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ABSTRACT

This project presents an application of microcontroller that is used to control electric-
equipments. Such as air-condition , TV set , lamps in hotel.This project has other functions that allow
the convenience for the users. It has alarm clock , light for private time and function for taking order
and cleaning room. It consists of two important parts, slave unit and master unit. The master unit is
used to process all of the system and the slave unit acts as input and display. Both master and slave

unit are programed by assembly program
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= master off key 11 hour key 19 cool

= lamp 3 key 12 on / off clock key 20 warm

= lamp 4 key 13 - key 21 channel down
= don't disturb key 14 - key 22 music

= make up foom key 15 - key 23 tv

= maid call

key 16 speed fan

key 24 volume down
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START

:

- Serlal Port Mode 3 hipiority int.
-Set Time O int. to 10 ms for Process All Function E
-Enable All Interrupt

- Setinifial MC146818 (RTC)
- Read data for Check Good?

|

- Clear Ram
- Set to 24 Hrs. Mode
- Set Alarm Every 1 Second

Set Initial DS 1620 (Temp. Sensor)
- Start Convert Temperature

Loop. Wait Here For Interrupt Vector

y

29

Serial Interrupt
Recevice Data key From Slave

Time 0 interrupt

External T1 Interrupt

YES

~4

Scan Key

From MC 146818
Read Time form to Buffer Time

Light Process

4

=&

Air - Condition Proce:

TV music Proce

Clock Process

FU# 3.13 waudsnisvaurasssuumuandnsaliivi lutasgalaesos

Service Process

r

Read Room Temp. From DS1620 to Buffer Temp.
1- Check Room temp >, <, = Set Temp.

4

s

Check Process ms Decrement All counters Register

Send Segment 0 Led to Slave (Status)
- Out Port Control All Output 8255

- Save All Status to RAM (Rte)

- Return Interrupt (to Loop)

g
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HEWLETT 546008

78 PACKARD OSCILLOSCOPE

NN AN IR NN SRR

: : : 3 1)
t1 = -2.100ms 12 = 1.220ms At = 3.400ms  I/At = 294.1 Fz2
SOUrCe pr——— SO L IVE CUNSOr eeee—— Clear
m2 Vi V2 ti1 () Cursors

| | \ \ \

51Ifi 4.2 KyoraiesldangaaRisinsuaguandyIuwue (3.400ms)

Ga6008
ISTILOsSCOrE

Ptereteferpeansforene

t1 = 1.160ms t2 = 4.560ms At = 3.400ms 174t = 294.1 Hz
SOUrCE  pr———— ACTIVE CUrSOTr ee— Clear
2 Vi va it 1] t2 Cursors
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t1 = -4.640ms t2 = -2.140ms At = 2.500ms  1/At = 400.0 =2
SOUNCE g ACT1VE CUTSON sy Clear

¢ Y1 ve 0] t2 Qursors
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546008
ORAGH LOSEOPE 100 MHZz

APV R, W i
008 1.

e tereferenenane

t1 = -2.100ms t2 = -1.280ms At = 820.0us /8t = 1.220kHz
SOUrCe pr——— ACTLIVE CUNSOr se— Clear
Vi1 v [t 1] t2 Cursars
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HEWLETT s4a6008

OScCiLLOoscOPE

t1=-1.280ms t2 = -460.0us Ot = 820.0us /At = 1.29005
SOUNCE  pr— ACtive Cursor —_——— Clear
H 2 V1 V2 ti E Cursors

TR R e W W A
HEwLETT 546008
PACKARD 9% i o5 ¢ o 100 M~z

R e )

t1=0.000s t2=26.20us At =26.20us 1/at = 38. 17kHz

SOUNCE  pr—— Active Cursor —_— Clear
2 Vi va [t 1] t2 Cursors
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A15 N 4.1 uAsldayanazAnasTunlE lunisdls lam

value head Device Data
COde Code
0 01 100101 011001011010100100
1 01 100101 111101011010111010
2 01 100101 011101011010100010
3 01 100101 101101011010010010
4 01 100101 001101011010110010
5 01 100101 110101011010001010
6 01 100101 010101011010101010
7 01 100101 100101011010011010
8 0l 100101 000101011010111010
up 01 100101 100111011010011000
down 01 100101 000111011010111000
ON/OFF 01 100101 101011011010010100

nmnasIMseRURNTaeA s InATue fAlANA M MARE NI

-l -~ '
A5 4.2 UAAIENTIENISNARHAILANVARDA WA

KEY LAMPI |[LAMP2 |LAMP3 |LAMP4 [BUSY = |MAKE UP |[MAID CALL
0 0 0 0 0 0 0
LAMP! 1 0 0 0 0 0 0
LAMP2 1 1 0 0 0 0 0
LAMP3 1 1 1 0 0 0 0
LAMP4 1 1 1 1 0 0 0
BUSY 1 1 1 1 1 0 0
MAKE UP 1 1 1 1 1 1 0
MAID CALL 1 1 1 e 1 0 1
LAMP1 0 1 1 1 1 0 1
LAMP2 0 0 1 1 1 0 1
LAMP3 0 0 0 1 1 0 1
LAMP4 0 0 0 0 1 0 1
BUSY 0 0 0 0 0 0 1
MAKE UP 0 0 0 0 0 1 0
MAID CALL 0 0 0 0 0 0 1
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ULN2003A
78M05

89C51

MAX232
7415138
7418373

7415374

741508

MC14060
MC146818
DS1620

80C31

8255A

MAX691

27C64
RESISTOR

5 Q

22082

33002

5KQ2

10KQ2

50KQ2

560KE2

33kKQ

20ME2
TRIMPORT 100KC2
R-PACK 5KC29PIN
R-PACK 10K 2 9PIN
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CAPACITOR
0.1uF/100V milar
1000uF/16v electrolyte
4700uF/25v electrolyte
20pF/25v ceramic
470pF/25v ceramic
0.1uf/50v

1uF/16v electrolyte

4 7uF[16v electrolyte
10uF/16v electrolyte
33uF/16v electrolyte
0.005uF/25v ceramic
0.01uF/63v poly

RELAY

koike # mx-1

OTHERE

step down transformer 12Vac 3amp
switch push on release off
crytral 6 MHZ , 32.768 MHZ
connector single row 26p male
connector 2p male+fremale
connecter 4p male+fremale
terminal 4p

terminal 6p

terminal 10p

fuse 10 amp

fuse 3 amp

0w N

-



;****** LR ************************************************** hddk ki kK

4

8051 STATUS REGISTER

BIT ADDRESSIBLE REGISTERS

14

XP1OMS: EQU 020H ; PROCESS 10 mS

B_ASYNC: EQU 002H ; BIT 2 ASYNC INPUT/OUTPUT
B_COUNT: EQU 004H ; BIT 4 COUNTER PROCESS

B_SAVE: EQU 005H ; BIT 5 SAVE STATUS IN REAL TIME CLOCK
B_TABLE: EQU 006H ; BIT 6 KEY TABLE ACTIVE
B_TXLED: EQU 007H ; BIT 7 TRANSMIT LED STATUS
XP1S: EQU 021H ; PROCESS 1 S

B_TIME: EQU 008H ; BIT 0 TIME PROCESS

B_TEMP: EQU 009H ; BIT 1 TEMPERATURE PROCESS
B_SECOND:  EQU 00AH ; BIT 2 COUNTER SECOUND PROCESS
XCTVP: EQU 022H ; CONVERT TO VERTUAL PORT ENABLE
B_LIGHT: EQU 010H ; LIGHT PROCESS

B_AIR: EQU 011H ; AIR  PROCESS

B_TVMUS: EQU 012H ; TV & MUSIC PROCESS

B_CLOCK: EQU 013H ; CLOCK PROCESS

B_TEMPT: EQU 014H ; TEMP PROCESS

B_SEGT7: EQU 017H ; 7 SEGMENT PROCESS

; BED HEAD PANEL STATUS REGISTERS

; LIGHT

XLIGHT: EQU 023H ; LIGHT REGISTER

BL_ENT: EQU 018H ; BIT 0 ---> LAMP 1

BL_BEDI: EQU 019H ; BIT 1 ---> LAMP 2

BL_BED2: EQU 01AH ; BIT 2 ---> LAMP 3

BL_NIGHT: EQU 01BH ; BIT 3 ---> LAMP 4

; iIR CONTROL

XAIR: EQU 024H ; AIRCONDITION CONTROL REGISTER
; BIT 0 - 3 --—> SET THERMO 16 LEVEL 17°- 31
BA_FANO: EQU 024H ; STATUS AIR FAN BIT 4

Br_FANI: EQU 025H BT A% .
; BA FAN1 BA_FANO

; 0 0 --> LOW FAN

; 0 1 --> MED FAN

; 1 0 -~> HIGH FAN

BA OFAIR:  EQU 027H ; BIT 7 --> ON-OFF AIR FAN 1-ON,0-OFF
; TV & MUSIC CONTROL

XTVMUS : EQU 025H ; TV & MUSIC CONTROL REGISTER

; BIT 0 - 3 --—> CHANNEL TV

; BIT 4 - 5 -—-> CHANNEL MUSIC

TWOCHAN : EQU 02DH ;

BTM_TM: EQU 02EH ; BIT 6 ---> TV OR MUSIC  1-TV,0-
MUSIC

BTM_OFTM:  EQU 02FH ; BIT 7 ---> ON-OFF TV OR MUSIC
XRES: EQU 026H ; RESERVE REGISTER

; BIT 0 - 2 -—--> VOLUMN MUSIC

BL_MUR: EQU 034H ; BIT 4 ---> MAKE UP ROOM
BL_DND: EQU 035H ; BIT 5 ---> DO NOT DISTURB
BC_ALM: EQU 036H ; BIT 6 --—> ALARM ON
BL_MASOFF: EQU 037H ; BIT 7 ---> MASTER OFF
XFLAG4: EQU 027H ; FLAG REGISTER

B_KEYWORK: EQU 038H ; BIT 1 ---> KEY WORK

BP_RING: EQU 03AH ; BIT 3 ALARM RINGING

; VIRTUAL 8255A PORTS

XPA: EQU 028H ; VIRTUAL PORT A 8255 BYTE
BP_ENT: EQU 040H ; BIT 0 LAMP 1

BP_BEDL: EQU 041H ; BIT 1 LAMP 2

BP_BED2: EQU 042H ; BIT 2 LAMP 3

BP_NIGHT: EQU 043H ; BIT 3 LAMP 4

XPB: EQU 029H ; VIRTUAL PORT B 8255 BYTE
BP_K1: EQU 048H ; BIT O K1 RELAY

BP_K2: EQU 049H ; BIT 1 K2 RELAY ~
BP_K3: EQU 04RH ; BIT 2 K3 RELAY



BP VALVE: EQU 04BH ; BIT 3 VALVE THERMOSTAT RELAY

BP _TV: EQU 04CH ; BIT 4 TV ON/OFF
BP_MUR: EQU 04DH ; BIT 5 MAKE UP ROOM LIGHT
BP_DND: EQU 04EH ; BIT 6 DO NOT DISTURB
XPC: EQU 02AH ; VIRTUAL PORT C 8255 BYTE
BP_SCR: EQU 03FH ; BIT_X MAID CALL
; STATUS KEY REGISTER
XFLAGL: EQU 02BH
B _KEYTAG: EQU 058H ; BIT 0 DOOR KEYTAG ( 1 --> KEYTAG IN
)
B_TABST: EQU 059H ; BIT 1 TABLE STATE
; 0 --> STATE 1

: ; 1 --> STATE 2
B_SWON: EQU 05AH ; BIT 2 SWITCH ON (PRESS)
B _DELKT: EQU 05BH ; BIT 3
B_CHANGE: EQU 05CH ; BIT 4 CHANGE STATE SWITCH
B_ACTIVE: EQU 05DH ; BIT 5 TABLE DATA READY TO ACTIVE
B_SETCLK: EQU 0SEH ; BIT 6 SET CLOCK ( 1 --> SET CLOCK )
B_HLSEAS: EQU O05FH ; BIT 7
XFLAGZ: EQU 02CH
B_FLASH: EQU 060H ; 1 -—-> FLASH DISPLAY, 0 --> NO FLASH
B_RELKEY: EQU 061H ;s 1 --> RELEASE KEY , 0 --> KEY PRESS
B _DOTCLK: EQU 062H ; 1 -=> ON DOT CLOCK , O --> OFF
B_RDALM: EQU 063H ; 1 -—> READ ALARM , 0 --> OFF .
B_FFLASH: EQU 064H ; 1 --> ON LED , 0 --> OFF LED
B_FDOTCLK:  EQU 065H ; 1 -—> ON LED , 0 --> OFF LED
B_ALMON: EQU 066H ; 1 --> ALARM RING , 0 --> OFF ALARM
RING
B_KEYST: EQU 067H ; BIT7 --> STATE KEY ,0 --> KEY NUMI
1 --> KEY NUM2
XFLAG3: EQU 02DH
B_=RPAR: EQU 068H ; PARITY BIT
B_RRTC: EQU 069H ; BIT CHECK ERROR RTC & RESET RTC WHEN
ERROR:
B_DANGER: EQU 06AH ; BIT DANGER ALARM (ACTIVE 1)
B_COMFLS: EQU 06BH ; BIT COMPARE FLASH STATUS
B_COMFDC: EQU 06CH ; BIT COMPARE DOT CLOCK LED
B_STARTUP: EQU 06DH ; BIT START UP --> 1 ACTIVE
B_RDATA: EQU 06EH ; 1 -=> RECEIVE DATA READY, 0 --> NO
DATA
B_SAK: EQU 06FH ; 1 --> SPECIAL ALL KEY ACTIVE, 0 -->
NO ACTION
; VIRTUAL LED DISPLAY STATUS
XLEDL: EQU 02EH ; VERTUAL LED
BX_ HIGHT: EQU 070H ; LED LAMP (NIGHT)
BX_LTV: EQU 071H ; LED TV
BX_MUSIC: EQU 072H ; LED MUSIC
BX HFAN: EQU 073H ; LED HIGH FAN
BX_ MFAN: EQU 074H ; LED MEDIAM FAN
BX LFAN: EQU 075H ; LED LOW FAN
BX_FANOFF: EQU 076H ; LED FAN OFF
BX_MASTER: EQU 077H ; LED MASTER OFF
XLED3: EQU 02FH ; VIRTUAL LED
BX_BED1: EQU 078H ; LED BED1
BX_BEDZ: EQU 079H ; LED BED2
BX_ENT: EQU 07AH ; LED ENTRANCE
BX SCR: EQU 07BH ; LED ON CALL SERVICE (DELETE BY uP)
BX_ LIGHT: EQU 07CH ; ON TRANSISTOR LED LIGHT (INVERT)
BX DND: EQU 07DH ; LED DO NOT DISTURB
BX_MUR: EQU 07EH ; LED MAKE UP ROOM
BX_ALARM: EQU 07FH ; LED ALARM
; BYTE ADDRESSIBLE REGISTERS 8051
XSUMH: EQU 030H ; HIGH BYTE CHECX SUM ERROR

XSUML: EQU 031H ; LOW BYTE CHECX SUM ERROR



XSWITCH: EQU 032H ; VERTUAL STATE LAST SWITCH)

KKEYNUBLl: EQU 034H ; KEY NUMBER 1

XTABLE: EQU 035H ; TABLE POINTER CONTROL

XTEMP: EQU 036H ; BINARY ROOM TEMPERATURE

XHOUR: EQU 037H ; HOUR

XMINUTE: EQU 038H ; MINUTE

XSEGH: EQU 03%H ; 2 BCD 7 SEGMENT HIGH BYTE

XSEGL: EQU 03AH ; 2 BCD 7 SEGMENT LOW BYTE

XDISP: EQU 03BH ; 7 SEGMENT DISPLAY CONTROL

; 10 mSEC COUNTER

XCKEY: EQU 03CH ; COUNTER FOR KEY

XCTABLE: EQU 03EH ; COUNTER TABLE PROCESS

XCTOTAB: EQU 03FrH ; COUNTER TIME OUT TABLE .
XCFLASH: EQU 040H ; COUNTER FOR FLASH 7 SEGMENTS DISPLA
XCDOTCLK: EQU 041H ; COUNTER FOR DOT CLOCK DISPLAY
XCRRTC: EQU 043H ; COUNTER FOR WATCH DOG ERROR CHECK IN

RTC
; 1 SEC COUNTER

XCDISP: EQU 044H ; COUNTER FOR 7 SEGMENTS DISPLAY
XCTEMP : EQU 046H ; COUNTER FOR CONSTANT TEMP
XCDELSCR: EQU 047H ; COUNTER FOR DELETE SCR MAKE UP ROOM
XCROOMT:  EQU 048H ; COUNTER FOR ROOM TEMP CHANGE

; DISPLAY LED & 7 SEGMENT

X7SEGL: EQU 049H ; 7 SEGMENT DISPLAY #1 LOW

X7SEG2: EQU 04AH ; 7 SEGMENT DISPLAY #2

X73EG3:  EQU 04BH ; 7 SEGMENT DISPLAY #3

X7SEG4: EQU 04CH ; 7 SEGMENT DISPLAY #4 HIGH

XLED2 EQU 04DH ; VIRTUAL LED PORT 2

XRC: EQU 04EH ; RTC REGISTER C

XCLOCK: EQU 04FH ; SAVE COUNTRY LAST STATE

XRDATA: EQU 050H ; DATA FROM ASYNC SERIAL

ZTLEDL: EQU 051H ; CONTROL SEND STATUS LED1

XKTLED2: EQU 0524 ; CONTROL SEND STATUS LED2

XCOMTH: EQU 053H ; COMPARE 7 SEGMENT HIGH

XCOMTL: EQU 054K ; COMPARE 7 SEGMENT LOW

; IN REGISTER BANK 4 (NOT USED IN PROCESS)

XDUTAB: EQU 018H ; DUPLICATE XTABLE FOR PROCESS TABLE
XDULEDl:  EQU 01BH ; DUPLICATE XLEDL

XDULED2:  EQU 01CH ; DUPLICATE XLED2

XDULED3:  EQU 01DH ; DUPLICATE XLED3
;*************************************************************1\-******
; EXTERNAL DATA MEMORY

; REAL TIME CLOCK 146818

XRTC: EQU  04000H REAL TIME CLOCK

XKRCLIGHT: EQU  0400EH XLIGHT  REGISTER BACKUP

XRCAIR: EQU  0400FH XAIR REGISTER BACKUP

XRCTVMUS: EQU  04010H XTVMUS REGISTER BACKUP

XRCRES: EQU  04011H XRES REGISTER BACKUP

XSUMH REGISTER BACKUP
XSUML REGISTER BACKUP

XRCSUMH: EQU 04013H
XRCSUML: EQU 04014H

e Mo s Ne Ne Na Ne Ne o Ne N

XRCPA: EQU 04015H PORT A FOR OUTPUT
XRCPB: EQU 04016H PORT B FOR OUTPUT
PORT C FOR OUTPUT

XRCPC: EQU 04017H

HOUR IN RTC

MINUTE IN RTC

HOUR ALARM IN RTC
MINUTE ALARM IN RTC
SECOND ALARM IN RTC

XRCHOUR: EQU 04004H
XRCMINUTE: EQU 04002H
XRCALMH: EQU 04005H
XRCALMM: EQU 04003H
XRCALMS: EQU 04001H

XREGA: EQU 0400AH REGISTER A RTC
XREGB: EQU 0400BH REGISTER B RTC
XREGC: EQU 0400CH REGISTER C RTC
XREGD: EQU 0400DH REGISTER D RTC

