a,#30h 
acall dataout 
mov r7,#15 
acall posisi2.1 
mov a,detpu 
add a,#30h 
acall dataout 
mov r7,#14 
acall posisi2.1 
mov a, #' : ' 
acall dataout 
mov r7,#13 
acall posisi2.1 
mov a,mensu 
add a,#30h 



START: 

uIang3: 
ulang: 

MAIN: 

acall dataout 
mov r7,#12 
acall posisi2.l 
mov a,menpu 
add a,#30h 
acall dataout 
ret 

MOV SP,#60H 
mov r6,#1 
mov r7,#1 

mov detsd,#OOh 
mov detpd,#OOh 
mov mensd,#OSh 
mov menpd,#OOh 
mov detsu,#OOh 
mov detpu,#OOh 
mov mensu,#OOh 
mov menpu,#OOh 
setb pO.O 
setb pO.l 
;cIr p2.S 
mov adagerakan,#OOh 
mov tunggu_ac,#OOh 
ACALL INIT.LCD 
mov dptr, #tull 
acall printstringl 
mov dptr,#tul2 
acall printstring2 

mov r4, #2 
mov a, #90 
acall deIay4m 
djnz a, ulang 
djnz r4, uIang3 

mov a, #dispcIr 
acall controlout 

acall deIay4m 
mov r6, #7 
acall posisil.l 
mov A,#17 
acall dataout 
mov r6,#8 
acall posisil.l 
mov A,#16 
acall dataout 
acalI tampilan 
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ada gerakan: 

terus3: 

terus5: 

jnb pO.O,ada gerakan 
mov r6,#1 
mov dptr, #tu13 
acall printstringl 
mov r6, #9 
mov dptr, #tu15 
acall printstringl 
ajmp terus2 

mov r6, #9 
mov dptr, #tu16 
acall printstringl 
acall timerdown 
acall tampilan 

mov 
cjne 
mov 
cjne 
mov 
cjne 
mov 
cjne 

setb 
setb 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 
mov 

jb 
jnb 

mov 
cjne 

rl,detsd 
rl,#OOh,terus3 
rl, detpd 
rl,#OOh,terus3 
rl,mensd 
rl,#OOh,terus3 
rl,menpd 
rl,#OOh,terus3 

pO.O 
pO.l 
adagerakan,#OOh 
tunggu_ac,#OOh 

detsd,#Olh 
detpd,#OOh 
mensd,#05h 
menpd,#OOh 
detsu,#OOh 
detpu,#OOh 
mensu,#OOh 
menpu,#OOh 

pO.O,terus2 
pO.l,terus2 

rl,tunggu ac 
rl,#OOh,terus5 

acall timerup 

mov 
cjne 
mov 
cjne 
mov 
cjne 

rl,detsu 
rl,#OOh,terus2 
rl,detpu 
rl,#OOh,terus2 
rl,mensu 
rl,#05h,terus2 
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Halaman : 7 
mov rl,menpu 
cjne rl,#OOh,terus2 
mov tunggu ac,#Olh 

mov rl,adagerakan 
cjne rl,#Olh,terus2 

clr pO.l 
mov r6,#1 
mov dptr,#tu14 
acall printstringi 

terus2: 
mov rO,#38 

ulangl: acall delaydetik 
cjne rO,#19,loml8 

sjmp tutime 
loml8: cjne rO,#18,loml7 

sjmp tutime 
lom17: cjne rO,#17,lom16 

sjmp tutime 
lom16: cjne rO,#16,loml5 

sjmp tutime 
loml5: cjne rO,#15,loml4 

sjmp tutime 
lom14: cjne rO, #14, lom13 

sjmp tutime 
loml3: cjne rO, #13,lomI2 

sjmp tutime 
loml2: cjne rO,#12,lomll 

sjmp tutime 
lom11 : cjne rO, #11, lomlO 

sjmp tutime 
lomlO: cjne rO,#IO,lom09 

sjmp tutime 
lom09: cjne rO,#09,lom08 

sjmp tutime 
lom08: cjne rO,#08,lom07 

sjmp tutime 
lom07: cjne rO,#07,lom06 

sjmp tutime 
lom06: cjne rO,#06,lom05 

sjmp tutime 
lom05: cjne rO,#05,lom04 

sjmp tutime 
lom04: cjne rO,#04,lom03 

sjmp tutime 
lom03: cjne rO,#03,lom02 

sjmp tutime 
lom02: cjne rO,#02,lomOI 

sjmp tutime 
lomOI: 



tukos: 

tutime: 

tupop: 

mov r7, #7 
mov dptr, #tu18 
acall printstring2 
sjmp tupop 
mov r7,#7 
mov dptr,#tu17 
acall printstring2 
dec rO 
cj ne rO, #0, ulangl 
aJMP MAIN 

tull db 'Adjusting Sensor',O 
tu12 db 'Wait a Minute ... ',0 
tu13 db 'AC:Off',O 
tu14 db 'AC:On ',0 
tu15 db 'Lamp:Off',O 
tu16 db ' Lamp:On',O 
tu17 db 'time',O 
tu18 db' ',0 
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COMedia Ltd. 
It*#4t~Fl~~ 

KC778B 
Master PIR Control Chip (MPCC) 

Specification 

General: 

The MPCC has been designed for easy implementation 
of AC control ftmctions that use a Passive Infra-Red 
(PIR) motion detector. Due to its high sensitivity and 
reliability, it is also widely used in security product. 

