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LAMPIRAN 1

Program Pada Mikrokontroller Halaman:1
; KONSTANTA LCD

DISPCLR EQU 00000001B ;DISPLAY CLEAR

FUNCSET EQU 00111000B ; INTERFACE DATA LENGTH :8 BITS
ENTRMOD EQU 0000Q0110B ; INCREMENT, NO DISPLAY SHIFT
DISPON EQU 000011008 ;DISPLAY ON, CURSOR OFF, BLINK
OFF

CURSOR EQU 000011108 ;DISPLAY ON, CURSOR ON, BLINK
Org

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

detsd equ 08h

detpd egu 09%h

mensd equ Oah

menpd equ Obh

detsu equ Och

detpu aequ 0dh

mensu equ Oeh

menpu equ Ofh

adagerakan equ 10h
tunggu ac equ 1lh
ORG 00h

AJMP START

org 30h
POSISIZ.1: MOV A, r7
POSISI?: ADD A,#11000000B

SIJMP POSISL,SUB

POSISIT.1: MOV A, ré
POSISI1: ADD A,#100000008
SJUMP POSISI.SUB

POSISI.SUB: dec A
ACALL CONTROLOUT
RET
PRINTSTRINGZ:
ACALL POSISIZ.1

SJMP PRINTSTRING

PRINTSTRINGI:
ACALL POSISIL.I

PRINTSTRING:
SJMP OQUTSTRING



Halaman: 2

PRINTSTRINGLOOP: ACALL DATAOUT
INC DPTR
OUTSTRING: CLR A

MOVC A, ¢A+DPTR
JNZ PRINTSTRINGLOOP
RET

CONTRCLCUT :
PUSH DPH
PUSH DPL
clr pz.0
SJMFP LCD.OUT

DATAQUT: PUSH DPH
PUSH DPL
setb p2.0

LCD.OUT:
MOV
Ssetb
clr

T T O
o N =
[ }.A‘J:D]

DELAY .LCD: MOV rZ, #250
DINZ r2,$
POP DPL
PCOP DPH
RET

DELAY.INIT.LCD: MOV R2, #20H

DLY.LCD.LP: MOV R3,#200
DJNZ R3,S
DJUNZ R2,DLY.LCD.LP
RET

INIT.LCD: MOV A, #DISPCIR
ACALL CONTROLOUT
ACALL DELAY.INIT.LCD
MCV A, ¥FUNCSET
ACALL CONTROLOUT
MOV A, #DISPON
ACALL CONTROLOUT
MOV A, #ENTRMOD
ACALL CONTROLOUT
RET

DELAYdetik MOV  RZ, #255

DELdet: MOV R3, #50

inb pZ2.5,terusé
mov detsd, #01h



terusé:
terusd:

DELAY4M
DEL4M:

timerdown

lomi:
lom?2:
lom3:

lom4:
terus:

timerup

lomul:

mov detpd, #00h
mov mensd, #05h
mov menpd, #00h

mov  adagerakan, #01h
clr p0.0

ajmp terus4

mov adagerakan, #00h
DINZ R3,$

DJNZ RZ2,DELdet

RET

MOV RZ, #255
MOV R3, #255

DJNZ R3, S

DJNZ RZ,DEL4M

RET

mov ri,detsd
cine rl,#0,1loml
mov detsd, #9
mov ri,detpd
cine rl, #0, Llom2
mov detpd, #5
nov rl,mensd
cine rl, #0, lom3
mov mensd, #9
mov r1,menpd
cine rl, #0, Llom4
mov menpd, #5
ajmp terus

dec detsd

a‘jmp terus

dec detpd

a‘jjmp terus

dec mensd

ajmp terus

dec menpd

ret

maov ri,detsu
cjne rl,#9, lomul
mov detsu, #0
mov rl,detpu
cjne rl, #5,lomu?2
mov detpu, #0
mov r1,mensu
cine rl, #9, lomu3
mov mensu, #0
mov rl, menpu
cine ri,#6, lomu4d
mov menpu, #0
inec detsu
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lomuZz:
lomu3:

lomu4:
terusl:

tampilan

ajmp
inc
ajmp
inc
ajmp
inc

mov
acall
mov
adad
acall
mov
acall
mov
add
acall
mov
acall
mov
acall
mov
acall
mov
add
acall
mov
acall
mowv
add
acall

mov
acall
mov
add
acall
mov
acall
mov
add
acall
mov
acall
mov
acall
mov
acall
mov
add

terusl
detpu
terusl
mensu
terusl
menpu
ret

r/, #5
posisiZ.1
a,detsd
a,#30h
dataout
r7,#4
posisiz.1l
a,detpd
a,#30h

dataout
r7,#3
posisi2.1
a,#" !
dataout
r7,#2
posisiZ.1
a,mensd
a,#30h
dataout
r7,#1
posisiZ.l
a,menpd
a,#30h
datacut

r7,#16
posisiz.1l

a,detsu
a,#30h
dataout
r7,#15
posisi2.1l
a,detpu
a,#%30h
dataout
r7,#14
posisiZz.1
a,#':"
dataout
r7,#13
posisiz2.1
a,mensu

a,#30h

;14

;13
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START:

ulang3:
ulang:

MAIN:

acall dataout

mov r7, #12
acall posisiz.l
mov a,menpu

add a, #30h
acall dataout
ret

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

mov detsd, #00h
mov detpd, #00h
mov mensd, #05h
mov menpd, #00h
mov detsu, #00h
mov detpu, #00h
mov mensu, #00h
mov menpu, #00h
setbh p0.C

seth p0.1

;clr p2.5

mov  adagerakan, #00h
mov  tunggu_ac, #00h
ACALL INIT.LCD
mov dptr,#tull
acall printstringl
mov  dptr,#tul?
acall printstring?