Ne Ne wa Ns e Ne Ne Ne N Ne

WDOG: EQU 06000H WATCH DOG



; 8255A° CONTROL ADDRESS

PORTCTW: EQU 08003H ; CONTROL WORD 8255
PORTA: EQU 08000H ; PORT A 8255
PORTB: EQU 08001H ; PORT B 8255
PORTC: EQU 08002H ; PORT C 8255
; CONSTANT
SELALARM: EQU O0O0H ; 0 °-—> PULSE ALARM
; - ; 1 --> ON GATE ALARM
HIS_ TIME: EQU 010 ; (10 SECOND )
; MAIN PROGRAM
; RESET
- CRG 000H ; RESET
2JMP INITIAL
CRG 00BH ; TIMER INT O
LCALL P1OMS
KETI
CRG 013H ; INTL
LCALL P1S
=ETI
ORG 023H ; SERIAL INTERRUPT
; LCALL SERIAL
RETI
;o INITIAL CONDITION
CRG 02BH ; START ADDRESS 02BH
INITIAL: MOV SP, #5AH ; SET STACK POINTER 057H
© MoV R1, #0
DJNZ RI1,$
LCALL SETSFR
LCALL SETINIT
LCALL STARTT
LCALL SETUP1620
LOOP SJMP LOOP

; SUBROUTINE

TRIG WATCH DOG

TRIGDOG: PUSH DPL ; 12 INSTRUCTION CYCLE
PUSH DPH
MOV DPTR, #WDOG
MOVX @DPTR,A
POP DPH
POP DPL
RET
; SUBROUTINE START TIMER
STARTT: MOV THO, #0ECH ; SET HIGH BYTE TO 10 mS
MOV TLO,#077H ; SET LOW BYTE TO
SETB TRO ; START TIMERO
SETB EA ; ENABLE INTERRUPT
RET

; SUBROUTINE

CLEAR 8255 PORT

CLR8255: MOV DPTR, #PORTCTW ; SET 8255 OUTPUT PORT
MOV A, #80H
MOVX @DPTR,A
CLR A
MOV DPTR, #PORTA
MOVX @DPTR,A ; CLEAR PORT A
INC DPL
MOVX @DPTR,A ; CLEAR PORT B
INC DPL
MOVX @DPTR,A ; CLEAR PORT C
RET

; SUBROUTINE SET SFR [ SETSER ]



SETSFR:

MOV  TH1, #0FEH ;
MOV PCON, #00H

MOV  IEC,#00010110B ¥
MOV  IPC,#00010000B ;
MOV  TCON, #010000008B ;
MOV  TMOD, #00100001B ;
MOV  SCON, #11010000B ;
MOV  P3,#0FFH ;
RET

BAUD RATE 7812.5 BIT/SEC

SET ENABLE SERIAL COM,TIMERO, INT1
SET SERIAL COM. HIGHER PRIORITY
SET INT1.LOW LEVEL, RUN TIMERI1
SET SOFTWARE CONTROL

TIMERO MODE 1 16 BIT

SET TIMER1 TO 8 BIT AUTO-RELOAD
SERIAL MODE 3

SET ALL PORT 3 TO INEUT

SET INITIAL REAL TIME CLOCK

; SUBROUTINE

SETRTC:

SRTC1:

SRTCZ2:

SRTC3:

SRTC4:
SRTCS:

MOV
MOV
MOVX
MOV
MOV
MOVX
MOV
MOVX
MOV
CLR
MOVX
MOV
MOVX
LCALL
Jc
SUBB
JNC
MOV
MOVX
LCALL
Jc
SUBB
JNC
MOV
MOVX
LCALL
Jc
SUBB
JNC
MOV
MOVX
LCALL
JC
SUBB
Jc
MoV
CLR
MOVX
INC
MOV
CJINE
JNB
MOV
SJMP
MOV
MOV
MOVX

DPTR, #XREGB
A,#10010010B
@DPTR,A
DPTR, #XREGA
A, #00100000B
@DPTR,A
DPTR, #XREGC
A, @DPTR

DETR, #XRCALMS

A
@DPTR,A

DPTR, #XRCHOUR

A, @DPTR
DBCDBIN
SRTC1
A, #024D
SRTCL

OPTR, #XRCMINUTE

A, @DPTR
DBCDBIN
SRTC1
A, #060D
SRTC1

DPTR, #XRCALMH

A, @DPTR
DBCDBIN
SRTC1
A, #024D
SRTCL

DPTR, #XRCALMM

A, @DPTR
DBCDBIN
SRTC1

A, #060D
SRTC3

DPL, #00H

A

@DPTR,A

JPL

A, #00AH

A, DPL, SRTC2
3C_ALM,SRTC4
A, #00110010B
SRTCS
A,#00010010B
DPTR, #XREGB
@DPTR,A

.
’

.
’

~e

~e Ne Ne N

SET BIT SET REGISTER B
PROGRAM INITIALIZE BIT 7 =1

BIT 7 = 1 ,SET REGISTER A IN RIC
SET TIME-BASE 32.768KHz
NON-PERIODIC INT,NON-SQW OUTPUT

READ FOR CLEAR REGISTER C

CLEAR ALARM SECOND

CHECK HOUR & MINUTE
OVER RANGE ?

(ALSO ALARM)

OVER RANGE --> SRTCl

HOUR OK

OVER RANGE --> SRTC1
CHECK < 60 MINUTE

CHECK ALARM HOUR & MINUTE
OVER RANGE 2

OVER RANGE ~--> SRTCl

HOUR OK

OVER RANGE --> SRICI1
CHECK < 60 MINUTE
TIME IN RANGE

CLEAR TIME , ALARM

CLEAR FROM SECONDS TO YEAR IN RTC

SET ALARM ON INTERRUPT

ENABLE UPDATE-END INT
SET REGISTER B IN RTC
24 HOUR MODE, BCD DATA,SQW -> LOW

; SUBROUTINE SET INITIAL CONDITION

{ SETINIT ]



SETINIT: CLR RSO ; CHECK SUM ERROR

CLR RSl ; REGISTER BANK 0

LCALL READ

LCALL SUMMING

MOV  DPTR, #XRCSUMH ; CHECK SUM ERROR (XSUMH)

MOVX A,@DPTR

CJNE A,002H,SET1 ; R2 = 002H BANK O

MOV  DPTR, #XRCSUML ; (XSUML)

MOVX A, @DPTR

CJNE A,003H,SET1 ; R3 = 003H BANK 0

MOV  DPTR, #XREGD

MOVX A, @DPTR ; CHECK REGISTER D (VRT BIT)

JB ACC7,SET2 TIME & REGISTER OK
; ERROR IN CHECK SUMMING , INITIAL BACK UP REGISTER
SET1: MOV A, #00000001B ; ENTRANCE LIGHT

MOV  XLIGHT,A

MOV  DPTR, #XRCLIGHT

MOVX @DPTR,A

MOV A, $#10011010B ; LOW FAN,SET 27'C TEMP CONTROL

MOV  XAIR,A

INC DPL

MOVX Q@QDPTR,A

MOV A, #000H ; OFF TV/MUSIC

MOV  XTVMUS,A 3

INC DPL

MOVX @DPTR,A

MOV A, #03H : RESERVE REGISTER SET VOLUMN =

MOV ~ XRES,A

INC DPL

MOVX @DPTR,A

LCALL SAVE : SAVE SUMMING DATA TO RIC

LCALL CLR8255
SET2: LCALL SETRTC ; SET REAL TIME CLOCK

ANL  XTVMUS, #00111111B ; * CLEAR TV&MUSIC CONTROL BY
REMOTE

; * SET TV CHANNEL 1

; INITIAL INTERNAL REGISTER IN 8051

MOV  XP1OMS, #10110111B ; SCAN SWITCH, KEY,ASYNC,LOCAL
LED, SAVE

; & COUNTER ONLY

MOV  XP1S, #00000111B . TIME ,TEMP & COUNTER SEC ACTIVE

MOV  XCTVP,#10011111B ; CONVERT ALL PORT

CLR A

MoV 1, #0FFH

MOV  XFLAGl,A ; CLEAR KEY STATUS

MOV  XFLAG2, #00000010B ; SET RELEASE KEY

MOV  XFLAG3,A

MOV  XFLAG4,A

MOV  ¥PA,A ; CLEAR ALL PORTS

MOV  XPB,A

MOV  ¥XPC,A

MOV  XLED1,A ; CLEAR ALL LED

MOV  XLEDZ2,A

MOV  XLED3,A

MOV  XKEYNUB1,R1

MOV  XTABLE,Rl

MOV  XTEMP,A ; APPROX 21'C

MOV  XSEGH,A ; CLEAR 7 SEGMENT DISPLAY

MOV  XSEGL,A

MOV  XDISP,A

MOV  XCKEY,A

MOV  XCTABLE,A

MOV = XCTOTAB,A

MOV ~ XCFLASH,A

3



MoV XCDOTCLK,A

MoV XCSCR,A

MOV XCDISP,A

MOV XCTEMP,A

MOV XCDELSCR,A

MOV X7SEGL,A

MOV X7SEG2,A

MOV X7SEG3,A

MOV X7SEG4,A

MOV XCROOMT, A

MOV XRC,A

MOV XCLOCK,A

MOV XCRRTC, #150D .
SETB B_STARTUP ; RESET SLAVE

KET
; SUBROUTINE SUMMING STATUS REGISTER
; OUTTUT R2 HIGH BYTE
; R3 LOW BYTE
SUMMING: MOV  R2,#00H ; CLEAR R2
MOV  R3, #0AAH ; SET R3 TO OAAH
MOV R1, #XLIGHT ; SET POINTER XLIGHT
SUM1: CLR C
MOV A, @RL ; READ RTC REGISTER
ADD A,R3
MOV  R3,A
CLR A
ADDC A,R2
MOV ~ R2,A
INC R1
CINE R1,$XFLAG4,SUM1 ; LAST IS XRES + 1 = XFLAG4
RET

; SUBROUTINE READ STATUS REGISTER FROM REAL TIME CLOCK
READ: MOV R1l, #XLIGHT
MOV DPTR, #XRCLIGHT

RD1: MOVX A, @DPTR
MOV @R1,A
INC DPTR
INC R1
CINE R1,#XFLAG4,RD1
MOV XCLOCK, #070H ; SET REGISTER CLOCK
RET

; SURRCUTINE RECEIVE DATA FROM SERIAL COMMUNICATION
SERIAL: JBC RI,SR1

CLR TI
SJMP SROUT
SR1l: SETB B _RDATA

MOV  XRDATA, SBUF
CLR B _RPAR

JNB  RB8,SROUT
SETB B_RPAR

SROUT RET
; SUBROUTINE EVEN PARITY
; INPUT A
; QUTPUT A ( THE SAME AS INPUT )
; PARITY BIT --> TB8 , Rl BIT O
PARITY: JB . P,PAR1
CLR TBS8

MOV R1, #00H
SJMP  PAROUT



PARL: SETB TBS8
MOV R1,#01H
PAROUT: RET

. __.__.___...____.__..___.-_.__.__..__.__.___..__._..___.__.__.___.._._..._.___.___.____.___....__..__..._..

; SUBROUTINE CONVERT TO VIRTUAL PORT [ CTVP ]

CTVP: JINB B_LIGHT,CTV?l
LCALL LIGHT

CTVP1l: JNB B_AIR,CTVPZ
LCALL AIR

CTVP2: JNB B_TVMUS,CTVP3
LCALL TVMUS

CTVP3: JNB B_CLOCK,CTVP4
LCALL CLOCK

CTVP4: JNB B_TEMPT,CTVPS
LCALL TEMPT

CTVPS: JNB B_SEG7,CTVPG
LCALL SEG7

CTVP6: LCALL MAPPORT

LCALL OUTPORT
LCALL CHKSLED

; SUBROUTINE CONTROL LIGHT 1IN CTVP
LIGHT: MOV  XPA, #00000000B
_ JNB B KEYTAG,LIGHTL ; NOONE IN ROOM ,TURN OFF THE
LIGHTS i
JB BI, MASOFF,LIGHT1 ; CHECK MASTER OFF
; MOV  XPA,XLIGHT
JNB  BL BED1,J1
CLR  BX BEDI

Ji JNB  BL_BEDZ,J2
CLR  BX_BED2

J2: JNB  BL_ENT,J3
CLR  BX_ENT

J3: JNB  BL_NIGHT,J4
(LR  BX_NIGHT

Ja: HOV  XPA,XLIGHT

LIGHT1: CLR  BE_DND

¢LR  BX_DND

JNB  BL_DND, LIGHT2

SETB BX_DND

SETB BE_DND
LIGHT2: ©LR  BX_MUR

CLR BP_MUR

JNB  BL_MUR, LIGHTOUT

SETB  BX_MUR

CETB BP_MUR
LIGHTOUT:CLR  B_LIGHT

; SUBRGUTINE CONTROL AIR IN CTVE;

AIR: ANL XPB, #11111000B OFF AIR
ANL XLED1, #10000111B OFF LED AIR
CNB B_KEYTAG,AIRI CHECX KEY TAG OUT --> AIR1
JB BA OFAIR,AIR2 AIR ON --> AIR2

Ne Mo e Na S N N

ORI  XLED1,#01000000B AIR OFF
AIR1: CLR  BP_VALVE OFF THERMO
MOV  XCTEMP, #HIS TIME DELAY VALVE
SJMP AIROUT
AIR2: MOV  A,XAIR ; NORMAL AIR CONTROL

SWAP A
ANL A, #00000011B
MOV R2,A



Jz AIR4 ; GO TO SET LOW AIR
LCALL DBAIR
CRL XPB,A

SJMP AIRS
AIR4: ORL XPB, #01H ; LOW AIR
AIRS5: MOV A,R2 ; SET LED AIR

LCALL DBXAIR
CRL XLED1,A
AIROUT: CLR B_AIR

; SUBROUTINE CONTROL TV & MUSIC IN CTVP

TVMUS : JB BTM OFTM, TVMUS1 ; CHECK TV ON --> TVMUS1
L,CALL BANGKOK ; TV OFF
TVMUSO: CLR  BP_TV ; OFF TV & MUSIC
CLR  BX MUSIC ; OFF LED MUSIC
CLR  BX LTV ; OFF LED LOCAL TV
aNL  XPC, #008H ; OFF ALL CHANNEL & LOW VOLUMN
CLR B _TVMUS
RET
TVMUS1: JNB  BTM TM,TVMUS2 ; CHECK TV OR MUSIC MUSIC -->
TVMUS2
MOV A, XTVMUS . ; TV ON
ANL A, #00000011B
MOV R1,A
INC A
LCALL DB _BCD ; DECODE BINARY TO BCD
MOV ~ XSEGL,A
SETB BP_ TV ; ON TV
SETB BX LTV ; ON LED TV
CLR  BX MUSIC ; OFF LED MUSIC
ANL  XPC,#008H ; OFF ALL CHANNEL MUSIC

MOV XSEGH, #0ABH
MOV KCDISP, #05H

LCALL SEGT
MOV A,R1 ; USED IN REMOTE CONTROL TV
LCALL IR _CTVP ; DISTAR
CLR B_TVMUS
KET

TVMUS2: MOV A, XTVMUS ; MUSIC ON

SWAP A
ANL A, #00000011B
MOV RL,A
INC A
ADD A, #04

LCALL DB_BCD

MOV~ XSEGL,A

SETB BX_MUSIC

CLR  BX_LTV

SETB BP_TV ; USED IN MUSIC MOD IN TV
MOV ~ XSEGH, #OABH

MOV ~ XCDISP, #05H

LCALL SEG7

MOV  A,R1 , ; SET CHANNEL CONTROL IR

ADD A, 404

LCALL IR_CTVP ; DISTAR START AT CHANNEL S TO 8
CLR  B_TVMUS

RET

; DECODE BINARY TO CONTROL TV

IR CTVP: CJINE A, #000H, CHANZ2
LCALL IR CH1 ; CONTROL CHANNEL1
RET



CHANZ: CJNE A, #001H, CHAN3

LCALL IR CH2 ; CONTROL CHANNEL2
RET

CHAN3: CINE A, #002H, CHAN4
LCALL IR CH3 ; CONTROL CHANNEL3
RET

CHAN4 : CINE A, $003H, CHANS
LCALL IR CH4 ; CONTROL CHANNEL4
RET

CHANS: CINE A, #004H, CHANG
LCALL IR _CH5 ; CONTROL CHANNELS
RET

CHANG: CJINE A, #005H, CHANT
LCALL IR CH6 ; CONTROL CHANNEL6
RET

CHAN7: CJINE A, #006H, CHANS
LCALL IR CH7 ; CONTROL CHANNEL7
PET

CHANS : JINE A, #007H, CHANY
LCALL IR CH8 ; CONTROL CHANNELS
RET

CHANOUT RET

; SUBROUTINE CONTROL CLOCK {(LED} 1IN CTVP

CLOCK: JNB B_KEYTAG,CLOCKI ; CHECK KEYTAG OUT --> CLOCK1
MOV XLED2, #080H
CLR BX ALARM

JNB  BC_ALM, CLOCKO ; CHECK ALARM OFF --> CLOCKOUT
SETB BX_ALARM ; ALARM ON
$JMP  CLOCKO

CLOCKl: MOV  XLED2, #00H ; KEYTAG OUT

CLR  BX_ALARM
CLOCKO: CLR B_CLOCK

RET
; SUBROUTINE CONTROL TEMPERATURE DISPLAY IN CTVP
TEMPT: JNB BA OFAIR,TEMPTO ; CHECK AIR OFF --> TEMPT4
MOV A,XDISP

CJINE A, #004H, TEMPTS ; XDISP <> ROOM TEMPT --> TEMPTS
SJMP  TEMPT1 :
TEMPTS: MOV A, XDISP
CINE A, #005H, TEMPTO
SJMP  TEMPT2
1: MOV A, XTEMP
LCALL DB_BCD
SJMP TEMPT3
TEMPT2: MOV  A,XAIR ; ADJUST TEMP
ANL A, #0FH
LCALL DBTBCD
LCALL DB_BCD
TEMPT3: MOV  XSEGH,A
MOV  XSEGL, #0CFH
TEMPTO: CLR  B_TEMPT

XDISP <> ADJUST TEMPT --> TEMPT2
NO CONTROL

ROOM TEMP

DECODE BINARY TEMP TO BCD

TEM

)
3
e v Ne e

; SUBROUTINE 7 SEGMENT

SEGT: MOV A,XDISP
J2 SEGTA ; DISPLAY WORLD TIME --> SEG7A
CINE A, #004H,SEG7AL ; CHECK TEMP OPERATE
SETB B_TEMPT

SEG7Al: CJNE A, #001H,SEGTB ; OTHER

SEGTA: MOV XSEGH, XHOUR ; DISPLAY ALARM OR WORLD TIME

MOV XSEGL, XMINUTE
SJMP SEGTC



SEGTB:.