• Minimum external component 
• High senstivity 
• High RFI immunity 
• Daylight adjustment 
• Off delay timer 

20 pin DIP 

20 pinSOIC 

Features: 

A) Circuit design maximizes performance while minimizing external component count and board layout space. 
B) Low cost solution for PIR motion control switching applications. 
C) High sensitivity PIR input with special noise cancellation circuitry. 
D) Choice of two PIR gain settings: 62 db and 68 db. 
E) Adjustable PIR sensitivity. 
F) Internal switched capacitor bandpass filter reduces external component count and improves reliability by 

minimizing sensitivity to external component values. 
0) RFI noise immunity exceeds 30 V 1m from I MHz to 1000 MHz. 
H) High immunity to line frequency noise. 
I) Daylight detector circuitry is designed to use either silicon photo diode or CdS detector. 
J) Adjustable daylight detector sensitivity. . 
K) Adjustable OFF timer accuracy is determined by external components. 
L) Output can directly drive TRIACs, opto-couplers and small relays (no buffering required). 
M) Four main operating modes can be used in any combination: 

I)Auto-ON: Load turns on when motion is detected (adjustable sensitivity). 

2)Auto-OFF: 

Adjustable daylight detector disables Auto-ON during daytime. 
Auto-ON mode can be disabled. 
Daylight detector can be disabled. 
Adjustable OFF timer activates whenever motion stops. 
Load turns off if there is no motion during the time delay. 
If Auto-ON mode is disabled, the load will tum on if there is motion within 6 seconds 
after turn-off. (If the load goes off because you stopped moving (reading a book for 
example), you have 6 seconds to wave your arm to tum the load back on.) 
Auto-OFF mode can be disabled. 

3)Manual-ON: Load turns on manually, with a momentary contact switch. 
4)Manual-OFF: Load turns off manually, with a momentary contact switch. 

Load will remain off for 25 seconds, even if there is motion during this time (to give you 
time to leave the room). 

N) If the ON/AUTO/OFF input is held either high or low, the load will be held ON or OFF respectively, 
overriding all other modes, until the input returns to the AUTO position. 

0) If the Toggle input is held low, the load will change from on to off or from off to on, and will be held in 
that state, overriding all other modes, until the input returns high. 

P) When power is restored after an outage, the load will be OFF and motion will be ignored for 25 seconds. 
Q) Operating chip voltage is 4 - 15V. 
R) Operating chip current is typically 300 fLA. 
S) Chip is ESD protected to more than 1000 V (human body model). 
T) Operates with 50-60 Hz AC line frequency. 
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Pin Assignment: 

1 20 
2 19 

3 18 
4 17 

5 16 

6 15 
7 14 
8 13 

9 12 
10 11 

20 pin DIP or SOIC 

Pin Name Description 

1 Vcc Supply Voltage (5 V) 
2 Sensitivity Adjust PIR Motion Sensitivity Input 
3 Offset Filter PIR Motion Offset Filter 
4 Anti-Alias PIR Anti-Alias Filter 
5 I DC CAP I PIR Gain Stabilization Filter I 
6 VReg Voltage Regulator Output 
7 Pyro(D) Pyro Drain Reference 
8 Pyro (S) Pyro Source Input Signal 

9 Gnd(A) Analog Circuitry Ground 
lO Gnd(D) Digital Circuitry Ground 
11 Daylight Adjust Daylight Adjustment and CdS Input 
12 I Daylight Sense Silicon Photo Diode Input 
13 Gain Select PIR Gain Select Tri-State Input 
14 ON/AUTO/OFF Mode Select Tri-State Input 
IS Toggle Mode Select Toggle Input 
16 OUT Lights ON/OFF Output 
17 LED PIR Motion Indicator Ou ut 

C 
R 

FRef 

Pin Descriptions 

1. Vce : This is the regulated supply voltage to the chip (nominally 5 V). 

2. Sensitivity Adjust: This pin is used to adjust the sensitivity threshold of the motion comparators. When the 
voltage on this pin equals the pyro drain reference voltage on pin 7 the PIR sensitivity will be minimum 
(±500 mV). When the voltage on this pin is Gnd the PIR sensitivity will be maximum (±125 mV). 
Intermediate voltages will provide intermediate sensitivities. 

3. Offset Filter: This pin connects to an external capacitor of 10 flF and holds the average value of the 
switched capacitor bandpass filter output. Motion is detected when the difference between this average and 
the actual filter output is greater than the sensitivity setting. The output of the switched capacitor bandpass 
filter can be seen directly on this pin if the external capacitor is disconnected, however, motion will not be 
detected under these conditions. 

4. Anti-Alias: This pin connects to an external capacitor of 0.1 flF providing low pass filtering of the PIR 
input sigual, blocking input signals at and above the switching frequency of the switched capacitor 
bandpass filter. 
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5. DC CAP: This pin connects to an external capacitor of 10 IIF and holds the average pyro source voltage. 
The difference between this average and the actual pyro source voltage is amplified and coupled to the 
switched capacitor bandpass filter. The 10 IIF capacitor must be a low leakage capacitor, such as a 
Tantalum capacitor. 

6. VReg: This pin outputs a voltage that can be used directly drive an external NPN/PNP volatage regulator, 
or the gate of an external depletion mode JFET voltage regulator pass element. This pin need not be 
connected if an external voltage regulator, such as a three pin regulator, is used to generate V cc for the 
chip. 

7. Pyro (D): The pyro drain reference voltage is output on this pin. This voltage is power supply independent 
and is connected internally to special noise cancellation circuitry to improve the performance and reliability 
of the PIR interface. Externally, this pin is connected to the pyro drain and to a 0.1 IIF capacitor. This 
voltage can also be divided down by an external pot to supply the Sensitivity Adjust voltage to pin 2. 

8. Pyro (8): This is the pyro source input pin that receives the PIR input signal. It is connected externally to 
the pyro source, a 200 pF capacitor and a 47 Kn resistor to Gnd. This is a sensitive node and the length of 
the external interconnect to this pin should be made as short as possible. There should be a ground plane 
on the PC board under the PIR sensor. 

