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Abstract

This project presents a solar cell controller for controlling the solar cell to track the sun
so that the received solar energy is greater than the one received from the stable position solar
cell. The sunlight detector will detect the sunlight from the sensors fixed on the solar cell and
sends the signal to the comparator circuit. The compared signal 1s sent to microcontroller number
ATS89C51 which is connected to real time clock ( RTC ) and LCD display. The microcontroller
will be program by assembly language for controlling ON-OFF and directive rotation of motors
to move the solar cell following the position of the sun.

The experimental results of the controller show that the controller can control the model

to track the position of the sun.
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; Program : Real Time Clock

; Description

- Real Time Clock , S2 Preset Date , S3 Preset Time

3k ok 3k 3k ok ok 3k ok ok ok 3k ok ok ok 3k 3k 3k oK 3k ok 3k ok ok sk ok ok ok ok sk ok ok ok sk ok ok ok ok ok ok ok 3K 3k ok ok ok 3k ok ok 3k ok ok ok ok ok ok ok k ok K ok % K ok K
)

’

; Define Port&Pin Name

’

; SDA 12C Bue

; SCL I2C Bue

; Enable Drive UP

; Enable Drive DOWN

: Drive Input 1

; Drive Input 2

: Keypad Input Row 0

; Keypad Input Row 1

: Keypad Input Row 2

; Keypad Input Row 3

; Keypad Output Column 2
; Keypad Output Column 1
: Keypad Output Column 0
; Interrupt 0 PIN S2

; Interrupt 1 PIN S3

- LCD Module Enable ( Active High : Level )

: LCD Module Register Select

SDA BIT P1.0
SCL BIT P1.1
DRIVE_UP BIT P14
DRIVE_DOWN BIT P1.5
DRIVE_IN1 BIT Pl.6
DRIVE_IN2 BIT P1.7
KPAD_ROWO BIT P2.0
KPAD_ROW1 BIT P2.1
KPAD_ROW2 BIT P22
KPAD_ROW3 BIT P2.3
KPAD_COL2 BIT P2.4
KPAD_COL1 BIT P2.5
KPAD_COLO BIT P26
SET_DATE_SW BIT P3.2
SET_TIME_SW BIT P3.3
LCD_EN BIT P3.6
LCD_RS BIT  P3.7
. Define User Register
FLAG EQU 02FH
4 7 6 5 4 3 2 1 0
2C_ACK
12C_ACK BIT FLAG.0

.

. Define User Register

: User FLAG

: Detine 12C Acknowledge as bit




LCD_ADDR EQU  030H : For keep LCD Address

LCD_DATA EQU 031H ; For keep LCD Data

LCD_PTR EQU 032H - For keep LCD 3 Cha.r Pointer

12C_ADDR EQU 033H ; For keep [2C Address

12C_DATA EQU 034H ; For keep 12C Data

KPAD_DATA EQU 03SH : For keep Keypad Data

BUFFER EQU 036H ; Bufter

SECONDS EQU 040H ; For keep Seconds

MINUTES EQU  041H : For keep Minutes

HOURS EQU  042H ; For keep Hours

DAY EQU 043H ; For keep Day

DATE EQU 044H ; For keep Date

MONTH EQU 045H ; For keep Month

YEAR EQU 046H ; For keep Year

CONTROL EQU 047H : For keep Control Byte

. Define 12C Slave Address

RTC_ID EQU 110100008 : RTC Slave Address

; Main Program
ORG  0000H ; Reset Vector
MOV  P0,#00000000B ; Clear Databus
MOV Pl #11101111B : Clear status all devices
MOV P2 #I1111111B - Clear status keypad and 1-Wire
MOV  P3#00011111B - Clear status LCD, R-2R, P3.2-3.4

MAIN: ACALL INIT_LCD - Call LCD Initial subroutine
MOV  LCD_ADDR #000H : Set Address O0H
ACALL SET_ADDR_LCD
MOV  DPTRMHTITLE_1 - Index Pointer ROM to Show LCD
ACALL WRLINE_LCD - 00H-07H, 40H-47H ( Increase automatic )
ACALL DELAY_ls ; Delay
ACALL DELAY_ls



LOOP:

|

WR_CHK_MONTH_1:

WR_CHK_MONTH_2:

WRITE_MONTH_NX:

WRITE_TIME:

ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
CINE
MOV
AIMP
CINE
MOV
AIMP
CINE
MOV
MOV
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ANL
1Z

SWAP

RTC_RD
LCD_ADDR #000H
SET_ADDR_LCD
LCD_DATA #'"
WRCHAR_LCD
LCD_DATA.DATE
BCD2LCD
LCD_DATA #"
WRCHAR_LCD
AMONTH

: Read RTC

; Set Address 00OH

. Write space to LCD

. Write Date to LCD

; Write trom RTC BCD Data

; Write space to LCD

: Convert Month from BCD to HEX

A#O10H,WR_CHK_MONTH 1

A #O0AH

; October => 0AH

WRITE_MONTH_NX :
A#011H,WR_CHK_MONTH_2

A #OOBH : November => 0BH
WRITE_MONTH_NX

A #012H,WRITE_MONTH_NX y

A #00CH : December => 0CH
LCD_PTR,A : Set 3 Char. Pointer

DPTR,#MONTH_JAN ; Set Start Pointer

WR3CHAR_LCD
LCD_DATA #'°
WRCHAR_LCD
LCD_ADDR #040H
SET_ADDR_LCD
LCD_DATA,YEAR
BCD2LCD
LCD_DATA #'"
WRCHAR_LCD
AHOURS
A,#00110000B
WRITE_TIME_HN

A

: Write 3 Char. ( Month ) to LCD
; Write space to LCD

: Set Address 40H

: Write Year to LCD
: Write from RTC BCD Data

. Write space to LCD

; Get Hour
. Get x10 Digit
. Check x10 Digit=07?

: [ not => Write to LCD



WRITE_TIME_HN:

WRITE_TIME_HH:

WRITE_SPACE:

WRITE_MINUTES:

SET_TIME_I:

CHECK_HOURS:

TIME_RECORD:

RESET_CELL:

ADD
AJMP
MOV
MOV
ACALL
MOV
ANL
ADD
MOV
ACALL
MOV
ANL
INZ
MOV
ACALL
AIMP
MOV
ACALL
MOV

ACALL

MOV
CINE
AIMP
SETB
SETB
SETB
SETB
AIMP
CLR
SETB

A #030H

WRITE_TIME_HH

A
LCD_DATA.A
WRCHAR_LCD
AHOURS
A,#00001111B
A #030H

LCD DATA,A
WRCHAR_LCD
A,SECONDS

A H001H
WRITE_SPACE
LCD_DATA #"'

WRCHAR_LCD

WRITE_MINUTES

LCD_DATA #'"
WRCHAR_LCD

LCD_DATA MINUTES

BCD2LCD

SET_DATE_SW.SET_TIME_1

SET_DATE

: Convert to ASCII

; x10 =0 then Write space

. Writeto LCD

. Write x1 Digit to LCD

;. Convert to ASCII

; Check Second = Odd Number ?
; Even => Write space

; Odd => Write "

; Write Minute to LCD
; Write from RTC BCD Data

; Check S2 Pressed? => Set Date

SET_TIME_SW,CHECK_HOURS ; Check S3 Pressed? => Set Time

SET_TIME
A.HOURS

A#00011000B. TIME_RECORD

RESET CELL
DRIVE_UP
DRIVE_DOWN
DRIVE_INI
DRIVE_IN2
LOOP
DRIVE_DOWN

DRIVE_UP

; Check 18.00 o'clock ?