mov rd,#2
mov  a, #90
acall delaydm
dinz a,ulang
dijnz rd4,ulang3

mov  a, #dispclr
acall controlout

acall delaydm

mov  r6, #7

acall posisil.l

mov A, #17

acall dataout

mov  ré6, #8

acall posisil.1

mov A, #16

acall dataocut

acalil tampilan

Halaman
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ada_gerakan:

terus3:

terush:

inb  p0.0,ada _gerakan
mov ro,#1

mov  dptr,#tul3

acall printstringl
mov  ro,#9

mov  dptr,#tulb

acall printstringl
ajmp terus?z

mov  r6,#9

mov  dptr, #tuleé
acall printstringt
acall timerdown
acall tampilan

mov rl,detsd

cine rl,#00h, terus3
mov rl, detpd

cine ri, #00h, teruss3
mov rl,mensd

cine rl,#00h, terus3
mov ri,menpd

cjne rl, #00h, terus3
setb p0.0

setb p0.1

mov  adagerakan, #00h
mov  tunggu_ac, #00h

mov detsd, #01h
mov detpd, #00h
mov mensd, #05h
mov menpd, #00h
mov detsu, #00h
mov detpu, #00h
mov mensu, #00h
mov menpu, #00h
ib p0.0, teruss

Jnb p0.1, terus?

mov rl, tunggu_ac
cine rl,#00h, terush

acall timerup

mov ri,detsu
cine r1l,#00h, terus2
mov ri,detpu
cine rl,#00h, terus?2
mov rl,mensu

cine rl, #05h, terus?

Halaman
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terus?:

ulangl:

lomlg:

loml7:

lomi6:

loml5:

loml4:

loml3:

lomlZ2:

Jomll:

lomlQ:

lom(9:

lom(8:

lomQ7:

lom0O6:

lomQ5:

lom04:

IomO3:

lom02:

lomO1:

mowv
cine
mov

mov
cine

clr
mnov
mov
acall

mov
acall
cine
smp
cine
sjmp
cine
Sjmp
Cine
Sjmp
cine
sjmp
cine
simp
cine
sjmp
cine
Snmp
cjne
simp
cjne
3jmp
cine
sSymp
cine
3jmp
cine
5jmp
cine
Sjmp
cine
sjmp
cine
Simp
cine
3jmp
cine
simp

rl,menpu
rl,#00h, terus?
tunggu_ac, #01h

rl,adagerakan
r1,#01h, terus?

p0.1

ro, #1

dptr, #tuld
printstringl

rQ, #38
delaydetik
0, #19, Loml8
tutime
r0,#18,1loml7
tutime
r0,#17,1omlé
tutime
r0,#16,lomls
tutime
r0,#15, iomld
tutime
r0,#14,1loml3
tutime
r0,#13, loml2
tutime
rD,#12,1loml1l
tutime

rQ, #11, loml0
tutime
r0,#10, lomG9
tutime
r0,#09,1lom08
tutime

r0, #08, Lom07
tutime

rQ, #07, lom0o6
tutime

r0, #0606, lom05
tutime

rG, #05, Lom04
tutime
r0,#04, lom03
tutime

rJ, #03, tom02
tutime

r0, #02, lom01
tutime

Halaman
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tukos:

tutime:

tupop:

tull
tulZ
tul3
tuld
tuihb
tulo
tul7
tulg

db
db
db
db
db
db
db
db

mov r7,#7

mov  dptr,#tul§
acall printstring?
Sjmp tupop

mov r7,#7

mov dptr,#tul?
acall printstring?2
dec 0

cijne r0,#0,ulangl
aJMP MAIN

'Adjusting Sensor',0
'Wait a Minute...',0
'"AC:OffT, 0

'AC:On ', 0
'Lamp:Qff', 0

' Lamp:0n',0
‘time', 0

] !"0
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General :

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

Minimum extemal component
High senstivity

High RFI immunity

Daylight adjustment

Off delay timer

Features: i

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.
() RFI notse immunity exceeds 30 V/m from 1 MHz to 1000 MHz.
H) High immunity to line frequency noise.
1) 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:
1)Auto-ON: Load tums on when motion is detected (adjustable sensitivity).
Adjustable daylight detector disables Auto-ON during daytime.
Auto-ON mode can be disabled.
Daylight detector can be disabled.
2)Auto-OFF: 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 turn on if there is motion within 6 seconds
after tur-off. (If the load goes off because you stopped moving (reading a book for
example), you have 6 seconds to wave your arm to turn the load back on.)
Auto-OFF mode can be disabled.
3)Manual-ON:  Load turns on manuaily, with a momentary contact switch.
4)Manual-OFF: Load turns off manually, with a momentary contact switch,
I.oad 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 ONJAUTO/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.
O} 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 pA.
S) Chip is ESD protected to more than 1000 V (human body model).
T) Operates with 50-60 Hz AC line frequency.