9. Gnd (A): This pin is the electrical ground for the internal analog circuitry of the chip. 

10. Gnd (D) : This pin is the electrical ground for the internal digital circuitry of the chip. 

11. Daylight Adjust: This pin is the output of the Daylight Sense amplifier and the input to the daylight 
comparator. When using a silicon photo diode daylight sensor, this pin is connected to Daylight Sense (pin 
12) by a resistor or pot. The amount of resistance determines the gain of the Daylight Sense amplifier and 
hence the sensitivity of the dayligbt detector. When using a CdS daylight sensor, a pot is connected 
between this pin and Vee, while the CdS sensor is connected across one side of the pot (two fixed resistors 
can be used instead of the pot). Daylight Sense (pin 12) must be connected to Vcc when using a CdS 
sensor. To disable the daylight detector, Daylight Adjust (pin 11) must be unconnected and Daylight Sense 
(pin 12) must be connected to Vcc. To disable Auto-ON mode, Daylight Adjust (pin 11) and Daylight 
Sense (pin 12) must both be connected to Vee (the daylight detector is not used when Auto-ON mode is 
disabled). 

12. Daylight Sense: This pin is the input to the Daylight Sense amplifier. When using a silicon photo diode 
daylight sensor, this pin is connected to the cathode of the silicon photo diode and to a feedback resistor (or 
pot) from Daylight Adjust (pin II). In all other cases, this pin is connected to Vee. 

13. Gain Select: The Gain Select pin is a tri-state input used to select the gain of the PIR circuitry. When this 
pin is connected to Gnd, the PIR gain is set to 62 db. When this pin is unconnected or connected to Vee, 
the PIR gain is set to 68 db. Normally this pin is unconnected except when less gain is required by a 
particular PIR sensor. 

14. ON/AUTO/OFF: This pin is a tri-state input used to determine the operation of the chip. Normally this 
pin is unconnected, allowing the chip to operate in its configured operating mode. If this pin is connected 
to Gnd, the load will turn off unconditionally and will remain off as long as this pin is connected to Gnd. If 
this pin is connected to Vee, the load will tum on unconditionally and will remain on as long as this pin is 
connected to Vcc. 

15. Toggle: This pin is a toggle input used to determine the operation of the chip. Normally this pin is 
unconnected, allowing the chip to operate in its configured operating mode. If this pin is connected to 
Gnd, the load will change from on to off or from off to on and will remain in the new state unconditionally 
as long as this pin is connected to Gnd. If the ON/AUTO/OFF (pin 14) and Toggle (pin 15) switches are 
pressed such that one is trying to turn the load on unconditionally and the other is trying to tum the load off 
unconditionally, the load will be turned off (off overrides on). 

16. OUT: The output from this pin is used to tum the extemalload on or off through a TRIAC, relay or opto
coupler. The impedance of this pin is less than 35 n, enabling it to directly drive a small (100 n DC coil 
resistance) pulse relay through a 150 IIF series capacitor. For proper operation, the load should come on 
when this pin goes high, the load should go off when this pin goes low. 
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17. LED: The output from the motion comparator drives this pin through an internal 500 Q current limiting 
resistor, enabling it to directly drive an LED motion indicator. Whenever motion is detected this pin will 
go high and the LED will light. When there is no motion this pin will be low. 

18. C: This pin is the input to the OFF timer oscillator. It is connected externally to a pot (or resistor) from R 
(pin 19) and to a capacitor. The OFF timer delay, in seconds, will be 5678 x (4V,OOO + pot resistance in 
Ohms) x (capacitance in Farads). To disable Auto-OFF mode, this pin can be connected to Gnd or Vcc. 
For minimum time delay, C(pin 18) and R(pin 19) can be shorted together with no external resistor or 
capacitor. In this configuration, the output at OUT(pin 16) should be the same as the output at LED(pin 
17). 

19. R : The output of the OFF timer oscillator drives this pin through an internal 4V KQ series resistor. This 
pin is connected externally to C (pin 18) through a pot (or resistor). This pin can be connected directly to 
C (pin 18) for the minimum OFF timer delay (maximum oscillator frequency). 

20. FRef: This is the 160 Hz reference oscillator input. It is connected externally through a 330KQ resistor to 
Vcc and a 0.022!!F capacitor to Gnd. Other values of resistance and capacitance can be chosen, provided 
this input oscillates at 160Hz. This frequency is used to drive the internal switched capacitor bandpass filter 
and the timing delays. 

Electrical Specifications 

Below are the specifications at room temperature (25°C). 

Parameter Min. Typ. Max. Unit 
Vcc 4 5 15 V 
Icc 300 )lA 

lnJlut Voltage on any Pins Gnd - 0.5 Vcc + 0.5 I V 
PIR Power Supply Rejection Ratio 74 dB 

PIR Input Gain 62 68 dB 
Overall gain variation 5 % 

Overall threshold variation 7 % 
Daylight Adjust (pin 11) Pull-down Current 5 IlA 

Gain Select (pin 13) Pull-up Current 5 )lA 
ON/AUTO/OFF (pin 14) Pull-up Current ]0 )lA 

ON/AUTO/OFF (pin 14) Pull-Down Current 10 uA 
Toggle (pin 15) Pull-up Current 5 JlA 

Pyro (D) (pin 7) Reference Voltage 2.3 2.5 2.7 V 
OUTJpin 16) Output Impedance 35 I Q 

LED (pin 17) Output Impedance 375 500 625 Q 

R (pin 19) Output Impedance 30 40 50 KQ 

Operating Temperature -25 +100 °C 
Storage Temperature -55 +125 °C 

Application Notes: 

I. Normally, Gain Select (pin 13) is unconnected, providing a PIR gain of 68 db. For reduced sensitivity, Gain 
Select is connected to Gnd, providing a gain of 62 db. 

2. Auto-ON mode can be disabled by connecting both Daylight Sense (pin 12) and Daylight Adjust (pin II) to 
Vcc. 

3. Auto-OFF mode can be disabled by connecting C (pin 18) to Gnd or Vcc .. 
4. Daylight detector can be disabled by connecting Daylight Sense (pin 12) to Vee. 
5. With a 5 MQ Daylight adjust pot, the daylight sensitivity can be adjusted from complete darkness (always 

on) to complete daylight (always of!). Additional fixed resistors and possibly a smaller pot can be used to 
restrict the range for specific applications. 