SEGTC:

SEGTC1:

SEG7C2:

SEGTE:

SEGTD:

CINE A, #006H,SEGTC
SJMP SEGTD

JNB  B_FLASH,SEG7CL
JNB  B_FFLASH,SEGTD
LCALL TX7SEG

MOV A, XSEGL

LCALL DBCD7S

MOV ~ X7SEGL,A

MOV A, XSEGL

SWAP A

T,CALL DBCD7S

MOV  X7SEG2,A

MOV A, XSEGH

LCALL DBCD7S

MOV ~ X7SEG3,A

MOV A, XSEGH

SWAP A

ANL A, #OFH

JNZ ~ SEGTC2

MOV A, #OFH

LCALL DBCD7S

MOV  X7SEG4,A

"NB  B_DOTCLK, SEG70
JNB  B_FDOTCLK, SEG70
ORL  XTSEG2, #80H
ORL  X7SEG3,#80H
SEGT0

CLR A

MOV X7SEGL,A

MOV ~ X7SEGZ,A

MOV = X7SEG3,A

MOV ~ X7TSEG4,A

MOV XHOUR, #OFFH
MOV A,XTABLE
DB_BCD

MOV XMINUTE,A

; SUBROUTINE CHECK PORT 8255

; USED IN REGISTER BANK 1 ONLY
CHKPORT: MOV  DPTR, #PORTA
MOVY A, @DPTR
MOV  RO,A
MOV  DPTR, #XRCPA
MOVX A, @DPTR
CINE A, 08H,CHKP1
MOV  DPTR, #PORTB
MOVX A, @DPTR
MOV  RO,A
MOV  DPTR, #XRCPB
MOVY. A, @DETR
CINE A, 08H,CHKP1
MOV DPTR, #PORTC
MOV, A, @DPTR
MOV  RO,A
MOV  DPTR, #XRCPC
] MOVX A, @DPTR
CJNE A, 08H,CHKPL
SJMP CHKPOUT

CHKP1:

LCALL CLR8255
LCALL MAPPORT

OTHER

BLANK 7 SEGMENT DISPLAY
CHECK FLASH ON --> SEGT7Cl
CHECK FLASH OFF LED --> SEGT7D

ON DISPLAY 7 SEGMENT

CHECK HIGHEST 7 SEGMENT = 0

CHECK DOT CLOCK OFF -->SEG70
CHECK LED DOT CLOCK ON/OFEF
LED DOT CLOCK ON

BLANK 7 SEGMENT DISPLAY

RO MUST BE DESTROY



L.CALL OUTPORT
CHKPOUT: RET
; SUBROUTINE CHECK WATCHDOG COUNTER IN RTC
CHKRTC: JB B_RRTC, CHKR1
MoV XCRRTC, #0150D ; SET WATCH DOG COUNTER FOR 1500

SETB B_RRTC
SJMP  CHKROUT

CHKR1: DJNZ XCRRTC,CHKROUT
LCALL SETRTC
MOV  XCRRTC, #0150D

; SUBROUTINE CHECK STATUS LED AND SEND LOCAL LED IF IT CHANGE
CHKSLED: MOV  A,XLED1
CJNE A,XDULED1,CKSL1
MOV  A,XLED2
CJNE A,XDULED2,CKSL1
MOV  A,XLED3
CJNE A,XDULED3,CKSL1
SJMP CKSLOUT
CKSL1: 1OV XDULED1,XLED1
MOV  XDULED2Z,XLED2
MOV  XDULED3,XLED3
NORL  XTLED1, #080H ; SEND LED STATUS TO LOCAL
ORL XTLEDZ2, #01FH

. .____.___._._._...__._._..._..._.___._._..__._.__.__...._.___...._._._._.__.__..____.__...___.__..._.__.._.____._

; SUBROUTINE DECODE BCD TO BINARY
; INPUT A
; OUTPUT A , C --> 0 UNDER RANGE
; --> 1 OVER RANGE
DBCDBIN: MOV RL,A

SWAP A

ANL A, #0FH

MOV B, #0AH

MUL AB

XCH A,Rl

ANL A, #0FH

ADD A,R1

TC DBBOUT

XCH A,B

Ji DBB1

SETB C
DBB1: XCH A,B

. __.-_-.__.__...______.__.__...__-_._.__._._____.—_.._.___.__.___.__._.._._........_..____..__._.___..__

; SUBROUTINE DECODE BINARY TO FAN AIR CONTROL
; INMPUT A
; OUTPUT A
DBAIR: ANL A, #00000011B
INC A
MOVC A, QA+PC
RET
DFB 00000000B ; OFF AIR
ODFB 00000001B ; LOW AIR
DFB 00000011B ; MEDIEM AIR
DFB 00000111B ;
; SUBROUTINE DBTBCD ( DECODE BINARY TEMP TO BCD }
; INPUT A
; OUTPUT A
DBTRBCD: ANL A,#00001111B



LNC A
MOVC A, GA+PC

RET
DFB 017D ; LOWEST TEMP
DFB 018D
DFB 019D
DEB 020D
DFB 021D
DFB 022D
DFB 023D
DFB 024D
DFB 025D
DFB 026D
DFB 027D
DFB 028D
DFB 029D
DFB 030D
DFB 031D
DFB 032D ; HIGHEST TEMP
; SUBROUTINE DBTBCD ( DECODE BINARY TO BCD )
; INPUT A
; . QUTPUT A
DB_BCD: ANL A,#00111111B
INC A
MOVC A, @A+PC
RET
DFB  OFOH
DFB OF1H
DFB OF2H
DFB  OF3H
DFB OF4H
DFB OFSH
DFB OF6H
DFB OF7H
DFB OFS8H
DFB OF9H
DFB 010H
DFB O01l1H
DFB 012H
DFB  013H
DFB 014H
DFB  015H
DFB  016H
DFB 017H
DFB 018H
DFB  019H
DFB 020H
DFB 021H
DFB  022H
DFB 023H
DFB 024H
DFB  025H
DFB 026H
DFB 027H
LDFB 028H
DFB  029H
DFB 030H
DFB 031H
DFB 032H
DFB 033H
DFB  034H

DFB 035H



DFB  036H
DFB  037H
OFB 038H
DFB  039H
CFB  040H
DEB  041H
DFB 042H
DFB 043H
DFB 044H
DFB 045H
DFB 046H
DFB 047H
DFB 048H
DFB 049H
DFB 050H
DFB  051H
LFB  052H
DFB  053H .
DFB  054H
DFB 055H
DFB 056H
DFB  057H
DEFB  058H
NFB  059H
DFB 060H
DFB 061H
DFB 062H

; SUBROUTINE DBCD7S ( DECODE BCD TO 7 SEGMENTS )

; INPUT A
; SUTEUT A
DBRCD7S: =1 A, #O0FH
“NC A
MOVC A, GA+PC
o

DFB 00111111B ; SHOW C

DFB (00000110B ; SHOW 1

DFB  01011011B ; SHOW 2

DFB 01001111B ; SHOW 3

DFR 01100110B ; SHOW 4

DFB 01101101B ; SHOW 5

DFB 01111101B ; SHOW 6

DFB 00000111B ; SHOW 7

DF5  (01111111B ; SHOW 8

DFR 01101111B ; SHOW 8

DFB 00111001B ; SHOW C

DFB 01110110B ; SHOW H

DFB 10111001B ; SHOW °C
DFB 00000000B ; SHOW BLANK
DFB 00000000B ; SHOW BLANK
DFB 00000000B ; SHOW BLANK

; SUBROUTINE DECODE BINARY TO LED AIR
DBXAIR: ANL A, #00000011B

INC A

MOVC A, GA+PC

RET

DFB 00100000B

DFB 00100000B

DFB 00010000B

DFB 00001000B



MAPPORT: MOV C,BP_MUR ; PROGRAM BIT PAO

RRC A

MOV C,BP_DND ; PROGRAM BIT PAl
RRC A

MOV C,BP_AUX ; PROGRAM BIT PA2 NO
RRC A

MOV C,BP_SCR . ; PROGRAM BIT PA3
RRC A

MOV C,BP_AUX ; PROGRAM BIT PA4 NO
RRC A

MOV C,BP_K1 ; PROGRAM BIT PAS
RRC A

MOV C,BP_AUX ; PROGRAM BIT PA6 NO
RRC A

110V C,BP_VALVE ; PROGRAM BIT PA7
RRC A

MOV DPTR, #{RCPA
MOVX @DPTR,A

MoV C,BP_MUR ; PROGRAM BIT PBO NO
RRC A
MOV C,BP_TV ; PROGRAM BIT PB1 NO
RRC A
MOV C,BP_AUX ; PROGRAM BIT PB2 NO
RRC A
MoV C,BP_AUX ; PROGRAM BIT PB3 NO
KRC A
MOV C,BP_BED1 ; PROGRAM BIT PB4 NO
RRC A
MOV C,BP_BED2 ; PROGRAM BIT PB5 NO
RRC A
MOV C,BP_NIGHT ; PROGRAM BIT PB6 NO
RRC A
MOV C,BP_ENT ; PROGRAM BIT PB7 NO
RRC A

MOV DPTR, #XRCPB
MOVX @DPTR,A

CLR C ; PROGRAM BIT PCO = 0 TV IR
RRC A

MOV C,BP_ENT ; PROGRAM BIT PCl L3
KRC A

MOV C,BP_BEDZ2 ; PROGRAM BIT PC2 L2
RRC A

MOV C,BP_BEDI1 ; PROGRAM BIT PC3 L1
RRC A

MoV C,BP_NIGHT ; PROGRAM BIT PC4 L4
PRC A

MOV C,BP_TV ; PROGRAM BIT PC5 TV
FRC A

Mov C,BP_K2 ; PROGRAM BIT PC6 K2
RRC A

MOV C,BP_K3 ; PROGRAM BIT PC7 K3
RRC A

MOV DPTR, #XRCPC
MOV @DPTR,A

RET
; SUBRGUTINE OUT PORT
; DATA OUT TO PORT CONTROL
; & MAP VERTURL PORT TO PHISICAL PORT OUTEUT
OUTPORT: MOV DPTR, #XRCPA ; OUT PORT 8255

MOVY. A,@DPTR
MOV DPTR, #PORTA
MOVX @DPTR,A



MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOV

DPTR, #XRCPB
A, @DPTR
DPTR, #PORTB
@DPTR,A
DPTR, #XRCPC
A,@DPTR |
DPTR, #PORTC
@DPTR,A

; SUBROQUTINE

;
P1OMS:

P1OA:
P10B:
P10C:
P19OD:

P1OE:

PUSH
rUSH
PUSH
PUSH
CLR
3ET3
L,CALL
LCALL
JNB
LCALL
JNB
LCALL
JNB
LCALL
JNB
LCALL
JNB
T.CALL
LCALL
L.CALL
LCALL
POP
POP
POP
POP

PROCESS 10 MS

Acc
PSW

DPL

DPH

RS1

RSO

TRIGDOG
STARTT
B_ASYNC,P10B
ASYNC
B_COUNT, P10C
COUNT
B_SAVE, P10D
SAVE
B_TABLE, P10E
TABLE
B_TXLED, P1OF
SCANLC

CTVE

CHKPORT
CHKRTC

DPH

DPL

PSW

AcC

SAVE ALL LAST STATUS

SWAP REGISTER TO BANK 1

CHECK

CHECK

CHECK

CHECK

CHECK

CHECK
WATCH

PROCESS ASYNC IN/OUTPUT
PROCESS COUNTER .PROCESS
PROCESS SAVE STATUS

PRO;ESS LOOK UP TABLE
PROCESS TRANSMIT LED STATUS

PORT 8255A
DOG FOR CHECK RTC

RETURN LAST REGISTER

-___________________~________________________________________________

P1lA:

P1B:

PlC:
PSW

FUSH
PUSH
PUSH
PUSH
CLR
SETB
MOV
MOVX
MOV
CLR
JNB
LCALL
JNB
L.CALL
JNB
LCALL
POP

voP
POP
POP
RET

PROCESS 1 S

ACC

PSW

DPL

DPH

RSO

RS1

DPTR, #XREGC
A, @DPTR
XRC,A
B_RRTC

B TIME,Pl1A
TIME

B TEMP,P1B
TEMP
B_SECOND,P1C
SECOND

DPH

DPL
PSW
ACC

SET REGISTER BANK 3

RESET WATCH DOG COUNTER FOR RTC

CHECK

CHECK

CHECK

PROCESS TIME

PROCESS TEMPERATURE

PROCESS COUNTER SECONDS

RSO,RS1 SET TO LAST REGISTER IN
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; SUBROUTINE ASYNCRONOUS DATA COMMUNICATION (

ASYNC:

ASY1:

ASY2:

JNB B_RDATA,ASY3
CLR B_RDATA

MOV A, XRDATA
LCALL PARITY

MOV A,XFLAG3

ENL A, #01H

XRL A,R1

JNZ ASYOUT

JNB B_STARTUP,ASYl
MOV A, XRDATA

CJNE A, #0AAH,ASYOUT ;
CLR B_STARTUP

MOV A,XRDATA

CJINE A, #0AAH,ASY2

MOV
MOV
SJMP

XTLEDL, #10111111B ;
XTLED2, #10011111B
ASYOUT

MOV A, XRDATA
LCALL TABASY
MOV XTABLE,A
SETB B_TABLE
SETB B_ACTIVE
$SIMP ASYOUT

~

JNB
CLR
MOV

B STARTUP,ASYOUT
TBS
SBUF, #0A0H E

PROCESS IN 10 mSEC

ERROR CODE OR RESET RESPOND OAAH

ERROR FROM SLAVE

ERROR FROM SLAVE

TABLE MAP REMOTE KEY

SEND STATUS RESET MASTER TO SLAVE

COUNT:

COUNT2:

CCUNTL:

COUNT4:

COUNT4A:

CCUNTE:

;  SUBROUTINE COUNTER TIME BASE 10
JNB B_FLASH, COUNT1 ;
MOV A, XCFLASH
7% COUNT2
DJINZ XCFLASH, COUNT1
MOV XCFLASH, #20D ;
CPL B_FFLASH
INB B_DOTCLK, COUNT4 ;
MOV A, XCDOTCLK
JZ  COUNT4
DGNZ XCDOTCLK, COUNT4
CLR B_FDOTCLK
JNB B_ALMON, COUNTS
MOV A, #SELALARM
GNZ COUNT4A
JNB B_FDOTCLK, COUNTS
SETB BP_RING
5JMP COUNTO
CLR BP_RING
RET

COUNTO:

mSEC ( PROCESS IN 10 mSEC )
FLASH SERVICE

FLASH 400 mSEC (2.5 Hz)

DOT CLOCK SERVICE

; SUBRGUTIMNE SAVE ALL STATUS REGISTER TO RTC

SAVE:

SAVEOQ:

MOV
JB

RET
I,CALL SUMMING

A,P3
ACCS5, SAVEO

( PROCESS IN 10 mSEC
; FOR CHECK POWER FAILURE



MOV XSUMH, R2

MOV XSUML, R3

MOV R2, #04H

MOV R1, #XLIGHT
MOV DPTR, #XRCLIGHT

SAVEL: MOV A,GR1
MOVZ @DPTR,A
INC DPTR
INC Rl
LDJINZ R2,S5AVEl

MOV  DPTR, #XRCSUMH
MOV A, XSUMH

MOVX @DPTR,A , .
INC  DPTR

MOV A, XSUML

MOVX G@DPTR,A

CLR  B_SAVE

RET

; SUBRCUTINE TABLE ( PROCESS IN 10 mSEC )

; INPUT XTABLE (EX), B _TABLE (EX), B_ACTIVE (EX)
; XCTOTAB (IN), XCTABLE (IN), B_TABST (IN)
’
TABLE: INC  XCTOTAB
MOV A, XCTOTAB
CLR C ; CHECK COUNTER TIME OUT
SUBE A, #31D ; COUNTERTIMEOUTOFFCONTROL 300 mSec
Jc TAB1 ; XCTOTAB < 300 mSec
SETB B_RELKEY ; TELL STATUS RELEASE KEY TIME OUT
TBC  B_SAK,TABO ; CHECK BIT SPACIAL ALL KEY & CLEAR
LCALL TABLEC ; TIME OUT
TABO: CLR 5_TABLE OFF TABLE PROCESS
CLR B TABST SET STATE 1
SJMP TAB3
TABL: JNB B ACTIVE,TABOUT CHECX BIT ACTIVE
JB B_SAK, TABLA CHECK SPECIAL ALL KEY ~-> TABIA
JB B_TABST, TAB2 CHECK STATE
CLR B RELKEY KEY PRESS  FIRST IN KEY
MOV~ XDUTAB,XTABLE SET XDUTAB FOR CHECK IN STATE 2
L.CALL TABLEA STATE 1 FIRST
SETB B_TABST STATE 2
SJMP TAB3
TABIA: TNB 3L MASOFF,TAB1B CHECK MASTER OFF NO ACTIVE -->
TAB1B
CLR  BL_MASOFF
SETB BL_NIGHT MASTER OFF DELETE
CLR  BX NIGHT
SETB BP_AUX
SETB B_LIGHT
SETB B_SAVE
TAB1B: JNB B _ALMON, TAB4
CLR B ALMON CLEAR ALARM RING
ORL  XTLED1, #020H SEND CLEAR ALARM RING
3JMP TAB4
TAB2: INC  XCTABLE STATE 2
CLR C
MOV A, XCTABLE
SUBB A, #10D CHECK >= 500 mSEC
Jc TAB4 < 500 mSEC
MOV A, XTABLE DETECT CHANGE XTABLE FOR 2 KEY
SERIAL
CJNE A, XDUTAB,TAB2A



TAB2A:
TABLEA

TAB3:
TAB4:

TABQUT:

SCAN TRANSMIT LED STATUS TO SLAVE

; SUBRO
SCANLC:

SL1l:
SL1A:
SL2:

SL3:

SL4:
SL5:

TIMEL:

TIME4:

LCALL TABLEB

CLR  C

MOV A, XCTABLE
SUBB A, #09D

JC  TAB4

SJMP TAB3

CLR  B_TABST

MOV ~ XDUTAB, XTABLE
MOV ~ XCTABLE, #00H
MOV  XCTOTAB, #0OH
CLR B_ACTIVE

RET

UTINE

MOV A, XTLEDL

7Nz SL1

MOV  A,XTLED2

Jz  SLOUT

MOV RO, #XTLED2
MOV R3, #08H

SJMP SL1A

MOV RO, #XTLED1
MOV R3,#00H

MOV ~ R2,#08H

MOV R4, #01H

MOV A, @RO

CLR C

PRC A

Jc sS4

INC  R3

INC R4

DJNZ R2,SL3

SIMP  SLOUT

CLR  C

RLC A

DINZ R4,SL5

MOV  @RO,A

MOV A,R3

LCALL LOCAL

RET

UTINE TIME (

CLR EA

GNB  BC_AILM, TIMEL
MOV A, XRC

JNB  ACCS5,TIMEL
SETB B_ALMON

ORL  XTLED1, #020H
SETB B_SAK

JBC  B_RDALM, TIME2
JB B SETCLK,TIME3
MOV A, XDISP

CINE A, #001H, TIME4
SJME  TIME3

MOV  DPTR, #XRCHOUR
MOVX A, @DPTR

MOV XHOUR,A

MOV DPTR, #XRCMINUTE
MOVX A, @DPTR

MOV  XMINUTE,A
MOV A, XDISP

’

;

’