. Start Drive Up

. Start Drive Down

. Jump to loop
. Stop Drive Down

. Start Drive Up



CHECK_EIGHT_AM:

SET_DATE:

CLR
CLR
ACALL
ACALL
MOV
CINE
SETB
SETB
AJMP
MOV
ACALL
MOV
ACALL
MOV
ACALL
ACALL
ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
ACALL
ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
MOV
ANL

SWAP

DRIVE_IN1
DRIVE_IN2

DELAY _S5sec ; Delay 5 Seconds
RTC_RD

A HOURS

A#O08H,CHECK_EIGHT AM

DRIVE_UP : Start Drive Up
DRIVE_ DOWN ; Start Drive Down
LOOP : Jump to loop
LCD_ADDR #000H : Set Address 00H

SET_ADDR_LCD
DPTR#SCR_SET_DATE ; Index Pointer ROM to Show LCD
WRLINE_LCD - 00H-07H, 40H-47H ( Increase automatic )
LCD_ADDR #040H : Set Address 40H

SET_ADDR_LCD

LCD_BLINK ; Blink LCD

WAIT_KEYPRESSED . Wait until Keypad pressed
BUFFER,KPAD DATA :Copy in BUFFER

AKPAD DATA : Get Keypad Data

A #030H . Convert to ASCII
LCD_DATA A ; Write to LCD
WRCHAR_LCD

LCD_BLINK :Blink LCD

WAIT_KE\(( : Wait until Keypad depressed
WAIT_KEYPRESSED . Wait until Keypad pressed

BUFFER+1,KPAD_DATA ;Copy in BUFFER+]

A KPAD DATA . Get Keypad Data
A#030H . Convert to ASCII
LCD_DATA.A » Write to LCD

WRCHAR_LCD

WAIT _KEY : Wait until Keypad depressed
A BUFFER . Restore BUFFER
A #00FH : Get lower 4 bit

A : Swap nibble



MOV BA : Move to B

MOV A BUFFER+] : Restore BUFFERH

ANL A #OOFH . Get lower 4 bit

ADD AB : Add BUFFER to make RTC BCD
MOV  DATEA . Keep Date Data

MOV  LCD_ADDR,#043H . Set Address 43H

ACALL SET_ADDR_LCD
ACALL LCD_BLINK ; Blink LCD
ACALL WAIT _KEYPRESSED . Wait until Keypad pressed

MOV  BUFFER,KPAD_DATA ; Copy in BUFFER

MOV A KPAD _DATA ; Get Keypad Data
ADD A #030H ; Convert to ASCII
MOV  LCD_DATAA : Write to LCD

ACALL WRCHAR_LCD

ACALL LCD BLINK : Blink LCD
ACALL WAIT KEY : Wait until Keypad depressed
ACALL WAIT KEYPRESSED : Wait until Keypad pressed

MOV  BUFFER+1 KPAD DATA ; Copy in BUFFER+1

MOV  AKPAD_DATA : Get Keypad Data
ADD A #030H : Convert to ASCII
MOV  LCD_DATA,A » Write to LCD

ACALL WRCHAR_LCD

ACALL WAIT _KEY » Wait until Keypad depressed

MOV  ABUFFER ; Restore BUFFER

ANL A #OOFH : Get lower 4 bit

SWAP A . Swap nibble

MOV  BA :Moveto B

MOV A BUFFER+I : Restore BUFFER+1

ANL A H#OOFH : Get lower 4 bit

ADD AB . Add BUFFER to make RTC BCD
MOV  MONTH,A . Keep Month Data

MOV  LCD_ADDR,#046H . Set Address 46H

ACALL SET_ADDR_LCD

ACALL LCD_BLINK : Blink LCD



SET_TIME:

ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
ACALL
ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
MOV
ANL
SWAP
MOV
MOV
ANL
ADD
MOV
ACALL
AJMP
MOV
ACALL
MOV
ACALL
MOV
ACALL

ACALL

WAIT_KEYPRESSED : Wait until Keypad pressed
BUFFER,KPAD_DATA ; Copy in BUFFER

A KPAD _DATA ;. Get Keypad Data
A #030H ;. Convert to ASCII
LCD_DATA,A : Write to LCD

WRCHAR_LCD

LCD_BLINK : Blink LCD
WAIT_KEY : Wait until Keypad depressed
WAIT_KEYPRESSED ; Wait until Keypad pressed

BUFFER+1,KPAD DATA : Copy in BUFFER+1

A KPAD _DATA ; Get Keypad Data

A #030H ; Convert to ASCII
LCD_DATA,A : Write to LCD
WRCHAR_LCD :

WAIT_KEY ; Wait until Keypad depressed
A BUFFER . Restore BUFFER

A, #OOFH ;. Get lower 4 bit

A : Swap nibble

B,A ; Move to B

A BUFFER+1 . Restore BUFFER+1

A #00FH . Get lower 4 bit

AB ; Add BUFFER to make RTC BCD
YEARA . Keep Year Data

RTC_WR : Write RTC

LOOP ; Jump to loop

LCD_ADDR #000H : Set Address 00H

SET_ADDR_LCD

DPTRASCR_SET _TIME Index Pointer ROM to Show LCD
WRLINE_LCD : 00H-07H, 40H-47H ( Increase automatic )
LCD_ADDR #040H ; Set Address 40H

SET_ADDR_LCD

LCD_BLINK . Blink LCD



ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
ACALL
ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL
MOV
ANL
SWAP
MOV
MOV
ANL
ADD
MOV
MOV
ACALL
ACALL
ACALL
MOV
MOV
ADD
MOV
ACALL
ACALL

ACALL

WAIT_KEYPRESSED
BUFFER.KPAD DATA
AKPAD DATA

A H#030H
LCD_DATA,A
WRCHAR_LCD
LCD_BLINK
WAIT_KEY

WAIT_KEYPRESSED

: Wait until Keypad pressed
: Copy in BUFFER
. Get Keypad Data
; Convert to ASCII

: Write to LCD

:Blink LCD
: Wait until Keypad depressed

: Wait until Keypad pressed

BUFFER+1,KPAD_DATA : Copy in BUFFER+1

AKPAD DATA
A#030H

LCD DATA A
WRCHAR_LCD
WAIT KEY
A,BUFFER

A,HO0OFH

A

B.A

A.BUFFER+1
AHO00FH

AB

HOURS.A
LCD_ADDR #043H
SET_ADDR_LCD
LCD_BLINK
WAIT_KEYPRESSED
BUFFER,KPAD_DATA
AKPAD DATA
AH#030H
LCD_DATA.A
WRCHAR_LCD
LCD_BLINK

WAIT_KEY

. Get Keypad Data

; Convert to ASCII

: Write to LCD

d Waﬁ unfil Keypad depressed
; Restore BUFFER

; Get lower 4 bit

: Swap nibble

:Move to B

: Restore BUFFER+1

: Get lower 4 bit

: Add BUFFER to make RTC BCD
; Keep Hours Data

: Set Address 43H

. Blink LCD

» Wait until Keypad pressed
: Copy in BUFFER

. Get Keypad Data

: Convert to ASCII

: Write to LCD

- Blink LCD

. Wait until Keypad depressed



ACALL WAIT_KEYPRESSED : Wait until Keypad pressed

MOV  BUFFER+1 KPAD_DATA ; Copy in BUFFER+]

MOV A KPAD_DATA : Get Keypad Data
ADD A #030H ; Convert to ASCII
MOV  LCD_DATAA : Write to LCD

ACALL WRCHAR_LCD

ACALL WAIT_KEY - Wait until Keypad depressed
MOV  A,BUFFER : Restore BUFFER

ANL A H#OOFH ; Get lower 4 bit

SWAP A ; Swap nibble

MOV BA : Moveto B

MOV A BUFFER+I : Restore BUFFER+1

ANL A #00FH : Get lower 4 bit

ADD AB : Add BUFFER to make RTC BCD
MOV  MINUTES,A : Keep Minutes Data

MOV  LCD_ADDR. #0461 : Set Address 46H

ACALL SET _ADDR_LCD
ACALL LCD_BLINK : Blink LCD
ACALL WAIT _KEYPRESSED : Wait until Keypad pressed