KC778B Rev C, 1996



Pin Assignment :

g = g 20

2 O 19

3 0 118

4 MO 17

50 1 16

6 [ - 15

9 Po

9 - - 12

10 O mEY
20 pin DIP or SOIC
Pin Name Description

1 Vee 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 DC CAP PIR Gain Stabilization Filter
6 VReg Voltage Regulator Output
7 Pyro (D) Pyro Drain Reference
8 Pyro (S) Pyro Source Input Signal
9 Gnd (A) Analog Circuifry Ground
10 Gnd (D) _Digital Circuitry Ground
11 Daylight Adjust Daylight Adjustment and CdS Input
12 Daylight Sense Silicon Photo Diode Input
13 Gain Select PIR Gain Select Tri-State Input
14 ON/AUTO/OFF Mode Select Tri-State Input
15 Toggle Mode Select Toggle Input
16 ouT Lights ON/CFF Qutput
17 LED PIR Motion Indicator Qutput
18 C OFF Timer Oscitlator Input
19 R OFF Timer Oscillator Qutput
20 FRef Frequency Reference Oscillator

Pin Descriptions

1. Vec : This is the regulated supply voitage 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 pF 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 1o an external capacitor of 0.1 pF providing low pass filtering of the PIR
input signal, blocking input signals at and above the switching frequency of the switched capacitor

bandpass fiiter.




5. DC CAP: This pin connects to an external capacitor of 10 puF 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 pF 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 Vec 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 pF 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 K2 resistor to Gnd, This is a sensitive node and the {ength 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.
19. 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 daylight detector. When using a CdS daylight sensor, a pot is connected
between this pin and Vcec, 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 Vcc (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 [1). In all other cases, this pin is connected to Vec.

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 Ve,
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 conmnected to Ve, the load will turn on unconditionally and will remain on as long as this pin is
connected to Vce.

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 ONJAUTQ/QFF (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 turn the load off
unconditionally, the load will be turned off (off overrides on).

16. OUT : The output from this pin is used to turn the external load on or off through a TRIAC, relay or opto-
coupler. The impedance of this pin is less than 35 ), enabling it to directly drive a small (100 Q DC coil
resistance) pulse relay through a 150 pF 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.

MPCC 3



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. 1t 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 (40,000 + pot resistance in
Ohms) x (capacitance in Farads). To disable Auto-OFF mode, this pin can be connected to Gnd or Vec.
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 40 KC) series resistor. This
pin is connected externaily 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 (maxtmum oscillator frequency).

20, FRef : This is the 160 Hz reference oscillator input. It is connected extemalily through a 330K resistor to
Vee and a 0.022pF 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. Mazx. Unit
Vee 4 5 15 v
e 300 pA
Input Voltage on any Pins Gnd - 0.5 Vee+0.5 \%
PIR Power Supply Rejection Ratio 74 dB
PIR Input Gain 62 68 dB
Overall gain variation 5 %
Overal! threshold variation 7 %
Daylight Adjust (pin 11) Pull-down Current 5 LA
Gain Select (pin 13) Puil-up Current 5 pA
ON/AUTO/OFF (pin 14) Puli-up Current 10 BA
ON/AUTO/OFF (pin 14) Pull-Down Current 10 pA
Toggle (pin 15) Pull-up Current 5 rA
Pyro (D) (pin 7) Reference Voltage 2.3 2.5 27 v
QUT (pin 16) Output Impedance 35 Q
LED (pin 17) Output lmpedance 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:

1. 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 11) to
Vee.

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 off). 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+40,000) x C seconds, R is in Ghms, 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
KQ and 5 MQ can be used.

9. The output of the switched capacitor bandpass filter can be seen on pin 3 (Offset Filter) when the external
capacitor( 10uF) is discomnected. The filter response can be measured in this way. (Disconmecting the
external capacitor prevents motion from being detected.)

10. Pin § (Pyro (8)) 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.

Block Diagram

Sensitivity
Adjust
Offset Filter
Pyro (D)
Pyro (S) PIR F'I‘OIII End Switched
Gain Select Amplifiers and Capacitor
Anti-Alias Noise Cancellation Bandpass Filter
DC Cap Circuitry
FRef Oscillation and
R Synchronization Threshold LED
C Circuitry Comparators
and Timing OouUT
On/Auto/off Circuitry
Toggle
Daylight —1 Daylight Detector
Sense Amplifier and Voltage Regulator Vreg
Comparator
Daylight
Adjust

GND

MPCC



Application Circuit

1. Typical Hook-up

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/AUTQ/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.

1N A7uF
400V

. AN — . L
470 1w LIGHT

10uF 470uF l l

~ C8014 == 10F 12v r § TH N }? R

T T TRIAC

MAX KC7788 330K
E 500K 0220F
cc osc ‘(
R
MiN 2 PR R {19
SENS
OFF TIMER o
o \iouE 3 JOFFSET c |18
N FILTER f-—{

|
7

N)

| 1uf 4 [P LED |17 ”)'/‘
I FILTER
110uF 5 |oc oUT |16
[TAN CAP oco
TOGGLE|ON-OFF
8 |VREG TOGGLE[15 =
AUTO
PYRO ONJ/OFF W 20K
(D) o ON_ | A
F’SY)RO GAIN [13 NC \o.__OFF
DISABLE AUTO-ON
GND DAY {12
(A) SENS DISABYE DAY SENS

1 .

GND DAY
D) ADJ

SWIPAT + _ _

Note : Off Time Delay = 5678 x (R+40,000) x C Second
R in Ohm, C in Farad
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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.

