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ABSTRACT

This thesis presents the Electric Equipment Remote Control System by Radio or
Telephone. The control system is taken the DTMF signal from pressing the DTMF button
of radio or telephone for control operation. Using the Assembly Language of Z-80
microprocessor for controlling the stages of operation, that serve high efficiency and
easily to user in comfortable and convenient to use the control system inside the home or

building, and can use in both a short and long distance.
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MINN 2.2 MUIAINBUNA T1 laz TO
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d’ Y ey o
M5199 2.3 MI1FNUSTANDTUDI MSM 6242B

Address Address Input Register Data Count Descriptions
Input Al oarl A Name D, D, D, Do value
0 0 0 o] Si Ss Ss S; S 0-9 1-second digit register
1 0 0 0 Sw . Sw Sy Sio 0-5 10-second digit register
2 0 0 1 M, miy miy mi; miy 0-9 1-minute digit register
3 0 0 1 Mlio . Misg miz mie 0-5 10-minute digit register
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. AM 0-1
6 1 1 Dy ds d d; d 0-9 1-day digit register
7 0 1 l Dy * \ dao dio 0-3 10-day digit register
8 1 0 0 MO, moyg mo, ' moy mo, 0-9 I-month digit register
9 1 0 0 MOy ¢ . K moy 0-1 10-month digit register
A 1 0 I Ty Ys Ya V2 Y1 0-9 1-year digit register
B 1 0 1 T Yso Yo Y0 Y10 0-9 10-year digit register
C 1 1 0 w ha wy wy wy 0-6 Week register
D 1 1 0 Co 30sec. RQ Busy Hold Control register D
AD}
E 1 1 I Ce Tl TO Itrpt/ Mask Control register E
Stnd .

F I 1 1 Ce Test 24/12 Stop Rest - Control register F
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NNEING Rest 9zAoUIY 1 Deozidoutin 24/12 18




.24

. v 1
“Test (D;) iodinfidlu 1 Sunafrnivlundniunfiszueineasiums
x:l o u’/‘ ar @ a =) Y d’d‘
UNUARLNIRINAIANAT 15 AT UTHUHARIU R UANUDT 5.4163 kHz uny
AnAefuNANND 1 Hz) 1310 Test = 1 (Test Mode) 1in Stop 1az1n Rest 9zAD liign
d a Y v '
i Tuvnziioglu Test Mode (Test = 1) §1 Hold = 1 29siumioluazgnnyald ud

4 (4 [~ 15 1 {
({io Hold ndvyuiu 0 9z lifusesimainldezgndes

2.8 In39a59YANIVYN Z-80V2

y 1 4 I~ 4 3 .’,'
TuTassamiidiunlfnudeyavesTsunsuive 15 lumsszuanasianua
[l o ! =1 o .
v ldunsa z80-v2 FuuiuvesanealnsamesnlFmyueausuud z80 1udq

9 [ -1
mugumsinunseiliudmlszunanavelasay

2.8.1 daulsznouA1aq YBdUBIA Z80-V2

1.cPU 1diues z84C00-6 maw?ﬁ'ﬂwaanﬁw:ﬁﬂmﬁnﬁﬁxﬁuuwh Z80B
fadefiuanud148e 6 MHz ualureeses19ifins 4 Mz

2.ROM fildlu9959:14 EPROMIUeS 2764 Twwna g Alalud Faasogi

N

@M UQ 0000H- 1FFFH ~o

3. RAM #191u29095921% RAM 105 6264 Twwa 8 AlTalud Faewsarfiy
Foyanyiidumia 8000H-9FFFH

4. wosn Uszneudivled 8255 dafl 2 47 Tavlimesaldusuiu 8 weoda
fuMtawesn 8255 faf 1 SufieAIAsd 30H33H wasduMUIwesn 8255 @ 2
Sufiueniase 40-43H

5. WDT (Watch Dog Timer) ﬁmﬁﬁﬁﬁuﬁﬂﬁmnpm?tc?ﬂ CPU %09 1 Juf
Tagaz3sn cPU Tunsdifi cPu RaRawatalumsinm

6. Pin Z80 bus dmsudedoyaniduna-ovnn weldlumsarugums
M ludauaigeg veelasenu

. ° Y a1 v 9 ' L
7. Pin 7210 "'l)371’]141”7]'51\1“6351]“'01&?17”“7]‘1\1“@59\7]1‘})'\“1«!



25
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SERIAELFNRRAEESESESEREREEIAREENRRI NSV IR EES SIS AIIERRRABIEEANECISEREORSRUEREREE S8

* ELECTRIC EQUIPMENT REMOTE CONTROL SYSTEM BY RADIO OR TELEPHONE *

SESCRANAANIANNESEEEREIEPRIRE A ORNRRSSSIEISSREBEISRESFEESREESIEEISAVESTNSVIREESE08S

cPU "780.TBL"
HOF “INTS"
P_LOADI: EQU 30H PORT A (1)
P LOAD2:  EQU 3IH :PORT B (1)
P_KEY: EQU 32H PORT C (1)
P.CTRLI:  EQU 33H
P BEEP:  EQU 40H PORT A(2)
P_T: EQU 41H :PORT B(2)
P.CTRL:  EQU 43H
CTRLW: EQU 89H ;A=O/P,B=O/P C=I/P
. GROUP: EQU 02H :GROUP DATA IN
STATE!L: EQU A 00H ;COUNT UP CHECK CH.
NUM_CH:  EQU ' OFH ‘NUMBER CHANEL
NUM_CHI: EQU 0BH - :COUNT DOWN NUM CH_L.
NUM_CH2 EQU 07H :COUNT DOWN NUM CH_2.
NUM_PAS: EQU 05H :NUMBER CHA. PASSWORD
MODE_T:  EQU OBFH  ;COUNT UP CHECK MODE
NUM_MOD:  EQU 06H :COUNT DOWN NUM MODE
TIME: EQU 0AH “TIME RETURN RECEIVE PASSWORD (10 S)
| A S ; oo VAN (4 (Y /
P_RTC: EQU 10H :PORT RTC
STO_RTC:  EQU 03H .STOP RTC
STARTC:  EQU 04H ;START RTC
SP_TEMP:  EQU 9AAAH  ;START STACK
T, N W) 3 S \ s S
ORG 0000H
LD HL,0H
DEC HL
LD AL
OR H
R NZZ_t
LD SP,SP_TEMP
rressssrbeatTESRR ISR RRSSS RIS SIS SSERRSS NS
LD ACTRL_W
ouT (P_CTRLI),A ;SET PORT 8255_1
ouT (P_CTRL2)A :SET PORT 8255_2
CALL 0.P.TI ‘DISABLE 4017 COUNT RINGING
» SEQ_L
onsarssssasIRSAbSSIRSSERRSKRSARS AR SERRRRSE
ORG 0038H

® P_INT



SEQ_1:

O_AGAIN:
O_AGAINL:

O_AGAIN4:

O_DATA:
CH_N:

O_AGAINY:

{_NIT:
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FEEEEBERIEEFARBERRREPE RS ELEROERERAS RIS

ORG 0066H

LD BC,NUM_PAS
LD DE,BUF_PAS
LD HL,DEF_PAS
LDIR

RETN
cresarasesEssREIRIRRERS

’ SEQ .
sessensasnsrsassEEsITES
ORG 0100H

LD A,00000001B
LD E,00H

LD C,P_LOAD!1
LD D,02H

LD HL,ON_OFF
LD B,08H

RRC (HL)

R C,0_DATA
DINZ O_AGAIN1
DEC D

JR NZ,0_AGAIN2
JR I_NIT-

PUSH BC

RRCA

DINZ CH.N

POP BC

OR E

ouT ©.A

CALL DELAY I
LD EA

LD * A,00000001B8
JR O_AGAIN4
LD E,00H

INC HL

INC C

R O_AGAIN3

FEEXIERIBREALETERNSITATAS RS ASES

*  SETINTERRUPT=1S *

ASREXREELPRFERARELISVEBERRERS SRS

LD A,STO_RTC
ouT (P_RTC+OFH),A
LD A04H

:CLEAR BUFFER FOR PORT_A
‘GIVE REG.C = PORT OUT
:COUNT NUM_PORT

:INDEX OLD DATA OUT
:NUM_BIT

:ROTATE RIGHT BIT TO CARRY

;IF HAVE PORT OUT —->JUMP
JUMP TO PROG. SET INT =1 MM

;OR OUT CH. WITH DATA BUFFER

;DELAY BETWEEN CH.
;PUT DATA OUT TO BUFFER

:CLEAR BUFFER FOR PORT_B
:NEXT DATA OUT
:NET.P_LOAD2

:OUT AGAIN

JINT=1S



CON_PAL:

CON_PA2:

CON_LI.

CHE_PA:

KEY_MAL:

KEY_MA2:

ouT (P_RTC+OEH),A
LD ASTA_RTC
ouT (P_RTCHOFH),A
CALL 0P T2

ouT (STATED),A

™M 1

El

ERSREUSNEERUTESESERENISEIRNEEE SRS

* MAIN RECEIVE PASSWORD *

FEIIEITSOSINNESSISRICIREISRENITEN

CALL DELAY K
CALL BEEP3

LD B.NUM_PAS
LD HL,TEM_PAS
CALL INKEY_P

cp 0BH

R Z,CON_PAI
LD (HL).A

INC HL

CALL DELAY, K
DINZ CON_I

LD B,NUM_PAS
LD IX,BUF_PAS
LD HL,TEM_PAS
LD A(HL)

cp (1X+0)

R NZ,CON_PA2
INC X

INC HL

DINZ CHE_PA

73

:START RTC
:ENABLE 4017 COUNT RINGING

;GIVE B = NUMBER PASSWORD
HL = TEMP PASSWORD
JINKEY PASSWORD

;PUT DATA KEY IN TEMP PASS.