6. The OFF timer range can be set by selecting a pot and capacitor and possibly additional fixed resistors that 
will produce the minimum and maximum time delays at the extremes of the pot. 
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7. OFF timer delay = 5678 x (R+40,OOO) x C seconds, R is in Ohms, C is in Farads. 
8. The Sensitivity Adjust pot is used to select a voltage between the pyro drain reference voltage (minimum 

sensitivity) and Gnd (maximum sensitivity). The value of the pot is not critical and any value between 100 
K.Q and 5 M.Q can be used. 

9. The output of the switched capacitor bandpass filter can be seen on pin 3 (Offset Filter) when the external 
capacitor( I ~F) is disconnected. The filter response can be measured in this way. (Disconnecting the 
external capacitor prevents motion from being detected.) 

10. Pin 8 (Pyro (S» is a sensitive node and the external interconnect to this pin should be made as short as 
possible. This node should also be closely surrounded by a ground plane. 
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Application Circuit 

1. Typical Hook-up 

6 

Below is a typical hook up for connecting KC778B to a PIR sensor, a TRIAC light switch and a silicon 
photodiode daylight detector. VReg is used for voltage regulation. 2 slide switches are used. One for select 
ON/AUTO/OFF and the other one used for enable, disable the daylight sensor and disable auto-on function. 
A simple AC regulation circuit is used in this system such that only a small gate current TRIAC can be 
used. 
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2. Hook-up with with relay 

The following is similar to the typical hook-up. Due to the higher current require by relay, the bridge 
regulation method is used in AC circuit. This application is suitable to a high current loading such as 
heater, flood light, motor and etc. 
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3. Hook-up with minimun regulator 

8 

Below is an example of 11 OV application. Only one stages of regulator is used in the system by use of 
zener diode 
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4. Hook-up with 12VDC system 

Below is an example of Auto camp light which uses an auto battery (l2VDC). Internal voltage regulator is 
used, it needs 12V to start up but can work down to 7V. 
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5. Hook-up with Door Chime and Alarm circuit 
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A 2P3T slide switch is used in tbe system. When it is positioned at Chime, tbe LED output of KC778B will 
trigger tbe door bell COB at anytime. If the switch is positioned at OFF, power will be cut off. When switch 
to Alarm position, after 25sec delay, tbe KC778B start working. It outputs a high signal when motion is 
detected. This signal will charge up the cap such that the siren COB will be triggered after tbe charge up 
delay time. It forms a very simple alarm product. 
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Features 
• Compatible with UC8-51 111 Products 
• 4K Bytes of In-System Reprogrammable Flash Memory 

- Endurance: 1,000 WrItaIE .... Cycles 
• Fully Static Operation: 0 Hz to 24 11Hz 
• Th....t.evel Program Memory Lock 
• 128 x 8-8it Internal RAIl 
• 32 Programmable UO lines 
• Two 16-B1t Timer/Counters 
• Six Interrupt Sources 
• Programmable Serial Channel 
• Low Power Idle and Power Down Modes 

Description 
The A T89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K 
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The 
device is manufactured using Atmel's high density nonvolatile memory technology 
and is compatible with the industry standard MCS-51 111 instruction set and pinout The 
on-chip Flash allows the program memory to be reprogrammed in-system or by a c0n
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with 
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which 
provides a highly flexible and cost effective solution to many embedded control appli-

cations. (con6nued) 
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:llock Diagram 
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______________ AT89C51 

The AT89C51 provides the following standard features: 4K 
bytes of Flash, 128 bytes of RAM, 32 1/0 lines, two 16-bit 
timerlcounters, a five vector two-level interrupt architecture, 
a full duplex serial port, on-chip oscillator and clock cir
cuitry. In addition, the AT89C51 is designed with static logic 
for operation down to zero frequency and supports two 
software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the RAM, timerlcounters, 
serial port and interrupt system to continue functioning. The 
Power Down Mode saves the RAM contents but freezes 
the oscillator disabling all other chip functions until the next 
hardware reset. 

Pin Description 
vcc 
Supply voltage. 

GND 
Ground. 

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

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

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

Port 1 
Port 1 is an 8-bit bidirectional 110 port with internal pullups. 
The Port 1 output buffers can sink/source four TTL inputs. 
When 1s are written to Port 1 pins they are pulled high by 
the internal pull ups and can be used as inputs. As inputs, 
Port 1 pins that are externally being pulled low will source 
current (11Ll because of the internal pullups. 

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

Port 2 
Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. 
The Port 2 output buffers can sink/source four TTL inputs. 
When ls 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 (IlL) because of the internal pullups. 

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

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

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

Port 3 
Port 3 is an 8-bit bidirectional 1/0 port with internal pullups. 
The Port 3 output buffers can sink/source four TTL inputs. 
When 1s are written to Port 3 pins they are pulled high by 
the internal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (lid because of the pullups. 

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

Port Pin i Alternate Functions 

P3.0 I RXD (serial input port) 
I 

P3.1 : TXD (serial output port) 
I ... -

P3.2 ! INTO (external interrupt 0) 
.. ---.. I 
P3.3 i INn (external interrupt 1) 

f ._._ .. . _. , 

P3.4 i TO (timer 0 external input) 

P3.5 I T1 (timer 1 external input) 

P3.6 T WR (external data memory write strobe) 

P3.7 . J~RD (external data memory read strobe) 
-,---,- ---- -_. --

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

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

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

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

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

PSEN 
Program Store Enable is the read strobe to external pro
gram memory. 
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When the AT89C51 is executing code from external pro
gram memory, PSEN is activated twice each machine 

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

EANpp 
External Access Enable. EA must be strapped to GND in 
order to enable the device to fetch code from extemal pro
gram memory locations starting at OOOOH up to FFFFH. 
Note, however, that if lock bit 1 is programmed, EA wi" be 
intema"y latched on reset. 

EA should be strapped to V cc for intemal program execu
tions. 

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

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

XTAL2 
Output from the inverting oscillator amplifier. 