CHECK PROCESS

CHANGE NEW XTABLE FOR RETURN TO

1 SECOND )

WANT HIGH SPEED

JUMP IF NOT ENABLE ALARM

CHECK INTERRUPT ALARM FLAG

ON ALARM RING
SEND ON ALARM

CHECK WANT TO
SET CLOCX -->

OTHER DISPLAY
DISPLAY ALARM

RING

READ ALARM
TIME3

-=~> TIME4
-~> TIME3



CJNE A, #00H, TIME3 ; CHECK DISPLAY <>
MOV A, XCLOCK

ANL A, #00000111B

MOV R2,A

ADD A, #002H

MOVC A, @A+PC

SJMP TIMES

DFB 000H ; BANGKOK
DFB 012H ; NEWYORK
DFB 018H ; PARIS
DFB 017H ; LONDON
DFB 009H ; LOS ANGELES
LFB 003H ; SYDNEY -
DFB 007H ; HAWATI
DFB 002H ; TOKYO
TIMES: ADD  A,XHOUR ; SHIFT TIME
DA A
MOV  R1,A’ ; SAVE
CLR C
SUBB A, #024H
JNC  TIME6 ; >= 24 HOUR
MOV  XHOUR,R1 ; < 24 HOUR, SAVE TIME
SJMP TIME3
TIME6: MoV A,R1
ADD A, #076H
DA A
MOV ~ XHOUR,A ; >= 24 HOUR
3JMP TIME3 :
TIME2: MOV~ DPTR, #XRCALMH ; READ ALARM
MOVY. A, Q@DPTR
MOV XHOUR,A
MOV ~ DPTR, #XRCALMM
MOVY. A, @DPTR
MOV ~ XMINUTE,A
TIME3: JNB  B_DOTCLK, TIMEO
SETB B_FDOTCLK
MOV XCDOTCLK, #50D ; 500 mSEC
TIMEO: SETB EA
RET
; SUBROUTINE TEMPERATURE
; IN ==  ¥XTEMP (TEMPERATURE READ FROM DS1620)
; = ¥AIR (TEMPERATURE SET)
TEMP: CLR EA
ANL P1l, #0EFH : RST\= "0O"
LCALL  DELAY1620
MOV R5, #022H ; STOP CONVERT TEMP. COMMAND
LCALL  BYTECOM
MoV RS, #0ARH ; READ TEMP. COMMAND
LCALL BYTERD
MOV A,R6
RR A ; 1/2 °C NO USE
ANL A, #07FH
MOV XTEMP, A
MoV R5, #0EEH ; START CONVERT TEMP.
LCALL BYTECOM
MOV R3, XTEMP ; R3 = ROOM TEMP
JB BA_OFAIR,TP2 ; OFF AIR --—->
SIMP TP8
TP2: JB B_KEYTAG, TP2A ; KEY TAG IN

SJMP TP8



MOV
ANL
LCALL
MoV
MOV
MOV
CLR
SUBB
JNC
SJMP
MOV
INZ
SETB
5JIMP
CLR
MOV
SETB
RET

TP2A:

TP3:

TP4:

A, XAIR

A, #00001111B
DBTBCD

R2,A

RO, A

A,R3

c

A, RO

TP4

TP8

A, XCTEMP
TPOUT
BP_VALVE
TPOUT
BP_VALVE
XCTEMP, #HIS_TIME

; ADJUST TO REAL TEMP. VALUE

R2 = ADJUST TEMP

ROOM TEMP

ROOM TEMP > SET TEMP

DELAY VALVE 5 SECOND

; OPEN COLD WATER VALVE

CLOSE COLD WATER VALVE

; DS1620 SUBROUTINE

; SET UP DS1620 SERIAL

SETUP1620: ANL P1,#11101111B
LCALL DELAY1620
MOV R5, #0CH
MOV R6, #00000010B
LCALL BYTEWR
RET

; RST\= "0"
; SCLK = "1"

; WRITE CONFIG COMMAND
; CPU + CONTINEUS MODE

; BYTECOM1iG20 SUB.

; WRITE COMMAND BYTE TO DS1620

; RST\= "1"

; SEND COMMAND 8BIT

; READ MODIFIED WRITE

; RST\= "O"

; IN = RO (COMMAND)

; REG = A,B,RS

; ACC2 = DATA

; ACC3 = CLOCK

; ACC4 = RESET

BYTECOM: ORL P1l, #010H
LCALL DELAY1620
MOV B, #08H
CLR &

BYTECOM1: MOV A,RS
RRC A
MOV RS, A
MoV APl
MoV AcCcZ,C
ORL A, #003H
MoV PL,A
LCALL SCLKCOM
DJNZ B, BYTECOM1
ANL P1l, #OEFH
LCALL DELAY1620
RET

; BYTEWR1620 SUB.

; WRITE SINGLE BYTE TO DS1620

; IN = R5 (COMMAND)

; = R&¢ (DATA)

; REG = A,B,R6

BYTEWR: ORL P1l, #010H
LCALL DELAY1620
MOV B, #08H
CLR C

BYTEWR1: MoV A,R5

; RST\= "1"

; SEND COMMAND 8BIT



RRC
MoV
MoV
MOV
ORL
MOV
LCALL
DJNZ
MOV
CLR
BYTEWR2: MOV
RRC
MOV
MoV
MoV
ORL
MOV
LCALL
DJNZ
ANL
LCALL
RET

; BYTERD1620 SUB.
; READ SINGLE BYTE FROM
; IN K5 (COMMAND)

; R6 (DATA)
A,B,R5,R6

; REG

BYTERD: ORL
LCALL
MOV
CLR

BYTERD1: MOV
RRC
MOV
MoV
MoV
ORL
MoV
LCALL
DJINZ
MOV
MOV

BYTERDZ2: LCALL
MOV
MOV
MOV

; SCLKCOM sSUB.

A

R5,A
APl
Accz,C

A, #003H
P1l,A
SCLKCOM
B, BYTEWR1
B, #08H

Cc

A,R6

A

R6,A
A,PLl
Accz,C

A, #003H
Pl,A
SCLKCOM
B, BYTEWR2
P1l, #0EFH
DELAY1620

Ds51620

P1l,#010H
DELAY1620
B, #08H

c

A,R5

A

R5,A

A, Pl
ACC2,C

A, #003H
PLl,A
SCLKCOM
B, BYTERDI
B, #08H
R6, #00H
SCLKRW
APl
C,AcCC2
A,R6

A

R6,A

B, BYTERD2
P1, #O0EFH

SERIAL CLOCK FOR WRITE COMMAND

; A FALLING EDGE

; FOLLOWED BY A RISING EDGE

; CLOCK = ACC3

SCLKCOM: ANL P1, #0F7H
LCALL DELAY1620
ORL P1l, #008H
LCALL  DELAY1620

READ MODIFIED WRITE

SEND DATA 8BIT

READ MODIFIED WRITE

RST\= " O "

RST\= "1"

SEND COMMAND 8BIT

READ MODIFTED WRITE

RECEIVE DATA BYTE
CLEAR DATA BUFFER

READ SERIAL DATA

RST\= Li} 0 ”
CLK " o "
CLK nqw
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; SCLKRW SUB.

; SERIAL CLOCK FOR READ DATA
; A RISING EDGE

; FOLLOWED BY A FALLING EDGE
; CLOCK = ACC3

SCLKRW: ORL P1, #008H ; CLK "1"
LCALL DELAY1620
ANL P1l,#0F7H ; CLK "QO"
LCALL DELAY1620
RET

; DELAY1620 SUB

; PULSE DELAY

; REG = R1

DELAY1620: MOV R1, #03H
DJINZ R1,$
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; SUBROUTINE COUNTER TIME BASE 1 SECOND
SECOND: CLR EA

MOV A,XCDISP ; DELETE DISPLAY 7 SEGMENT
JZ SECOND1 ” ; DISPLAY COUNTER = 00 --> SEC1
LJNZ XCDISP,SECONDI1
. LCALL BANGKOK ; COUNTER OFF,
SECONDLl: JNB B_DELKT, SECOUT ; PROCESS DELETE KEYTAG
CLR B_DELKT
SETB’ BX LIGHT ; CLEAR LED LIGHT (INVERT)
CRL XTLED2, #080H ; SEND CLEAR ALL LED

CLR = BP_AUX
CLR ~ BL _DND
SETE BL_ENT

CLEAR ALL PORT NOT IN CTVP
CLEAR DO NOT DISTURB
ON ENTRANCE LIGHT

GNB ~ BTM_OFTM, SECOND2
JNB  BTM_TM, SECOND2
CLR EA
SECOND2: CLR  BTM_OFTM ; CLEAR TV OR MUSIC
ANL  XTVMUS, #11111000B ; SET TV CHANNEL
LR BP_RING
CLR  BX_ SCR
MOV~ XDISE, #006H ; OFF DISPLAY
MOV  XCTVE,#10111111B  ; CONVERT ALL PROCESS
MOV~ XP10MS, #10100001B ; ON PROCESS SCAN SWITCH
CLR  ES ; DISABLE SERIAL INTERRUPT
1oV XP1s,#00000010B ; OFF ALL EXCEPT TEMP
SECOUT: MOV  A,XCTEMP ; DELAY VALVE

JZ SECO00

DEC XCTEMP
SEC00: SETB EA

FET
; SUBROUTINE TRANSMIT 7 SEGMENT TO SLAVE
; R2 MUST BE DESTROY

TX7SEG: MOV A,XSEGL
YRL A,XCOM7L

oy T751

MOV R2,A

ANL A, #0FH

7z T752

ORL XTLED1, #02H
T7s2: MOV A, R2

ANL A, #0F0H

J2 T7S1

ORL XTLED1, #04H



MOV
XRL
Jz

MOV

Jz

ORL
MOV
ANL

r
%]

ORL
MOV
MoV

T7S3:

T754:

T7S5: J

T756: ORL
T7s57: J

T758: JB

T759: CRL
T7S0OUT: KET

A, XSEGH

A, XCOMTH

T754

R2,A

A, #OFH

T753

XTLED1, #08H
A,R2

A, #0FOH

T754

XTLED1, #0L10H
XCOM7L, XSEGL
XCOMTH, XSEGH
B_FLASH,T7S5
B_COMFLS, T7S7
B_COMFLS

T756

B_COMFLS, T7S7
B_COMFLS
XTLED1, #020H
B_FDOTCLK, T7S8
B_COMFDC, T7SOUT
B_COMFDC

T759

B_COMFDC, T7SOUT
B_COMFDC
XTLED1, #001H

;' CHECK FLASH STATUS

FLASH NOT CHANGE

FLASH NOT CHANGE

CHECK DOT CLOCK STATUS
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; SUBROUTINE PACK 4 LED TO SEND TO XLED IN SLAVE
] INPUT R2 --> POINTER TO LED NUMBER HIGHEST ( IN 4 LEDS)
A --> FOUR LEDS IN HIGH NIBBLE OF A

; ouTPUT

PACKLED: MOV
MOV

PLED1: MOV
LCALL
MOV
RLC
MOV
DEC
NJIN7Z
SWAP
RET

RO, #00H
R1, #04H
A,R2
TABLELS
A, RO

A

RO, A

R2

R1, PLED1
A

; SUBROUT

BANGKOK: MOV
MOV
ANL
SETB
SETB
CLR
RET

INE TIME
XDISP, #00H
XCDISP, #00H

XCLOCK,#11111000B

B_CLOCK
B_DOTCLK
B_FLASH

MAP REAL KEY NUMBER TO TABLE KEYNUMBER

; SUBROUTINE

TABKEY: ANL
INC
Move
RET
DFB
DEFB
DFB
DEB
DEB

A,#00011111B
A
A, GA+PC

00D
01D
02D
03D
04D

Kl ON/OFF ALARM

K2 HOUR
K3 MINUTE
K4

K5 ON/OFF AIR



DFB 03D ; K6

DFB 08D ; K7 WARM

DFB 07D ; K8 COLD

DFB 08D ; K9 MUSIC

DFB 0SD ; K10 LOCAL TV

DFB 10D ; K11 SPEED

DFB 11D ; K12 MASTER OFF
DFB 12D ; K13 CHANNEL UP
DEFB 13D ; K14 CHANNEL DOWN
DFB 14D ; K15 VOLUMN UP
DFB 15D ; K16 VOLUMN DOWN
DFB 18D ; K17 ENTRANCE

DFB 17D ; K18 BEDl

DFB 18D ; K19 BED2

DFB 18D ; K20 NIGHT

DFB 20D ; K21 LAMP1

DFB 21D ; K22 LAMP2

DFB 23D ; K24 DO NOT DISTURB
DFB 22D ; K23 MAKE UP ROOM
DFB 24D ; K25

DEB 25D ; K26

DFB 26D ; K27

DFB 27D ; K28

DFB 28D ; K29

DFB 2°D ; K30

DFB 30D ; K31 CALL SERVICE
DFB 31D ; K32 SET CLOCK

; SUBROUTINE MAP REAL REMOTE ASYNC KEY NUMBER TO TABLE KEYNUMBER

TABASY: INL ~,=00011111B

=
INC =
MOVC A, 8A+PC
RET
DFB 18D ; K1 00D BED2
DFB 17D ; K2 01D BED1
DFB 11D ; K3 02D MASTER OFF
DFB 18D ; K4 03D ENTRANCE
LFB 19D ; K5 04D NIGHT
DFB 30D : K6 05D MAID CALL
DFB 22D ; K7 06D MAKE UP ROOM
DFB 23D ; K8 07D DONOT DISTURB
DFB 04D ; K9 08D ON/OFF AIR
DEB II2 ; K10 09D MINUTE
DEB 0D ; K11 10D HOUR
DFB 00D : K12 11D ALARM ON/OFF
DFB - 10D ; K13 12D
DFB 04D ; K14 13D
DFB 06D ; K15 14D
DFB 10D ; K16 15D SPEED AIR
LDFB 12D ; K17 16D CHANNEL UP
DFB 14D ; K18 17D VOLUME UP
DFB 07D ; K19 18D COLD
DFB 08D ; K20 19D WARM
DFB 13D ; K21 20D CHANNEL DOWN
DFB 09D ; K22 21D TV ON/OFF
DFR 08D ; K23 22D MUSIC ON/OFF
NDFB 15D ; K24 23D VOLUME DOWN
DFB 06D ; K25 24D
DFB 25D ; K26 25D
DFB 24D ; K27 26D
DFB 27D ; K28 27D
DFB 26D ; K29 28D

DFB 20D ; K30 29D



DEB 11D ; K31 30D

DFB 31D ; K32 31D
; TABLE A
TBA: LJMP Kl ; ON/OFF ALARM
TLJMEF K2 ; HOUR
LJMP K3 ; MINUTE
I.JMP NK ;
LIJMP K5 ; ON/OFF FAN
LIJMP K6 ; LOW FAN
LJMP KA78 ; WARM
LJMP KA78 ; COLD
LJMP K9 ; MUSIC
LJMP K10 ; TV
LIMEF K11 ; SPEED AIR
LIJME K12 ; MASTER OFF
ILJMEP K13 ; CHANNEL UP
LJMF K14 ; CHANNEL DOWN
“JMP K15 ; VOLUMN UP
LIJMP K16 ; VOLUMN DOWN
LJMP K17 ; ENTRANCE
LIJMP K18 ; BED 1
LJMP K19 ; BED 2
LIJMP K20 ; NIGHT
LJMP NK ;
LJMP NK ;
LJME K23 ; MAKE UP ROOM
LIMP K24 ; DO NOT DISTURB
LJME NK ° ;
LJMP NK ;
1WJMP  NK ;
1, JMP  NK :
LJMP NK ;
LIJMP NK X
LJMP K31 ; CALL SERVICE
LJMP K32 ; SET CLOCK
TABRLEA: MOV DPTR, #TBA
MOV A,XTABLE
ANIL. A, #00011111B
MOV B, #03H ; MULTIPLY BY 3
MUL AB
JMP @A+DPTR ; JUMP TO TABLE
; TABLE B DELAY KEY
TBB LJMP NK
LIME K2 ; HOUR
LJMP K3 : ; MINUTE
LJMP NK ;
LJMP NK
I.JMP NK
,JMP KB7 ; WARM )
LIJMP KBS ; COLD *
LJMP NK
LJMP NK
LJMP K11 . ; FAN
LIJMP NK
LJMP K13 ; CHANNEL UP
LJMP Kl4 ; CHANNEL DOWN
LIJMP K15 ; VOLUMN UP
LIJMP K16 ; VOLUMN DOWN
I.JMP NK
LJMP NK
LJMP NK

LJMP  NK



LJMP NK

LJMP NK
LJMP NK
LIJMP NK
LJMP NK
LIJMP NK
I.JMP NK
LIJMP NK
LJMP NK
LJMP NK
LIJMP NK
LIJMF NK

TABLEB: MOV DPTR, #TBB
MOV A, XTABLE
ANL A, #00011111B

MOV B, #03H ; MULTIPLY BY 3

MUL AB

JMP @A+DPTR ; JUMP TO TABLE
; TABLE C PUSH ON RELEASE OFF KEY
TBC: LJMP NK

LJMP K2 ; HOUR

LJMP K3 ; MINUTE

LJMP NK

LJMP NK

LJMP NK

LJMP KC78 ; WARM

LJMP KC78 ; COLD

LJMP NK

LJMP NK

LJMP NK

T.JJME  NK

IJMF  NK

L.JMF NK

LJMP NK

LJME NK

LJMP NK

ILJMEP NK

LJMP NK

LJMP NK

LJMP NK

.JMP NK

LIJMF NK

LIMI NK

=JML NK

LIJMP NK

LJMP NK

LIJMP NK

LJMP NK

LJMP NK

LIJMP NK

LIJMP NK

TABLEC: MOV DPTR, #TBC
MOV A, XTABLE
ANL A, #00011111B

MOV B, #03H ) ; MULTIPLY BY 3
MUL  AB
JMP  GA+DPTR ; JUMP TO TABLE
; NO KEY ACTIVE
NK RET
; KEY 1  ON/OFF ALARM

Kl: CPL  BC_ALM



K1A:

K1B:

K10UT:
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K2C:
K2D:

KzB:

JNB
SETB
MOV
JETB
CLR
MoV
MOV
CLR
MOVX
MOV
SIMP
LCALL
MOV
SIMP
CLR
LCALL
MOV
MOV
MOVX
SETB
SETB

BC_ALM, K1A
B_RDALM
XDISP, #01H
B_FLASH
B_DOTCLK
XCDISP, #OSH
DPTR, #XRCALMS
A .
@DPTR,A
A,#00110010B
K10UT
BANGKOK

A, #00010010B
K10UT

BC_ALM
BANGKOK

A, #00010010B
DPTR, #XREGB
@DPTR,A
B_CLOCK
B_SAVE

2 HOUR CONTROL

JB
MOV
(:JNE
JNB
SET3B
MoV
MOVX
ORL
MOVY
.'NB
MOV
SJIMP
MOV
MoV
MOVXK
MOV
MOVX
ANL
MOVX
SJMP
“LR
MoV
ADD
LA
MOV
SUBB
ac
MOV
MoV
MoV