JIX = ADDR PASSWORD

;COMP PASSWORD
{NOT THATRIGHT GET NEW PAS

FAPSBSALARTETIENEASSISLALNLSESSSAEPREIRIS S

* RECEIVE INKEY MAIN MENU (1,2,*} *

FEREAFEALNRBUENBARENR VOSSN TRAREIPUREEDAS

CALL DELAY K
CALL BEEP3
CALL INKEY

cP O1H

R ZCHA_PASS
cp 02H

R ZLOAD

cp 0BH

R Z,CON_PAI
R KEY_MA2

;INKEY COMMAND MENU
JINKEY=1->CHANGE PASSWORD

JINKEY=2->PROGRAM LOAD

JINKEY=*->MAIN RECEIVE PASS.

:NOT 1,2,* -> NEW INKEY MENU



KEY_Ma3:

KEY_MA4:

CHA_PASS:

N_PW:
CON_2:

COMP_LI:

COMP_2:
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FRBEBEBNIREAFIARSAB RS SR SRS EEERBIREAIESBRE

* RECEIVE INKEY RETURN MENU (#,*) *

SRERRINERISRRSFEESDERBLEN IS SESRDEIRIRSE RS

CALL
CALL
CALL
Ccp
R
cp
JR
JR

DELAY K
BEEP3
INKEY

0BH
Z.CON_PAI
0CH
ZXEY_MAI
KEY_MA4

SEEEBASEREEBUBEIXEERANITRINE

* CHANGE PASSWORD *

BESBAREUBLEAARBRNENGIEIRASDS

CALL
CALL
LD
LD
LD
CALL
LD
INC
CALL
DINZ
DEC

LD
CALL
JR

¢**COMPARE NEW PASSWORD***

LD
LD
LD
LD
Cp
JR
INC
INC
DINZ
DEC

LD
LDDR

DELAY_K
BEEP3
HLN_PASI
E,GROUP
B,NUM_PAS
INKEY
(HL).A

HL
DELAY K
CON_2

E

Z,COMP_|
HLN_PAS2
BEEPI
N_PW

B,NUM_PAS
HL,N_PASI
IX,N_PAS2
A,(IX+0)
(HL)
NZERRORI
X

HL

COMP_2

HL
DE,BUF_PAS+4
C,NUM_PAS

{INKEY=*-->MAIN RECEIVE PASS.

\INKEY=#->MAIN MENU

;NOT #,* > NEW INKEY RETURN

HL = NEW PASSWORD_|

:Rx NEW PASS = 2 GROUP~>COMP.
:HL = NEW PASSWORD_2

;RX NEW PASSWORD 2

:HL = ADDR N_PASS_|
{IX = ADDR N_PASS 2

NOT THATRIGHT ~> MAIN MENU

HL = N_PASi+4
:DE ADDR OLD PASS. AT CHAR 4

{(NEW PAS.)~>(OLD PAS.)



ERRORI!:

NEW_GROUP:
NEW_IN:

LOOPI:

NEX_K1:

CALL
CALL

CALL
CALL

75

BEEP3
DELAY K
KEY_MA3
BEEP2

;THATRIGHT --> MAIN MENU

DELAY K

KEY_MA3 ;JUMP TO RETURN MENU

SESELACECUS R ORISR EIENE NSO TNSASEINNLUSHERESHEEISIOERNT

* MAIN RECEIVE KEY (CH & COMMAND MODE TIME) *

SNBSS NESSLILEREC NSRRI EELB SRS ESSEELIENIRRISE 0N

CALL
CALL
LD
LD
LD
LD
CALL
[0}
JR
LD
LD
PUSH

DINZ
DEC

LD

DEC HL
RLBCD
BIT

INC
DEC

DELAY K

BEEP3

E,STATEL

HL,BUF_|

D,GROUP .

{ADDR DATA INPUT
‘SET NUMBER GROUP
B.02H :COUNTER INKEY
INKEY \
0AH
NZ,LOOP!
A,00H
(HL).A
HL

JCHECK A=0

:GET A=0H

HLBUF_1
AHL)

OCH
NZNEX_K1
HL

KEY_MAI
0BH
NZNEX K2
HL

CON_PAL

HL

HL

DELAY K :DELAY IN_KEY
NEW_IN

A(HL)

:COMMON2TO 1
08 :CHECK COMMAND GROUP 3
ZIN_12

RETURN TO T_0

Q



CHECKI:

CHECK_NEWI;

CHECK_NEW?2:

AGAIN 2:

AGAIN_I:

GET_I:

CHECK2:

BIT 0.D

R G2

CALL CHECK1

R NZNEW_GROUP
CALL CHECK2

CALL BEEP1

P NEW

SEERISEEREEBHENSRERANREERRES

* CHECK CODEGROUP1 *

EREEEEII IS HIBISSEBSURERSRS NS

PUSH AF

PUSH BC

PUSH HL

LD ASTATEL
LD B.NUM_CH!1
LD HL,BUF_1
ADD AO1H

DAA

DINZ AGAIN_|

LD B,NUM_CH2
DEC A

ADD AOIH

DAA

DINZ AGAIN 2

R NEW

ce (HL)

R NZ,CHECK_NEW?2
SUB 07H

R GET_i

cp (HL)

R NZ,CHECK_NEW!1
SUB 01H

DAA

LD (BUF_2),A
POP HL

POP BC

POP AF

RET

EXFCUESAINEINIREEIRIDABIEIBIOS

* CHECK CODE GROUP2 *
SRESEEESESIEREENIRORELRASRINES
LD IX,T_MODE-3

LD AMODE_T

76

;CHECK DATA GROUP

{NEXT CH. CONTROL

;LOAD A=CODE

;CODE 1-10 TO 0-9

;CONVERT HEX TO BCD

;CODE 11-16 TO A-F

;:CODE NOT THATRIGHT
;COMPARE CODE AT THATRIGHT 11-16

:11-16 TO A-F

;COMPARE CODE AT THATRIGHT 1-10

:1-10TO 09

:GET CODE AT THATRIGHT AT BUF_2

;RET MAIN RECEIVE FOR INKEY_COMMAND

LOAD A=CODE



CHECK_NEW3:

AGAIN_3:

T_MODE:

TO:

CLR_TIME:

77

LD B,NUM_MOD

LD HL,BUF_+1

INC X

INC X

INC X

INC A

DINZ AGAIN_3

LD AOBBH

cp (HL) ;CHECK INKEY=CHECK STATE(**)
P Z,STATE_CH JINKEY = ** > CHECK STATE
P NEW :CODE NOT THATRIGHT

cp (HL) :COMPARE CODE AT THATRIGHT
R NZ,CHECK_NEW3

LD (BUF_2+1),A ;GET CODE AT THATRIGHT AT BUF_2+1
P x) . :GOTO PROGRAM TIME COMMAND MODE
P T0

P T

P T2

P T3

P Ta

sersrcentasnes

s 1o s

sronssnsrerens

LD CP_KEY

XOR A :SET A=00H

LD B.02H :COUNTER INKEY

LD E.STATEI+! :SET E=01 FOR INDEX RETURN
LD HL,BUF_1+2 :GET DATA INKEY GROUP 3
CALL NEW_IN

cp (HL) . :CHECK IN=OFF(00H)

13 NZON '

CALL CLR_TIME ‘CLEAR TIME CH.=0000

CALL PRO_OFF :CODE=OFF

RET

INC A

cp (HL) ;CHECK IN=CN(01H)

P NZNEW ;CODE NOT THATRIGHT

CALL CLR_TIME :CLEAR TIME CH.=0000

CALL PRO_ON ;CODE=ON

RET

++*CLEAR TIME CH.***

LD ABUF_2)

RLCA

LD HL,BUF_TIM HL=BUFFER TIME CH.



PRO_ON:
OUT_ON:

LOW1_CH:

NI_RLCA:

OUT_P2:

LOW2_CH:
OUT_P1:

PRO_OFF:
O_TIM_OFF:

LD

XOR A
LD

INC

LD

RET

LA

(HL).A
HL

(HL).A

SEROPERERESRL NS

* PRO_ON

SAPESIRERRESEES

LD
LD
LD
LD
SUB
R
DEC
INC
LD
LD
RLCA
DJNZ
BIT

INC
OR
LD
ouT
DEC
LD
ouT
RET
OR
LD
ouT
INC
LD
ouT
RET

(BUF_2+2),A
A(BUF_2)
HL,ON_OFF
C.02H

0sH
C.LOWI1_CH
o

A

BA
A,100000008

NI1_RLCA
0,C
Z,LOW2_CH
HL

(HL)

(HL).A
(P_LOAD2),A
HL

AHL)
(°_LOADI),A

(HL)