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

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

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

Figure 1. Oscillator Connections 
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Figure 2. External Clock Drive Configuration 
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Status of External Pins During Idle and Power Down Modes 

Mode Program Memory I ALE i PSEN PORTO I PORT1 I PORT2 PORT3 , 

Idle Internal i 1 1 Data I Data I Data I Data i 
Idle External I 1 1 Float 

, 
Data i Address Data 

_. - . . _- - -- --- ._-----+-. I 
~I_--____ --+ . 

Power Down Internal i 0 0 i Data I Data Data i Data 

Power Down External I 0 0 ! Float i Data Data I Data I I i I 
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______________ AT89C51 

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

Lock Bit Protection Modes 

Program Lock Bits ! Protection Type 
, ~~ 

iLB1:LB2iLB3, 

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

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

1 ! U : U ! U ! No program lock features. 

f---2Tp---I-u!~u--tMOVC-i~~tr~ction~~~~ted fro;" e~;:;;;-~~m memory are disabled from fetching code 
iii bytes from internal memory, EA is sampled and latched on reset, and further programming of the 
I t i Flash is disabled. 

3 : pip ! U Same as mode 2, also verify is disabled. 
1--- ~i~--+--- -1------ -- .. ----~ - .- -. .........:~-------~ ·····-···---···-·----·----~-I 

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

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

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

Vpp= 12V vpp= 5V 

Top-Side Mark I AT89CS1 AT89CS1 
I xxxx xxxx-S 

yyww yyww 

Signature (030H)=1EH I (030H)=1 EH 
I (031H)=S1H ! (031H)=S1H 
I (032H)=FFH i (032H)=OSH 

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

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

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

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

3. Activate the correct combination of control signals. 

4. Raise EAN pp to 12V for the high-voltage programming 
mode. 

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

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

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

Ready/Busy: The progress of byte programming can also 
be monitored by the RDYIBSY output signal. P3.4 is pulled 
low after ALE goes high during programming to indicate 
BUSY. P3.4 is pulled high again when programming is 
done to indicate READY. 
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Program Verify: If lock bits LB1 and LB2 have not been 
programmed, the programmed code data can be read back 
via the address and data lines for verification. The lock bits 
cannot be verified directly. Verification of the lock bits is 
achieved by observing that their features are enabled. 

Chip Erase: The entire Flash array is erased electrically 
by using the proper combination of control signals and by 
holding ALEIPROG low for 10 ms. The code array is written 
with all "1"5. The chip erase operation must be executed 
before the code memory can be re-programmed. 

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

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

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

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

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

Flash Programming Modes 
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~ead-rit-e-~:_e_Da~ta--_'~B~-" I~- ·+-t-~ i .. ~" I ~ t ~ i~l-~ 

Bit - 2 1:

1

' H LI I, H/12V I H ! H I 

! -------. ~ 1 Iii 

I '---./ Iii 
r--~-+~--t~~~-+-~~~~-+~~~+---- ~ -t---i-~~-~~--

Bit-3 I H L: ~ I Hf12V ; H I L H I L 

t--Ch-i-p-E-ras-e---~---+ ll-H--+---L--
T

i 
-~----(1-) ----\i--H-f1-2-V--1:--H~ j l it, 

L L 

Read Signature Byte 

Note. 1. ChIp Erase reqUires a 10-ms PROG pulse. 
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Figure 3. Programming the Flash Figure 4. Verifying the Flash 

AT89C51 
+5\/ 

C) Af89C51 
+S'J 
() 

---'----, --_._-, 
AO - IV , 

AD DR. ----,--...., P1 
OOOOHiOFFFH i I 

L. __ -.. P2.0 - P2.3 

SEE FLASH 
PI'WGRAMMING 
MODES TABLE 

AS A11: 
~: P2.8 

..., P3.6 

~P37 

• XTAL2 

3-24 MHz _~_ 

• 

• XTAL' 

\/0:' ! 

PO i. , 
, 

! 
ALE f<t 

i 
EA i. 

RST .. 

I 
PSE'J 

PGM 
DATA. 

PROG 

AD DR. 
OOOOHIOFFFH 

SEE FLASH 
PROGRA'.l',lING 
MODES TABLE 

• 
3-24 MHz 

• 

• 

Flash Programming and Verification Characteristics 
TA == O°C to 70°C, Vcc = 5.0 ± 10% 

Symbol i Parameter Min 

• 

X'AU 

X'AL1 

Gr,D 

Max 

v" i PGM DATA 

PO l·· ... (USE 10K PULLUPS) 

ALE 
i 

E~ l 
I 

RST ~ V ,H 

PSE~! I 

i Units 

1--!c __ H_S_L<_1) ___ *pp Hold After PROG ____ ._-+ ____ 1_0 _____ ~ _______ ---i-I __ "-l1_s_~ 
tGLGH j PROG Width 1 110: l1S 
r----.------+---------------.-----+----------T--------~----'----

tAVOV Address to Data Valid i 48lcLCL 

r-:-tE __ LO--'V ____ -t1 ;::;E=N:::A:-:B:;LE=L-:aw~to~D<:;ata~v;:;a~li-d--------r_1 ---n--- ___ , _. _ 48_lc.=-L_C-=-L=--__ t-., __ .----l 

_lefi.~ _______ f_l:)ata Float After ENABLE I 0 48tcLCL 

tGHBL i PROG High to BUSY Law 1.0 
r-- I i 

twc Byte Write Cycle Time i 2.0 

IlS 
---r-----I 

, ms 

Note: 1. Only used In 12-volt programming mode. 
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V) 
Pl.O - Pl.7 
P2.0 - P2.3 

PORT 0 

ALEiPROG 

f'2J 
(ENABLEi 

P3L 
(RDY/BSY) 

PROGRAMMING 

ADDRESS 
~---,.--,--""-------.-~--- ... ---.,----------------------

VERIFIC.ATION 

\.-_/ 

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

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

4-36 

PORT 0 

AL.E.'PROG 

P34 
(RDYiBSY) 