B_SETCLK, K2A
A, XDISP

A, #01H, K20UT
B_RELKEY, K2B
B_FLASH
DPTR, #XREGB
A, @DPTR

3, #100000008
@DPTR, A
B_SETCLK, K2C
DPTR, #XRCHOUR
K2D

DPTR, #XRCALMH
A, XHOUR
@DPTR, A
DPTR, #XREGB
A, @DPTR
A,#01111111B
@DPTR,A

X2E

B_FLASH

A, XHOUR

A, #01H

A

XHOUR, A

A, #24H

K2F

XHOUR, #00H
XCTABLE, #05D
XCDISP, #05D

2 MINUTE CONTROL

JB
MOV
CJINE
JNB
SETB
MOV
MOVK

B_SETCLK, K3A
A, XDISP

A, #01H, K30UT
B_RELKEY,K3B
B_FLASH
DPTR, #XREGB
A, @DPTR

e N we N

R P . T T Y

Ne Ne Ne Ne N

CHECK ALARM OFF --> KI1A

DISPLAY ALARM
ALARM ON , FLASH

SET COUNT DOWN 5 SEC
SET ALARM SECOND = 0

SET INTERRUPT ALARM ENABLE
AIE =1 ( BIT 5 )

SET TIME

ATE = 0 ( BIT 5 )

SET TIME

AIE = 0 ( BIT 5)

ENABEL PROCESS CLOCK IN CTVP

CHECK SET CLOCK
NO SET CLOCK
XDISP NOT EQU 001
KEY PRESS GOTO K2B
RELEASE KEY
PROGRAM RTC

(ALARM)

CHECK SET CLOCK OR SET ALARM
HOUR

HOUR ALARM

KEY PRESS

XHOUR

FAST DELAY KEY
COUNT DOWN © SEC

CHECK SET CLOCK
NO SET CLOCK
XDISP NOT EQU 001
KEY PRESS GOTO K3B
RELEASE KEY

(ALARM)



CRL A, #10000000B
MOVX @DPTR,A
JINB B _SETCLK,K3C
MOV  DPTR, #XRCMINUTE ; MINUTE
ZJME K3D
K3C: WOV DPTR, #XRCALMM ; MINUTE ALARM
K3D: MOV A, XMINUTE
MOVX @DPTR,A
MOV  DPTR, #XREGB
MOVX A, @DPTR
ANI, A,#01111111B
MOVX @DPTR,A
SJMP K3E
K3B: CLR B _FLASH
MOV A, XMINUTE
LDD A, #01H
DA A
MOV XMINUTE,A
SUBB A, #60H ; XMINUTE >= 60 MINUTES
JC K3F
MOV XMINUTE, #00H
K3F: MOV  XCTABLE, #07D ; FAST DELAY KEY
K3E: MOV~ XCDISP, #05D ; COUNT DOWN 5 SEC
K30UT: RET
; KEY 5 ON/OFF FAN
KS .PL ~ BA_OFAIR
SETB B _SAVE SAVE STATUS IN RTC
SETB B _AIR CTVP
; KEY &
K6: RET
; KEY 7
K7: RET
; KEY 2
K8 RET
; KEY A78  WARM & COLD KEY FIRST PRESS
K2"¢: MOV A, XDISP
CJNE A, #004H,KAT8A CHECK DISPLAY NOT ROOM TEMP
SJMP KA78C DISPLAY ROOM TEMP --> ADJUST TEMP
KA78A: CJNE A, #005H,KA78B CHECK DISPLAY NOT ADJUST TEMP
3JMP KA780UT
KA78B: JNB  BA OFAIR,KA780UT CHECK AIR OFF ~--> KA780UT
MOV  XDISP, #04H DISPLAY OTHER CHANGE TO ROOM TEMP
CLR B _FLASH
CLR B DOTCLK
ANIL  XCLOCK,#11111000B
SETB B CLOCK
SJMP KA780
KA78C: MOV~ XDISP, #05H CHANGE DISPLAY TO ADJUST TEMP
SETS B_FLASH
KA780: MOV  XCROOMT, #01H SET DELAY 1.5 SEC
MOV  XCDISP, #05D TO ADJUST TEMP
SETB B_TEMPT
KA780UT: RET
; KEY B7  WARM KEY DELAY KEY
KB7 MOV | A,XDISP



CJINE A, #004H,KB7A ; CHECK DISPLAY NOT ROOM TEMP
DJHZ XCROOMT,KB70 ; DISPLAY ROOM TEMP
MCYV  XDISP, #05H ; ADJUST TEMP
MOV  XCROOMT, #03H ; SET DELAY 1.5 SEC TO INCREMENT
SETB B_FLASH ; TEMP
CLR B_DOTCLK
SJMP KB70
KB7A: CJNE A,#005H,KB70UT ; CHCEK NO ADJUST TEMP --> OUT
MOV A, XCROOMT ; ADJUST TEMP
JZ KB7B
DEC  XCROOMT
SJMP KB70
KB7B: MOV  A,XAIR ; INCREMENT ADJUST TEMP
ANL A, #O0FH
CJNE A, #0FH,KB7C
SJMP KB70
KB7C: INC  XAIR
KB70: MOV  XCDISP, #05D
SETB B_TEMPT
KB7OUT: RET
AR LS IPREIEERESREE ST S S S
; KEY C78 WARM & COLD KEY RELEASE KEY
KC78: MOV A,XDISP
CINE A, #005H,KC780UT ; CHECK DISPLAY ADJUST TEMP
SETB B_SAVE
MOV ~ XCDISP, #05D
"SETB B_TEMPT
KC780UT: RET
; KEY E8 COLD KEY DELAY KEY
KBS MOV A, XDISP
CINE A, #004H,KBSA ; CHECK DISPLAY NOT ROOM TEMP -->
KB8A
DJNZ XCROOMT,KB8O ; DISPLAY ROOM TEMP
MOV XDISP, #05H ; ADJUST TEMP
MCV  XCROOMT, #03H ; SET DELAY 1.5 SEC TO INCREMENT
SETB B_FLASH ; TEMP
CLR  B_DOTCLK
SJMP KBS8O
KBSA: CJNE A, #005H,KB8OUT ; CHCEK NO ADJUST TEMP --> OUT
MOV A, XCROOMT ; ADJUST TEMP
Jz KB8B
DEC  XCROOMT
$JMP  KB8O
KB8B: MOV  A,XAIR ; DECREMENT ADJUST TEMP
ANL A, #O0FH
JZ KB8O
DEC  XAIR
SJMP KBS8O
KBSO: MOV  XCDISP, #05D
SETB B_TEMPT
KBSOUT: RET
; KEY & MUSIC KEY
Ko JNB  BTM_OFTM,K9A ; CHECX TV ON
JB BTM TM, K9B
CLR  BTM OFTM ; OFF TV,MUSIC
SJMP KSOUT
KO9A: SETB BTM OFTM ; SET MUSIC ON
SETB BP_TV ; ON MUSIC MOD IN TV
SETB BX MUSIC
CLR  BX LTV

LCALL MAPPORT
LCALL OUTPORT



IL.CALL DELAYT
T.CALL DELAYT
LCALL DELAYT
LCALL DELAYT
IL,CALL DELAYT
LCALL DELAYT

LCALL IR_ON_OFF ; FOR ON TV
K9B: CLR BTM TM ) ; MUSIC O
KSOUT: MOV XDISP, #03H ; DISPLAY CHANNEL MUSIC

3JMP KTVMUSIC

o________________________~__________~____—____________________u______

; KEY 10 TV KEY
K10: INB BTM _OFTM,K10A "~
JNB BTM_TM, K10B ; MUSIC ON

CLR BTM_OFTM
SJMP  K100UT

K10A: SETB BTM _OFTM
3ETB BP_TV ; ON MUSIC MOD IN TV
SETB BX LTV ; ON LED TV

CLR  BX_MUSIC
LCALL MAPPORT
LCALL OUTPORT
LCALL DELAYT
T.CALL DELAYT
LCALL DELAYT
LCALL DELAYT
LCALL DELAYT
LCALL’ DELAYT

LCALL IR ON_OFF ; FOR ON TV
K10B: SETE BTM_TM o st
K100UT: WOV ~ XDISP,#02H ; DISPLAY CHANNEL TV

KTVMUSIC:SETB B_SAVE
SETB B_TVMUS
MOV  XCDISP, #05H
SETB B _DOTCLK
CLR B_FLASH
ANL  XCLOCK, #11111000B
S5ETB B _CLOCK

; KEY 11 FAN KEY

K11l: JNB BA OFAIR,K11B
MOV A,XAIR
SWAP A
MOV R2,A

ANL A, #00000011B
CIJNE A,#00000011B,K11A
CLR BA FAN1

sIJMP K1iC
K1lA: MOV A, R2
INC A
SWAP A
MOV  XAIR,A
$JMP  K1llC
K11B: SETB BA OFAIR
K11C: SETB B_SAVE ; CONTROL PROCESS CONVERT TO PORT
SETB B_AIR
RET

.________-____________________________________________-_—____________

; KEY 12 MASTER OFF



Kl2:

CHANNEL UP KEY

K13A:

K13B:

Kl3cC:

K13D:

K13F:

K13G:

K13H:
K13I:
K130UT:

CHANNEL DOWN KEY

1L 3
JNB
MOV
CJINE
AJIMD
CJINE
SIMP
JNB
MOV
SJIMP
MOV
SJMP
JB
MOV
INC
ANL
ANL
ORL
SJIMP
JB
MOV
SWAP
INC
SWAP
MOV
CLR
SJIMP
SETB
SJIMP
ANL
CLR
[ET3
SETB
SETRB
MOV

14
JNB
MOV
CJINE
SJMP
CJINE
SJIMP
oNB
MOV
SJIMP
MOV
SJMP
JB
MOV
ANL
JZ

XLIGHT, #00000000B
B_LIGHT

BX_NIGHT

BX_ENT

BX_BED1

'BX_BED2

B_TXLED
BP_AUX
B_SAVE

BTM_OFTM, K130UT
A, XDISP

A, #002H,K13A
K13D

A, #003H,K13B
K13E

BTM TM,K13C

. XDISP, #002H

K136G

XDISP, #003H
K136
B_RELKEY, K13F -
A, XTVMUS

A

A, #00000011B
XTVMUS, #0F0H
XTVMUS, A

K13H

3 _RELKEY, K13F
A, XTVMUS

A

a

A

XTVMUS, A
BTM_TM

K13H

B_SAVE

K13I

XCLOCK, #11111000B
B_FLASH
5_DOTCLK
3_CLOCK
B_TVMUS
XCDISP, #05D

BTM_OFTM, K140UT
A,XDISP

A, #002H,K14A
K14D

A, #003H, K14B
K14E

BTM _TM, K14C
XDISP, #002H
K14G

XDISP, #003H
K14G
B_RELKEY,K14F
A, XTVMUS

A, #00000011B
K14D1

; OFF ALL LIGHTING

CHECK TV OFF --> K130UT
CHECK OTHER DISPLAY

CHECK OTHER DISPLAY

DISPLAY TV CHANNEL

DISPLAY MUSIC CHANNEL

CONTROL INCREMENT CHANNEL TV

CONTROL INCREMENT CHANNEL MUSIC

SET 5 SEC DISPLAY

CHECK TV OFF --> K140UT

CHECK OTHER DISPLAY

CHECK OTHER DISPLAY

DISPLAY TV CHANNEL

DISPLAY MUSIC CHANNEL

CONTROL DECREMENT CHANNEL TV



DEC  XTVMUS
SJMP K14H
K14D1: ORL  XTVMUS, #003H
SIMP K14H
K14E: 5B B_RELKEY, K14F ; CONTROL DECREMENT CHANNEL MUSIC
MOV A, XTVMUS
ANL A, #00110000B
JZ K14E1
MOV  A,XTVMUS
SWAP A
DEC A
SWAP A
MOV  XTVMUS,A
SIJMP K14H
K14El: ORL  XTVMUS, #00110000B
SJMP K14H
K14F: SETB B_SAVE
SJMP K141
K14G: ANL  XCLOCK,#11111000B
CLR B _FLASH
SETB B_DOTCLK
SETB B_CLOCK
K14H: SETB B_TVMUS
K14I: MOV  XCDISP, #05D. ; SET 5 SEC DISPLAY
K140UT: RET
; KEY 15 VOLUMN UP KEY
K15 JNB  BTM_OFTM, K150UT ; CHECK MUSIC ON
JB - BTM TM,K15A ; CHECK TV ON --> K15A
K15A: ICALL IR VOL UP ; MUSIC MOD TV CONTROL
K130UT: RET
; KEY 16 VOLUMN DOWN KEY
K16: JNB  BTM_OFTM, K160UT ; CHECK MUSIC ON
JB BTM TM, K16A ; CHECK TV --> K16A
K16A: LCALL IR _VOL_DOWN ; MUSIC MOD TV CONTROL
K160UT: RET
; KEY 17 ENTRANCE KEY
K17 CPL  BL _ENT
SJMP KLOUT
; KEY 18 BEDl KEY
K.8 CPL  BL _BEDI
SJMP KLOUT
; KEY L9 BED2 KEY
K19 CPL  BL_BED2
SJMP KLOUT
; KEY 20 NIGHT KEY
K20 CPL  BL NIGHT
SJMP KLOUT
; KEY =1
K21: DE
; KEY 22
K22 RET
: KEY 23 MAKE UP ROOM KEY
K23 CPL  BL_MUR

7B BL_MUR,K23A
SIMP  KLOUT



K23A: CLR BL DND ; CLEAR DO NOT DISTURB

SJMP KLOUT
; KEY 24 DO NOT DISTURB
K24: CPL BL _DND

B BL_DND, K24A

SJMP  KLOUT
K24A: CLR  BL_MUR ' ; CLEAR MAKE UP ROOM
KLOUT» SETB B_LIGHT -

SETB B_SAVE

RET
; KEY 25
K25 RET
; KEY 26
K26: RET
; KEY 27
K27 RET
; KEY 28
K28 RET
; KEY 29
K29 RET
; KEY 30
K30 RET

; KEY 31 SERVICE CALL

K31: CPL  BP_SCR
MOV~ C,BP_SCR
MOV~ BX_SCR,C

RET
i KEY 32 SET CLOCK
K32: CPL B_SETCLK
LCALL BANGKOK ; DISPLAY BANGKOK TIME
JNB B _SETCLK, K320UT ; NOT SET CLOCK
SET3 B_FLASH ; FLASH DISPLAY
SETB B_DOTCLK ; DOT CLOCK

K320UT: RET

; TABLE LOCAL CONTROL LED

TBLC: LJMP LC1 ; CONTROL DOTCLOCK
LJMP LC2 ; 7 SEGMENT DIGIT #1
LJMP LC3 ; 7 SEGMENT DIGIT #2
LJMP LC4 ; 7 SEGMENT DIGIT #3
LJMP LCS5 ; 7 SEGMENT DIGIT #4
LIMP  LCé ; FLASH 7 SEGMENT & ALARM RING
LIJMP NILC ; NO CONTROL
I.JME LCS8 ; LED SEGTION 1
LJMP LCS ; LED SEGTION 2
LJMP  LC10 ; LED SEGTION 3
LJMP LCl1 ; LED SEGTION 4
LJMP LCl12 ; LED SEGTION 5
LJMP LC13 ; LED SEGTION 6
LJMF NLC
.L.JMP NLC
LIJMP LC1l6 ; ALL LED OFF

LOCAL: MoV DPTR, #TBLC



ANL A, #00001111B

MOV B, #03H ; MULTIPLY BY 3
MUL AB
JMP @A+DPTR ; JUMP TO TABLE

NLC: RET
; SUBROUTINE SEND STATUS LED DOT CLQCK
LCL: MOV A, #000H

JNB B_FDOTCLK, LC1A

MOV A, #010H

LClA: LCALL PARITY
MOV SBUF,A
RET

; SUBRCUTINE SEND 7 SEGMENT DIGIT #1

LC2: MOV A, XSEGL
ANL A, #00FH
SWAF A

CRL A, #001H
LCALL PARITY
MOV SBUF,A

; SUBROUTINE SEND 7 SEGMENT DIGIT #2
LC3: MoV A, XSEGL

ANL A, #0F0H

CRL ° A, #002H

LCALL PARITY

MOV SBUF,A

RET

; SUBROUTINE SEND 7 SEGMENT DIGIT #3

LC4: MOV A, XSEGH
ANL A, #00FH
SWA? A

ORL A, #003H

LCALL PARITY

MOV  SBUF,A

RET
; SUBROCUTINE SEND 7 SEGMENT DIGIT #4
LCY: MOV A, XSEGH

ANL A, #0F0H

ORL A, #004H

LCALL- PARITY

MOV  SBUF,A

RET
;  SUBROUTINE SEND STATUS LED FLASK & ALARM RING
LCG: MOV A, #005H

JNB B FLASH,LC6A ; FLASH

ORL A, %010H

LCBA: JNB B_ALMON, LCHC ; ALARM RING
ORL A, #020H
MoV R2,A
Mov A, #SELALARM
JINZ LC6B
MOV A,R2
CRL A, #040H ; SEND PULSE ALARM RING
SJMPE LCeC
LC6B: MOV A,R2

LC6C: ICALL PARITY



; SUBROUTINE SEND LOW HALF BYTE TO XLEDl (SLAVE REGISTER)
LCS: MOV  R2,#03H

LCALL PACKLED

ORL A, #007H

LCALL PARITY

MOV  SBUF,A

RET
; SUBROUTINE SEND HIGH HALF BYTE TO XLED1 (SLAVE REGISTER)
LCY: MOV  R2,#07H ..