MOV  BUFFER,KPAD DATA ; Copy in BUFFER

MOV A KPAD_DATA : Get Keypad Data
ADD A #030H : Convert to ASCII
MOV LCD_DATAA : Write to LCD

ACALL WRCHAR_LCD

ACALL LCD_BLINK : Blink LCD
ACALL WAIT_KEY ;. Wait until Keypad depressed
ACALL WAIT _KEYPRESSED . Wait until Keypad pressed

MOV  BUFFER+1.KPAD_DATA ; Copy in BUFFER+I

MOV A KPAD_DATA : Get Keypad Data
ADD A #0301 . Convert to ASCII
MOV  LCD_DATAA : Write to LCD

ACALL WRCHAR_LCD

ACALL WAIT_KEY : Wait until Keypad depressed



MOV A BUFFER
ANL A #OOFH
SWAP A
MOV B,A
MOV A BUFFER+I
ANL A #00FH
ADD AB
MOV  SECONDS.A
ACALL RTC_WR
AIMP  LOOP

; BCD Code to show LCD

< PP LCD_DATA

BCD2LCD: PUSH ACC
PUSH B
MOV A LCD_DATA
MOV B,A
ANL A #11110000B
SWAP A
ADD  A#030H
MOV  LCD_DATAA
ACALL WRCHAR_LCD
MOV AB
ANL AL#00001111B
ADD A #030H
MOV  LCD_DATAA
ACALL WRCHAR_LCD
POP B
POP ACC

: Restore BUFFER

. Get lower 4 bit

. Swap nibble

. Move to B

: Restore BUFFER+1
; Get lower 4 bit

: Add BUFFER to make RTC BCD
; Keep Seconds Data
. Write RTC

; Jump to loop

; Push ACC to Stack
: Push B to Stack

. Get input data value
; Copy to.B

; Get higher 4 bit

; Swap nibble

; Convert to ASCII

: Write LCD

. Restore value
- Get lower 4 bit
- Convert to ASCII

- Write LCD

; Pop B trom Stack
: Pop ACC . from Stack

: Retum



. Wait keypad depressed

)

WAIT_KEY: MOV

ANL

AP2
A #O00FH

AHOOFH,WAIT_KEY

-

. Wait keypad pressed 0-9 Only

WAIT_KEYPRESSED:  ACALL
MOV
CINE
AIMP

CHK_KEY NEXT: CINE
AIMP

CHK_KEY 0: CINE

CHK_VALID _KEY: INC

GET_KPAD
A.KPAD_DATA
A#0,CHK_KEY NEXT
WAIT_KEYPRESSED
A#10,CHK_KEY 0
WAIT_KEYPRESSED
A#11,CHK_VALID KEY

KPAD_DATA #0

WAIT_KEYPRESSED

)

;. Keypad Scan key Subroutine

GET_KPAD: MOV
MOV

CHK_COLO: CLR
MOV
ANL
CINE
AIMP

COLO_DETECT: MOV

AIMP

P2 HOFFH
KPAD_DATA #0
KPAD_COLO

AP2

A HOOFH

A #00FH,COLO_DETECT
CHK_COL1
KPAD_DATA #01

GET_ROW

: Move P2 to ACC
: Get only Lower 4 bit

. All bit are high ?

; Check keypad Data

s

; Check keypad pressed ?

; Loop until keypad pressed

; Check key *

; If'key * then loop wait

; Check key 0

: Replace KPAD_DATA =0

; Return

; IfKPAD _DATA > 11 then loop wait

: Return

: Pull P2 to High ( 1-Wire not aftect )
; Clear Keypad Data

; Begin Scan Column 0

; Get Port2 Value

: Get only lower 4 bit

: Check All rows ' 1'?

: All rows ' 1 '=> check next column
» Initial KPAD_DATA =1

; Jump to get row value



RET . Return

; LCD Initialize

INIT_LCD: ACALL DELAY_100ms . Delay
CLR LCD_RS ; Clear LCD_RS Pin
MOV  P0,#00111000B . 8 bit Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL DELAY_10ms . Delay
MOV  P0,#00111000B ; 8 bit Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_OFF : Display Off
ACALL LCD_CLR . Clear Display
MOV  P0,#00000110B ; Entry Mode
ACALL LCD_CLK : Pulse LCD Clock
ACALL LCD_HOME ; Return Home Display

s

; LCD Clear Display

>

LCD_CLR: CLR LCD_RS ; Clear LCD_RS Pin
MOV  P0,#00000001B ; Display Clear
ACALL LCD_CLK : Pulse LCD Clock
RET

,

: LCD Return Home

LCD_HOME: CLR LCD_RS ; Clear LCD_RS Pin
MOV  P0,#00000010B ; Return Home
ACALL LCD_CLK : Pulse LCD Clock
RET

. LCD Display Off

LCD_OFF: CLR LCD_RS : Clear LCD_RS Pin



: Display Off

; Pulse LCD Clock

. Pulse Clock to LCD_EN

; Clear LCD_RS Pin

: Display On

; Clear LCD_RS Pin
: Display Cursor and Blink

; Pulse LCD Clock

; Clear LCD_RS Pin
: Move LCD_ADDR to ACC.

:Setbit ACC . 7

MOV P0,#00001000B
ACALL LCD_CLK
RET

; LCDCIlk

LCD_CLK: SETB LCD_EN
ACALL LCD_DELAY
CLR LCD_EN
ACALL LCD_DELAY
RET

. LCD Display On

LCD_ON: CLR LCD_RS
MOV  P0,#00001100B
ACALL LCD_CLK
RET

: LCD Cursor On

LCD_BLINK: CLR LCD_RS
MOV  P0,#00001111B
ACALL LCD_CLK
RET

o Set LCD Address

i [ LCD_ADDR

SET_ADDR_LCD: CLR LCD_RS
MOV  ALCD_ADDR
SETB  ACC.7
MOV  POA

ACALL LCD_CLK

- Move to DATABUS

: Pulse LCD Clock



; Write Character to show LCD

;P LCD_DATA
WRCHAR_LCD: SETB LCD_RS : Set LCD_RS Pin
MOV PO, LCD_DATA : Move LCD_DATA to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_ON ; Display On
RET
; Write 3 Character from ROM
; VP LCD_PTR
WR3CHAR_LCD: MOV  RO,#0 ; Clear Loop Counter
MOV  ALCD_PTR ; Get LCD Pointer
DEC A ; Decrease Value
MOV  B#3
MUL AB : Multiply by 3
WR3CHAR_LCD_1: SETB LCD_RS ; Set LCD_RS Pin
MOVC A, @A+DPTR ; Get Data from ROM with Pointer
MOV  POA : Move ACC . to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
INC DPTR . Increase Pointer
INC RO : Increase Loop Pointer
MOV  ALCD_PTR ; Restore LCD Pointer
DEC A ; Decrease Value
MOV B#3
MUL AB ; Multiply by 3
CINE RO#3,WR3CHAR_LCD_1 ;Do until 3 times
LCALL LCD_ON ; Show LCD
RET » Retun

© Write Line of 16 Character from ROM



DPTR : Locate ROM Address

WRLINE_LCD: MOV  RO,#0
WRLINE_LCD_1: SETB  LCD_RS
CLR A
MOVC A, @A+DPTR
MOV PO,A
ACALL LCD_CLK
INC DPTR
INC RO
CINE RO#8,WRLINE_LCD_1
MOV  LCD_ADDR,#040H
ACALL SET_ADDR_LCD
WRLINE_LCD_2: SETB LCD_RS
CLR A
MOVC A, @A+DPTR
MOV  PO,A
ACALL LCD_CLK
INC DPTR
INC RO
CINE  RO#16,WRLINE_LCD_2
ACALL LCD_ON
RET
:12C RTC Read
RTC_RD: MOV  12C_ADDR#RTC_ID
LCALL 12C_SLAVE
MOV  12C_DATA #000H
LCALL I2C_DATA_WR
LCALL RTC_RDI
MOV  SECONDS,I2C_DATA
LCALL 12C_NACK_BIT
LCALL RTC_RDI

. Clear loop counter

: Set LCD_RS Pin

; Clear ACC .