PROGRAMMiNG VERIFICATION 
-----~----.----~----- ~---------~ 

----------.j _A_D~Df3.E_S_S_~ __ :r-~-----'A~D2!D~RESS~,,;~· ---

---~-------+C=~D~!\Tf!A~INC=j"__t----i~DA~T~A=CQ,~U-=::-=?---~------

l-------+-------'------------~--

LOGIC 1 
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Absolute Maximum Ratings* 

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

Storage Temperature ..................................... -65°C to "'150°C 

'kJ1tage on Any Pin 
with Respect to Ground ..................................... -1.0V to +l.OV 

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

DC Output Curren!.. .................................................... 15.0 mA 

DC Characteristics 
T A = -40·C to 85·C, Vcc = S.OV ± 20% (unless otherwise noted) 

Symbol ! Parameter Condition lIin ; Max Units 

VIL \ Input low VoKage i (Except EA) .{l.5 i 0.2 Vee - 0.1 V 

VIL1 illnPUt low Voltage (EA). !I .{l.5 I 0.2 Vee - 0.3 V 
V

IH 
, Input High Voltage --~-----+-(-E-xce-Pt-X-"-A-l-l,-R-S-T-)------ i 0.2 Vee + 0.9 --- -V~e-'+:---0.-5--+--V-----I 

I---V_JH_'~ __ L'n.J'.lJt_~i~hVOftage II (XTAU, RS1) ._._._. __ ======:i====0=.~7:v-ee~·-.-__ -_:_-_--_·_v.:oee~+_0_.5 _ _+--V-----I 

VOL _____ -'-\ _0u_tp_u_t_lOW_VoI_ta--'---ge_!_')-'-(Po_rts_l_,2_,3-'-)_---/ __ '~0L=-= 1.6 rnA 1 _______ --t', ___ 0._45 __ -t __ V _____ _ 

VOL1 i Output low VoItage(1) I 10L = 3.2 rnA ' I 0.45 ,I V 

I (Port 0, ALE, PS~~~ I 'I'! 
I Output High VoItag~ l-'OH = -60 1iA, Vee = 5V ± 10% 2.4 I V 

I (Ports 1,2,3, ALE, PSEN) , 10H = -251iA 0.75 V~~':-'---'-:------+i --v---1 

I IOH=-101iA 0.9 Vee i I V 

I Output High Voltage 
I (Port 0 in Extemal Bus Mode) 

VOH1 10H = -BOO JIA, Vee = 5V± 10% I 2.4 I ! V I i -1------t-----J 
I IOH=-3001iA ____ . I 0.75Vcc \ _______ + ___ V ___ _ 

I i 10H=-BOIiA · _________ · _ _+I--0.-9-V-=e-c"'---tI--·------~---~----
J Logical 0 Input Current (Ports 1,2,3) i VIN = 0.45V ii-50 i IiA 

I logical 1 to 0 Transition Current i VIN = 21(, VCC" 5V ± 10% I i -650 Ii 

i (Ports 1,2,3). _ ________ .L _ __________ -+' __________ 1 ____ --------e-------/ 

I 
Input leakage Current (Port 0, EA) i 0.45 < VIN < Vee I ±10 i IiA 

t-----c---~--------r------~i----------~---~ 
RRST Reset Pufldown Resistor i 50 i 300 I KG 
c,~---~-+i -p-;n-c-a-p-actt-·-a-nce--------+i-To-es-t-Fr-eq-. -=-1-M-Hz-, -T

A
-=-2-S-'-C--' -,. - -----------~i---l-0----+!--P-F--1 

Icc ! Power Supply Current I Actille Mode, 12 MHz I 20 i 
~-------------------+----------~----------+-----~ 

t-I __________ ~~fe-M<ld~~2_~':IZ-- . ________ -+! _____ -II ___ 5 ___ ---+I __ m_A __ 

rnA 

\i Power Down Mode(2) 'I Vee = _6V ________ -+i ______ -l--I ___ 1_O_O ___ ---ti_---'flA __ ---t 

I Vee = 3V i I 40 IiA 

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

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

2. Minimum Vee for Power Down is 2V. 
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port 0, ALEJPROG, and PSEN " 100 pF; Load Capacitance for all other 
outputs" 80 pF) 

External Program and Data Memory Characteristics 

!II!-: __ 1_2_M_Hz ~ __ ·'_'ator __ ---+-i __ ~_6_to_2_4_M_,!Z~i"ator 
Min Max i Min ) Max 

Symbol i Parameter 

i 
1/lcLCL i Oscillator Frequency I 

i 
127 ~HLL I ALE Pulse Width 

tAvLL i Address Valid to ALE Low ~ 43 i 
--~--- i -----------+i-------li---------

tLLAX 1 Address Hold After ALE Low '48: I 

o 24 

Units 

MHz 

ns 

ns ~~_LO_-w_-_to_V_a_lid_lnst_ru_cti_·_on ___ I~. _____ r-i ____ +-11'__ 233 ill' i 
tLl~;:-------tALE Low to PSEN Low ! 43 lcLCL-13 i ns 

!_---'-tp-~"'-'-'H'----l.':'~EN Pulse Width __ ___ --+1 __ -'~2-05_-_-_-::1_-_-_-_-__ -_ --I-, -3lc=L

o

C-=-L------2-?--=:1

1 

=_-:_-_-_-:_-_-_-++--_-_-_-_-_-_--1-1 

tPLIV I' PSEN LCMI to Valid Instru_ctio_' =n=l=nc--__ i--! _____ i,' __ 1_45 __ -+, ___ 3lcLcL -45 I' : 

-tp~;~ I InputlrlS~ction Hold After PSEN --i ___ 0 ~ : _ l---~;----
t--tp-x--IZ---~t----~n--p--ut-I~~Uction Float After PSEN~----------~~:1:_-_-_-5_-9_ -_ -_ --+-1==-_.-__ --___ -_ ----I:, =~lc_=_·Lc·~L~-1~0=_=_-__ t-l'.---.---.nsns--------! 