(HL).A
(P_LOADI)A
HL

A(HL)
(P_LOAD2),A

FEEEIRISEREENSAS

* PRO_OFF

CREREEIIREREREEY

LD
LD
LD
SUB

A,(BUF_2)
HL.ON_OFF
C02H

osH

78

;BUFFER TIME CH. =00

:BUFFER TIME CH. = 00

:GIVE [BUF_2+2]=01H

:A=CH. ON

HL=INDEX DATA OUT PORT
:CHECK CH. 0-7,8-F

JUMP=CHO-CH7

;ROTATE GOTO CH. AT WANT ON
;CHECK PORT_A OR PORT_B
;IF PORT_A GIVE JUMP

;OUT DATA ON TO PORT_B

;OUT DATA ON TO PORT_A
RETURNTOT_0

;OUT DATA ON TO PORT_A

;OUT DATA ON TO PORT_B
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R C,LOW3_CH
DEC C
LOW3_CH: INC A
LD BA
LD AOUIHIB
N2_RLCA: RLCA
DINZ N2_RLCA
BIT 0.C
R ZLOW4_CH
INC HL
AND (HL)
R OUT_P2
LOW4_CH: AND (HL)
R OUT_P1
; casssnsuncrss
: « Tq e
: seessesrnsans
Tl LD DE,0708H :DATA 30 M =1800 §
R G_DATA_T
. svesssersnasn
. s T2 e
. sensrssersnas
T2 LD DE,0E10H :DATA 60 M =3600 S
R G_DATA_T
: essacrsensnse
. T3

CeEESEIRES RS

T3 LD DE,1518H ;DATA 90 M =5400
R G_DATA_T

; CIRSRRERELRES

B * T_4 *

; SR EIIEEREE

T_& LD DE,1C20H “DATA 120 M=7200
R G_DATA_T

; L2 ] e sasss ke

: * GET DATA TIMER TOCH. *

; "l‘.‘l“““O.;‘.““..t.l..‘.
GDATAT: LD A,BUF_2) :LOAD CH TIMER
RLCA )

LD HL,BUF_TIM ;HL=BUFFER TIME CH.



STATE_CH:

LOWS_CH:

LOW6_CH:
LOW7_CH:

LOWS_CH:

STA_ON:

STA_OFF:

P_INT:

LD LA
LD (HL).E
INC HL

LD (HL).D
P OUT_ON

SEFLEASRPS R AR ASIEEERREIERIRNS

* CHECK STATE CHANNEL *

C“.“".‘l‘.i.".".t..;il.....

LD A(BUF_2)
LD HL,ON_OFF
LD C.GROUP
SUB. 08H

R C.LOWS_CH
DEC o

INC A

LD BA

BIT 0C

R ZLOW6_CH
INC HL

LD A(HL)
RRCA

DINZ LOW7_CH
BIT 7.A

R ZLOWS_CH
R STA_ON

R STA_OFF
**=STATE ON***

CALL BEEPI
CALL DELAY_I

P NEX_CH
#*+STATE OFF***

CALL BEEP?
CALL DELAY |

P NEX_CH

BEEBIEERSS BRI EVRB AL EPRAS ST

* PROGRAM INTERRUPT *

SEARSLLEERERF SIS IS AL REBRG S

PUSH AF
PUSH 8C
PUSH DE

PUSH 2198

80

:HL->ADDR BUFFER CH. TIMER
:GET DATA TIME TO BUFFER {LOW]

:GET DATA TIME TO BUFFER [HIGH]

iCHO-CH7

‘NUMBER ROTATE

JCH8-CHF

;BIT CHECK STATE
;BIT 7 =0 (CH OFF)



N_TIM_CHL:

N_TIM_CH3:

N_TIM_CH5:

N_TIM_CH4:

N_TIM_CH2:
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ouT (STATED),A :GIVEINT="1"
LD HL.CHK_KEY {HL=ADDR DATA TIME HIT KEY
INC (HL) :COUNT UP TIME HIT KEY
LD HL,BUF_TIM :HL=INDEX BUFFER TIME
LD C.02H ;COUNT CHECK OLD DATA AT DECRE.
LD E(HL) :RECEIVE DATA TIME BIT LOW
INC HL
LD D,(HL) :RECEIVE DATA TIME BIT HIGH
XOR A
cp E :E=007
R NZN.TIMM :[F E NOT 0 GOTO DEC DATA TIME
XOR A
cp D
R NZN_TIM_M :IF D NOT 0 GOTO DEC DATA TIME
BIT 0.C :OLD DATA BIT 0= |
R NZ,OUT_OFF
INC HL :ADDR DATA TIME TO NEXT CH.
LD AL
RRCA :DIV REG.A WITH 2
BIT 4A :CHECK CH. > OFH
R ZN_TIM_CHI {BIT 4 = 0 -> CHECK NEW CH.TIME
POP HL
POP DE
POP BC
POP AF
El
RETI
*+6¢COUNT DOWN TIME***
BIT 0.C :OLD DATA BIT 0 =1
R NZN_TIM :OLD DATA ->JUMP
DEC DE

***PUT DATA TIME TO BUFFR CH.***

LD (HL),D

DEC HL

LD (HL).E

DEC C

R ZN_TIM_CH2 .C=0 GOTO NEXT DATA TIME CHECK
h):1 N_TIM_CH3 :GOTO CHECK DATA TIME = 0000 ?
INC HL

R N_TIM_CHS :GOTO CHECK CH. >0FH

INC HL

R N_TIM_CH4 ;PUT DATA TO BUF_TIME CH.
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; *2*QUT OFF CH.***
OUT_OFF: LD AL
RRCA \GIVE REG.A = CH_OFF
PUSH HL
PUSH BC
CALL O_TIM_OFF ;CALL PROG OFF CH.
POP BC
POP HL
INC HL ;GIVE HL =INDEX DATA BIT HIGH
R N_TIM_CHS ;GOTO CHECK CH. >0FH
: veenrseesaansene
. INKEY *
INKEY: N A(P_KEY)
CALL CHK_TIMI
BIT 4A
R ZINKEY
CALL DEL_TIM
_RES 4.A
RET

ERRRESREILSLSIELELEISERNSS

H * INKEY PASSWORD *

BERSERARBEIESERFRAERESR GRS

INKEY_P: N A(P_KEY)
CALL CHK KI
CALL CHK_TIMI
BIT 4A
R ZINKEY_p
CALL 0_P_TI
CALL DEL_TIM
RES 4A
RET

CHK_K1: PUSH AF
LD AB
cp NUM_PAS
R NZ,CHK_K2
CALL DEL_TIM
CALL 0P T2

CHK_K2: POP AF
RET

. s+ DISABLE 4017 COUNT RINGING ****
O_P_TI: PUSH AF
LD ADOIH



O_P_T2

CHK_TIMI:

CHK_TIME2:

DEL_TIM:

BEEP1:
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ouT ®_DA
POP AF .
RET

#*#3 ENABLE 4017 COUNT RINGING ****

PUSH AF
XOR A

ouT (DA
POP AF
RET

SREASAPFESLEEIVSR I LSRR S LR2ES

* CHECK TIMEHITKEY *

SISNEFERRENRESFOSERSR SRS RNt R

PUSH AF

LD A(CHK_KEY)

cP TIME TIME=10S
JR Z,CHK_TIME2

POP AF

RET

LD SP SP_TEMP

CALL 0P T2 :ENABLE 4017
CALL BEEP3

P CON_PA2 JJUMP TO MAIN RECEIVE PASSWORD
***DELETE TIME HIT KEY***

PUSH HL

LD HL,CHK_KEY

LD (HL),00H

POP HL

RET

sevssstaens

* BEEPI *

sreenasanis

PUSH AF

PUSH BC

CALL O_RELAY ;ONRELAY
CALL DELAY_I

LD C2FH . :LENGTH SOUND
CALL O_BEEP

CALL DELAY_!

CALL F_RELAY :OFF RELAY
POP BC

POP AF

RET



BEEP2:

BEEP3:

BEE2:

O_RELAY:

F_RELAY:

SESAERSEEDS

* BEEP? *
sesesnenses

PUSH AF

PUSH BC

CALL O_RELAY
CALL DELAY |
LD C,0FFH
CALL O_BEEP
CALL DELAY_!
CALL F_RELAY
POP BC

POP AF

RET

I 4

* BEEP3 *
sersransrns

PUSH AF

PUSH BC

PUSH DE

CALL O_RELAY
CALL DELAY_|
LD D02

LD C3FH
CALL O_BEEP
CALL DELAY Bl
DEC D

R NZBEE2
CALL DELAY_|
CALL F_RELAY
POP DE

pPOP BC

POP AF

RET

evsON RELAY***

LD A02H
out (P_BEEP),A
RET

¢s+OFF RELAY***

XOR A

ouT (P_BEEP)A

RET

84

;ONRELAY

;LENGTH SOUND

;OFF RELAY

;ON RELAY

:NUMBER SOUND

;OFF RELAY



O_BEEP:

DELAY_B:
BEE_I:

DELAY_BI:

BEE3:

DELAY L

N_L
LOOP_:

**QUT BEEP**

XOR A

OR 02H

ouT (P_BEEP).A
CALL DELAY_B
DEC A

OR 02H

ouT (P_BEEP)A
CALL DELAY B
DEC c

R NZO_BEEP
RET

LD B,07FH
DINZ BEE_|
RET

PUSH AF

PUSH DE

LD DE,OFFFH
DEC DE

LD AD

OR E

R NZ,BEE3
POP DE

POP AF

RET

FEEEDIBEFRFORNEIRARIEERAENRD

* DLEAY OUT PORT SEQ

SESETETRRREISERELIRE OIS S E2IRE

PUSH
PUSH
PUSH
LD
LD
DEC
LD
OR

DINZ

POP
POP

AF
BC

HL

B,02H
HL,0FFFFH
HL

AH

L
NZ,LOOP_{
NI

HL

BC

AF

85

;OUT "0"

ouT "1

:FREQ. SOUND

;TIME BETEEN SOUND
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EEREARENEIERNEEERANERY

5 * DELAYINKEY *

S26EEFESERTRERRITLENS

DELAY X: PUSH AF
PUSH DE
LD DE,8FFFH
LOOP_K: DEC DE
LD AD
OR E
R NZLOOP K .
POP DE
poP AF
RET
: REAEESESEIRESESRSISIISEISI IS RO RS RRIRSRT SRR ATNSAS
ORG 1000H
DEF_PAS: DFB 03H,07H,0AH,03H,01H
: srorsfidlanes
ORG 9000H
BUF_I: DFS 4 :DATACODE INPUT
BUF_2: DFS 3 :ADDR GET CODE THAIRIGHT
ON_OFF: DFS 2 :PUT DATA OUT PORT 16 BIT
. seararnstanan
ORG 9100H
BUF_TIM: DFS IFH :DATA TIME CH_0-CH_F = 32 ADDR
CHK_KEY: DFS 01H :DATA TIME HIT KEY < 10 §
. asarususnsine
ORG 9200H
BUF_PAS: DFS NUM_PAS :DATA PASSWORD
TEM_PAS: DFS " NUM_PAS :DATA INKEY PASSWORD"
N_PASI: DFS NUM_PAS :DATA INKEY NEW PASSWORD |

N_PASZ: DF$ NUM_PAS ;DATA INKEY NEW PASSWORD 2
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ISO2-cM0s MT8870D/MT8870D-1
MITEI_T Integrated. DTMF Receiver

AR St TN
Features ISSUE 3 May1995
* Comglete DTMF Receiver QOrdering Information

*  Law power consumption MTE8700&/DE-1 18 Pin Plastic DIP

+ Internal gain setting ampiifier MT88700C/0C-1 18 Fin Ceramic DIP

MT88700S/0S-1 18 Pin SOIC

o : MT88700N/ON-1 20 Pin SSOP
* Central office quality MT88700T/DT-1 20 Pin TSSOP
« Power-down mode -40 °C to +85 °C

* Inhibit mode

+  Backward compatible with
MT8870C/MT3870C-1

* Adjustable guard time

Description

The MTBB700/MT88700-1 is z complete DTMF

Applications recsiver integrating both the sandsplit filter and
* Recaiver system for British Telecom (BT) or digital decoder functions. The filter saction uses

CEPT Soec (MT88700-1) switched capacitor techniques for hign and low
+  Paging systems groug filters; the decoder uses digital couniing

tecnniques o detect and decode zll 18 DTMF tone-

Repeater systems/mabile raaio pairs into 2 4-bit code. Extarnal companent caunt is

+  Creait card systems minimized by on chip pravision of a dilfarentizal input
*  Remate control amotifier, clock oscillator and laiched three-state bus
interiace.

* Personal comouters
+ Telephone answering macnine

Voo YSs VRal INH
4
dlas
AWON Circunt VRet
8utter

i
7

Chio  Chip .
Power Sias _] riign Grouo Oigital Coaa
’ Fiitar Oetecuon Csaverise || ij/\
Algoninm ang Lzaen
IN = O
T?:‘ran‘e Zzro Crossing
N - Fitar l Detaciors — - Q3

v

Q1

M-Q2

Law Geeuo —
Filtar 1

Gs —t—— fame Q4

> g;g St Staeang Zl
Cocxs GT Logic

p———AAA——————

l

Qosc CcSsT2 SUYGT

g e

s70 TO€E

m
w

Functional Block Diagram
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INe (] 1 = 18171 voo INe ] 8 o 20(C]voo

IN-(] 2 17[] svGv N-C] 2 19§ svgT
as] 3 16{] 3t Gs( 3 18{7 e5t
VRet((] ¢ 150 so vRet(C] « 17{] sio
INH{] 35 1417 c4 iNH(] 5 15[ nC
PWON(C] & 1307 a3 PWON{] 8 5] Qs
osci{] 7 120 o2 Ne(] 7 14l qs
osca(] s 110 a1 osci(] s 13002
vss(] 9 10(] Toe osca2(] ¢ 12{ Jat
vss{]1o 11l roe

18 PIN CERQIP/PLASTIC QIPISQIC 20 PIN SSOPTSSOP

Pin Description

Pin Connections

Pin#

18 ! 20 Name Description

1 1 IN+ Non-Inverting Op-Amp {Input).

212 IN- Inverting Op-Amp {Input).

313 GS Gain Select. Gives access to output of front and differential amolifier for connection of
feedback rasistor.

‘e Vaet |Reterence Voltage (Qutput). Nominally Vno/2 is used to bias inputs at mid-rail (see Fig. 5
and Fig. 10).

5158 INH Inhibit (Input). Logic hign inhibits the detecticn of tones representing characers A, 8, C
and D. This pin ingut is intamally pulled Gown. .

513 PWON |Power Down (Inpuy). Aciive high. Powers down the device and inhibits ihe oscillator. This
pin inputis intemally pulled down. i

7 | 8| OSC1 |Clock (Input).

319 OSC2 |Clock (Qutput). A 3.575545 MHz crystal connected between pins OSC1 and OSC2
campletes the intemal asciilator circuit.

g l10 Vss Ground (Input). OV typical.

ion TOE |Three State Output Enable (Input). Logic high enzoles the outputs Q1-Q4. This pin is
pulled up intemaily.

11-112-1 Q1-Q4 (Three State Data (Qutput). 'When enabled by TCE, provide the cade czrresooncing © the

e ]1s llas: valid tone-pair raceived (sae Tzole 1). ‘When TOE is legic low, ihe cata outputs zre hich
\impedance.

5117 1is} Delayed Steering (Qutput).Presents 2 logic high when a raceved tone-ozir has been

- ragistered and the output latch updated: raturns to logic law when the voitage on SVGT falls
below Vg,

16| 18 ESt Early Steering (Qutput). Prasants a logie high once the digitat algorthm has detactea a
valid tone pair (signal cendition). Any momentary loss of signal cancition wiil cause ESt to
ratum to 2 logic low. - i

17118 | SVGT |Steering InpuvGuard time (Output) Bidirectional. A valtage greater than Vg, detected at
St causas the device to register the deteciad tone pair and update the cuput latch. A
voltage less than Vg iraes the device (o acceot a new tone pair. The GT oumout acts to
resat the extemal sieering tme-constant; its swte is a funcion of ESt and the voitage on St.

18|20 Voo Positive power supply (Input). -5V typical.

7, NG No Connection.
16
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Functional Description

The MT88700/MT88700-1 monolithic DTMF
receiver offers small size, low power cansumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verities the frequency’ and duratiori of
the received tanes before passing the correspanding
cade to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the OTMF signal o the inputs
af two sixth-order switched czoacilor vandpass
fiiters. the bandwidths of which carrespond 1o the low
ana hign group fraquencies. The filter saction also
Yincorporates notches at 35G "and 240 Hz for
2xceptional dial tone rejection (sae Figure 3), Sach
filter output is iollowed by a single crcer switched
cazoacitor fiiter saction which smoaths the signais
orioe to fimiting. Lirmuting is performed by hign-gain
camparators which, are provided with hysterasis to
prevent detection of unwanted low-level signals. The
outputs of the comparzators pravide full cail logic
swings at the fraequencies of the inccming OTMF
signals.

Decader Section

Following the-filtar section is a decoder employing
digital counting techniques to detsrmine the
frequencies of the incoming tones ang !o venfy that
they correspond to standara OTMF frequencies. A
complex averaging aigorithm protects zgainst tone
simulation by extraneous signals such as voica wnile

Voo
Voo ¢
SYGT %l Ve
€St —M,\,_J
R
10—
MTEST00/
tara(RCHA(V a0V sy
T » Gra ) TS
MTa8700-1 teTr ARG Voo/(Voo-Vesil

Sasic Steering Circuit

providing tolerance to small frequency deviations
and vanations. This averaging zlgorthm has been
developed o ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interiering frequencies (third tones) and noise. When
the detector recagnizes the presence of two valid
tones (this is referred o0 as the *signal conditicn” in
same industry specifications) he *Early Steering”
(ESY) outout wil go (o 2n aciive state. Any
subsaquent loss of signal condition wiil cause ESt to
assume an inactive siate (see *Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks lor a valid signat duration (referred
l0 as character recagnition candition). This check is
gerormed by an external RC iime constant driven by
ESL. A logic high on E5t causes v, (see Figura 4) to
rise as the capacitor discharges. Provided signal

°. VAR T DIAL TONES
i -
o 7 \J )
Y ;\ OTMF TONES
20.
< A=é97 H
ATTE?Q%?TION [[ 'j; % Sc:gsg :2
. 2 7 9:541 HZ
[ i\ SN
o | { Amvas He
- [ 7 TN N
o N A T % N
4 3
Pttt
X Y A8 C O g F [} H
FREQUENCY (Hz)

Filter Response
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condition is maintained (ESt remains hign) for the
validation period (tgTp); Ve reaches the threshold
(Vrsy of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Tzble 1)
into the output latch. At this paint the GT autput is
activated and drives v, to Vpg. GT continues o drive
high as long as ESt remains high. Finally, after a
snort delay to allow the output latch to settle, the
deiayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the <-bit output bus by raising the three
state control input (TOE) to a logic high. The
steering circuit works in reverse lo validate the
interdigit pause between signals. Thus, zs well as
reiecting signals too short to be considered valid. the
recsiver will tolerate signal interruptions (drecout)
Q0 short to be considered 2 vaiid pause. This faciiity,
together with the capaaoility cf selecting the sieenng--
time constants extemally, allows the designer o
taiior performancs o meet a wide variety of systam
squiraments.. . - ..