1.CALL PACKLED

ORL A, #008H

LCALL PARITY

MOV  SBUF,A

RET
; SUBROUTINE SEND LOW HALF BYTE TO XLED2 (SLAVE REGISTER)
LC10: MOV  R2, #0BH

LCALL PACKLED

ORL A, #009H

LCALL PARITY

MOV SBUF,A

RET
; SUBROUTINE SEND HIGH HALF BYTE TO XLED2 (SLAVE REGISTER)
LC11: MOV  R2, #OFH

LCALL PACKLED

ORL A, #00AH

T, CALL PARITY

MOV  SBUF,A

RET
; SUBROUTINE SEND LOW HALF BYTE TO XLED3 (SLAVE REGISTER)
LCl2: MOV  R2,#013H

I.CALL PACKLED

CRL A, #00BH

IL.CALL PARITY

MOV  SBUF,A

RET
; SUBROUTINE SEND HIGH HALF BYTE TO XLED3 (SLAVE REGISTER)
LC13: MOV  R2,#017H

LCALL PACKLED

ORL A, #00CH

LCALL PARITY

MOV  SBUF,A
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; SUBROUTINE SEND STATUS LED OFF
LCl6: MOV A, #00FH

JNB B_KEYTAG,LC16A

ORL A, #010H

LCl6A: LCALL PARITY
MOV SBUF,A
RET

; TABLE MAP LED IN MASTER TO SLAVE

TBLS: LJMP L6 ; NC.1 LED LOW FAN
LIJMP L5 ; NO.Z2 LED MEDIUM FAN



LIME L4 ; NO.3 LED HI FAN
LIMP L1 ; NO.4 LED DONOT DISTURB
LIMP  L17 ; NO.5 LED ON/OFF ALARM
LIMP L7 ; NO.6 LED ON/OFF AIR
LIMP L3 ; NO.7 LED MUSIC

LJMP L18 ; NO.8 LED TV

LIMF L14 ; NO.9 LED 14

LOMP L13 ; NO.10 LED 13

LIMP L9 ; NO/11 LED 9

LJMP L8 ; NO.12 LED MAKE UP ROOM
LJMP L19 ; NO.13 LED SERVICE
LJMP L12 ; NO.14 LED 12
LIMP L1 ; NO.15 LED 1 DO NOT DISTURB
LJMP L8 ; NO.16 LED 8 MAKE UP ROOM
LIJMP L19 ; NO.17 LED 19 SERVICE SCR
LJMP L18 ; NO.18 LED 18 TV
LJMP L23 ; NO.19 LED 23 NIGHT
LJMP L21 ; NO.20 LED 20 BED2
LIMP L22 ; NO.21 LED 21 ENTRANCE
LIMP  L20 ; NO.22 LED 22 BEDI1
LJMP NL ; NO.23 LED 23
LJMP NL ; NO.24 LED 24
LJMP NL ; NO.25 LED 25
LJMP NL ; NO.26 LED 26
LJMP NL ; NO.27 LED 27
LJMP NL ; NO.28 LED 28
LJMP NL ; NO.29 LED 29
LJMP NL ; NO.30 LED 30
LJMP NL ; NO.31 LED 31
LJMP  NL ; NO.32 LED 32
TABLELS: MOV DPTR, #TBLS
aML A, #01FH
MOV B, #03H ; MULTIPLY BY 3
MUL AB
JMP @A+DPTR ; JUMP TO TABLE LED SLAVE
; NO LED
NL CLR C
RET
; LED 1 DO NOT DISTURB
L1l: MOV C,BX_DND
RET
; LED 2 TV
;L2: MOV C,BX_HTV
RET
; LED 3 MUSIC
L3: MOV C,BX_MUSIC
KET
; LED 4 HIGH FAN AIR
L4: MOV C,BX HFAN
RET -

; LED 5 MEDIAM FAN AIR

L5: MOV C,BX_MFAN
RET

; LED 6 LOW FAN AIR

L6: MOV C,BX_LFAN



; LED 7 FAN AIR OFF
L7: MOV C, BX_FANOFF
RET
; LED 8 MAKE UP ROOM
L8: MOV C,BX MUR
RET .
e A s
; LED 9 TIME
Lo: MOV A,XLED2
MOV C,AcCC7
RET
H LED 10
L10 RET
§ e —————
; LED 11
L1l1:
RET
; LED 12
L1i2 RET
; LED 13
L13 RET - -
; LD 14
Ll4 RET
; LED LS
Liz RET
H LED 16
Llé RFT
; LEN 17 ALARM
L17 MOV C,BX ALARM
RET
; LED 18 TV
Ll8 MOV C,BX_LTV
RET
; EZ .9% SERVICE SCR
Li2: Mov C,BX___SCR
RET
; LED 20 BED1
L20: MOV C,BX BEDI1
RET
; LED 21 BED2
L21: MOV C,BX BED2
RET
; LED 22 ENTRANCE
LZ2: MOV C,BX__ENT
RET
; LED 23 NIGHT
L23: MOV C, BX NIGHT



DLO 8: MOV RO, #200D ; DELAY 0.8mS

DPO: DJINZ RO, DPO
LCALL TRIGDOG
RET —
; IN THIS SUBROUTINE. DELAY 2.4ms
DL1: MOV R2, #03
DL11: MOV RO, $0210D
DL12: DJINZ RO, DLO2

LCALL TRIGDOG
DJNZ R2,DLOL

RET
H IN THIS SUBROUTINE DELAY 3.6ms
DLO: MOV R2, #04 ; DELAY 4 mSEC
DLO1L: MOV RO, #0210D
DL02: DJINZ RO, DLO2 ; DELAY 1 mSEC

LCALL TRIGDOG
DJINZ R2,DLO1

RET

DL3_6: MOV A, #1 ; 3.6mS NEGATIVE & POSITIVE
MOVX @DPTR,A ; PULSE IN TV FOR START BIT
LCALL DLO
MOV A, #0

MOV @DPTR,A
LCALL DLO

RET
PULSEL: MoV A, #1

MOVX @DPTR,A

LCALL DLO_8 ; NEGATIVE PULSE IN TV = 2.4
mS

MOV A, #0

MOVX @DPTR,A

LCALL DL1 ; POSITIVE PULSE IN TV = 0.8
ms

RET
PULSEOQ? MOV A #1

MOVX @DPTR, A

LCALL DLO_8 ; NEGATIVE PULSE IN TV = 2.4
mS

MOV A, #0

MOVX @DPTR, A

LCALL DLO 8 ; POSITIVE PULSE IN TV = 2.4
oS -

RET
; SUBROUTINE SEND INFRARED TO TV DISTAR
IR ON_OFF: LCALL TRIGDOG

CLR EA

MOV B,A

MOV DPTR, #PORTCTW

MOV A #L



MOVX @DPTR, A

LCALL ON_OFF ; STANDBY MODE
SETB EA
RET -
IR_VOL UP: LCALL TRIGDOG
CLR EA
MOV B,A
MoV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR,A
LCALL VOL_UP
SETB EA
RET
IR_VOL_DOWN: LCALL TRIGDOG
CLR EA
MOV B,A
MOV DPTR, #PORTCTW
MoV A, #1
MOVX @DPTR, A
LCALL VOL_DOWN
SETB EA
RET
IR CH1: LCALL TRIGDOG
CLR EA
MOV B,A
MOV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A
LCALL CH1
SETB EA
RET
IR CH2: LCALL TRIGDOG
- CLR EA
MOV B,A
MOV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A
LCALL CH2
SETB EA
RET
IR_CH3: LCALL TRIGDOG
CLR EA
MOV B,A
MoV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A
LCALL CH3
SETB EA
RET
IR CH4= LCALL TRIGDOG
CLR EA
MoV B,A
MOV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A

LCALL CH4



RET
IR CH5: LCALL TRIGDOG
- CLR EA
MoV B,A
MOV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A
LCALL CH5
SETB EA
RET
’
IR CH6: LCALL TRIGDOG
- CLR EA
MOV B,A
MOV DPTR, #PORTCTW
MoV A, $1
MOVX @DPTR, A
LCALL CH®6
SETB EA
RET
IR CH7: LCALL TRIGDOG
CLR EA
MOV B,A
MoV DPTR, #PORTCTW
MoV A, #1
MOVX @DPTR, A
LCALL CH7
SETB EA
RET
IR CHS8: LCALL TRIGDOG
CLR EA
MoV B,A
MOV DPTR, #PORTCTW
MOV A, #1
MOVX @DPTR, A
LCALL CHS8
SETB EA
RET
IR CH9: LCALL TRIGDOG
CLR EA
MoV B,A
MoV DPTR, #PORTCTW
Mov A, #1
MOVX @DPTR, A
LCALL CH9
SETB EA
RET
START: LCALL DL3 6

LCALL PULSEO
LCALL  PULSE1
LCALL  PULSE}
LCALL  PULSED
LCALL  PULSE1
LCALL PULSEO
RET



ONOFF1: LCALL  START
LCALL  PULSEO o
LCALL  PULSEl
LCALL  PULSEO
LCALL  PULSEL
LCALL  PULSEO
LCALL  PULSEO
LCALL  PULSEl
LCALL  PULSEO
LCALL  PULSEO
LCALL  PULSEL
LCALL  PULSEO
LCALL  PULSEL
LCALL  PULSEl
LCALL  PULSEO
LCALL  PULSEl
LCALL  PULSEO
LCALL  PULSEl
LCALL  PULSEl
LCALL  PULSEL
LCALL  DLO
LCALL ~ DLO
LCALL = DLO
LCALL  DLO
LCALL  DLO
LCALL  DLO
LCALL  DLO

LCALL  DLO
DINZ R5, ONOFF1
RET
; VOLUME UP
VOL_UP: MOV RS, #05
VOLUP1: LCALL  START

LCALL PULSEOQ
LCALL PULSEl
LCALL PULSEL
LCALL PULSEOQ
LCALL PULSEO
LCALL PULSEO
LCALL PULSEL
LCALL PULSEO
LCALL PULSEQ
LCALL PULSEl
LCALL PULSEO
LCALL PULSE1
LCALL PULSEl
LCALL PULSEOC
LCALL PULSEOQ
LCALL PULSEL
LCALL PULSEL
LCALL PULSEL
LCALL PULSEL

LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO

LCALL DLO



RET
; VOLUME DOWN ~
VOL DOWN: MOV R5, #05

VOLDOWN1 : LCALL  START
LCALL  PULSEl
LCALL PULSEl
LCALL PULSEl
LCALL  PULSEO
LCALL  PULSEO
LCALL PULSEO
TCALL PULSEl
LCALL PULSEO
LCALL  PULSEO
LCALL  PULSEL
LCALL  PULSEO
LCALL  PULSEL
LCALL  PULSEQ
LCALL PULSEO
LCALL PULSEO
LCALL  PULSEl
LCALL  PULSEL
LCALL  PULSEL
LCALL  PULSEl
LCALL DLO

LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO

ILCALL DLO
LCALL DLO

LCALL  DLO
DINZ RS, VOLDOWNL
RET
CHI: MOV RS, #02
CH1A: LCALL  START

LCALL PULSEO
LCALL PULSEO
LCALL PULSEO
LCALL PULSEOQ
LCALL PULSEL
LCALL PULSEO
LCALL PULSEl
LCALL PULSEO
LCALL PULSEOQ
LCALL PULSEl
LCALL PULSEO
LCALL PULSE1l
LCALL PULSEl
LCALL PULSEl
LCALL PULSEl
LCALL PULSEl
LCALL PULSEOC
LCALL PULSEl
LCALL PULSEL

LCALL DLO
LCALL DLO
LCALL DLO

LCALL DLO
LCALL DLO



LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
I.CALL
LCALL
LCALL
LCALL
LCALL
DJINZ

START
PULSE1l
PULSEO
PULSEOQ
PULSEO
PULSEL
PULSEC
PULSE1l
PULSEOQ
PULSEOQ
PULSEL
PULSEOQ
PULSEl
PULSEO
PULSE1l
PULSEL
PULSEL
PULSEQ
PULSEL
PULSEl
DLO
DLO
DLO
DLO
DLC
DLO
DLO
DLO
R5,CH2A

START
PULSEO
PULSEL
PULSEOQ
PULSEOC
PULSELl
PULSEO
PULSE1
PULSEOQ
PULSEOQ
PULSEL
PULSEOQ
PULSEl
PULSEL
PULSEOQ
PULSEl
PULSEl
PULSEOQ
PULSEL
PULSEl
DLO
DLO
DLO
DLQ



LCALL
LCALL
LCALL
LCALL
DJNZ

LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL
LCALL

PULSEL
PULSEl
PULSEOQ
PULSEO
PULSEL
PULSEO
PULSEL
PULSEO
PULSEO
PULSEL
PULSEOQ
PULSEL
PULSEOQ
PULSEQ
PULSEl
PULSE1l
PULSEO
PULSEL
PULSEL
DLO
DLO
DLO
DLO
DLO
DLO
DLO
DLO
R5,CH4A

START
PULSEO
PULSEO
PULSE1l
PULSEO
PULSEL
PULSEQ
PULSE1l
PULSEO
PULSEQ
PULSEL
PULSEOQ
PULSEL
PULSEL
PULSEL
PULSEOQ
PULSE1l
PULSEO
PULSELl
PULSEl
DLO
DLO
DLO
DLO



LCALL
LCALL
LCALL
LCALL
LCALL
DJNZ

START
PULSE1
PULSEOQ
PULSEl
PULSEOQ
PULSE1l
PULSEQ
PULSEl
PULSEQ
PULSEOQ
PULSEl
PULSEQ
PULSEl
PULSEQ
PULSEL
PULSEQ
PULSEL
PULSEOQ
PULSE1l
PULSEl
DLO
DLO
DLO
DLO
DLO
DLO
DLO
DLO
R5,CHGA

START
PULSEQ
PULSEL
PULSE1L
PULSEOQ
PULSELl
PULSEO
PULSE1l
PULSEOQ
PULSEO
PULSEL
PULSEO
PULSEl
PULSEL
PULSEO
PULSEOQ
PULSEL
PULSEO
PULSEl
PULSEl
DLO
DLO
DLO
DLO



LCALL DLO
LCALL DLO
LCALL DLO
DJNZ R5,CH7A
RET
CHS MOV RS, #02
CH8A LCALL START

LCALL PULSE1l
LCALL PULSEl
LCALL PULSE1l
LCALL PULSEO
LCALL PULSEL
LCALL PULSEO
LCALL PULSE1l
LCALL PULSEO
LCALL PULSEOQ
LCALL PULSEL
LCALL PULSEQ
LCALL PULSEL
LCALL PULSEO
LCALL PULSEOQ
LCALL PULSEO
LCALL PULSE1
LCALL PULSEQ
LCALL PULSE1
LCALL PULSE1l
LCALL DLO

LCALL DLO
LCALL DLO
LCALL DLO

LCALL DLO
LCALL DLO
LCALL DLO
LCALL DLO
DJINZ R5, CH8A

END

[
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Ds1620

I

DALLAS

SEMICONDUCTOR

DS1620

Digital Thermometer and Thermostat

T

FEATURES

+ Requires no external components

o Measures temperatures from —65°C to +125°C in
0.5°C increments. Fahrenheit equivalent is —-67°F to
257°F in 0.9°F increments

» Temperaturs is read as a 9-bit value

_ e Converts temperature to digital word in 200 ms, typi-
cal

o Thermostatic settings are user—definable and non—
volatile

e Data is read from/written via a 3~wire serial interface
(CLK, DQ, 3ST)

o Applications include thermostatic controls, industrial
systems, consumer products. thermometers, or any
thermally sensitive system

e 8—pin DIP or SOIC package

DESCRIPTION

The DS1620 Digital Thermometer and Thermostat pro-
vides 9-bit temperature readings which indicate the
temperature of the device. With three thermal alarm out-
puts, the DS1620 can also actas athermostat. THiGH IS
driven high if the DS1620's temperature is greatar than
or equal to a user—defined temperature TH. TLow is
driven high if the DS1620's temperature is less than or
equal to a usar-defined temperature TL. Tcom is driven

PIN ASSIGNMENT
pa Il 8 [T vpp
cw@@ 2 70D Tyan
RST O11}3 6 [10 Tyow
GNp (I | 4 § Tcom
DS1620S

8-PIN SOIC (208 MIL)

St

pal} 1 1 Voo
CLI/CONVL] 2 EREN
RSTLl 8 O Teow
ano(] 4 5] Teom
DS1620
8-PIN DIP

nh N o

PIN DESCRIPTION

DaQ 3-Wire Input/Output

CLK/CONV  — 3-Wire Clockinputand Standalone
Convert Input

RST - 3-Wire Reset Input

GND — Ground

THiGH — High Temperature Trigger

Tiow ~ Low Temperature Trigger

Tcom ~ High/Low Combination Trigger

Voo ~ Power Supply Voltage (+5V)

high when the temperature exceeds TH and stays high
until the temperature falls below that of TL.

User—defined temperature settings are stored in non—
volatile memory, so parts can be programmed prior to
insertion in a system, as well as used in standalone ap-
plications without a CPU. Temperature settings and
temperature readings are all communicated toffrom the
0S1620 over a simple 3—wire intarface.

081695 /11
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OPERATION-READING TEMPERATURE

The DS 1620 measures temperatures through the use of
an onbgard, propristary temperature measurement
technique. The temperature reading is provided in a
9-bit, two's complement format. Table 1 describes the
exact relationship of output data to measured tempera-
ture. The data is transmitted serially through the 3—wire
serial interface, LSB first. The DS1620 can measure
temperature overthe range of -55°C to +125°Cin 0.5°C
increments. For Fahrenheit usage, a lookup table or
conversion factor must be used.

Since data is transmitted over the 3—wire bus LSB first,
temperature data can be written to/read from the
DS1620 as either a 9-bit word (taking RST low afterthe
oth (MSB) bit), or as two transfers of 8-bit words, with
the most significant 7 bits being ignored or set to zero,
as illustrated in Table 1. Afterthe MSB, the DS 1620 will
output 0's.

Note that temperature is represented in the DS1620 in
terms of a 1/,°C LSB, yielding the following 9—bit format:

MS8 LS8
TEMPERATURE/DATA RELATIONSHIPS Table 1 r"| Xi X[ "| "l "| X]ﬂ Fl ‘| °| °l ! l ‘l ! ] °J
: DIGITAL
TEMP DIGITALOUTPUT |  qguypuT Ta-25%C
(Binary) (Hex)
+125°C 0 11111010 00FA
+25°C | 000110010 0032h
1/,°C 0 00000001 0001h
0°C 0 00000000 0000h
—‘/2°C 1 11111111 01FFh
-25°C 1 11001110 0iCEh
-55C 1 10010010 0152h
DS1620 FUNCTIONAL BLOCK DIAGRAM Figure 1
STATUS REGISTER &
CONTROL LOGIC
3
CLK — TEMPERATURE SENSOR
ADDRESS
AND | l
RESET '
Dg —— - ’7
"'—-1 HiGH TEMP TRIGGER. TH
ST —= NNl
TrigH
LOW TEMP TRIGGER. TL
! ! ! ! l I Tiow
|
DIGITAL COMPARATOR/ALOGIC
D Teom
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DETAILED PIN DESCRIPTION Table 2

PIN SYMBOL DESCRIPTION

1 ole] Data Input/Output pin for 3-wire communication port.

2 CLK/CONV | Clock input pin for 3-wire communication port. When the DS1620 is used in a
standalone application with no 3—wire port, this pin can be used as a convert pin.
Temperature conversion will begin on the falling edge of CONV.

3 RST Reset input pin for 3-wire communication port.

4 GND Ground pin.

5 Teom High/Low Combiriation Trigger. Goes high when temperature exceeds TH; will
reset to low when temperature falls below TL.

6 TLow Low Temperature Trigger. Goes high when temperature falls below TL.

7 THIGH High Temperature Trigger. Goes high when temperature exceeds TH.

8 Voo Supply Voltage. 5V input power pin.

OPERATION-THERMOSTAT CONTROLS
Three thermally triggered outptts, THigH, TLOW: and
Tcowm, are provided to allow the DS 1620 to beusedasa
thermostat, as shown in Figure 2. When the DS1620's
temperature meets or exceeds the value stored in the
high temperature trip register, the output ThigH be-
comes active (high) and remains active until the
DS1620's measured temperature becomes less than
the stored vatue in the high temperature register, TH.
The TwigH vutptt can be used to indicate that a high
temperature tolerance boundary has been met or ex-
ceeded, or as part of a closed loop system can be used
to activate a cooling system and to deactivate it when
the systam temperature retumns to tolerance.

The Ty ow output functions similarly to the Trigi output.
When the DS1620's measured temperature equals or

THERMOSTAT OUTPUT OPERATION Figure 2
|

TrigH

falls befow the vaiue stored in the low temperature regis-
ter, the T ow output becomes active. T ow remains ac-
tive until the DS1620's tamperature becomes greater
than the value stored in the low temperature register,
TL. The T ow output can be used to indicate that a low
temperature tolerance boundary has been met or ex-
ceeded, or as part of a closed loop system, can be used
to activate a heating system and to deactivate it when
the system temperature retums to tolerance.

The Teom output goes high when the measured tem-
perature meets or exceeds TH. and will stay high until
the temperature equals or falls below TL. In this way,
any amount of hysteresis can be obtained.