- Move data from @DPTR to ACC..
: Move ACC . to DATABUS

; Pulse LCD Clock

; Increase Pointer

; Increase loop counter

- Do until 8 times

: Set Later 8 Char . Address

; Set LCD_RS Pin

: Clear ACC .

: Move data from @DPTR to ACC .
: Move ACC . to DATABUS

; Pulse LCD Clock

; Increase Pointer

; hncrcase: loop counter

; Do until 8+8 times

; Display On

; Set RTC as 12C Write Slave
; Connect Slave

: Set Slave Address 00H

: Write Data to Slave

; Connect RTC Read

; Read Data to SECONDS

; Send Not Acknowledge

- Connect RTC Read



RTC_RDI:

MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL

MINUTES,[2C_DATA
12C_NACK_BIT
RTC_RDI
HOURS,I2C_DATA
12C_NACK_BIT
RTC_RDI
DAY.I12C_DATA
[2C_NACK_BIT
RTC_RDI1
DATE,]2C_DATA
12C_NACK_BIT
RTC_RDI
MONTH,I2C_DATA
12C_NACK_BIT
RTC_RDI
YEAR,]2C_DATA
[2C_NACK_BIT
RTC_RDI
CONTROL,I2C_DATA
12C_NACK_BIT

12C_STOP

[2C_ADDR#RTC_ID+1
[2C_SLAVE

12C_DATA_RD

RTC_WR:

MOV
LCALL
MOV
LCALL

MOV

12C_ADDR#RTC_ID
12C_SLAVE
12C_DATA #000H
12C_DATA_WR

[2C_DATA SECONDS

- Read Data to MINUTES

: Send Not Acknowledge

; Connect RTC Read

: Read Data to HOURS

: Send Not Acknowledge

; Connect RTC Read

: Read Data to DAY

: Send Not Acknowledge

; Connect RTC Read

: Read Data to DATE

. Send Not Acknowledge

: Connect RTC Read

: Read Data to MONTH

: Send Not Acknowledge

Connect RTC Read

: Read Data to YEAR

. Send Not Acknowledge

; Connect RTC Read

: Read Data to CONTROL

: Send Not Acknowledge

: Send Stop Condition

: Return

: Set RTC as 12C Write Slave

; Connect Slave

. Read Data from Slave

1 SCt RTC as 12C Write Slave

; Connect Slave

: Set Slave Address 00H

. Write Data to Slave

: Write SECONDS to RTC



LCALL I2C_DATA_WR

MOV  12C_DATAMINUTES . Write MINUTES to RTC
LCALL I2C_DATA_WR X
MOV  12C_DATA HOURS : Write HOURS to RTC

LCALL I2C_DATA_WR
MOV  I2C_DATA DAY : Write DAY to RTC

LCALL I2C_DATA_WR

MOV  I12C_DATA,DATE ; Write DATE to RTC
LCALL I2C_DATA_WR ,
MOV  12C_DATA,MONTH : Write MONTH to RTC

LCALL I2C_DATA_WR

MOV  [2C_DATA,YEAR - Write YEAR to RTC
LCALL 12C_DATA_WR

MOV  12C_DATA,CONTROL  ; Write CONTROL to RTC

LCALL I2C_DATA_WR

LCALL 12C_STOP ; Send Stop Condition
RET ; Return
. I2C Data Write
; UP: [12C_DATA
[2C_DATA_WR: PUSH ACC : Push ACC .
SETB I12C_ACK : Set ACK . bit
MOV A, 12C_DATA : Get Data
MOV  R5.#008 ; Set loop 8 times
[2C_DATA_WR_I: RLC A : Rotatae ACC . to Left with Carry
MOV  SDA.C . Move Carry Flag to SDA
LCALL I2C_CLK : Pulse 12C Clock
DINZ  R5,12C_DATA_WR_I ; Do until 8 times
SETB  SDA : Set SDA
LCALL 12C_DELAY ; Delay
SETB  SCL . Set SCL
LCALL 12C_DELAY - Delay

JB SDA.I2C_DATA_WR_2  :Check Acknowledge from Slave



CHK_COLI:

COL1_DETECT:

CHK_COL2:

COL2_DETECT:

GET ROW:

CHK_ROWI:

CHK_ROW?:

CHK_ROWS3:

SETB
CLR
MOV
ANL
CJINE
AIMP

MOV

SETB
CLR
MOV
ANL
CINE

MOV
CLR
CLR

CLR

MOV
ADD

MOV

IB

MOV
ADD
MOV

MOV
ADD

MOV

KPAD_COLO
KPAD_COLI

AP2

AHO0FH
AH#00FH,COL1_DETECT
CHK_COL2
KPAD_DATA #02
GET_ROW

KPAD_COLI
KPAD_COL2

AP2

A#OOFH
A,#00FH,COL2_DETECT

KPAD_DATA #03
KPAD_COLO
KPAD_COLI
KPAD_COL2

KPAD_ROWO,CHK_ROWI

KPAD_ROWI,CHK_ROW2

AKPAD DATA
A3

KPAD_DATA A

KPAD_ROW2,CHK_ROW3

A.KPAD DATA
A6

KPAD_DATAA

A KPAD_DATA
AH9

KPAD_DATAA

; Stop Scan Column 0

; Begin Scan Column 1

; Get Port2 Value

. Get only lower 4 bit

; Check All rows ' 17

: All rows ' 1 '=> check next column
: Initial KPAD_DATA =2
: Jump to get row value

: Stop Scan Column 1

2 Begin Scan Column 2

; Get Port2 Value

; Get 'only lower 4 bit

: Check Alltows'1'?

; Imtial KPAD_DATA =3
; Enable all Column to tind Crosspoint

B

: Check Row 0 Detect ?
: Row 0 Detect => return
- Check Row 2 Detect ?

: Add 3 with KPAD_DATA

; Return
: Check Row 2 Detect ?

: Add 6 with KPAD_DATA

: Retumn

: Add 9 with KPAD_DATA



CLR  I2C_ACK

; O/P:

2C_DATA_WR_2: CLR  SCL
POP ACC
RET
. 12C Data Read
12C_DATA
[2C_DATA_RD: PUSH ACC
CLR A

2C_DATA_RD_I:

MOV  RS#008
LCALL I2C_DELAY
SETB  SCL

LCALL I2C_DELAY

MOV  C.SDA
RLC A
CLR SCL

DINZ  RS,]2C_DATA_RD_I

MOV  12C_DATA A

POP ACC
RET
. 12C Slave Connect
/P [12C_ADDR
. Op 12C_ACK
[2C_SLAVE: PUSH ACC

12C_SLAVE_L:

SETB I2C_ACK
MOV  A.I2C_ADDR
LCALL 12C_START
MOV RS5.#008

RLC A

MOV  SDAC

LCALL 12C_CLK

: Clear ACK . bit
; Clear SCL
: Pop ACC .

; Return

: Push ACC.

; Clear ACC .

; Set loop 8 times

; Delay

: Set SCL

: Delay

: Get SDA to Carry Flag

: Rotate ACC . to Left with Carry
; Clear SCL

: Do unti] 8 times

; Move Data to 2C_DATA
; Pop ACC.

; Return

;Push ACC.