Guard Time"X&iustment

In many situations not requiring selection of tone
auration and interdigitai pause, the simole steering
circuit shown in Figure 4 is applicabte. Comgcnent
vaiues are chosen according to the formula:

taec=lperiar,
.5 {ID:'tDA‘HGTA
The value of tpp is 2.device parameter (see Figure

11) and lzgc is the-munimum signal duradon o be
racognizea by the receiver. A value for C of 0.1 pyF is

Gra=(ApCrjin{VooVao-Vrsdf
tara=(R;Crjln(Viop Vrsy
Rﬁlﬂrﬁz;/(ﬁt’az)

“a} cecreasing g Rorr<taTa)

tarpiR:Co iV (Voo Vrssl
v, (:).__.____ . . ) .
ce | lamas(AeCojln(Voo/Vrsi

O T AemAMACAY
sveT Or——v—-
h 4
R e é
= O 8) decreasing (gra; (lgrp>igral

Guard Time Adjusunent

Oigt | TOE | INnt | ESt | Q, | Q; | Qq Q,
ANY | L X | H zZ |z | z z
1 H X | H o | o | o 1
2 H x | H | o 0 1 o
a H x | H | o 0 1 1
4 H X H 0 1 ° o
5 H X H [ 1 Q 1
§ H X H 0 1 1 Q
7 H X R [ 1 [ 1
3 " X H 1 0 [} )
] H X H o] ot 0 Q 1
Q H X H 1 0 1 Q
. H X H 1 0 1 1
4 H X H [ TR I 0
A A [T T A A [
3 H L A oo ]
c | A ] H R 1
o] H L H o } ot o (]
A H H L

S B R W
c H H L lprevious cetaciad coas

0 H H | L

Table 1. Functional Decade Table

L=LOGIC LOW. H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for masi applications, leaving R o be
selected by the designer.

Diferant steering arrangements may be used (o
salect independentdy ithe guard times for tone
presant (tgtp) and one zbsent (tgTa). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
znd interdigital pausa. Guard time agjustment aiso
aflows the cesigner to tzilor system parameters
such as talk off and noise immunny. Increasing igec
imoroves ialk-oif gerformancs since it reducas the
orooabiiity that icnes simulated by speecn will
maintain signal conditicn long 2nough o Dde
registered. Altematively, a2 relaavely shon tgge with
a long tog would be zppropriate for extremely noisy
savironments ‘where fast acquisiion time and
immunity to lone drog-outs are requirad. Oesign
information for guard time adjusymeat is shown in
Figure 5.
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Operating Characteristics . vo=5.0va5w: Vgg=0V, ~0°C £ To £ +35°C .unless onarwisa siated.

Gain Setting Amplitier

Characteristics ' Sym. I Min l Typ* | Max l Units Test Conditions
1 | Input iéakage current '™ | 100 nA Veg S Vin S Vg
2 | Input resistance R 10 | MQ
3 | Inout offset voitage Vos 25 mv
4 | Power supply rejection PSAR 50 d8 1 kHz
5 | Common mode rejection CMRR 40 d8 0.75 V£V S 4.25 V biased
atVge=2.3V
5 | OC open icap voitage gain AvaL 32 dB8
7 | Unity gain bandwidth - 0.30 | MHz
3 | Outout voltage swing | vo |} oeo | Voo | Load 2100 kQ o Vgg @ GS
3 | Maximum’capécitive load (GSi ! Ci. ] 100 pF :
10 | Resistive load (GS) gy ' 0 | xa
11 | Common maode range i Veu ! 25 Vao | No Load

MT88700 AC Electrical Characteristics - vgo=5.0v 25%. Vsg=0v, 40°C § To § ~45°C., using Test Clrcurt shown in

. Figura 10.
I Charactéristics I Sym I Min I Typ* I Max i Units I Notes*
Valid input signal levels (each | i -29 |+ d8m | 1,2.3.5.6.9

1 l tone of comgasite signal) | 275 863 MVaus | 1.2.3.5.6.9
2 I Negative twist accegt f I 8 a8 2.3.6.8,12
3 | Posttive-twist accepr | | ! 8 a8 | 236812
¢ | Frequencydeviation accept | =1.5% =2 Hz | | | 2.3.5,9
3 | Frequency deviation raject I =3.5% I | 2,3,5.¢
8 | Third tone toterance I -18 c8 ’ 2.3,4,5.2,10
7 | Noise tolerance ! -12 ! l a8 | 23457910
3 | Oial tone tolerance i 1 | w22 | [ 48 l234s589n

*NOTES e

1. c8m= decidels 300ve or below 2 refarenca pawar of 1 MW into a 600 cnm load.
Z. Digit sequenca canststs of ail OTMF tones.

I. Jone curanon= 40 ms.’ 1ane pausas <0 ms.

<. Signat concltion cansists of nominal OTMF frequencies.

£. Both lones in comoasits signal have an equal amalituge.

& one pair is deviated by =1.5 %= 2 Hz.

7. 3andwiatn limited (3 kM2 ) Gaussian noisa.

& 7he prease cial tone trequencies are (350 HZ and 220 Hz) = 2 %.
2. For an emor rate ¢f bagaer thaa 1 in 10,000,

10. Referanced jq_lowestlgve! fraquency comoonsent in OTMF signal.
17. Reterenced lo hie minimum valid accaot level.

12. Guarantead by cesign and characianzadon.

ypicat ﬁgures‘e(_e ates 'clgna‘are tor cesign a1 oary: At guarantaeq anc not sucject 10 croaucuan (esang.
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MT8870D-1 AC Electrical Characteristics - vyy=s.ovssx, VgV, 40°C § Tg S +85°C , using Test Clrcuit snawn in

Figure 10.
" Characteristics | Sym | Min l Typ* | Max l Units l Notes®
1 | Valid input signal levels (each -31 | #+ | dBm Tezsf‘;aé\g/lm‘s'ov
tone of compasite signal) 21.3 869 | mVaus rEee= B
-37 d8m Tested at Vpg=3.0V
2 | Input Signat Level Reject 1,2.3.5.5.9
10.9 MVaus
3 | Negative twist accept 8 a8 2,3,6,9,13
4 | Positive twist acceot I 3 a8 | 236913
5 | Frequency deviation accact | =1.5%=2Hz 2,3.5.2
5 i Frequency deviation reject , I =3.5% ! 2,3.5,2
7 | Third zone tolerance { I | 185 d8 | 23.2.33,12
8 | Noise.tolerance | ] R =12 "~ a8 23457910
9 | Dial tone tolerance | l | =22 48 123458911
= Typxas figuras ara at 25 *C and ara for design axs omiy: Aot guarantaes and not sudject to croguction tesing.

*NOTES -

1. a8m= decibels above or below a referance sower of 1 MW into a 600 ohm load.
2. Digit sequence caasists of al OTMF tones.

3. Tene curation= 40 M3, ~tone causes <0 ms.

<. Signai condition consists of nominal OTMF frequendies.

3. Sotn wnes in camoasite signal have an equal amalituge.

3. Tone par is ceviatea-by ~=1.5 %= 2 Hz,

7. Bandawidth limited (3.4Hz } Gausstan noiss.

3. The pracise cial tone frequencies are (350 M2z ang 220 HZ) =2 %.

3. For an arrorFafa 6f biller than 1 in 10.000. !

10. Retacancea 1o lowastiever trecuency camoonent in OTMF signai.

11, Aelarenced to the mimmum valid accaot laver.

12. Reterencad to Fig. 10 input OTMF tone level at -25d8m (-2848m at GS Pin) interlecence frequency ‘angs oetwean $80-3400HZ,
13. Guarantead.by.Gasign and cnaractenzation.
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Power-down and Inhibit Mode

A logic high applied ta pin 8 (PWDN) will power down
the device to minimize the pawer consumption in a
standby maode. It stops the oscillator and the
functions ot the filters.

Inhibit mode is enabled by a logic high input to the
pin S (INH). It inhidits the detection of tones
representing characters A, 3. C, and D. The output
code will fremain the same as the previous detected
ccde (see Table 1).

Difterential Input Cantfiguration

The input arrangement of the MT88700/MTZ870D-1
orovides a diifarential-inout operational amplifier zs
well as a bias source (Vgg) which 1s used o sias the
inputs at mid-rzil. Provision is made for connaction of
& leedback resisior to the op-amp output {GS) for
adjustment of gain. In a single-anaed centiguration,
ihe input pins_are.cannected as shown in Figure 10
with the op-amo connected for unity gain and VRet
biasing the, ingut:at Y/;Vgg. Figure 6§ shows the
differental  coniiguration, which permuts  the
zdjustment ot gain with the teedback resister A,

Crystai Oscillator

The internal clock circuit is comopleted with the
addition of an external 3.579545 MHz crysial and is
normally coanected.as shown in Figure 10 (Single-
Ended. Input-Coniiguration). However, it is possiole
to configure saveral MT88700/MT88700-1 devices
amoloying only -2 single oscillator crysizl. The
ascillator output of the first device in the chain is
coupled througn = 30 pF capaciter to the oscillator
ingut (OSC1) of the next device. Subsequent cevices
are cannected in a similar tashion. Refer o Figure 7
for detals. The problems zssociated with
unbalanced !oading' are not 2 concem with the
arrangement  shown, i.e., pracision Yaiancing
caoacitors 2re-not requireq.