200
wfF
8550 INAGO4 X4 00V 100
AP “ . Il AN L)

I H
470 w
10uF 470uF y
| 1 470K QWF
C9014 .~ K 12v 400V —— 200V AC
. )

1008F

Y|
/

MAX KC778B 330K
H22uF

1_jvcC 0sclza '
4001
L—o0—

R
MIN 2 PR R {1 Y
SENS
OFF TIMER c |
. \[10uF 3_JOFFSET c |18 i /
Fil FILTER RELAY(12vDC)
17 H)')'

LOAD

»k

8050
AUF 4 P LED
= FILTER K
[10uF 5_lbc ouT|1e
ITAN CAP
TOGGIE ON-OFF
6 VREG TOGGLE15 0_.3
AoF AUTO
L 7 levrO ONJOFF Ll_o/o_ 20K

(D) _o___O.N__.___W_4

IPYRO GAIN '& NC \; OFF

(S}

GND DAY
(A SENS
GND DAY
(D) ADJ

“\¢-PAY SENSOR

5M PHOTO
DIODE

SW2P3T *

Note : Off Time Delay = 5678 x (R+40,000) x C Second
R in Ohm, C in Farad
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3. Hook-up with minimun regulator

Below is an example of 110V application. Only one stages of regulator is used in the system by use

zener diode

of

-

1N 1uF
4004 X2 400v 100
. . “ . I . (L)
W LIGHT
470uF
AuF 470K D1uF 110v
400V AC
’ TRIAC
J (N}
KC7788 330K
022uF
VCC oscl2 ]
R 1K
PIR R (18
SENS
OFF TIMER | C
IOFFSET [}
FILTER H
LP LED |17 L
FILTER
DC OUT|[16
CAP
TOGGLE ON-OFF
8 _[VREG TOGGLE1S 7
AUTO
PYRO ON/OFF{14 20K
CH N | A~y
PYRO GAIN 13 NC OFF
s) - Yo
DISABLE AUTO-ON
GND DAY [1
(A) SENS o-DISABLE DAY SENS
GND DAY | |
(D) ADJ
PHOTg)
L] DIOD
SwaPaT ' _

Note : Off Time Delay = 5678 x (R+40,000) x C Second

R in Ohm, C in Farad

KC778B



4. Hook-up with 12VDC system

Below is an example of Auto camp light which uses an auto battery (12VDC). Internal voltage regulator is
used, it needs 12V to start up but can work down to 7V.

el
- LP1
4 Q2 o KC7788 LAMP
2
4700F 013 L oatur 1 lvee
=3 = 02
° PIR 1N4148
D1 = ca SENS K1
1N4001 V10F 3 jorFsET + RELAY
7l FILTER )
C4 g e 4 P
"——”‘—“FILTER =
— BT cs =
10uF
= v i 5 _loc our (16 A5 1K
__)IT_N_*—_‘_‘A CAP [ oA Q3
= 8050
5 |vREF TOGGLE {15 o 1
N 51 20K -
PYRO ONOFF (14 oy A
o MANUAL OVERRIDE Re
PYRO GaIN 113 J
)
100K
GND cay l12 cas
A SENS
GND 1

DAY
{0) AD)
R7
510k

5. Hook-up with Door Chime and Alarm circuit

A 2P3T slide switch is used in the system.When it is positioned at Chime, the LED output of KC778B will
trigger the 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, the 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 the charge up
delay time. It forms a very simple alarm product.

D2 o5 CHIME
Re N8 oo Sw1
AN OFF — o
R l 100 _L ALARM o !
30K . ; o l 'ZPST —
ut
1 [ 223 B
=2 |
A
i
a8 |
6
A
B
5
10
RE7766 G3
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Features

» Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory L

- 128 x 3Bt internal RAM , -/

* 32 Programmable VO Lines
« Two 16-Bit Timer/Counters

* Six interrupt Sources -
* Programmabie Serial Channel r-Blt

« Low Power idle and Power Down Modes

Descriot Microcontroller
escription .

The ATBSC51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K with 4K Bytes

bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The FI a Sh

and is compatible with the industry standard MCS-51™ instruction set and pinout. The :

device is manufactured using Atmel's high density nonvolatile memory technology
on-chip Flash atlows the program memory to be reprogrammed in-system or by a con- [

ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appfi-

cations. .
(conlinued)
- -
Pin Configurations PDIP
P1.D ] — 40 fpwvec
pt.1ic]2 39 [ PO.O (ADO;
Pr.2 43 381IPD." iADY
P13z 37 AP0z (ADZ;
f1.4¢}5 381 P0.2 (ADS:
' Pisr{e 35 3 Po.a (ADs
I - g 34 [T PD.8 (ADS]
Pt.7rls 33 F1PO.6 (ADS
RST O] @ 321 P07 (ADT}
IRXD) P3.0 1Y 10 31 | EAsVPP
PQFP/TQFP {(TX0y P31 0] 40 an 1 ALE/PROG
Scas RTH pazio] -2 29 [ PSEMN
cooaq HUERMEE-F 2 -] ZB Y P2.7 (A1S5)
fess (7o P34 e 27 {1 P26 (A14)
‘CNODREJ“ oo iT7y P3.5 [} "85 261 P28 (A13)
R e YRR Pa.ard ce 25 ez
Laeon {RDO: P3.71] =7 LI P23 (ALY)
a . ATaL2 U] 18 23f1 P22 (ANCH
XyaLi ] e 22 (1 P21 1A0)
B1.E 33 IS PG.4 1ADa) eno i 20 21 fp P20 (A8
| s Pa.
PeuT
7 PLCC
> P
agana
It
S e
sGoa
g lﬂ:ﬂn.
-
E £ . g 4
12ttt St g Ta0? g 4374555 p0 4 (AD4)
17 TR T P35 1ADS)
meNLa9s - 27]IPo.6 (ADE)
PR RTINP A ; 36[T1P0.7 1AD7)
2 e (RXDy P2, I EA/VPE
o R N 34}1INC
€ g = - .
g —TELE 1TXD) P2 F3PIALSIFRDG
THTH) B3 121 5SEN
(T Pa. IVIFDT [AE)
{To) P3 A0{3F2.5 {A14)
{T1} P3. * 2 5. 23 7E9L1BLS {A1S
! 16100212 323 2506 g
Lo tUOE L T
un-.j-'cuc",mne
L L
aoprsC afoga
H M e
Eg Pesn 0265F-A—12/197
i~ £ e -
= ~~oxa



lock Diagram

GND T T ;
d 1 :_
R RAM ADDR. | PORT 0 PORT 2 :

| REGISTER RAM LATCH LATCH FLASH :