: Set ACK . bit

: Get Slave Address

. Send Start Condition

: Set loop 8 times

: Rotate ACC . to Left with Carry
- Move Carry Flag to SDA

- Pulse 12C Clock



DINZ

SETB

R5.12C_SLAVE_1

SDA

LCALL I2C_DELAY

SETB

SCL

LCALL I2C_DELAY

)

&5

B SDA.I2C_SLAVE_2
CLR  I2C_ACK
I2C_SLAVE_2: CLR SCL
POP ACC
RET
; I2C Start Condition
I2C_START: SETB  SCL
SETB  SDA

ECALISRESDEPAY,

CLR

SDA

LCALL I2C_DELAY

CLR SCL
RET

; I2C Stop Condition

I2C_STOP: CLR SDA
LCALL 12C_DELAY

SETB

SCL

LCALL I2C_DELAY

: 12C Clock

B

12C_CLK:

SETB  SDA
RET
LCALL I2C_DELAY

SETB  SCL

;Do until 8 times
. Set SDA

. Delay

:Set SCL

. Delay

. Check Acknowledge from Slave
; Clear ACK .
: Clear SCL

; Pop ACC .

: Return

2 SeSCI5

: Set SDA

. Delay

. Clear SDA during SCL set
: Delay

; Clear SCL

: Return

; Clear SDA

. Delay

1 Sel SCL

. Dclay

. Set SDA during SCL set

; Return

: Pulse SCL



LCALL I2C_DELAY

CLR SCL <
RET ;- Return

; 12C Not Acknowledge

[2C_NACK_BIT: SETB  SDA : Set SDA
LCALL 12C_DELAY : Delay

LCALL I12C_CLK
RET

: Pulse 12C Clock

: Return

)

; Dummy Delay time I2C_DELAY, LCD_DELAY, 10m, 100m, 1s

I2C_DELAY:

I2C_DELAY_1:

LCD_DELAY:
LCD_DELAY_I:

LCD_DELAY _2:

DELAY_10ms:
DELAY_10ms_1:

DELAY_10ms_2:

DELAY_100ms:

DELAY _100ms_1:

: Each loop = 50 us

: Do 2 times

: Each loop=1ms

: Do 10 times

: Each loop =1 ms

2 Do 100 times

MOV  6#00CH

NOP

NOP

DINZ R6,12C DELAY_1
RET

MOV 74002

MOV 6 HOE6H

NOP

NOP

DINZ R6LCD_DELAY 2
DINZ R7,LCD_DELAY_l
RET

MOV 74010

MOV 6#0EGH

NOP

NOP

DINZ R6,DELAY_10ms_2
DINZ R7DELAY_I0ms_l
RET

MOV 74100

MOV  6#0E6H

: Bach ]0(5p =1ms



DELAY_100ms_2: NOP
NOP
DINZ RG6,DELAY_100ms_2

DINZ R7.DELAY_100ms_1

RET
DELAY_l1s: MOV 5.#100 ;Do 100 times
DELAY 1s 1: ACALL DELAY_10ms

DINZ RSDELAY _lIs_1

RET
DELAY _lIsec: MOV 5.#100
JB SET_DATE_SW,CHECK_SW 2 ; Check Switch Every 10 ms
JMP SET _DATE ;Jump to Set Date
CHECK_SW_2: JB SET_TIME_SW.DELAY_lsec_l;
IMP SET_TIME ;Jump to Set Time
DELAY_lsec_l: ACALL DELAY_10ms :

DINZ RS5,DELAY_lsec 1

RET
DELAY_lsex: MOV 4 #001 ;Do 1 times
DELAY_lsex_I: ACALL DELAY_lsec

ACALL WRITE_TIME_1

DINZ R4.DELAY_lsex_I

RET
DELAY_Ssec: MOV  4.#005 ;Do 5 times
DELAY 5sec_l: ACALL DELAY_lsex

DINZ  R4DELAY S5sec_l

RET
WRITE_TIME_1: ACALL RTC_RD
MOV  LCD_ADDR #0431 : Set Address 43H

ACALL SET_ADDR_LCD

MOV  AHOURS : Get Hour

ANL A #001100008 1 Get x10 Digit

JZ WRITE_TIMIEE_HN 1 : Check x10 Digit=07?
SWAP A I not => Write to LCD

ADD A H#O30H . Convert to ASCII



AJMP  WRITE_TIME_HH_1

WRITE_TIME_HN_1: MOV  A#" ; x10 = 0 then Write space
WRITE_TIME_HH_1: MOV  LCD_DATA.A - Write to LCD

ACALL WRCHAR_LCD

MOV  AHOURS ; Write x1 Digit to LCD

ANL  A#00001111B

ADD A H#030H - Convert to ASCII

MOV  LCD_DATAA

ACALL WRCHAR_LCD

MOV A SECONDS ; Check Second = Odd Number ?
ANL  A#001H 4

INZ WRITE_SPACE_1 ; Even => Write space

MOV  LCD_DATA#"' ; Odd => Write "'

ACALL WRCHAR_LCD
AJMP  WRITE_MINUTES_| :
WRITE_SPACE_1: MOV  LCD_DATA#"
ACALL WRCHAR_LCD
WRITE_MINUTES_I: MOV  LCD_DATA MINUTES  : Write Minute to LCD

ACALL BCD2LCD : Write trom RTC BCD Data

a

. Define Constant < Store in Flag EEPROM Program Memory >

0123456789ABCDEF

TITLE_I: DB 'Real Time Clock '
SCR_SET_DATE: DB 'Date : dd/mm/yy
SCR_SET_TIME: DB ' Time : hlymm/ss'
MONTH_JAN: DB  Jan'
MONTH_FEB: DB 'Feb'
MONTH_MAR: DB 'Mar'
MONTH_APR: DB 'Apr
MONTH_MAY: DB 'May'
MONTH_JUN: DB ‘'Jun'

MONTH_JUL: DB Jul



MONTH_AUG:

MONTH_SEP:

MONTH_OCT:

MONTH_NOV:

MONTH_DEC:

DB
DB
DB
DB
DB

END

‘Aug
Sep'
‘Oct'
Nov'

'Dec'
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== UNITRODE L293D

Push-Pull Four Channel Driver

FEATURES DESCRIPTION
e Output Current 1A Per Channel (600mA  The L293 and L293D are quad push-pull drivers capable of delivering
for L293D) output currents to 1A or 600mA per channel respectively. Each channel
e Peak Output Current 2A Per Channel is coqtrolleq by a .'I'TL—cor'npatlbI.e Igglg input aer each pair of drivers (a
(1.2A for L293D) fL.J" bridge) is equipped w1th'an ln.hlblt mput which turns. off all four tran-
e g sistors. A separate supply input is provided for the logic so that it may
e Inhibit Facility be run off a lower voltage to reduce dissipation.
e High Noise Immunity Additionally the L293D includes the output clamping diodes within the

« Separate Logic Supply IC for complete interfacing with inductive loads.

Both devices are available in 16-pin Batwing DIP packages. They are

*  Over-Temperature Protection also available in Power S0IC and Hermetic DIL packages.

TRUTH TABLE ABSOLUTE MAXIMUM RATINGS
Vi VINH Vo Collector Supply Voltage, VC. ... ... oot 36V
Logic Supply Voltage, V8S. . ....c.coiviiiiiiiiia e 36V
feactutheamel) Input Voltage, VI . ..ot e ™
H H H Inhibit Voltage, VINH. .. .« oo A%
L H L Peak Output Current (Non-Repetitive), lout (L293) .............. 2A
H L AR JOUT (L293D) . -« e eeee e e e e 1.2A

L L e Total Power Dissipation

*Relative to the considered channel at Tground-pins = 80°C, N Batwing pkg, (Note) ............... 5W
**High output impedence Storage and Junction Temperature, Tstg, Ty . ......... -40 to +150°C

Note:Consult packaging section of Databook for thermal limitations and
considerations of packages.