tpXAV ! PSEN to Address Valid '75 1 i lcLCL -8 1 

tAVIV i Address 10 Valid ~~s_lr1J_ctio_·_n_l_n ___ ___iI----_+--31-2----+:----.--.---,!-! _5..clc:.:L:=c=-L-5_5_-t-I __ ns ____ _ 

IpLAZ I PSENLCMlloAddressFIoal ~------t--1--1-0---;-------!-1-----10--- t- ns 

:=tR,:L~RH~~~_-_-_-_+_li·--R--D-p-~-Is-e-W-i-dt-h--_______ 11 __ 4_00 __ +-1 ____ -+-, _6_lc~L~C~L_1_00_~i ______ ~-~~ 
tWLWH WR Pulse Widlh ! 400 i 6lcLCL-100 ! ns 

t--IR __ L_r::N ___ ~~D L.<>.w_to~1id _Da~ __ ln _____ ---li----_+t--2-5-2 ___ -jI ______ I-[ _5 __ lc_L~t;9() __ LII ___ ns_---I 

~HDX : Dala Hold After RD 0 __ . . I 0 __ -+1 _____ +I __ n_s_-I 

tRHOZ : Data Float After RD ' i 97 i' II 2lcLCL -28 i ns 
!--'-"~ ____ -L. --------------------------------+I----------4------------~----------l.----~=-----t-------.--

tLLfN i ALE Low to Valid Data In ! 517 1 i 8lcLCL -150, ns 

1p,~ __ +I-Ad-d-ress--to-v-a-lid-D-ata-ln--------l---------+---5-8_5_-+I _________ ---ti_9Ic--=.L=-cCc-=L-_1_65_-jll __ ns __ _ 

j---"tL.cclW..'-'L'---_-+t _AL_E_Low __ to_R_D_o_r W_R_L_OW______ --J 200 300 31cLcL =5_0 ----t-i _3_lc-=:L:.:Cc:.L +_50_-+. __ ns __ 
1 

t--tJ!i,)IW~-,-=L __ +_I-A-dd-ress--t-o-R-D-or-W-R-LOW--------- \_._~?~ I 4IcLcL-75_~ _______ + __ ns_--I 

!_ta~-,-vwx=--1 Data Valid_to __ W __ R ___ Tra_ns_it_iOO _____ -+, __ 2_3 __ l---_____ + ii _1c..=.LCccLc_-2_0_-+t _____ -+I __ n_s ___ _ 

taVWH ! Data Valid to WR High 1 433 i ! 7lcLCL-120 I 1 ns 

tWHQX 1 Data Hold After WR-
m 

I 33 i t IctCL -20 I --;;-;---
I---------------.-----------+-----+_----t--~=---+_------+---_l 

tRLAZ RD Low 10 Address Float I 0 i I 0 _~ ___ ~ 
tWHLH RD or WR High to ALE High ,43 I 123 i lcLCL-20 j tcLCL +25 ! ns 
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External Program Memory Read Cycle 

tLHLL --

ALE 
I " 

4>i.PH 
tAVLL tLLlv 

--+ ltLPL I+-
tpLiV / 

-to I+-tpLAZ 
-!PXA\"'-' 

ltLAX 
tpXIZ 

lpXlx-to 4-

PORTO r- AO· A7 INSTRIN ) I- AO ·A7 

tAVIV 

PORT 2 AS· A15 AS· A15 

External Data Memory Read Cycle 

ALE 

RD 
-------+-----, ,~--------------

PORT 0 =>-<A~-FROM RI OR DPL 'AO - A7 FROM PCLK INSTR IN ----
4 IAVWL ---->1 
.- tAVDV 

PORT 2 =>(~-_~P-=:2c.:-O'_._'Pc.:2::.:-7_0=Rc:..:..A:::.8_._'_A'__'15=__'_F:.:RO;:.:M=__=D~P:..:H __ ><__ A8 - A15 FROM PCH 
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External Data Memory Write Cycle 

ALE 

_/ 
/------+----

/------------------

r !.,VHQX 

PORT 0 ~~ A7 FROM RI OR DPL H---,=,DA,-":r."-CA-,O,,-,U:.cT_PJ (AD - A7 FROM PCL)---<INsTRiN 

PORT 2 ==:x _~P2~.O~.~P~2~.7~O~R~A~8_-~A~1~5~F~R~O~M~D~P~H~~><~_~A~8~-~A~15~FR~O~M~P~C~H __ 

External Clock Drive Waveforms 

1+---- tCHCX --+I 
Vee - O.5V -+-,,------, 

0.7 Vee 

0.45V 

tclCl 

External Clock Drive 

Symbol Parameter Min Max Units 

1ltct.CL Oscillator Frequency 0 24 MHz 

Ict.CL Clock Period 41.6 lIS 

IcHcx High Time 15 lIS 

Ict.cx Low Time 15 ns 

Ict.CH Rise Tlrne 20 lIS 

IcHCL FaUTlflle 20 lIS 
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Serial Port TIming: Shift Register Mode Test Conditions 
(Vee = 5.0 V ± 20%; Load Capacitance :: 80 pF) 

Symbol Parameter 12JIHzOsc Variable OscDIaIDr 

txlXL Serial Pbrt Clock Cycle TIme 

tavxH Output Data Setup to Clock Rising Edge 

tXHax Output Data Hold After Clock Rising Edge 

tXHDx Input Data Hold After Clock Rising Edge 

tXHCN Clock Rising Edge to Input Data Valid 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

Min 

1.0 

700 

50 

0 

WRITE TO SBU~ - ... --.---~-c:._t..:.. r-:-+'--- '--=-

• OUTPUT DATA 

Max Min Max 

12tcLCL 

1Otct.CL -133 

2tcLCL-117 

0 

700 1 OtctCL-133 

Units 

J.lS 

lIS 

lIS 

lIS 

lIS 

CLEARRI J 

* 
ALI~~W( 

INPUT DATA 

AC Testing Input/Output Waveforms(1) 