: ) ) ) r ;

: 4 4 v y

‘ a :

H 4 vy y :

: PROGRAM :

8 STACK :

: ACC ADDRESS :

! REGISTER POINTER REGISTER ;

3 ) :

: «—p|  BUFFER - i

: ™P2 TMP1 :

PG IR

; AU INCREMENTER ;

‘f INTERRUPT, SERIAL PORT, :

5 AND TIMER BLOCKS :

; g : PROGRAM :

: PSW COUNTER :

| 4 5

PIEN €——
ALEPROG €1 TMING | pstrycrion y y DPTR :
EA / Vo — | CONTROL REGISTER 3 > :
RST —+—| :
: f v :

: PORT 1 PORT 3 '

. LATCH LATCH !

: r .:

5 QSC 3 ;

PORT 1 DRIVERS

4-30

PCORT 0 DRIVERS

PORT 2 DRIVERS

AT89C51

Ptd - PLT

—’1

PORT 3 BRIVERS

P30 - P37
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3lock Diagram

P00 - POT pag - p2v
A A A A A & A A

Vee YYYYEY YYYYYYEY :
: L PORT 0 DRIVERS PORT 7 ORIVERS '
GHD ! Fy T C T
 — :
| : :
H F y :
= RAM ADDR. FORT 1 PORT 2 _ ;
, REGISTER b RAW LATGH LATCH FLASH ,
: Y 'y r'Y F 3
g y r v ¥
: & F L : .
; ¥ A k4 !
; - ! PROGRAM .

: B STACK ; :
: 2 Ane = ADDRESS :
: REGISTER POINTER RECiSTER !
4 y 4 ;
: , . - BUFFER  M—— ;
: T™MPZ TMP ‘
J PO N :
ALY INCREMENTER !
?: NTERRUPT SERIAL PORT
: AND TIMER BLOCKS !
¥ ;
g 4 | PROGRAM | :
PSW ‘ : COUNTER >
| 3 |
PSEN i
I ; NG o I ; '
ALEPROG 47— Tt HSTRUCTION v y v »  DPIR >
EA { Vip ——+—#| CONTROL REGISTER |7 Iy 3 ¥ ;
[ e — ‘
& A 4 y ;
PORT 1 PORT 3 !
: LATCH LATCH H
F'Y Y :
ost ; y ! ¥ :
: | PORT % DRIVERS | -  DPORT 3 DRIVERS f

o TR |

PG PLE Pat - P37

4-30 AT89C51 |
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The ATBIC51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 l/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial part, 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
sofiware selectable power saving modes. The idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /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 muitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PQ 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 VO port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1) because of the internal pullups.

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

Port 2

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

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

ATEY

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

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

Port 3

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

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

Port Pin Alternate Functions

P3.0 RXD {serial input port)

P3.1 1 TXD {serial output port)

P3.2 INTO (external lr;terrupt 0

P33 INTT (external interrupt 1)

Pét;— o TO (timer 0 external input}

P35 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memoary 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.

ALE/PROG

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

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

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

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

4-31



ANNEL

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

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

EAVpp -

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

EA should be strapped to V¢ 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 Vip.

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

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

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

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by

It should be noted that when idle is terminated by a hard
ware reset, the device normailly 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
shouid not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

ce
e} e XTALZ
C1 -
& el XTALY
> GRD

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

= 40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NG ——————{ XTAL2
EXTERNAL

OSCILLATOR ————— XTAlL{
SIGNAL

software. The content of the on-chip RAM and all the spe- —] GND

cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled = I

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory | ALE | PSEN PORTO PORT1 | PORT2 PORT3
Idle Internal ‘ 1 1 1 Data Data | Data Data
die External T Float | Data | Address Data
Power Down Internal 0 0 Data Data ' Data Data
Power Down External 0 0 Float Data Data Data
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Power Down Mode

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

L.ock Bit Protection Modes

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 fock 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.

Program Lock Bits Protection Type
 LB1 . LB2 | LB3
1 1 u i u U | No program lock features.
2 P U u MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further pregramming of the
Flash is disabled.
) Same as mode 2, aiso verify is disabled.
_____ [ S - — J—
I Same as mode 3, also external execution is disabled.

Programming the Flash

The ATBIC51 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-voit) or a low-voltage
(Vee) 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-voitage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
fow-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 ATBICS51 AT89C51
XXXX xxxx-5
yyww yYyww
Signature {030H)=1EH (030H)=1EH
{03tH)=51H | (031H)=51H
(032H)=FFH [ (032H)=05H

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

AIMEL

Programming Algorithm: Before programming the

AT89CH1, 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 iocation on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signats.