BLOCK DIAGRAM

VSS L293
1 [ e 5,
Oj—“_._ 16|
12 164 (
OJ_L l—ﬂ‘O

KKhH :
—d 13:
1

@ »——15 12|
6 11

(@ ,
R 1 % 'MU_1

O
vVC

Note: Output diodes are internal in L293D.
8/94



L293

L293D
CONNECTION DIAGRAMS
DIL-16 (TOP VIEW) SOIC-28 (TOP VIEW)
N Package, SP Package DWP Package
‘_—J CHIP INHIBIT 1[1 ~ gl vss
CHIP INHIBIT [1 [16] vss i [ 57 INPUT 4
NPUT 1 [2] [15] INPUT 4 ouTpuT 1[3] 6] ouTPUT 4
outpuT 1[3] [14] oUTPUT 4 nre 3] R
GNp [4] [13] aND nre 8] 24 N/C
ano [5] 2] ano nrc [6] 3l NiC
OUTPUT 2 E _1—1_] OUTPUT 3 GND Iz ZZ] .
GND [8] 21 aND
INPUT 2 [7] [10] INPUT 3 = B
ve [e] (9] CHIP INHIBIT 2 NG [1] 8] nic
nsc i) 18] N/C
ouTPUT 2 [12] [17] ouTPuT 3
INPUT 2 [13] [16] nPUT 3
ve [14] 15] CHIP INHIBIT 2

ELECTRICAL CHARACTISTICS: (For each channel, V¢ = 24V, Vss = 5V, TAMs = 25°C, unless otherwise specified; TA=TY)

PARAMETER SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNITS
Collector Supply Voltage Ve 36 \
Logic Supply Voltage Vss 4.5 36 Vv
Collector Supply Current Ic Vi=L,lo=0,ViNH=H 2 6 mA
Vi=H,lo=0,Vini=H 16 24 mA
VINH =L 4 mA
Total Quiescent Logic Supply Current Iss Vi=L lo=0,ViINH=H 44 60 mA
Vi=H,lo=0,VINH=H 16 22 mA
VINH =L 16 24 mA
Input Low Voltage ViL -0.3 1.5 V
Input High Voltage VIH Vss <7V 23 Vss V
Vss 27V 2.3 7 \
Low Voltage Input Current I VI =0V | -10 pA
High Voltage Input Current liH VI = 4.5V 30 | 100 | pA
Inhibit Low Voltage VINH, L -0.3 15 V
Inhibit High Voltage VINH, H  |Vss STV 23 | Vss \
Vss >7V 2.3 | 7 Vv
Low Voltage Inhibit Current VINH, L -30 ‘ -100 LA
High Voltage Inhibit Current VINH, H .10 pA
Source Output Saturation Voltage VCEsatH |10 = -1A (-0.6A for L293D) 14 18 V
Sink Output Saturation Voltage VcesatL |lo = 1A (0.6A for L293D) 12 | 18 \
Clamp Diode Forward Voltage (L293D only) VF IF = 0.6A 1.3 Vv
Rise Time TR 0.1t0 0.9 Vo (See Figure 1) 100 ns
Fall Time TF 0.9 to 0.1 Vo (See Figure 1) 350 ns
Turn-on Delay | _ToN 0.5 Vito 0.5 Vo (See Figure 1) 750 ns
| Turn-off Delay | Tore |0 5 Vi to 0.5 Vo (See Figure 1) 200 ns




Philips Semiconductors

Octal buffer/line driver; 3-state
;

FEATURES

o Non-inverting outputs

o Output capability: bus driver

e |cc category: MSI

Product specification

74HC/HCTS541

The 74HC/HCT541 are octal non-inverting buffer/line
drivers with 3-state outputs. The 3-state outputs are
controlled by the output enable inputs OE4 and OE,.

A HIGH on OE, causes the outputs to assume a high
impedance OFF-state.

The “541" is identical to the “540” but has non-inverting
outputs.

GENERAL DESCRIPTION

The 74HC/HCT541 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

QUICK REFERENCE DATA
GND=0V;Tamp=25°C;t,=t=6ns

SYMBOL PARAMETER CONDITIONS

TYPICAL

HC

HCT

UNIT

te/ teui | propagation delay A, to Yn CL=15pF;Vcc=5V

10

12

ns .

C input capacitance

3.5

3.5

pF

Cep power dissipation capacitance per buffer | notes 1 and 2

37,

39

pF

Notes
1. Cppis used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp X V2 x fi + % (CL x Vec? x fo) where:
f; = input frequency in MHz
f, = output frequency in MHz
¥ (CL x Vee? xfo) =
C. = output load capacitance in pF

sum of outputs

Ve = supply voltage in V

2. ForHC the conditionis V|
For HCT the condition is V| =

= GND to V¢c
GND to VCC -15V

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

December 1990 2



Philips Semiconductors

Product specification

Octal buffer/line driver; 3-state

74HC/HCT541

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,19 OE;, OE, output enable input (active LOW)
2,3,4,56,7,8,9 Ap to Ay data inputs

10 GND ground (0 V)

18, 17, 16, 15, 14, 13, 12, 11 Yoto Yy bus outputs

20 Vee positive supply voltage

oE,[1 ] U [20] Vee
Ao (7] 19] € 2
nE v
Ay ] 7] V1
A;E 18] Y2
‘4[_5 541 EYa
As[7] 1] Y4

6nD [10 1] Y7

7296766

Fig.1 Pin configuration.

1
Aq Yq &
3——?—-17 19 EN
A Y.
A-Z——D—zw | C
| % v >
s 2 P> 2] 18
it
k] 7
Y, PR f——
_‘L.?i“.
AL |18
As Ys
77— 13 ] 15
_-D_ ] _—
As e -S| 14,
g — 12
s o |
A ¥
n-l—?——ln 8 12
' OF, 2 |11
)
19 7296767
7296771
Fig.2 Logic symbol. Fig.3 IEC logic symbol.

December 1990




s i )
FAIRCHILD
et ussmesnsase]

SEMICONDUCTOR ™

www.fairchildsemi.com

MC78XX/LM78XX

3-terminal 1A positive voltage regulator

Features
+ Qutput Current up to 1A

+ Qutput Voltages of 5, 6, 8,9, 10, 11, 12, 15, 18, 24V

« Thermal Overload Protection
« Short Circuit Protection

« OQutput Transistor Safe Operating area Protection

Internal Block Digram

Description

The MC78XX/LM78XX series of three-terminal positive
regulators are available in the TO-220/D-PAK package and
with several fixed output voltages, making them useful in a
wide range of applications. Each type employs internal cur-
rent limiting, thermal shut-down and safe operating area pro-
tection, making it essentially indestructible. If adequate heat
sinking is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

INPUT SERIES ouTPUT
(-2 PASS
1 ELEMENT 3
CURRENT SOA JE/
GENERATOR PROTECTION >3
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
3$
THERMAL <
PROTECTION
I GND
o— —0

Rev. 5.0

©2000 Fairchild Semiconductor International



MC78XX/LM78XX

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 Y
(for Vo = 24V) \Y 40 \
Thermal Resistance Junction-Cases ReJc 5 °cwW
Thermal Resistance Junction-Air ReJA 65 °C/W
Operating Temperature Range (MC78XXCT/LM78XXCT/MC78XXCDT) TOPR 0~+125 °%C
Storage Temperature Range TSTG -65 ~ +150 °C

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Tj < 125°C, Io = 500mA, Vi = 10V, C1= 0.33pF, Co= 0.1uF, unless otherwise specified)

MC7805/LM7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJy=+25°%C 4.8 5.0 5.2
Output Voltage Vo 5.0mA < lo < 1.0A, PO < 15W
V| =7V to 20V 475 | 50 | 525 \Y
V| =8V to 20V ) i '
. . Vo =7V to 25V - 4.0 100
Line Regulation AVo | Ty=+25°C mV
Vi =8Vto 12V - 1.6 50
lo = 5.0mA to1.5A - 9 100
Load Regulation AVo | Ty=+25°C 0 =250mA to mV
- 4 50
750mA
Quiescent Current la Ty =+25°C - 5.0 8 mA
. I0 =5mA to 1.0A - 0.03 | 05
Quiescent Current Change AlQ mA
V|= 7V to 25V - 0.3 1.3
Output Voltage Drift AVO/AT | lo=5mA - -0.8 - mV/°C
Output Noise Voltage VN f = 10Hz to 100KHz, TA=+25°C - 42 - ny
: . f=120Hz
Ripple Rejection RR VO = 8V to 18V 62 73 - dB
Dropout Voltage Vo lo =1A, Ty=+25°C - 2 - \Y
Output Resistance RO f=1KHz - 15 - mQ
Short Circuit Current Isc V) =35V, Ta =+25°C - 230 - mA
Peak Current IPK Ty=+25°C - 2.2 - A

+ Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124)

0

bnA 4pA 100pA ,J
Q5
6
Ccomm l\_é
; _
Inverting e Q Q7 L
input Ql Q4
Rse
2 .
Non-inverting "_—I Q11
input O b Output
Q13
glo “—‘L/S 12
Q3 Q9
50pA
7 7 o A4 ? * GND
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM124 LM224 LM324 Unit

Vee Supply Voltage +16 or 32 \Y

Vi Input Voltage -0.3 to +32 Y

Vid Differential Input Voltage - (*) +32 +32 +32 Vv
Ptot Power Dissipation N Suffix 500 500 500 mwW
D Suffix - 400 400 mwW

- Output Short-circuit Duration - (note 1) Infinite

lin Input Current — (note 6) 50 50 50 mA

Toper Operating Free Air Temperature Range -55 to +125 | -40to +105 0 to +70 °c
Tstg Storage Temperature Range -65 to +150 | -65to +150 | -65to +150 °c

214 ‘7]




15 DALLAS

¥ SEMICONDUCTOR

FEATURES

Real time clock counts seconds, minutes,
hours, date of the month, month, day of the
week, and year with leap year compensation
valid up to 2100
56 byte nonvolatile RAM for data storage
2-wire serial interface
Programmable squarewave output signal
Automatic power-fail detect and switch
circuitry
* Consumes less than 500 nA in battery backup
mode with oscillator running
= Optional industrial temperature range
-40°C to +85°C
=  Available in 8-pin DIP or SOIC
= Recognized by Underwriters Laboratory

ORDERING INFORMATION

DS1307 8-Pin DIP

DS1307Z 8-Pin SOIC (150 mil)
DSI1307N 8-Pin DIP (Industrial)
DS1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

DS1307

64 X 8 Serial Real Time Clock

PIN ASSIGNMENT

xi 1™~ 8 Ve

X2 2 7 3 sQw/ouTt
Vear[] 3 6 [ SCL
GND ] 4 5 F1sDA

DS1307 8-Pin DIP (300 mil)

x1ml 8 [ Ve

X2 Om2 7 [ SQwW/oUT
Vear 04| 3 6 HI SCL
GND M4 5 [MSDA

DS1307Z 8-Pin SOIC (150 mil)

PIN DESCRIPTION

Vee - Primary Power Supply

X1,X2 - 32.768 kHz Crystal Connection
VBAT - +3V Battery Input

GND - Ground

SDA - Serial Data

SCL - Serial Clock

SQW/OUT - Square wave/Output Driver

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
nonvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
month date is automatically adjusted for months with less than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.
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DS1307

OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Vc falls below 1.25 x Vgar the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When V¢ falls below Vgar the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Ve when Ve is greater than Vgar+0.2V and
recognizes inputs when Vcc is greater than 1.25 x Vpat. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1

. r0h,.

OSCILLATOR
AND DIVIDER

SQUARE WAVE

SQW/OUT -—— ouT -

RAM
(56 X 8)

CONTROL
LOGIC

¥eel —o) T}
e B I POWER
GND ———» CRoires

ADDRESS
SERIAL BUS i A A

SIGNAL DESCRIPTIONS

Vee, GND - DC power is provided to the device on these pins. Vcis the +5 volt input. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and V¢ is below 1.25 x Vgar, reads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As V¢ falls below
Viar the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at

VBar-

SDA =+

Vgar - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 x Vpar
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.
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DS1307

SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vcc or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations O8h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56 x 8
3FH -

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
appropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
oscillator 1s disabled. When cleared to a 0, the oscillator is enabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the oscillator (CH bit=0) during initial configuration.
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DS1307
The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

A I I N A

oo | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10HR 01-12
x AN HOURS P

X X X X X l DAY 17

01:38/29

- o1
X X 10 DATE DATE 0%

10 ~
X X X lMDNTH MONTH 01-12
10 YEAR YEAR 00-99

orH | out ’ X | X Isaws x I x I RSt ‘ RSO

CONTROL REGISTER
The DS1307 Control Register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OouT X X SQWE X X RS1 RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE=0, the logic level on the SQW/OUT pin is 1 if OUT=1 and is 0 if OUT=0.

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RSO and RS1 bits.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS0 SQW OUTPUT
FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
1 0 8.192 kHz
1 1 32.768 kHz
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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 Lock

* 128 x 8-Bit Internal RAM

* 32 Programmable 1/0 Lines

* Two 16-Bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

* Low Power Idle and Power Down Modes

Description

The AT89C51 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™ instruction set and pinout. The
ovi-chip Flash allows 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 appli-
cations.

IMEL

8-Bit
Microcontroller
with 4K Bytes
Flash

(continued)
Pin Configurations & 4
A
P10l 40 [0 vee
P1 . ANCIC 2 392 PO O (ADO)
P28 38 [T PU.1 (AD1)
P1.31]4a 870 Plolol a2
P14ac]s 36 [ PO.3 (ADY)
P1.5C] 6 353 P0.4 (AD4)
P1.6C]7 340 P0.5 (ADS)
P1.7d 8 33 [0 P0.6 (ADS)
RST O] 9 32|30 P0.7 (AD7)
(RXD) P3.0C] 10 31[3J EA/VPP
PQFP/TQFP (TXD) P3.1 11 30 [3 ALE/PROG
N Yy (TNTO0) P3.2] 12 29 [0 PSEN
cooo (TNT1) P3.3C]13 28 P2.7 (A15)
s Tl (To) P3.4C] 14 27 [0 P2.6 (A14)
ENODRE&R TmNcS oo (a1 P;.5E1% 26_]P425(A1'3)
_____ VLOcsooo (WR) P3.6] 16 250 P2.4 (A12)
~ fooanzzoao W (RD) P3.7C] 17 241 P2.3 (A11)
4 A0000NN7ANAQn xTaL2 ] 18 230 P2.2 (A10)
44,382, 4034383536534 XTALT C] 19 22[5 P21 (A9)
P15 1 33 [ P0.4 (AD4) GND ] 20 211 P2.0 (A8)
P1.6 O 2 32 (S P0.5 (ADS5)
P1.7 3 31 [0 P0.6 (AD6) PLCC
RST ] 4 30 (O P0O.7 (ADT7)
(RXD) P3.0 ] 5 29 EA/VRPP
NC 6 28 NC
(TXD) P3.1 7 27 ALE/PROG
(TNTO0) P3.2 8 26 PSEN ;
(TNT1) P3.3 9 25 [0 P2.7 (A15)
(TO) P3.4 ] 10 24 [T P2.6 (A14)
(T1) PAS ] 11 24 T=92.5 (A13)
1274 %67 s Y00 Yy 3[1P0 4 (AD4)
COUCCUCOnony [JP0 5 (ADS)
e gL, gaan de )P0 6 (ADS6)
iffZovoaadad [P0 7 (ADT)
== o (RXD) P3 011 35[0EA/VPP
Igﬁ ks NCLE‘Z 34[ONC
Ee S-<a< (TXD) P3 113 33[JALE/PROG
- (TNTD) P3 2014 32[0PSEN
(TNTT) P3 3(]15 31[3P2 7 (A15)
(TO) P3 4C]16 30[0P2 6 (A14)
T1) P3SC17 21 9 29[7p
n 18'%021222%4%% 62 e 2.5 A13)
guogouooouoyg
(Chf::gg:»:.‘vmw
Geffo Qdcane
. xX X _ A~
@® Do -
£ Sgofl
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ATmEL