Vee· O.5V 

O.45V 

Float Waveforms(1) 

V
LOAD

- o.w 

V LOAD -----_ .. - .. -----< 
VLQM)~ eN 

Timing Reference 
Points 

SET Rlt 

V
Ol

- O.1V 

VOL+- Q.iV 

Note: 1. AC Inputs during testing are driven atVce - O.5Vror Note: 
a logic 1 and 0.45V 1i:Jr a logic O. Tming measure-

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

ments are made at V IH min. for a logic 1 and VIL 
max. for a logic O. 
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External Data Memory Write Cycle 

ALE 
······01 

PSEN 

PORT 0 - --_ ... ' 

PORT 2 P2.0 + P2,7 OR AS - A 15 FRO\l 

External Clock Drive Waveforms 

i 
,+-- telex. ----
i 

FROM PC" 

':.-----.--- hCL ----.----. ., 

External Clock Drive 

Symbol I Parameter 
! 
, Min -I Max 'I 

1/teLCl I Oscillator Frequency 
, 

0 : 24 I i 
hCl ) Clock Period 

I 
41.6 

i I 

~~t:tc;~. i High Time 

.-. , -- ---

'i 15 , .'-. 

telCX J Low Time 15 , i 
~,--.. -.-.. ,.'-" ! -------

I 
---- I 

telCH , Rise Time 
I ! 

20 
I 

I " ---- --- . '. , -_.-

teHCl Fall Time 
i 

20 , 
, 
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Units 

MHz 

ns 

ns 

ns 
-~ 

ns 
.-

ns 
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Serial Port Timing: Shift Register Mode Test Conditions 
(Vee = 5 0 V ± 20%· Load Capacitance = 80 pF) 

Symbol i Parameter 
I 
I 
I 

tXLXL i Serial Port Clock Cycle Time 

~~: . ! Ou;rt Data ~p to C!ock Rising Ed~e 
·-~---i~--· 
tXHOX I Output Data Hold After Clock Rising Edge 

~HDX 1 Input Data Hold After Clock Rising Edge. 

tXHLN i Clock Rising Edge to Input Data Valid 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

" OUTPUT DATA 

... l~ .. L.E"'R.HI_J .. 
INPUT DATA. 

AC Testing Input/Output Waveforms(1) 

Vcc - 0.5\1 

0,45V 

02 Vee + o.~v 

TEST POINTS 

02Vcc" O.1V 

, 12 MHz Osc I Variable Oscillator 

Min Max \ Min ! Max 

1.0 l 12tcLCL I 
~- --1-----.. ----... 

'I 700 1 1 OlcLCL -133 
I 

50 I 2tCLCL-117 
I 

0 l 0 : 

I 
-. 

700-i-
.. - .. 

1 OlcLCL-133 

.. 5 .l .... I .. r () I 7 . ·TT. 

SET R.i 

Float Waveforms(1) 

V Lo.Af) -. .: 'j '.' 

VLOAo 
Timing Refere-ilce 

Points 

Units 

!is 

ns 

ns 

ns 

ns 

Note: 1. AC Inputs during testing are driven at V CC - O.SV for Note: 1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. A 
port pin begins to float when 100 mV change from 
the loaded VOW"OL level occurs. 

a logic 1 and 0.45V for a logic O. Timing measure-
ments are made at VIH min. for a logic 1 and Vil 
max. for a logic O. 

... 
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Ordering Information 

Speed I Power 
I (MHz) I Supply Ordering Code Package Operation Range 

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

I AT89C51-12JC 44J (O°C to 70°C) 
I 

AT89C51-12PC 40P6 , 

I 
I AT89C51-12QC 
I 

440 

i 
. AT89C51-12AI 44A Industrial 

I 
! ATB9C51-12JI 44J (-40°C to 85°C) 

I 

I 
I ".""'-,,~ 40P6 

AT89C5~:1~~1 440 
- -- - - - - ---

I I AT89C51-12AA 44A Automotive 
I i AT89C51-12JA 44J (-40°C to 105°C) 
I 

I I AT89C51-12A!1. 40P6 

-1~% ! AT89C51-12QA 440 
--- -~ -- --

I 
AT89C51-16AC 44A Commercial 

I I AT89C51-16JC 44J (O°C to 70°C) I 
, , 
I AT89C51-16PC 4OP6 i I 

I I AT89C51-16QC 440 

I I ATB9C51-16AI 44A Industrial 
I I AT89C51-16J1 44J (-40°C to 85°C) I 

! 

i 
ATB9C51-16PI 4OP6 

I AT89C51-1601 440 

I:T89c51-16AA 44A Automotive 

, AT89C51-16JA 44J (-40°C to 105°C) 
I AT89C51-16A!1. 40P6 

I AT89C51-16QA 440 

20 5V±20% I AT89C51-20AC 44A Commercial 
I AT89C51-20JC 44J (O°C to 70°C) i 
I 

AT89C51-20PC 40P6 I 

AT89C51-20QC 440 
---

AT89C51-20AI 44A Industrial 

AT89C51-20JI 44J (-40°C to 85°C) 

AT89C51-20PI 40P6 

AT89C51-2001 440 
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Ordering Information 

Speed Power , 

(MHz) Supply Ordering Code Package i Operation Range 

24 SV±20% I AT89CS1-24AC i 44A I Commercial 

I AT89CS1-24JC I 44J (O°C to 70°C) 

I 
AT89CS1-24PC 

! 

44P6 

I AT89CS1-24QC 44Q 
I ! AT89CS1-24AI 44A Industrial 

i 
I 

i 

I AT89C51-24J1 44J I (-40°C to 8S°C) 
, 

AT89C51-24PI 
I 

44P6 

I AT89CS1-24QI 44Q 
---~--

_. I 

Package Type 

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

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

40P6 40 Lead, 0.600" Wide, Plastic Duallnline Package (PDIP) 

44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) 
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