4. Raise EAVpp 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 aray 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 resuit in the com-
piement of the written datum on PO.7. Once the write cycle

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

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is puiled 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 ALE/PROG low for 10 ms. The cade array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

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

031H, and 032H, except that P3.6 and P3.7 must be pulied
to a logic low. The values retumed 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 amray can be written and the
entire array can be erased by using the appropriate combi-
nation of conirol signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

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

Flash Programming Modes

Mode i RST
Write Code Data | H
|
[ !
Read Code Data i H
Write Lock Bit - 1
Bit - 2 H

|
Chip Erase H

-
Read Signature Byte H

Note: 1. Chip Erase requires a 10-ms PROG puise.
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Figure 3. Programming the Flash

Figure 4. Verifying the Flash

+EN

+6V

ATBACHT AT89C51 Q
appr. AL AT o Ves aopr. 2L AL o Voo | }
COOOHIGFFFH hw* P20 - P2A PO e [pz_«;l OOOOH"GFFFHﬂ oo P2z PO s if;é D»:;KA
AE . AT R A8 - AT PULLUPS)
o P28 - P25
SEE FLASH » P27 ALE - PROG SEE FLASH M P27 ALE |
PROGRAMKING - | ; PROGRAMMING -
MODES TABLE | > pa.g MODES TABLE e P3B ..
Lo > P37 » P57 i
- g XTALZ EA i« V) Vs ' XTALZ EA 4
324 MHz o 224 MHz | =
; 2 L &
e KTAL? RST e ® T ] XTALY RST e Vi
¢ oo BSEN o lonD PSRN [
Flash Programming and Verification Characteristics
Tp =0°C to 70°C, Ve = 5.0 + 10%
Symbol Parameter Min ‘E Max Units
Vep(! Programming Enable Voltage 115 E 125 | V¢
mfppu) - Programming Enabie Current T 40 ‘ mA
MtoLeL Oscillator Frequency 3 1 } 24 . MHz
taveL Address Setup to PROG Low 48t o) ' '
toHAX Address Hold After PROG T s !
tval Data Setup to PROG Low 48tq oL
taHDX Data Hold After PROG 48t oL
tensH P27 (ENABLE) High to Vpp 48tc, o -
tonGL | Vpp Setup to PROG Low 10 L us
) Vpp Hold After PROG 10 us
toLaH PROG Width 1 110 us
tavay Address to Data Valid N 48t oL
teLav ENABLE Low to Data Valid 48ty oL
tgnoz | DataFloat After ENABLE 0 EJ . a8tg o,
torL | PROG High to BUSY Low j ‘ 1.0 us
twe | Byte Write Cycle Time ! 2.0 } ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

VERIFICATION

P10 - P17 PROGRAMMING
520 - P23 { ADDRESS " ADDRESS
PORT 0 oA N
TN bva lsrox
Yoyl + i
ALE/PROG N p
tamsL » o
— A Ve
N
¢ tepan
p2.7
(ENABLE) )
tapge —>
P34 B
(RDY/BSY)

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

P10 - P17 PROGRAMMNG wjﬁﬁfﬁ@ﬁf@ﬁ
G 4 ADDRESS ——j{ ADDRESS e
- taiy
PGRT 0 TRRA N DATA DUT _p——remree—
: tyoal  loppx & '
sy M onax '
ALEPROG T
tapicn [* ="—tcLGH——""‘
LOGIC 1 ; i
EAMp S i _m__“__m,____".-___mu_lQ_GiQ_Qf _____________ L i
- g R J— — tor
Y TR e T e
(ENABLE) r NS
tongy =% "
P34 o
(ROY/BSY) N BUSY ¥ READY
éq....ﬁ..._ t-’»":
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Absolute Maximum Ratings*

Operating Temperature . ............ceceeveervoennnn. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-

Storage Temperature ..............ccooeveveevereeennne -65°C to +150°C age fo the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respectto Ground ... -1.0Vio+7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

Maximum Operating Voltage.............cc..covecviiiccnirnciceenn 6.6V conditions for extended periods may affect device
reliability.

DCOutput Current...............ooovieeeeccte e 15.0 mA

DC Characteristics

Ta =-40°C 10 85°C, Vo = 5.0V £ 20% (unless otherwise noted)

Symbol | Parameter TCOndition l Min
[

Max Units

}ﬂ'— ! Input Low Vottage T[—(Exoept EA)
Vi Input Low Voltage (EA)
k—_\ﬂ‘*—w —_—t
| nput High Voltage | (Except XTAL1, RST)

Vi

4
Vima ! Input High Voltage {(XTAL1, RST)
| — SRS ———

e T
S — + — ,.‘_—.—&—‘;‘,, e !
[ VoL | Output Low Voltage(" (Ports 1.2,3) loL = 1.6 mA ‘
PO S e - I

Vot ‘ Output Low Voltage!" i lop = 3.2 mA
| (Port 0, ALE, PSEN)

Von | Output High Voliage | lon=-80 pA, Voo =5V £ 10% .
! (Ports 1,2,3, ALE, PSEN) U S
| lon=-25 4R | omve v
%‘ [ lon = -10 pA 09Vee | ; v
| T
Vot | Qutput High Voltage | lon=-800 A, Veg =5V 10% | 24 | v
P0 - R T — S T . ’—’—
[ (Port 0 in Externai Bus Mode) lops = 300 pA 075Vey | {._ v
;“ _— s
- | | lon=-80pA 5 0.9 Vce ! o "}_, v j
I Logical 0 Input Current (Ports 1,2,3) | 5 50 HA