O F—AAA- MTE8700/
<, Ay iy~ MT88700-1
e e
e ——
IN-
o —AAA~
& A
Rg GS
R
3 2,
Voo
e Vg S

Oitferendal Ingut Amgiitier
C.=C,oal0nF
q,;:ﬁ:aﬁ 100 %

. . Al ;zsisiors ara =1% iclerance,
Ay=50kQ, Ry=37.5 <X

All cacactors are =53 icierance.

Rq= _Rz_a.s_.
ArAs, | ..
A
VOLTAGE GAIN (A, aiff)= R—‘
1

INPUT IMPEDANCE

TR 2
(Zinoirr) =2/ A% 3:-/

Differential Input Canfiguration

_{ }.._.._ To OSC1 of naxt
c MT38700/MT38700-1
v X-tat o
QSCi Qsce

=
oscz _T_{ }—_ osc1
c

C=20 oF
X-121=3,5795<35 MHz

- Oscillator Connection

Parameter Unit Resanatar
R1 Chms 10.752
L1 mH 632
C1 pF 4,984
co oF 37.91s5
Qm - 8€6.37
af % =0.2%

Table 2. Recammended Resonator Specitications
Neta: Qm=qguality tactor of RLC mocsl, i.e., 1/2[TFRICT,
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Applications

RECEIVER SYSTEM FOR B8RITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT328700-1 device in a typical receiver sysiem. 8T
Spec defines the. input signals less than -3¢ d8m as
the non-operate level. This condition can be
anained by choosing a suitable values of R, and R,
0 provide 3 dB attenuation, such that -34 d8m inout
signal will correspond to -37 dBm at the gain satting
gin GS of MT83700-1. As shown in the diagram, the
companent values of Ry and C, are the guard time
reguirements when the {otal component tolerance 1s
5%. For bener cerformance, it is recommended (o
use the non-symmetric guara time circuit in Fig. 3,

R -

erP=(ReCyIn{VooVeo-Vrsy)l

l5Ta=(RCoin(VooVrsy

Ap(AAMA )

Rz Notas:
R.=3aK Q=%
1%

Rp=22MQ
C1=10GaF =

Non-Symmetric Guard Time Circuit

3

-3 . V,‘70 I .
- €\ l
orme ~-O—+ e
N A,y MT38700-1 :
- f__: INe = Vng [C—d
- ] IN- svGT | —————a
- [:—C Gs s 3,
B vy, S0 0 —de—
o n Qa1 ~
C————pwon os—1 .~
“ - ~Josc1 2 —F—0 NOTZS:
* UR—Tosc2 o1 i S R © A, = 102KQ = 1%
) f——‘ ——— Jvse TOE:—J A, =71.5K0 = 1%
Ay =3SCKQ =1 %

CyCy = 100aF = 5%
Xy = 3.579545 MHz = 0,1%
Vng = 3.6V 25%

Singie-Ended Input Contiguration for 8T or CEPT Spee
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Iso2-cMos  MT8870D/MT8870D-1

Absolute Maximum Ratings’

| Parameter | Symbol Min l Max ! Units
1 [ OC Power Sugply_Voltage I Voo | 7 [ v
2 [ Voltage on any pin Vi Vgs-0.3 Vpo+0.3 | v
3 l Current at any pin.(other than supply) h 10 ] mA
4 ;Storage temperature Tsta 85 +150 ! °C
5 | Package power dissipation Py 500 | mwW
B N T 22 TATianes catdarsd o aaaar cPermuan uncar ness @nclians s notmeliec
Recommended Operating Conditions - votages are with resoect o graund (Vgs) unlass anarwise siated.
! Parameter i’ Sym i Min I Typ® ! Max ! Units | Test Conditions
1 | DC Power Suoply Voltage | Voo | 275 | "50. | v
2 | Ooeraung Temperature 1 T | =0 3 | -85 | *c |
3 | CrystalClock Frequency -4 1579545 | T MHz |
+ | CoystaliClock Frea.Tolerance | are | 1os00 | % |
= Typwcas figures 2ra at 25°C ana ara tor Gesign aid caly: 1t GuarRniged ana Aot SUZJECt (0 Oraaucon iesung.
DC Electrical Characteristics - vgg=50Vvz 3%. Vgg=0V, -20°C £ Ty 5 -35°C. unfess onerwise siated.
i Chjracte;i;tics l Sym l HMin | Typ™ ! Max l Units I Test Conditions
1S Standby suoply current { laoq | 1ot 25 | wA |PWON=Vag
BE Overating sudply current tsa N j 0] 30 | ma |
3 | i Power corisumption Pq ‘ I 15 : W E{c=3.57954,5 MHz
Y , | ]
4 High level input--- Vg a5 | | v {Vgg=3.0V
| 5| [Low tevel inout voltage v | i 15 | v |vpg=s0V
T ; Input leakage curignt liafly I | 0.1 ! [ A ]V,N.—.Vss orVap -
K2 3 {Pulluo {source) current lsg l 7.5 20° i #A I TOE (pin 10)=0,
| 1y = i Vgo=3.0V
3§ I Pull cown (sink) current lg 15 1 13 i =4 [ INH=3.0V, PWON=3.0V,
L | 5 , Vp=3.0V
[ o | input impedance (IN+, IN-) R | 0 | IoMQ |2 1 kHz
T Steenng-threshold voitage Vest P22 2.2 ‘ 25 | ivgo = 3.0V
1_1] Low levél-duiput Voltage Ve | | Vgs=0.03| Vv |Noload
112 8 High level output voltage Vou |Vop<.03 I | No load
13 ] 7 {Outin 16v (sinky current oo | 10 | 25 | | mA |vour=04v
—1-4— LPJ Ouipwt high-(source) current | lgy | s Q.5 | | ma lvouT=4.sv
15 | § | Veer cutout voltage | Var | 23 25 | 27 | V |Noload. Vpg =350V
76 Vet OUIOUT rasistance | Rog | b | I« |

* Typwai figures are at25°C anag are lor casign 2 cary: A0t Guaranteed ana nct SUGECt 1o Proguelon tasung.
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MT8870D/MT8870D-1 1SO2-CMOS

AC Electrical Characteristics - Y00=5.0V23%, VgV, <£0°C S Ta $ +85°C, using Test Clrcult showm in Figure 10,

l Characteristics l Sym l Min Typ* Max | Units Conditions
1 Tene present detect time | e | 5 1 14 ms  |Note 1
2 | 7 [Tone absent detéct time | toa | 03 4 8.5 ms |Note 1
1 N
3 | u {Tone duration aceapt taec 40 ms {Note 2
PR R A T
% 1y |Tone duration reject B=C 20 - ms |[Note?2
1 5 | © |interdigit padise accept o <0 ms |Note 2
5 | nterdigit paysa reject. I tho 20 | | ms |Note2
7 Propagation.delay (St to Q) | sq f 8 11 #s  |TOE=Vgg
3 | o |Propagation delay (St to St0) | tegio”] 12 18 uS  {TOE=Vng
U 1 -
2 | 7 'Curout datz set uo (Q to StO) | togio | | oas | | us TOE=Vqg
2 B i - - N
101, jP-coagation delay (TOE ©0 Q INABLE} i sz | 30 . as  |load of 1§ KQ
: , N2 : 50 oF
1 ; ® IProoagation delzy (TOE to Q DISABLE)I tero | 300 ns  iload of 10 kQ.
PYSCE SN 50 pF
12| 2 lPower-up tima T I o 30 | ms |Note3
3 !
i3 | w [Power-down time , tag l 20 I ms l
N Ay < i
¢ |Ciystalclock irequency. | fc [3.5759]3.5795 | 3.5831 | MHz
15 f Clock input rise time -~ f ey ; l 110 | ns [Ext. clock
15 | O {Ciock input iall time | e o | 110 | ns [Ext. clock
c i 1 : 3 7 : y
17 | < [Clock input duty cycs joce | e | so0 80 | % |Ext.clock
3 Caoacitive load (0SC2) Rl j | 30 ' of
b4 -pr ﬁgures are 20 25°C anq ara tor cesign aig anty: not guaranta2aa ana not Suotect a progucaon tasang,
*NOTES:
. Useq for guard-time calculation.ourooses anly,
2. Thesa. user adlusiadle Sarametars, are not cevice specticauons. Tha adjusiaole sathngs ot thesa mmimums ang maximums
ara recommendations Daseq ucon networx raguirements.
3. YA vanid tsne orasant at input, tsy, equals ume frem POWN Gang fow untit ESt gang augn.
T -:' v’.‘Q
-—
=
MT33700AMTBATO0-1
—gwe Y vgg ot
TN ST,
—_| GS 23t i
. —Vaa _ 30 :—I——O '
O————————mn Q4 :_I__O
O——————Jrown Q3 :H
“Josct Q2 :ﬁ(l D] NOTES:
X-at at_."- osc 2 a1 :____O 1,7,=2100KQ = 1%
= Fvee Toel> } ﬁ,;scom:_l'/.
) : Cy.CpatCONF = 5%
7 ‘ X-1ak=3.579545 MMz = 0.1%

Single-Eaded Input Contfiguration
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IS0%2-cmMos  MT8870D/MT8870D-1

, | o |
Evsms] A E] | ¢ l H | F | G
1
FEE—— :.._ - G e tp = ~t log e
| TONE TONE
Y _[—‘ l i TONE 2a M-t nes
top - i — 'r'-‘o.\
zst [ [ ! { [ || 1
TP e -t Lelgma
lr -~ [ ~ Vrst
SUGT Dz Pz :/'I {
20 ! e
i ——losw
Iy \(HIGH IMPEDANCE
2,2, DECODED TONE + (n-1) ,X 4n t(n-1
. I
'nas,o-—o—f —-— 2 |
] l i |
s I vl
-.'f ._t ——-| ‘.— AT
e t e

EXPLANATION OF EVENTS

A)
3)

<)

ne

0y

TONE 3URSTS DETECTEO. TONE OURATION INVALID, OUTPUTS NOT UPDATED.
TONE 2n DETECTED. TONE DURATION VALIO, TONE DECODED AND LATCHED IN QUTPUTS

ZND OF TONE #n OETECTED. TONE ABSENT DURATION VALIO, CUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE. =

QUTPUTS SWITCHED TO HIGH IMPSDANCE STATZ

TONE 3n - | OETECTED, TONE OURATION VALIO, TONE QECCDED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPSDANCE),

ACCEPTABLE OROPOUT OF TONE ¥n - 1, TONE AGSENT DURATION INVALIO, OUTPUTS REMAIN LATCHED.