I
|
l
L.
i
|

Tiow

Teom -

TL

™ 100
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OPERATION AND CONTROL

The DS1620 must have temperature settings residentin
the TH and TL registers for thermostatic operation. A
configuration/status register is also used to determine
the method of operation that the DS1620 will use in a
particular application, as well as indicating the status of
the temperature conversion operation. The configura-
tion register is defined as follows:

CONFIGURATION/STATUS REGISTER

DONE |*THF | TLF | NVB 1 o | cpu | 1sHOT
where
DONE =  Conversion Done bit. 1=conversion com-

plete, O=conversion in progress.

Temperature High Flag. This bitwill be set
to 1 when the temperature is greater than
oreéqual to the value of TH. Itwill remain 1
until reset by wiiting 0 into this location or
by removing power from the device. This
feature provides a method of determining
if the DS1620 has ever been subjected to
temperatures above TH while power has
been applied.

THF =

TLF = Tomperature Low Flag. This bitwill be sat
to 1 when the temperature is less than or
equalto the value of TL. Itwill remain 1 un-
til reset by writing 0 into this location or by
removing power from the device. This
feature provides a method of determining
if the DS1620 has ever been subjected to
temperatures below TL while power has

baen applied.

NVB =  Nonvolatile Memory Busy Flag. 1=write to
an E2 memoty cell in progress. 0=nonvol-
atile memoty is not busy. A write to E2 may

take up to 10 ms.

CPU use bit. If CPU=0, the CLK/CONV
pin acts as a conversion start control,
whenRSTislow. If CPUis 1, the DS1620
will be used with a CPU communicating to
it over the 3~-wire port, and the operation
of the CLK/CONV pinis as a normal clock
ir, concert with DQ and RST. This bit is
storad in nonvolatile E2 memory, capable
of at least 50,000 writes.

One—~Shot Mode. If 1SHOT is 1, the
[:S1620 will perform one temperature

CPU =

1SHOT =

conversion upon reception of the Start
Convert T protocol. If 1SHOT is 0, the
DS1620 will continuously perform tem-
perature conversion. This bit is stored in
nonvolatile E2 memory, capable of atleast
-50,000 writes.

For typical thermostat operation, the DS1620 will oper-
ate in continuous mods. However, for applications
whera only one reading is needed at certain times, and
to consarve power, the one—shot mode may be used.
Noté that the thermostat outputs (Trugr. Teows Tcom)
will remain in the state they were in after the last valid
temperature conversion cycle when operating in one~
shot mode.

OPERATION IN STANDALONE MODE

in applications where the DS1620 is used as a simple
thermostat, no CPU is required. Since the temperature
limits are nonvolatile, the DS1620 can be programmed
prior to insertion in the system. In order to facilitate op-
erationwithouta CPU, the CLK/CONV pin (pin 2) canbe
used to initiate conversions. Note that the CPU bit must
be set to 0 in the configuration register to use this mode
of operation.

To use the CLK/GONV pin to initiate conversions, RST
must be low and CLK/CONV must be high. If CLK/
CONV is driven low and then brought high in less than
10 ms, one temperature conversion will be performed
and then the DS1620 will return to an idle state. If CLK/
TONV is driven low and remains low, continuous con-
varsions will take place until CLK/CONVis brought high
again. With the CPU bit set to 0, the CLK/CONV will
overrida the 1—shotbitif itis equal to 1. This means that
even if the part is set for one—shot mode, driving CLK/
CONV low will initiate conversions.

3-WIRE COMMUNICATIONS

The 3-wire bus is comprised of three signals. Thess are
the RST (reset) signal, the CLK (clock) signal, and the
DQ (data) signal. All data transfers are initiated by driv-
ing the RST input high. Driving the RST input low termi-
nates communication. (See Figures 3 and 4.) A clock
cycle is asequence of a falling edge followed by a rising
edge. Fordata inputs, the data must be valid during the
rising edge of a clock cycle. Data bits are output on the
falling edge of the clock, and remain valid through the

rising edge.
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When reading data from the DS1620, the DQ pin goes
to a high impedance state whils the clockis high. Taking
AST low will terminate any communication and cause
the DQ pin to go to a high impedance state.

Data over the 3—wire interface is communicated LSB
first. The command set for the 3—wire interface as
shown in Table 3 is as follows; only these protocols
should be written to the DS 1620, as writing other proto-
cols to the device may result in permanent damage to
the part.

Read Temperature [AAh]

This command reads the contents of the register which
contains the iast temperature conversion result. The
next nine clock cycles will output the contents of this reg-
ister.

Write TH [01h}

This command writes to the TH (HIGH TEMPERA-
TURE) ragister. After issuing this command, the next
nine clock cycles clock in the 9-bit temperature limit
which will set the threshold for operation of the TrigH
output.

Write TL [02h]

This command writes to the TL (LOW TEMPERA-
TURE) registor. After issuing this command, the next
nine clock cycles clock in the 9-bit temperature limit
which will set the threshold for operation of the T ow
output.

Read TH [A1h]
This command reads the value of the TH (HIGH TEM-

PERATURE) register. After issuing this command, the
next nine clock cycles clock out the 9-bit temperature

Jimit which sets the threshold for operation of the TrigH
output.

Read TL [A2h]

This command reads the value of the TL (LOW TEM-
PERATURE) register. After issuing this command, the
next nine clock eycles clock out the 9-bit temperature
fimit which sets the threshoid for operation of the T ow
output.

Start Convert T [EEh]

This command begins a temperature conversion. No
further data is required. In one—shot mode, the tempera-
ture conversion will be performed and then the DS1620
will remain idls. In continuous mode, this command will
initiate continuous conversions.

Stop Convert T [22h]

This command stops temperature conversion. No fur-
therdata is required. This command maybe usedto halt
aDS1620 in continuous conversion mode. Afterissuing
this command, the current temperature measurement
will be completed, and then the DS1620 will remain idle
until a Start Convert T is issued to resume continuous
operation.

Write Config [0Ch]

This command writes to the configuration register. After
issuing this command, the next eight clock cycles clock
in the value of the configuration register.

Read Config [ACh]

This command reads the value in the configuration reg-
ister. After issuing this command, the next eight clock
cycles output the value of the configuration register.
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DS1620 COMMAND SET Table 3

INSTRUCTION DESCRIPTION PROTOCOL 3-WIRE BUS NOTES
DATA AFTER
ISSUING
PROTOCOL

TEMPERATURE CONVERSION COMMANDS -

Reads last converted temperature val- AAh
us from temperature register.

Read Temperature <read data>

Start Convert T Initiates temperature conversion. EEh idle 1

Halts temperature conversion. 22h idle 1
. THERMOSTAT.COMMANDS: -

Stop Convert T

Write TH

Wiites high temperature limit value into 01h <write data> 2
TH register.

Write TL Writes low temperature limit value into 02h <write data> 2
TL register.

Read TH Reads stored value of high tempera- Ath <read data> 2

’ ture limit from TH register.

Read TL Reads stored value of low temperature A2h <read data> 2
limit from TL register.

Wirite Config Whites configuration data to configura- 0Ch <write data> 2
tion register.

Read Config Reads configuration data from configu- ACh <read data> 2

ration register.

NOTES:

1. In continuous conversion mode, a Stop Convert T command will halt continuous conversion. To restart, the
Start Convert T command must be issued. In one—shot mode, a Start Convert T command must be issued for
every temperature reading desired.

2. Wiiting to the E2 typically requires 10 ms at room temperature. After issuing a write command, no further
writes should be requested for atleast 10 ms.
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FUNCTION EXAMPLE

Example: CPU sets up DS1620 for continuous conversion and thermostatic function.

CPU MODE | DS1620 MODE DATA (LSB FIRST) COMMENTS
(3-WIRE)
T RX 0Ch CPU issues Write Config command.
TX RX 02h CPU sets DS1620 up for continuous conversion.
X RX Toggle RST CPU issues Reset to DS1620.
X RX 01h CPU issues Write TH command.
T RX 0050h CPU sends data for TH limit of +40°C.
™ RX Toggle RST CPU issues Reset to DS1620.
TX RX 02h CPU issues Write TL command.
TX RX 0014h CPU sends data for TL limit of +10°C.
X RX Toggle RST CPU issues Reset to DS1620.
TX RX Ath CPU issues Read TH command.
RX ™ 0050h DS 1620 sends back stored value of TH for CPU
to verify.
T RX Joggle RST CPU issues Reset to DS1620.
: TX RX A2h CPU issues Read TL command.
RX ™ 0014h DS 1620 sends back stored value of TL for CPU
to verify.
X RX Toggle RST CPU issues Reset to DS1620.
™ RX EEh CPU issues Start Convert T command.
X RX Toggle RST CPU issues Reset to DS1620.
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READ DATA TRANSFER Figure 3

AST J . \—-

cc <—
CLK

tcon
toc 'coz > I“"nnz
Ls8 uss
ea 0 DATA DATA
\
\f
PROTOCOL

WRITE DATA TRANSFER Figure 4

ot

CLK

tcch

o T xzf ST

PROTOCOL

NOTE: tey. tom. ia. and iz apply to both read and write data transfer.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

—0.5Vto +7.0V

-55°C to +125°C
—55°C to +125°C
260°C for 10 seconds

* This is a stress rating only and functional operation of the device atthese orany otherconditions above those
indicated in the operation sections of this specification is notimplied. Exposureto absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Vop 4.5 5.0 55 \' 1
Logic 1 Viu 2.0 Vee+0.3 Vv 1
Logic O Vie 0.3 +0.8 \" 1
DC ELECTRICAL CHARACTERISTICS (~55°C to +125°C; Vpp=4.5V to 5.5V)
PARAMETER SYMBOL | CONDITION MIN TYP | MAX UNITS | NOTES
Thermometer Error Tern 0°C to +70°C +0.5 °C 10, 11
—55°C to +0°C
and 70°C to See Typical Curve
125°C

Long-term Stability 105°C, 0.1 °C

1000 hours
Logic 0 Output Voo 04 v 3
Logic 1 Output Vou 2.4 Vv 2
tnput Resistance R; DQ,RST to GND, 1 MQ

CLK to Vpp 1 MQ
Active Supply Current lcc 0°C to +70°C 1 mA 4,5
Standby Supply Current lsTRY 0°C to +70°C 1 HA 4,5
SINGLE CONVERT TIMING DIAGRAM (STAND-ALONE MODE)

CONV —

tenv

—
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AC ELECTRICAL CHARACTERISTI(":S

(=55°C to +125°C; Vpp=4.5V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time Tre 200 500 ms
Data to CLK Setup toc 35 ns
CLK to Data Hold teoH 40 ns
CLK to Data Delay tcoo 100 ns 6,7,8
CLK Low Time tcL 285 ns 6
CLK High Time tcH 285 ns
CLK Frequency folk DC 1.7 MHz
CLK Rise and Fall ta. tr 500 ns
RST to CLK Setup tce 100 ns
CLK to AST Hold tocn 40 ns 6
RST Inactive Time towH 125 ns 6,9
CLK High to I/Q High Z tcoz 50 ns 6
RST Low to /O High Z tRDZ 50 ns 6
Convert Pulse Width teny 250 ns 500 ms
NV Write Cycle Time twh 10 50 ms

AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=4.5V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Capacitance C 5 pF
/0O Capacitanze Cio 10 pF

NOTES:

1. All voltages are referenced to ground.

Logic one voltages are specified at a source current of 1 mA.
. Logic zero voltages are specified at a sink current of 4 mA.
. lcc specified with DQ pin open.
. lec specified with Vg at 5.0V and RST=GND.

. Measured at Vou = 2.4V or Vg = 0.4V.

. Load capacitance = 50 pF.

2.
3
4
5
6. Measured at Vi = 2.0V or V_=0.8V.
7
8
9

. tcwn must be 10 ms minimum following any write command that involves the E2 memory.

10. Sea Figure 5 for specification limits outside 0°C to 70°C range.

11. Thermometer error reflects temparature accuracy as tested during calibration.

081695 10/11
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC14106B

Hex Schmitt Trigger

The MC14106B hex Schmitt Trigger is constructed with MOS P—channel 2 l(.‘:Es: :;:)C(
and N—channe! enhancement mode devices in a single monolithic structure. ﬁ CASE 632
These devices find primary use where low power dissipation and/or high
noise immunity is desired. The MC14106B may be used in place of the
MC14069UB hex inverter for enhanced noise immunity or to “square up”

; ' P SUFFIX
slowly changing waveforms.
PLASTIC

o Increased Hysteresis Voltage Over the MC14584B CASE 646

+ Supply Voitage Range = 3.0 Vdc to 18 Vdc

o Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range D SUFFIX

o Pin-for-Pin Replacement for CD40106B and MM74C14 @ soic

e Can Be Used to Replace the MC14584B or MC14069UB CASE 751A

MAXIMUM RATINGS* (Voltages Referenced to Vss) ORDERING INFORMATION

MC14XXXBCP Plastic
Symbel Parametsg V= Unit MC14XXXBCL Ceramic
Vpp | DC Supply Voltage -05t0+180 | V MC14XXXBD soic
Vin Vout | Input or Output Voltage (DC or Transient) |-0.5toVpp+0.5| V T == 55° to 126°C for all packages.
lin lout | Input or Cutpu: Current (DC or Transient), $10 mA
‘ per Pin
Pp Power Dissipation, per Packaget 500 mW. LOGIC DIAGRAM

Tstg Storage Temperature ~65to+ 150 °C 1
T Lead Temperature (8~Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur. 3 ——@0—— 4

tTemperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C 5
Ceramic “L" Packages: ~ 12 mW/°C From 100°C To 125°C

EQUIVALENT CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN) 1 —@o—— 10

Vpp=PIN 14

Vgg=PIN7
3
REV 3
194
@ MOTOROLA
® Motorola, Inc, 1995



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vsg)

Vpp -55°C 25°C 125°C
Characteristic Symbol | Vde Min Max Min Typ # Max Min Max | Unit
Qutput Voltage 0" Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vde
Vin= VDD 10 — 0.05 —_ 0 0.05 — 0.05
15 —_ 0.05 —_ 0 0.05 —_ 0.05
“"Level | VOH 5.0 4.95 — 4.95 5.0 - 4.95 — Vdc
Vin =0 10 9.95 - 9.95 10 — 9.95 —
15 14.95 —_ 14.95 15 —_— 14.95 -—_
Hysteresis Voltage vyt 5.0 0.3 20 0.3 1.1 2.0 0.3 2.0 Vde
10 1.2 34 1.2 1.7 3.4 1.2 3.4
15 1.6 5.0 1.6 2.1 5.0 1.6 5.0 .
Threshold Voltage
Positive—Going VT4 5.0 22 3.6 2.2 2.9 3.6 2.2 3.6 Vdc
10 4.6 74 4.6 5.9 71 4.6 741
15 6.8 10.8 6.8 8.8 10.8 6.8 10.8
Negative—Going VT- 5.0 0.9 2.8 0.9 19 2.8 0.9 2.8 Vde
10 2.5 5.2 2.5 3.9 5.2 2.5 5.2
15 40 7.4 4.0 5.8 7.4 4.0 7.4
Output Drive Current IoH mAdc
(VoH = 2.5 Vdc) Source 5.0 -3.0 7 -24 -4.2 —_ -1.7 —
(VOH = 4.6 Vdc) 50 | -0.64 — -051 [ —0.88 — -0.36 —
(VOH = 9.5 Vdc) 10 ~-1.6 —_ -13 | =225 = -09 | —
(VOH = 13.5 Vdc) . 15 -42 —_ -34 -8.8 — -2.4 -
(VoL =0.4 Vdc) - sink | loL 5.0 0.64 - 0.51 0.88 - 0.36 — | mAde
(VoL =0.5 Vdc) 10 1.6 —_ 1.3 2.25 - 0.9 —
(VoL = 1.5 Vde) 15 42 — 3.4 8.8 - 2.4 -
Input Current lin 15 = +0.1 -3 +0.00001 | *0.1 —_ +1.0 | pAde
Input Capacitance Cin — —_ — — 5.0 7.5 —_ — pF
(Vin=0)
Quiescent Current oD 5.0 35 0.25 - 0.0005 0.25 — 7.5 RAde
(Per Package) 10 — 0.5 —_ 0.0010 0.5 — 15
15 —_— 1.0 — 0.0015 1.0 —_ 30
Total Supply Current™t IT 5.0 IT=(1.8pAKHZ) f + IDD pAdc
(Dynamic plus Quiescent, 10 iT= (3.6 pA/KHZ) f + IDD
Per Package) 15 IT = (5.4 wA/KH2) f + Ipp
(CL = 50 pF on all outputs, all
buffers switching)
#Data fabelled “Typ" is not to be used for design purposes butis intended as an indication of the iC's potential performance.
**The formulas given are for the typical characteristics only at 25°C.
+To calculate total supply current at loads other than 50 pF:
IT{CL) = IT(50 pF) + (C_ — 50} Vik
where IT is in pA (per package). Ct_in pF, V =(Vpp~ Vgg) in volts, f in kHz is input frequency, and k = 0.001.
$VH = VT4 — VT- (But maximum variation of VH is specified as less that VT4 max — VT— min}-
MC14106B : MOTOROLA CMOS LOGIC DATA
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SWITCHING CHARACTERISTICS (C|_ = 50 pF, T = 25°C)

VoD
Characteristic Symbol Vde Min Typ # Max Unit
Output Rise Time tTLH 5.0 — 100 200 ns
10 —_ 50 100
15 — 40 80
Output Fall Time tTHL 5.0 - 100 200 ns
B 10 — 50 100
15 — 40 80
Propagation Delay Time tPLH, tPHL 5.0 - 125 250 ns
10 — 50 100
15 —_ 40 80
#Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
Vop 20ns t— 20 NS
: .
PULSE QUTPUT INPUT 50902% oo
GENERATOR | mouT 12 71 ° 10% L Vs
CL tPHL tPLH
70Vss 90% " Vo
= = QUTPUT 50%
10% VoL
fe—  —wltrle—
Figure 1. Switching Time Test Circuit and Waveforms
Voo
AR 1
o
=
w
2
5
o]
>
f—
z =1 g 0
&
=
[&]
=
=
| i
0 | J
0 Vi- V1. Vop
— Wy e
Viry, INPUT VOLTAGE {Vdc)
Figure 2. Typical Transfer Characteristics
APPLICATIONS
Vin© ﬁb o—0 Vout
Vout Vout
m— T4 Vss
(a) Schmitt Triggers will square up {b) A Schmitt trigger offers maximum
inputs with slow rise and fall times. noise immunity in gate applications.
Figure 3.
MC14106B

MOTOROLA CMOS LOGIC DATA
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VoD

3n
Rs

Vout

Useful as Pushbutton/Keyboard Debounce Circuit.

-
e T

VpD

+
T

Vout

— e T
A -

DD
tw=RCIN V1o

II}

Figure 4. Monostable Multivibrator
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A}
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«

» RCO VT+

o RGN g
= VoD - V1-
‘19 = RCiH o
2 VoD - 1+

!~ Rel Vpp - VT- VT
- n e - = | ——
f VoD - VT4 /\ VT
"t +%2 2> PHL + tPLH

Figure 5. Astable Multivibrator

c
Vin J] ' @o—r v
"I
R +EDGE ”| ||| ”1
I

|
1

[ n!
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Useful as an edge detector circuit.

Figure 7. Differentiator

A'AA's ]
A ) —y 11 4__.|

R
V|n —AAN A @O—‘V Vout

L.