Block Diagram
PO.0 - PO.7 P2.0 - P27
Ve | ! Iii 13 ¢I+1$Iv4 :
E r PORT 0 DRIVERS PORT 2 DRIVERS J f
GND A Y :
- . RAM ADDR. PORT 0 PORT 2 < :
' REGISTER RAM LATCH LATCH FLASH :
: \ :
; ? 'T ‘ X
: | \ b ‘.
, | ;
i A \ i .
A A ;
' PROGRAM :
: B STACK '
1 REGISTER pec POINTER ADDRESS :
: | :
! A v v :
] <> BUFFER [¢ >
; TMP2 T™MPA :
PC :
: ALU INCREMENTER :
f INTERRUPT, SERIAL PORT, Lo
\ AND TIMER BLOCKS
) 2 s ! PROGRAM | o
: AN COUNTER
7y
PSEN <—
ALEPROG <——| TIMING | \nsTRUCTION | \ »|  oPIR
EA | Vap ———»| CONTROL REGISTER 3 A
RST P 1 }
: Y Y w v
' | PORT 1 PORT 3
i ‘ LATCH LATCH
; | C T
' | |
' 5 |
: osc A 4
' PORT 1 DRIVERS \—P( PORT 3 DRIVERS J
! T T
: | ! A .
....... X
o 1o VVVVVV VYYYVYVYYY

P1.0 - P17 P3.0 - P37
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, 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 |dle Mode
stops the CPU while allowing the RAM, timer/counters,
serial portand 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

Cround.

Port 0

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

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

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

Port 1

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

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

Port 2

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

AIMEL

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

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

Port 3

Port 3 is an 8-bit bidirectional I/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 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 (I, ) because of the pullups.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (timer O external input)

P8 T1 (timer 1 external input)

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

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 external 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.
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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 external data memory.

EA/Vpp

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

EA should be strapped to V(¢ for internal 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
internal clock operating circuit.

XTAL2
Output 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 oscillator, 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-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

wdle 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 normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle 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

c2
——)‘——I—- XTAL2
C1
—) XTAL1
GND

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

=40 pF £ 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NG —— 7] XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

. N

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 =

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 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data
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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 Vi 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 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.

Program Lock Bits Protection Type
LB1 LB2 LB3

1 u 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 programming of the
Flash is disabled.

3 P P Same as mode 2, also verify is disabled.

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

Programming the Flash

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

The AT89C51 is shipped with either the high-voltage or
Ihw-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 AT89C51 AT89C51
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

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

ATmET

Programming Algorithm: Before programming the

ATB9CS1, 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.

Raise ﬁlvpp 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 RDY/BSY 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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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

= WIDE GAIN BANDWIDTH : 1.3MHz

= INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

= LARGE VOLTAGE GAIN: 100dB

= VERY LOW SUPPLY CURRENT/AMPLI : 375uA

s LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 5mV max.
(for more accurate applications, use the equivalent parts
LM124A-LM224 A-LM324A which feature 3mV max)

= LOW INPUT OFFSET CURRENT : 2nA

= WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUALSUPPLIES : +1.5V TO £15V

-

P
TSSOP14

%
o “‘

N
DIP14 SO14
(Plastic Package) (Plastic Micropackage)

(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES
These circuits consist of four independent, high Part Repbaradire Package
gain, internally frequency compensated operational Number Range N D p
amplifiers . They operate from a single power supply LM124 55°C. +125°C . ] N
over awide range of voltages. Operation from split LM224 40° C' +105°C
power supplies is also possible and the low power ) 2 7
supply current drain is independent of the magni- LM324 AL a1 hd ° -
tude of the power supply voltage. Example : LM224N
PIN CONNECTIONS (top view)

14 Output 4

Veet 4 E

Output 1 1 E
Inverting Input 1 2 E- N =[5
Non-inverting Input 1 3 E—Jr H
Non-inverting Input2 5 E—+ +
Inverting Input2 6 E'} y 1

Output2 7 E

NN N N [y O [ G B V|

13 Inverting Input 4

12 Non-inverting Input 4

11 Vcc -

10 Non-inverting Input 3

Ne]

Inverting Input 3

e}

Output 3

June 1999
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@ MOTOROLA

QUAD 2-INPUT AND GATE

GUARANTEED OPERATING RANGES

SN54/74L.S08

QUAD 2-INPUT AND GATE
LOW POWER SCHOTTKY

F” J SUFFIX
I CERAMIC
UW CASE 632-08
14
1
f, N SUFFIX
\' PLASTIC
.. CASE 646-06
]
D SUFFIX
4} @ solc
A CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC

Symbol Parameter Min Typ Max Unit

Vce Supply Voltage 54 4.5 5.0 5.5 Vv
74 4.75 5.0 5.25

TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70

loH Output Current — High 54,74 -04 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA




naanssulszna

a J

@ o a dyo < 1 Y Y = Yo (] A
mmmﬂﬂsmmmwuﬁummqmﬂﬂmﬂﬂ Tﬂﬂvlﬂi‘llﬂﬁ‘lﬂﬂma’thﬂl!ﬂﬂa

' o o 4 L4 &
naeniu auzdIni s nuddnanudunzven v UNIz 8191569123 IUgaUT 1N
a o 2{’ Y d A =1 :j
‘Uﬂ"UfJUW53ﬂﬂlﬂ1ﬂ3‘lﬂi$ﬂﬂﬂ')ﬂﬂn V]!ﬂﬂ!ﬂﬂ Ql’ﬂiﬂ!!lﬂ%!ﬂ?ﬂﬁwﬂ'ﬂdﬂhﬂ AnDA

= E o
vuaoung lglumsiiau
v Y 9y

vovounszaamamaluladnsiagungadimnssy  Mivedleaaiunalily

AN NY
7 v d. 3}4'0/ a
ﬁJﬂﬂJ@UWﬁ'zﬂmﬁﬂﬂTﬁWQﬂy 1ol 234 ‘Vlﬂl'ﬁ“l/lWﬂWQ
¢ ' P ) Y Yo o o Yo
ﬂlﬂ%ﬂﬂWiZﬂﬂlﬂﬁniﬂnﬂﬂ1u ﬂﬂUiNjﬁﬂQTME!lﬂﬂmxﬂﬁlﬂVH ﬂuﬂiﬂﬂﬂﬂmzfﬂ’ﬂﬂ
o o © P=
MIFUTANITANEN

A A o A L o oA
YOUDUNIEAMINDUNAAY (INoU AN, oU AR ) FuilufitlTau T
o w a < t-ﬂ' Ao o o A’,' d’l
A1aeland uazluGeansindwg lumsi Iasenuasil
UAEATILVRVDUNTZAN AaWe Aaunl mswsaas nldaseiuayu Huda

{a ] o w o dd o w
Tangelng uazfrdauniuindngaanain

Y ‘ds/ a a L4 @ gds} a Y U Y
qameu ﬁWﬂll'iiyﬂJu'luwu‘ﬁﬂUUH YoHaNMALazZIoUANIIYTZAIS 1A AMUSH

v Y
Ay

saiweene 1y o Ntiaqe

ANUZAIAT

u

H1IAY 2544



Y Aa
NUITODINO
a d = 4
1. guns aIwa,« a3 Tusunsun e dusuuaved ulasnoulnsameinszna
a o < & o w

8051 », UTENTBAgIAtU $1n,198 N, 2530

a o 'd ’q ¥ L4 [ a
2. 355ani Uszneuma, « mrdszgnaldanlulasaeulniames ”, aananduasy

maTulad (Ine - q1ju), 235 nih, 2537

aa a a o [ a d

3. A3 gNFUI NaINg, SLUVRARINAIND AT IMSULHUTARIAIDINAD ”, AME

a Jd a [
’Jﬁ')ﬂiiuﬂ1ﬁﬂ'§ YPUIANTUNYINGTAY, 2526