ENO OF TONE #n - | DETECTED, TONE ASSENT DURATION VALIO, QUTPUTS REMAIN LATCHED UNTIL NEXT
VALIO TONE.

EXPLANATION OF SYMBOLS

=5t

OTMF COMPOSITE INPUT SIGNAL.

SARLY STEZRING OUTAUT. INDICATES DETSCTION OF VALIO TONE FREQUENCIES.
STESAING INPUT/GUARD TIME OUTPUT. SRIVES EXTERNAL AC TIMING CIRCUIT.

81T OECODED TONE QUTPUT,

DELAYED STEEAING QUTPUT, INOICATES THAT YALIO FAEQUENCIES HAVE 3EIN Z3IZSENT/ABSENT FOR THE
AECUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE QUTPUT SNABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE.
MAXIMUM OTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM OTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME SETWEZN VALID OTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID OTMF SIGNAL

TIME 7O OETECT THE PRESENCE OF VALID OTMF SIGNALS.

TIME 7O OETECT THE ABSENCE OF VALID OTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUAARD TIME, TONE ABSENT.

- Timing Diagram
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MO0C3020
M0C3021
M0OC3022

| @ MOTOROLA
: M0C3023

OPTICALLY ISOLATED TRIAC DRIVERS oPTO
These devices consist of gailium-arsenide infrared-emitting COUPLERASOLATOR
diodes, optically coupled to silicon bilateral switches. They are
designed for applications requiring isolated triac triggering. PHOTO;S::(;?RWER
o UL Recognized File Number E54315
e Output Driver Designed for 220 Vac Line ) 400 VOLTS
s Vg0 Isolation Voltage of 7500 V Pesk
e Standard 6-Pin Plastic DIP
MAXIMUM RATINGS (T4 « 2S°C unfess otherwise noted)
r Rating [ Symbol l Value [ Unit J
INFRARED EMITTING DIODE MAXIMUM RATINGS
Reverse Voltags VR 2.0 Volts
Faorwerd Cutrant — Continuaus 1 g 50 mA
Totsl Power Dissioatian @ To = 25°C L) 100 mw
Negligible Power in Trise Oriver
Derste sbove 25°C 1.33 mw/®c |,
OUTPUT DRIVER MAXIMUM RATINGS S
Ot State Ouputl Terminat Voltage Vpam 400 Volis 1
On-Stats RMS Current Ta = 25°C | IT{AMS) 100 mA %
(Full Cycte, S0 to 60 Hzl Tp = 70°C 50 mA __*_l
Puok Nonrepetitive Surge Curcent trsm 3 1.2 A
{PW = 10 m¢, OC » 10%) *
Totst Poveer Dimigetion @ Ty = 25°C Py 300 ] ¢
Darate sbove 25°C 4.0 mw/°C H
TOTAL DEVICE MAXIMUM RATINGS 7}
Isolstion Surge Voitege (1} ? Viso 7500 Vec ]
{Peak ac Voilsge, 60 He, | x
5 Second Duration) v (] [
Totat Powrer Dissipation'® T 47="25°C fo 330 ) mw
Derate sbove 25°C 4.4 mWI°C STYLE 6:
Junction Temperaturs Renge Ty ~0 1 +100 °c MN 1. ANQOE
Ambdient Oparsting Tempersturs Renge Ta 40 10 +70 e } ﬁtmaos
Storsge Temperature R T —0 10 + 150 °c L MAIN TEAMINAL
= h oo 4 S SUBSTRATE
Soldacing Tempersture {10 3} - 260 °c £ BAI TEAMINAL
{1} Isolation Surgs Voitsge, ViSQ. it sn internal device disleciric bresidown rating. . woTES:
* | OIMENSIONS A ANG R ARE DATUNS,

1. (T] 15 SEATING PLANE,
3. POSITIONAL TOLERANCES FOR LEADS:
é D 6.13 N.EQ)IT ! Wgﬁ

4 OIMEMSION L TQ CEMTER OF LEADS
- WHMEN FORMED PARALLEL

5. QIMENSIONING AMD TOLEAANCING PER
ANSEYI4 S, 1913,
:] & Main Terminat
miLLMeTERS|  INCHES
oin[ WiN | MAZ | M | WAX
- Ad G0 | s 1t 0%
7] 610 | T8 40 [0 %0 |
» § Trisc Oriver Subsivete 3 : : :_2_ 9 I
DO NOT Cannect AN 1350 | 0670
] 1.9 35C 6.100 85C
. TR KRR
K] 19 | 1 _jaoio I @
U7 _78785¢C 9300 45¢
k] 4 Muin Teeminal M| 15¢ [ 194
C j Ny a3 | TR 1dad ) Gik0
- 7| 147 | 161|005 i boa
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MOC3020, MOC3021, MOC3022, MOC3023

ELECTRICAL CHARACTERISTICS (T A » 25°C untess otherwise noted)

[ Charsetaristic [ Symbol l Min l ) I Max l Um
LED CHARACTERISTICS
Reverswe Leakage Current ig - Q.05 100 nA
(vag = 30V)
Farward Voltage Ve - 1.2 1.5 Voits
g = 10 mA}
DETECTOR'CHARACTERISTICS {ig * O unless otherwise noted)
Peak Blocking Current, Either Direction 10RM - 10 100 nA
{Ratea Vpam, Note 1}
Peak On-State Voitage, Evther Direction VTm - 2.5 30 Votty
11Tp = 100 A Peak)
Criticat Rate of Rise of Olf-State Voltage, Ta = 85°C du/dt - 12 - Vius
COUPLED CHARACTERISTICS
LED Trigger Current, Current Reaquired to Latch Outout teT mA
(Main Terminal Voltage = 3.0 V, Note 2} MOCJ020 ' 15 20
MOC1021 - 8.0 15
MOC3022 - — 10
MOC3023 -3 = 5.0
Holding Current, Either Qirection In - 100 - ul

Note 1 Test voitage must be applied withia dv/dt rating,

2, All devices sre guarantaed to trigger at an Ig value less than or equal 1o max IFT.

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
FIGURE | ~ ON STATE CHARACTERISTICS FIGURE 2 - TRIGGER CURRENT versus TEMPERATURE
-900 14
// ENRISS
3 4 S
= .400 1.2
: 7 g N
5 i 4 (R A
H 4 . ]
= 0 = 1.0
- 7 I~
5 yd 2 0.9 ~
= A g ™l
> ™1 —
F a0 // § a.e o
Vi =l ¥
4 =
-300 s
-10 -0 ~-1.0 .a 0 10 -40 -0 2 20 40 §0 30 100
Viam. ON-STATE VOLTAGE {VOLTS) Ta, AMBIENT TEMPERATURE {*C)
FIGURE 3 — TYPICAL APPLICATION CIRCUIT
Rin 1 - 6 1360 470 Hot e W
Veeo o yo) In this ciceuit the “hot" side of the hn? is switched and the
2 MOC 5 l load connected 1o (he coid or ground sida.
D—o_ J_'%'«;(‘)// l—0 005uF == 1s 220 The 19 ohm resistor and 0.01 uF capacitor are for snub-

4

5 223 o

L e

Additional information on the yse of optically coupled triac
drivers is available in Application Note AN-780A, -

Vae bing of the trisc. and the 470 shm resistor and 0.05 uf
casacitor are for snubbing the couplar. These companents
maey ot may not be necesxary depending upon the particular

triac and losd usaed.

Ground



MOTOROLA .
SEMICONDUCTOR
TECHNICAL DATA .
MC145412
. MC145413
Advance Information MC145512
Pulse/Tone Repertory Dialer
Low Power Silicon-Gate CMOS
The MC145412/13 and MC145512 are silicon gate, monolithic CMOS
Intergrated circuits which convert keyboard Inputs into eaither pulse or DTMF
oulputs. They are packaged in a standard 18-pin (0.3 wide) plastic DIP, 1 P SUFFIX
* 3 4 or 4 x 4 Keyboard Compatibility Which Allows the Uss of 2-0f-7, 2-0f-5, ' sl

or Form A Type Keyboards

MC145413 Adds Keyboard Selectable Pause Switch Function

Singls Pin Switchabls 8etween OTMF, 10 pps and 20 pps

500-Hz Tone Signal Output in the Pulse Dialing Mode

Memory Storage for Ten 18-Digit Numbars, Including Last Number Redial o
Uses 3.579545-MHz Colorburst Crystal .