Logical 1 to 0 Transition Current | Vin=2V.VCC =5V £ 10%

| (Ports 1,2,3) ':
| N I

‘ RA

I Input Leakage Current (Fort 0, EA) | 0.45 <V, <V, | 10 ; pA
|t 0V <Vee A T

RRST Reset Pulidown Resistor ! [ 50 ; 300 { K

— S Uittt ‘1 SO JOR U s ESOS i
o | Pin Capacitance \ Test Freq. = 1 MHz, T, = 25°C ' ! 10 ! pF

o i
lec i Power Supply Current | Active Mode, 12 MHz : ! 20 ! mA
i t AT—————f-————r—
“ | idie Mode, 12 MH: 5 ; A
‘ e e ,_L_W__,_-ﬂ,‘__*k ™
| Power Down Mode(® i Vg =6V i ; 100 | PA
\ T 7
] | Vgc =3V E s 40 { 1A

Notes: 1. Under steady state (non-transient) conditions, lg, must be externally imited as follows:
Maximum g per port pin: 10 mA
Maximum | per 8-bit port:  Port 0: 26 mA
Ports 1, 2, 3: 15 mA
Maximum total I for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the retated specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
AIMEL 437
R
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
cutputs = 80 pF)

External Program and Data Memory Characteristics

g T

Symbol | Parameter | 12 MHz Qsci“ator - __16 to 24 MHz Bscillatm Units
' ' Min Max Min Max

MeLeL Osciliator Frequency 0 24 MHz
b ALE Pulse Width bo1z7 2t 40 ns
ta | Address Valid to ALE Low ' 43 toro13 ns
tiax | Address Hold After ALE Low a8 1 a0 | ns |
tuy ALE Low to Valid instruction In 233 1 Mgees | ns
™ | ALE Low to PSEN Low . 43 ; terci-13 ns
tPLPH PSEN Pulse Width 205 ey -20 ns

| teuv 'PSEN Low to Valid Instruction In 145 o 3tey o145 ns
texix input Instruction Hold After PSEN o 0] ‘ ns
tpxiz Input Instruction Float After PSEN ) 59 terc-10 ns
tpxay PSEN to Address Valid | 75 ter o8 1T e
tavv | Address to Valid Instruction In : 312 | Btcy o -55 ns
toLaz PSEN Low to Address Float 10 | 10 ns
tRLRH RD Pulse Width 400 Bte o100 | ns
by WR Pulse Width 400 Blo o -100 ns
trLDv RD Low to Valid Data In J 252 5tcy ¢y -90 ns
—_— ' Data Hold After RD 0 - 0 R R
—— ' Data Fioat After RD ) ] - A 2oc28 | ns
t v ALE Low to Valid Data In L 517 Bto,c1-150 ns
tavov Address to Valid Data In 585 . Oty -165 ns

tium ALE Low to RD or WR Low T 200 300 3@&-50 ; 3tep o +50 ns
tavwil Address to RD or WR Low B 203 dto o -75 . ns
tavwx Data Valid to WR Transition ;3 terc,-20 . ns
tovwH Data Valid to WR High 433 | Tteuci-120 ns
twhax Data Hold After WR 33 tcrLc-20 ns
triaz RD Low to Address Float 0 0 ns
tWHLH | RD or WR High to ALE High | 43 l‘ 123 | toicl-20 j teLoL+25 ; ns
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External Program Memory Read Cycle

L —*
ALE u D NS
tavta f* pre twy ex
—el tyup b
PSEN / N torpy N,
= e teiaz
b e toxiz
toxix
PORTO __ S AD-AT T INSTR IN
oy —————)
PORT 2 X A8 - A15 W  AB-AlS
External Data Memory Read Cycle
tLHLL""""’
ALE A ™. 7
— twhin
FSEN
- ety
e— riay
—- by —
RD - 1 o N A |
Ty . —truy > thupz
RLAZ_]_-” [‘_ — Q—Z‘tRHDX
PORT 0 _ »<A0 - A7 FROM RI OR DPL X DATA TN >} A0 - A7 FROM PCL >~ INSTR IN
' L,
e tayov
PORT 2 _b):(- P2.0 - P27 OR A8 - A1S FROM DPH pre A8 - A15 FROM PCH

8



External Data Memory Write Cycle

ALE
: ™ I‘ ~ barim
PSEN _ ~ . S
fe— f o ——fe—twiwn —»
AT ~,
WR -t ax
— Lay —» tavwx A — 1 Lo
i r t'(Z\I\NH ™
PORT 6 < A0 - A7 FROM RI OR DPL DATA OUT <. /A0 - A7 FROM PCL>—INSTR IN
——— tapa >
PORT 2 :_,)‘/ P2.0 - P27 OR A8 - A15 FROM DPH < AB - A15 FROM PCH
External Clock Drive Waveforms
— tonex
teicn —* - +— topar