:I: VoD

':VinVT+|||lli||
Vsg

VoD
Vss
VDo
Vour VT4 H
Vss

Useful in discriminating against short pulse durations.

Figure 6. Integrator

Figure 8. Positive Edge Time Delay Circuit

MC14106B
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
" CASE 63208
X ISSUEY

W s :

T 9
-B-
1 7
C—

 =v=a ~v=J ~v= v Ve BV Y

NOTES:

1. DIMENSICNING AND TOLERANCING PER ANSI
Y14.5M, 1982

2. CONTROLLING DIMENSION: INCH.

3, DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

4. DIMENSION FMAY NARROW T0 0.76 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC

I-— L —» BODY.
) . BCHES MILLIMETERS
| pm[ BN | MAX | MIN T MAX
A | 0750 | 0785 | 1905 | 1994
L B | 0245 | 0280 | 623 | 7.1
L I e 0155 | 0200 | 394 | 508
K o 1 0015 | 0020 | 038 [ 050
J— ] F | 0055 | 0065 | 140 [ 1865
T G | 0.100BSC 54 BSC
N— . M ) | 0008 | 0015 | 021 | 038
K | 0125 | 0170 | 318 1 431
D1arL J1epL L | 03008SC 7.63.85C
W] o°| 1s5] o0°] 1s°
I@ 025 (0.010 ®|T‘ A ©J H}]ozs (°-°1°)®|T[ 8 ©J N | 0020 | 004 | 051 | 101
P SUFFIX
PLASTIC DIP PACKAGE
LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
AN & ISSUE L 'Posmomrsgmn&em}ws;rwwua
" s MATERIAL CONDITION

_*_ o]
v
. H{‘ _.l SEATMG ':K

2. DIMENSIONLTO CBITER OF LEADS WHEN
FORMED PARALLEL,
3. DIMENSION B DOES NOT INCLUDE MOLD

FLASH.
4. ROUNDED CORNERS OPTIONAL.
INCHES MILLIMETERS

MIN | MAX MR ) MAX
0.715 | 0770 | 18,16 | 19.56
0240 | 0260 | 610 | 6.60
0.145 | 0185 § 369 468

ol
ery
4

0015 | 0021 | 038 |

0040 | 0070 | 102 | 178
0,100 BSC 254 BSC

0052 ] 6095 | 132 | 241

0008 | 0015 | 023 ! 038 |

0415 | 0135 | 292 | 343
0.300 85C 7.62 BSC
0% | 10° 9°] 10°

0015 | 0.009 0.39 1.0t

zzrx:..::m-noam>lg

MOTOROLA CMOS LOGIC DATA
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CD4020BM/CD4020BC
CD4040BM/CD4040BC

CD4060BM/CD4060BC

General Description

The CD4020BM/CLC40208BC, CD4060BM/CD4060BC are
14-stage ripple carry binary counters, and the CD4040BM/
CD4040BC is a 12-stage ripple carry binary counter. The
counters ‘are advanced one count on the negative transition
of each clock puise. The counters are resat to the zero state
by a logical “1" at the reset input independent of clock.

NNationat Semiconductor

14-Stage Ripple Carry Binary Counters
12-Stage Ripple Carry Binary Counters

14-Stage Ripple Carry Binary Counters

Features

u Wide supply voltage range

u High noise immunity

» Low power TTL
compatibility

m Medium speed operation

® Schmitt trigger clock input

February 1988

1.0V to 15V

0.45 Vpp (typ)

Fan out of 2 driving 74L
or 1 driving 74LS

8 MHz typ. at Vpp = 10V

Connection Diagrams

Dual-in-Line Package

CDA40208M/CD4020BC
Veo Qv Qig 0g Qg HRAESET ¢y Qg
ln 15 1% 13 12 1 Iw |l
Voo l
vss
.Il 2 3 4 3 ] 7 ]’a
Qi 043 014 Ug Q5 Q7 G Vs
TL/F/5953-1
Top View
Dual-tn-Line Package
CD40408M/CD40408C
vog O uwig 0 Qg RESET o1 O
18 |15 " 13 jiz |t Iw ls
Voo l
Vss
ONBRERCRECRE F
02 Qg s Q7 04 03 a2 Vss
TL/F/5953-2

Top View

Order Number CD40208B, CD40408 or CD4060B

Dual-In-Line Package

CD40608M/CD4060BC
vop Q19 Qg 0y RESET ¢y o8 ¢¢
llﬁ 15w Ji3 ji2 |u '1' l!
Voo l
&P
ot
vss
|1 2 3 ] 3 ) 7 3
82 013 04 O 05 @ @ Vs
TU/F/5953-3
Top View

1995 Naronal Semicorducior Comnorasen  TL/F/5983

RAD-BIOMI0S/Pritad i U. S. A.
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Absolute Maximum Ratings (Notes1and2)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftice/Distributors for availability and specifications.

Supply

Voltage (Vpp)

input Voltage (Vin)
Storage Temperature Range (Tg)
Package Dissipation (Pp)

—0.5Vto +18V
-0.5Vto Vpp +0.5V
—65°C to +150°C

Dual-in-Line 700 mW
Small Outline 500 mW
Lead Temperature (T1) ..
(Soldering, 10 seconds) 260°C

Recommended Operating

Conditions
Supply Voltage (Vpp) +3Vto +15V
Input Voltage (V|N) OV to Vpp
Operating Temperature Range (Ta)
CD40XXBM —55'Cto +125°C
CD40XXBC —40°Cto +85C

DC Electrical Characteristics co4oxxaM Note 2)

—55* +
Symbol Parameter Conditions s5C +25c 125°C Units
Min | Max | Min | Typ | Max | Min | Max
Ipp Quiescent Device Current | Vpp = 5V, ViN = Vpp or Vss 5 5 150 | pA
Vpp = 10V, ViN = Vpp or Vss 10 10 300 | pA
Vpp = 15V, ViN = Vpp of Vss 20 20 600 | pA
VoL Low Level Output Voltage | Vpp = 5V 0.05 0 0.05 005| V
Vpp = 10V 0.05 0 0.058 0.05{ V
Vpp = 15V 0.05 0 0.05 005| V
VoH High Level Output Voltage (Vpp = 5V 4.95 4.95 5 4.95 v
" |Vpp = 10V 9.95 9.95 10 9.95 A
Vpp = 18V 14.95 14.95 15 14.95 A
ViL Low Level Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 \
Vpp = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 30| V
Vpp = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 40 | V
ViH High Level input Voltage Vpp = 5V, Vg = 0.5V or 4.5V 3.5 3.5 3 35 \
. Vpp = 10V, Vg = 1.0Vor9.0ov | 7.0 7.0 6 7.0 v
Vpp = 15V, Vo = 1.5V or 13.5V} 11.0 11.0 9 11.0 v
loL Low Level Output Current | Vpp = 5V, Vg = 0.4V 0.64 0.51 | 0.88 0.36 mA
(See Note 3) Vpp = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 8.8 24 mA
loH High Level Output Gurrent | Vpp = 5V, Vg = 4.6V -0.64 —0.51] —~0.88 ~0.36 mA
(See Note 3) Vpp = 10V, Vo = 9.5V -18 -13 | —2.25 -0.9 mA
Vpp = 15V, Vg = 13.5V —42 -34 | —88 —-24 mA
N Input Current Vpp = 15V, ViN = OV -0.10 —10-5{ —0.10 —1.0| pA
Vpp = 15V, Viy = 15V 0.10 10-5 | 0.10 1.0 | pA

Note t: “Absoluts Maximum Ratings” are thosa values beyond which the safety of ]
should be operated at these limits. The tables of “f
operation.
Note 2: Vgg = OV uniess otherwise soecitied.
Note 3: Data goes not apply 2o ceontator points &g and Fo of CD40608M/CD40608C. lom and iy are tested one output &t a time.

e device cannot be guaranteed. They are not meant to imply that the devices

g Cc

wed Op

DC Electrical Characteristics 40xxsc Note 2)

aions” and “Elacirical Characteristics” provide conditions for actual device

- + +85°
Symbol Parameter Conditions 40c 25¢C c Units
Min | Max | Min | Typ | Max | Min | Max

oo Quiescent Device Current | Vpp = 5V, ViN = Vpp or Vss 20 20 150 pA
Vpp = 10V, Viy = Vppor Vs 40 40 300 pA
Vpp = 15V, ViN = Vpp or Vsg 80 80 600 pA

Voo Low Level Outout Voltage | Vpp = 5V 0.05 0 0.05 0.05 v
Vpp = 10V 0.058 0 | 0.085 0.05 \'
Vpp = 15V 0.05 0 | 0.05 0.05 \




DC Electrical Characteristics 40xxBc (Note 2) (Continued)

- AN o, + o,
Symbol Parameter Conditions a0c +25°C 8s'c Units
Min | Max | Min Typ | Max { Min | Max
VoH High Lave! Output Voltage | Vpp = 5V ' 4.95 4.95 5 495 \'
Vpp = 10V 9.95 9.95 10 9.95 V'
Vpp = 15V 14.95 1495| 15 14.95 v
ViL Low Level input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 15| V
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 4 3.0 30| V
Vpp = 15V, Vg = 1.5V or 13.5V 40 6 4.0 40| V
ViH High Lével Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 v
Vpp = 10V, Vg = 1.0Vor9.0V | 7.0 7.0 6 7.0 v
Vpp = 15V.Vg = 1.5V or 18.5V] 11.0 11.0 9 11.0 v
loL Low Levei Output Current |Vpp = 5V, Vg = 0.4V 0.52 044 | 0.88 0.38 mA
(See Note 3) Vpp = 10V, Vg = 0.5V 1.3 1.1 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 3.6 3.0 8.8 24 mA
loH High Leve! Qutput Current Vpp = 5V, Vg = 4.6V —0.52 —0.44| —0.88 -0.36 mA
(See Note 3) Vpp = 10V, Vg = 9.5V -13 —11| —225 -0.9 mA
Vpp = 15V, Vo = 13.5V -3.6 -30| —88 -2.4 mA
hn Input Current Vpp = 15V, Viy = OV -0.30 —10-5{—0.30 —~1.0{ pA
Vpp = 15V, V|Ny = 16V 0.30 10-5 | 0.30 1.0 | pA
AC Electrical Characteristics® cp40208M/C040208C, CD40408M/CD4040BC
Tp = 25°C, C_ — S0 pF, R = 200k. t, = t = 20 ns, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
tPHL1. tPLHY Propagation Delay Time to Q4 Vpp = 5V 250 550 ns
Vpp = 10V 100 210 ns
Vpp = 18V 75 150 ns
tpL. tPLH Interstage Propagation Delay Time Vpp = §V I 150 330 ns
from Qn to Qn -1 Vpp = 10V | 60 125 ns
Vpp = 15V 45 80 ns
tTHL tTLH Transition Time Vpp = &V L 100 200 ns
Vpp = 10V | 50 100 ns
Vop = 15V ! 40 80 ns
twi, twH Minimum Clock Pulse Width Vpp = 5V 125 335 ns
Vpp = 10V 50 125 ns
Vpp = 15V 40 1C0 ns
trcL. YicL Maximum Clock Rise and Fall Time Vop = 5V No Limit ns
Vpp = 10V i No Limit ns
Vpp = 15V No Limit ns
foL Maximum Clock Frequency Vpp=5VY ' 15 4 MHz
Vpp = 10V 4 10 MHz
| Vpp = 15V 5 12 MHz
PHLER) Reset Propagation Delay Vpp = 5V ’ 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
tWH(R) Minimum Reset Pulse Width Vpp = 5V ! 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 15V i 80 170 ns
Cin Average Input Capacitance Any Input | 5 75 oF
Cpa Power Dissipation Capacitance ' | 50 pF
*AG P: are g by OC ated testing.




AC Electrical Characteristics* co4o608M/cD40608C

Ta = 25°C, C = 50 pF, R = 200K, t; = t = 20 ns, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tPHL4. tPLH4 Propagation Delay Time t0 Q4 + Vpp = 5V 550 1300 ns
' Vpp = 10V 250 525 ns
Vpp = 15V 200 400 ns
tpHL. tPLH Interstage Propagation Delay Time Vpp = 5V 150 330 ns
from Qn to Qn+1 Vpp = 10V 60 125 ns
Vpp = 15V 45 90 ns
tTHL tTLH Transition Time Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
twir twH Minimum Clock Pulse Width Vpp = 5V 170 500 ns
Vpp = 10V 65 170 ns
Vpp = 15V 50 125 ns
tecLs L Maximum Clock Rise and Fall Time Vop = 5V No Limit ns
Vpp = 10V No Limit ns
Vop = 15V No Limit ns
foL Maximum Clock Frequency Vpp = 5V 1 3 MHz
Vpp = 10V 3 8 MHz
Vop = 15V 4 10 MHz
tPHL(R) Reset Propagation Delay Vpp = 5V 200 450 ns
' Vpp = 10V 100 210 ns
Vpp = 15V 80 170 ns
tWHR) Minimum Reset Pulse Width Vpp = 5V 200 450 ns
Vpp = 10V 100 210 ns
Vpp = 18V 80 170 ns
Cin Average Input Capacitance Any input 5 7.5 pF
Cpa Power Dissipation Capacitance 50 pF

*AC Parameters are guaranteed by DC correlated testing.

CD4060B Typical Oscillator Connections

RC Oscillator

12
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32
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TUF/5953-2

Crystal Oscillator

nzs:rc&--Do—‘:Do_‘,_Do_ —{Sot ne

TO COUNTER

TUF/5953-5




Schematic Diagrams

CD4020BM/CD4020BC Schematic Diagram

_>°_" . 1 ¢ . ¢ ¢ e
‘1 H 3 4 s [ 7
¥ q T;u ) ¥ s T;u 'T“n ¢
)y é d d v d d
! 1 ? T ?
B'V" e B By P * o L = ¢
14 1 12 n i\ ] 4
¢ O 3 3 ’ B H
o
2 2 ¥ 15 1" 12 n
TL/F/5053-6
CD4040BM/CD4040BC Schematic Diagram
" -Do—o —1, PO . ¢ R
1 b4 H 4 s R
(2N (. B -r? % T? % T? A
. i 1
NESEY
B 1 T ?
m = Ve 8 ® ® ¢ . * & o R ¢ 4
1 " 1" ' ' ?
® ’ I 9| ¢ *
L]
TL/F/59537
£ ¢
] ] 4
. R U R
T
I R I 1 1 1 1
B-v,, ] H o L L,
u 12 17 n 1 ] L} [] 7
3 o o H K . 4 .
[ 3
é é é TL/F/5953-9




L “0

pple Carry Binary Counters/CD4040BM/BC 12

CD4020BM/BC 14-Stage R

-Stage
Counters

i

Ripple Carry B

inary Counters CD4060BM/BC 14-Stage Ripple Carry Binary

Physical Dimensions inches (milimeters)

[?b.s.xm ——!
18 9
hWifaWANaANANANAN] T
0,220-9.319
13.59-7'27]
b
ﬂr,5-_/ UVVVVVV\I\
¥ j0.64) 1 ] \ . con
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R, 3-051) 'Y
la0.037£0.00
S LN et
: 0.055 = 0.003 L41-8.
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} 0.020-0.080ry, -t
.2C0 . [a.5--1s2]
5.01) = ys (04'.':’7"]““
wiwe U eI s
,150 L1532
) I J " &_“]um e / ,l/
0.125-0.760+ —LT e ;
{5.18-5.c80 " | B2 R
0.080 L L oy s
L ! 0.310-0.410
< 0.0°4£0.003 N A
G014 INUS ’ o [o.46 £ 0.08] P {2.87-10.41} 6 @V L
2.100£0.010 ;yp
[7.5420.25]
Ceramic Dual-In-Line Package (J)
Order Number CD4020BM.J, CD4020BCJ,
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Molded Dual-In-Line Package (N)
Order Number CD4020BMN, CD4020BCN,
CD4040BMN, CD4040BCN, CD4060BMN or CD4060BCN
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PROTCUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES COR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A crtical component is any component of a life

systems which, (a) are intended for surgical implant
into the body. or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whosa failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor National Semiconductor National Semiconducter National Semiconductor
Co Europe Hong Kong Lid Japan Ltd.
1111 West Bardin Road Fax {+4%) 0-180-530 85 66 13 Floor. Straight Block, Tot: 81-043-299-2209
Astingzon, TX 76017 Emaik criwge@iovm2.nsc.com Ocean Camre. 5 Canton Aid Fax 81.043.293-2£08
Tat: 1(BO0D) 272-8959 Deutsch Tet (-+~49) 0-180-530 85 &5 Tamsnatsu, Kowioon
Fax 1(800) 737.7018 Engtish Tet {--49) 0-180-502 78 32 Hong Kong

Frangars Tet (—489) 0-180-532 93 58 Tet: (852) 2737-16G0
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03

‘J ISSUEF NOTES:
[\ —— 1. DIMENSIONING AND TOLERANCING PER ANSI

1=A~r Y14.5M, 1982.
—-n—0— 2. CONTROLLING DIMENSION: MILLIMETER,
\ B A AR A AH T 3. DIMENSIONS A AND B DO NOT INCLUDE
14 8

MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PERSIDE.
=B pra 5. DWENSION 0 DOES HOT IGLUDE DAWEAR
PROTRUSION. ALLOWABLE DAM
l ’@I 0.25{0.010)® l 8 @] PROTRUSION SHALL BE 0.127 {0.005) TOTAL

IN EXCESS OF THE O DIMENSION AT
MAXIMUM MATERIAL CONDITION,

_J L_ WLUMETERS | INCHES
F MN T MAX [ MN | MAX

855§ 875 | 0337 ] 0.344
380 | 400 ¢ 0150 | 0.157
135 175 | 0.054 ] 0.068 |
035 1 049 | 0014 | 0.019
0.40 125 | 0.016 | 0.049
127 8SC 0050 BSC
019 § 025 | 0,008 | 0.009
040 ! 025 | 0004 | 0.009
0° 7° 9° 7°
580 | 620 | 0228 | 0244
025 | 050 | 0010 ) 0.019
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
i the suitability of its products for any particular purpose, nor does Motorola assume any lability arising out of the application or use of any product or circuit,
] and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided
in Motorola data sheets and/or specifications can and do vary In different appiications and actual performance may vary over ime. All operating parameters,
! including “Typicals™ must ba validated for each customer application by customer's technical experts. Motorola does not convay any license under its patent
rights nor the rights of others. Motorola products are not designed. intended, or authorized for use as components In systems intended for surgical Implant
i into the body, or other applications intended to support or sustain Iife, or for any other appiication in which the failure of the Motorola product couid create a
sttuation whare personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized apptication,
Buyer shall indemnity ana noid Motorola and its officers, employees. subsidiaries, aftitates, and distributors harmiess against all clalims, costs, damages, and
expenses, and reasonable altomey fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintendad or
unauthorized use, even if such ctaim alleges that Motorola was negligent regarding the design or manutacture of the part. Motorola and« #4 are registered
trademarks of Motorota, Inc. Motorola, Inc. is an Equal Opportunity/Affimmative Action Employer.

How to reach us:

_USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Sebu-Butsuryu-Center,
P.O. Box 20912; Phoenix, Arizona 85036, 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0 @ email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.: 88 Tai Ping industrial Park,
INTERNET: hitp://Design~NET.com 51 Ting Kok Road, Tai Po, N.T,, Hong Kong. 852-26629298
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