Telephone Line Powered

* Sificon Gate CMOS Technology lor 1.7 t0 5.5 V Law Power Operation
Stand Aldne DTMF Dialer/Stand Alone Puise Dialer

Mute Output Used to isolate Receiver from Dialing Output

Memeory Programming Options by Keyboard Configuration

® o & o o o
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MC1454XX

4
5

CROERING INFORMATION
Suttlx

Denotas

Plastic OIP
40/60 M/B Ratio
32/68 W/B Ratio

PIN ASSIGNMENT

voo [ 1« m] OTMF OUT
il 17{] GC
wrilla 18]] FOWT
ToCif] « 5] AOW?2
i totills w{] ROW3
gD ves (I s 13{} Rowz
150 {} 7 12{] oM
’ 0scy [ 8 nj w
) o 0] us
‘ BLOCK GIAGRAM SCout [ 9 1
7 TONE DESOUNCE ’*—jm
TsQ < SIGNAL |- |_COUNTER TONE GEN
10 convoelAﬁszou l "—'18 OTNE ouT
us ' & MIXING R
o =2 4 Y. - — ¢ ‘
T ; 17
e I B =i
- 5 | XEYBOARD C-x LDA’l\'gi |'_'_> PULSE '_.j:
3 —3>! INTERFACE Ll — S =
A |
1s | oecooe | . . . A
Row? o 13 v/ A LOGIC q W
A3, - CoNTROL ADORESS =
i
e F ]
OH 3 .
Voo = PIN 1
[REAOwanE] [ Tmew Vo Lo s
COUNTER COUNTER
0SCy L
3] OsC omioeR [*
0SCouq -
This dox .

mampmsmmwmmw-mmqmmmmm.

T,

ey
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ABSOLUTE MAXIMUM RATINGS (vgg = 0 v)

Rating . Symbol Value Unit
OC Supply Voitage Voo ~0510+8.0 v
Operating Tempsraturs TA -301% + 60 *C
Storage Temperature Tstg -850+ 150 °C
OC Current Orain Per Pin [ 10 mA
Maximum Voltage \
On Any Pin Ralative to Vgs - Vini ~-05
On Any Pin Relativa to Voo Vina +«0.5

ELECTRICAL CHARACTERISTICS (Ta=-30to +60°C, V00 = 2.5V, Vg5 = 0 V. Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit
OC Supply Voitags Puise Mode Voo 2.0 — 5.5 v
OTMF Mode 25 - 5.5
Operating Currant Pulsa Mods (MS = Vool log - 0.2 0.7 mA
OTMF Mode (MS = Vgg) L 1.0 2.0
Memory Retention Voltage Vstoy 1.7 — — v
Mamory Retention Currant Vppo=1.7v) ‘stby —_ 1.0 2.0
Vobp=25V) —_ 1.2 25
Input Voltage, Row/Column/OH "0 Lavet Vit — — 02Vpg v
1" Laval ™ 0.8 Vgp - =
Row Column Input Impedance ToVpp Zin — 100 - kQ
To Vgg - 2 —
OH Puil-Up Resis(l_ance R — 50 — kQ
Input Capacitance {All Inputs) r i Gy, —i% 10 — pF
MS Pin Input Impedance Zin 50 200 —_ kQ
Output Sink Current (VDO =2.5V) TSO Pin loL 4.5 0.7 —_ mA
MO Pin 1.0 2.0 -
OPC Pin 1.0 2.0 —
(VoD = 4.0) MO Pin 3.0 - -
. OPC Pin 45 — —-—
TSO Output Sourcs Currant Vout=2.0V) ion 0.5 0.7 —_ mA
Qutput Leakage Currant M3, OFL Pins kg - — 1.0 HA
DTMF Qutput Level Refsranced to Vop/2 Row Tone Vout 260 310 370 mVrms
VDO =251040V. R =600 Q1o Vop) Column Tone 330 390 480
OTMF Quiput Tone Leakage (Vap = 3.5, Ry = 609 Q. 300 10 4000 Hz) — - -80 dém
OTMF Qutput Tone Distortion (Voo = 3.5, R = 630 0 300 10 4000 Hz) — — 5. %
Pra-Emphasis 1 2 25 da8
OTMF Cutput Leakage Current While Not Oialing Tones (Yopo=25V) — -— 1.0 BA
OTMF Output Sink Currant Whilg Oialing Tones . 20 — - HA
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SWITCHING CHARACTERISTICS (TA = 25°C, Vg = 2.5 V, Osc. Freq.= 3.578545 MHz, Unlass Otherwise Notad)

Characterlstic Symbol Min Typ Max Unit
Row/Column Scan Fraquancy . f . - 250 - Hz
Key Debounca Time tog 18 - 20 ms
OTMF Tone Duration for Keypad Dialing by &0 78 —_ ms
DTMF Tone Duration for Memory Dialing tw2 S0 102 110 ms
Inter-Olgit Pause Time OTMF (Memory Dialing) o 90 98 110 ms
Pulss 10 pps 0.8 1.0 1.2 s
20 pps 04 0.5 0.6
MS Pin Scan Rate \ trms - g ! - KHz
Make/Break Ratio Mctdse1z1a | vsm. — 40/60 — %
(MC = Open or Vpp) MCidss1z, - 68 - -
Outputsing Rate MS & Open lopL — §10 —_ pps
) MS = Vpg = 39 N
MUTE Output (M3} Overtap Time MO — 2 4 - ms
TSO Output Frequancy 7 frso — 500 - Hz
TSO Output Durason rso as — 40 ms
OTMF Cycls Time {Memory Diafing — L - tones/s
{Kaypad Dialing) - 10 —
OTMF Fraquancy Deviadon ) -_ -t «1.0 %
Pradigit Mute Y 1N ms
MC145412/13 Pulse 10 pps —_ 40 -
20 pps T 20 —_
MC145512 Pulse 10 pps - 32 -
20 pps - 16 -—
: OTMF — 1 —
o
PIN DESCRIPTIONS OH
On-Hook (Pin 12)
Voo. Vss Connecting the OH pin to VDO or allowing It to float sats
Power Supply (Pins 1, §) the davice in the On-hook mode. Connecting this pin to Vgg
OC poweris suppliedto the partonthese two pins, with Voo

being the mast pasitive, Permissible ranges are from 1.7 to

S.5V.

MS
Mode Select (Pin 10)

The MS pin is a three-stats input for switching between
OTMF, 10 pps, and 20 Pps dialing modes. Mode salection is

done during the first key entry debounce perod after the dialer
has complated a dialing saquencs or has just come off hoak,
When this pin is not scanned it ishigh'impedance.

This pin is a combinalion input and weak output. The input
circuitry has the capability to determine.each of these three
states. When the pin is open, the weak driver will ba able to
clock the pin at 1 XHz. The felatdnship between pin input
voltage and operating made Is shown in Table 1.

Table 1. Mode Select Options
MS Oiaing'Mcﬁe
Voo 20 pps Pulse Dialing
Cpen 10 pps Puisa Oiafing
VSs | OTMF Dialing

selects the Off-hook mode. When in the On-hook maode,
repertory memory can be programmed without a dialing
output.

TS0
Tone Signa! Qutput (Pin 7}

TSO emtls 500-Hz tone signals after valid key inputs are
accepted providing audio feedback for xey deprassions
(except when OTMF lones are generated). This pin also
outputs a tone during on-hook programming.

OTMF ouT
Oual Tone Multitrequency Output (Pin 18)

When the MS pinis set to Vss the DTMF OUT pin outputs.
lones commesponding to the row and column ¢f the key de-
pressed. Simuitaneously depressing two or more keysin a
single row (or column) will generate the carresponding row {or
column) tone on 4 x 4 keypad mode only.

In pulse dialing mode (MS = VDO or fleat) end during on-
hook programming this pin is high impecance. While cutput-
ting tones, this pin has a dc bias at (Voo -Vsg)2. DTMF QUT
is an open-drain output requiring an extemal pull-up to Vpgp.
This pull-up resistor must satisly the instantanecus current
requirements of the intemal feedback network in addition to
the lead apgplied to the pin,
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oPL
Outpulsing (Pin 17)

This pin outputs puises at 10 pps (MS is open) or 20 pps
(MS = Vp(). The MC145412/13.have a make/oreak ratio of
40/60, while the MC145512 has a make/braak ratio of 32/63.
In the DTMF dialing mode (MS = Vgg), this output is highim-
pedance. During on-hook programming this pin will not
outpulsa. This pin is an cpen drain N-channel output which
pulls low to break the loop current.

‘MO

Mute Qutput (Pin 11)

The Mute Output is an open drain N-channel output that
pulls to Vg g during OPUoutpulsing and during ofi-hook key de-
pressions and memory dialing in OTMF maode.

COL 1-COL 4 and ROW 1-ROW 4
KEYBOARD INPUTS (Pins 2, 3, 4, 5, 13, 14, 15, 16)

The keyboard inputs allow either a single contact (Class A)
keyboard, or a standard 2-0f-3 or 2-0f-7 keyboard with Vg3

. liad to commion. A valid key entry occurs when either a single

row is tied to a single column, or a single row and column are
simultaneously connected to Vgs. Cannecting pin 2, COL 4,
lo Voo sets the part to 3 x 4 keyboard mode. Keyboard mode
selection is performed during application of power.

Typicat keyboard conligurations are shown in Figure 1.

OSCin, OSCout
Oscillator Input and Oscillator Qutput (Pins 3, 9)

A 3.579545-MHz crystal is required as the frequency refer-
ence lor the on-chip osciilator. Crystal biasing is accomplished
bv an *~ternal resistor and capacitors.
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Telecommunication Device Data, Motorola Inc., 1987