Voo - 0.5V
0.7 Vo

ey 0.2 Vg, - 0.1V N v <
e loyox —
M toren »
External Clock Drive

Symbol Parameter Min Max Units
MercL Oscillator Frequency 0 24 MHz
toweL Clock Period 416 ns
foHex High Time 15 ns
loLex Low Time 15 ns
foren Rise Time 20 ns
teneL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Ve = 5.0 V 1 20%,; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Osclllator Units
Min Max Min Max
txixe Serial Port Clock Cycle Time 10 12t ps
tavxm Output Data Sstup to Clock Rising Edge 700 101G, ¢, -133 ns
— Output Data Hoid After Clock Rising Edge 50 2Agi o -17 ns
txuDX Input Data Hold After Clock Rising Edge o 0 s |
tyHov Ciack Rising Edge to Input Data Valid 700 10ty 1 -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 6__ | 7 | _8_
ALE ML_ —LJ_LJ WLFL_UW B R EEEA  IE A
bl g
CLOCK 1 /A S S S B B | e
tavxn |
— l‘—— teriax . o
WRITE TO SBUF, TN K X2 KT X CTTa s XT e KT S
QUTPUT DATA PR Mg [ aml N serv !
cleARRi ”WUWMMM
¥
INPUT DATA SET RIT
AC Testing Input/Output Waveforms!!)  Float Waveforms!"
Vegm 08V == e PRV Y-V - Vionp™ 81V T g s o
TEST POINTS Vi gpg ——mers Timing Reference - __ . .
v Points o
0,45V ‘_7 7(32* Y‘_:,,E_-] \_/_:‘, o VLOF«Dq TAY e VOL* 3V

Note: 1.
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V|, min. for a Ioglc 1and Vi
max. for a logic 0.

AC Inputs during testing are driven at Ve - 0.5Vior 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 ta float when 100 mV change from
the loaded VoV, level occurs.



Ry

WR

PORT ¢

PORT 2

V. - 0.5V
0.7 vi}'(j

74 0.2 Voo - 0.1V
0.45Y ——

External Clock Drive

Symbol i Parameter : Min ; Max )[ Units
WeLcL Oscillator Frequency L 0 t 24 ! MHz
I i ]
 leter | Clock Period 6 Wi____ﬁ__ —:«——L——l
: ‘

tohex High Time i ns
toLex Low Time : 15 ' ’ ns
~s | —————
: H i
tCLCH \ Rise Time : | 20 ns
L\_P—r_‘f e ,,.,77_.—__i__7‘___ ey —— — v —
teneL Fall Time ; i 20 ; ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vo =5.0V i 20%; Load Capacitance = 80 pF)

Symbaol \‘ Parameter E 12 MHz Oscj Variable Oscitlator Units
1

| Min Max ]; Min ! Max

!
teixt | Seriat Port Clock Cycle Time 10 12t o1 s

A R e - X *’7‘““\““1%
v ] Output Data Setup to Clock Rising Edge 700 10t o ~133 ns
tanax | Output Data Hold After Clock Rising Edge 50 | 27 ns
[

txx | Input Data Hold After Clock Rising Edge 0 ; o ns
. | Clock Rising Edge to Input Data Valid L 700 . 10t 133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE

CLOCK

WRITE 70 SBUF e
v erml
QUTPUT DATA SET T

LELEARRL _
LILF
INPUT DATA SET R
AC Testing Input/Output Waveforms!!  Float Waveforms!"
P CER [
fron &5 02 Ve + BBV - Vigap” T Vi Y
TEST PONTS Vigag o Timing Reference
_ 0o A , o Points
045 e T VCCA- G1V L RO Vigap” 7 ) Mg T BV
Note: 1. AC inputs during testing are driven at Ve - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating

a togic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V,, min. for a logic 1 and V),

when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from

max. for a logic 0. :

MEL

the loaded Vgp/Vo leve! occurs,

4-41
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Ordering Information

Speed Power |
(MHz) Supply Ordering Code Package Operation Range
12 | 5V+20% ATBIC51-12AC 44A Commercial
' ATB9C51-124C 44J (0°C to 70°C)
ATB9C51-12PC 40P6
ATBIC51-12QC 44Q
AT89C51-12Al 44A, Industrial
ATBICS51-12.41 444 (-40°C to B5°C)
ATB9C51-12Pi 40P6
ATB9C51-12Q 44Q
| ATB9C51-12AA 447 B ~ Automotive
j | ATBOC51-12JA 449 (40°C to 105°C)
ATBIC51-12PA 40P6
AT89C51-120A 44Q
16 5V+20% |  AT8YC51-16AC aA "~ Commercial
| AT89C51-16JC 444 (0°C to 70°C)
! ATBYC51-16PC : 40P6
AT89C51-16QC 44Q
ATBIC51-16Al a4A industrial
| ATBC51-16J1 443 (-40°C to B5°C)
: | ATB9CS51-16PI 40P6
AT89C51-16Ql 44Q
ATBIC51-16AA 44A Automotive
| ATBIC51-16JA 449 (-40°C to 105°C)
? AT89C51-16PA 40P6
AT89C51-160A 44Q
20 5V+20% |  ATBICS51-20AC 44A Commercial
| AT89C51-20JC 443 (0°C to 70°C)
: AT89C51-20PC 40P6
AT89C51-20QC 44Q
ATB9C51-20Al 44A Industrial
AT89C51-20J1 44) (-40°C to 85°C)
| ATBYC51-20PI 40P6
< | AT89C51-20Ql 44Q
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Ordering Information

Speed Power .
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% ATB9C51-24AC i 44A Commercial
AT89C51-244C 44) (0°C to 70°C)
ATB9C51-24PC 44P6
l AT89C51-24QC 44Q
' ATB9CS51-24Al 44A Industrial
E ATBIC51-24.1 444 (-40°C to 85°C)
ATB3C51-24Pi 44P6
ATBIC51-24Q1 44Q
Package Type
44A 44 | ead, Thin Plastic Gull Wing Quad Flatpack (TQFP})
44 44 Lead, Plastic J-.Leaded Chip Carrier {PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
4Q 44 | ead, Plastic Guli Wing Quad Flatpack (PQFP)

AIMEL
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