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ABSTRACT

Nowaday the time is very important to you all . Sometime,, we hurry to leave home and forget to power off
an electrical appliance which may be cause the accidentully to the house. “Electrical Appliance Control
through Telephone Line” can be help to reduce that kind of accident.” When  you left home and can not
know circumstance on an clectrical appliance at needless or clectrical appliance that can be cause any
accident. You can make a telephone call to check and turn them off for the safety purpose. Again , if you
need 1o wrn some of electrical appliance on before you arrive home c.g. air-conditioner , gate lamp , an
electrical vacuum flask for keeping water hot and ecte. it also can be done , you can order them via cither

mobile telephone or basic telephone.
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(Specification Of Electrical Appliances Control Through Telephone Line)
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5.12 U RN UMIMNNUIVIAI1IY (Timing Diagram)
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A 10f13

’-*******‘k**********************************************************.
; Project2 : Electrical Appliance Control Through Telephone Line ;
; Program by: 1.Narabodin Khamdee 40013055 3T/2 7
; 2.Chattcharit Tanita 40013045 3T/2 i

;  Faculty : Engineering of Telecommunication :

;  KMITL : 22/02/2000 :

; ;
,-************************************7\'*******‘k*********************.
’

ORG 000CH

SOUND1  EQU  00H
SOUND2  EQU _-12H
SOUND3  EQU ~"19H
SOUND4 EQU  22H
SOUNDS/ ~EQU__ 28H
SOUND6/ EQU  35H
SOUND7  EQU/ 3CH
SOUND8 ~~EQU " 44H
SOUND9 _EQU  4CH
SQUNDTO EQU-- 1 54H
SOUND1 1/ Z0UH-4L5CH
SOUND12 EQU- - 64H
SOUNDY3/ “EQU " 1 6CH
SOUND14 ~ EQU  74H
SOUND15  EQU - 78H
SOUND16 EQU = 80H
SOUND17 ~“EQU ) 87H
SOUND18- EQU . 94H
SOUND19 EQU . 9AH
SOUND20" EQU ~ OARH
SOUND21 EQU ~ OADH
SOUND22' ~EQU .. 0BOH
SOUND23 ¢EQU,, OBBH
SOUND24 %, EQU ., 0C4H
SOUND25". EQU " 0B2H
SOUND26 EQUw, OE9H
SOUND27 EQU " OBEH
BUFFERL EQU  15H
PORTA EQU 8000H
PORTB EQU 8001H
PORTC EQU 8002H
CONTROL EQU 8003H
SET 8255 EQU  83H

I-****************1\—**********************-******4:**7\'****************-
;

; ;
:  Start Program Electrical Appliance Control Through Telephone b
; ;
’-**********************************v\'*********»A—********************-
’

ST MAIN: MOV DPTR, # CONTROL
MOV A, #SET_ 8255
MOVX @DPTR, A



LCALL DELAY?2
MAIN: CLR P3.2
MOV BUFFER1, OFFH
MOV R7, #05H
MOV R6, #00H
MOV R5, #04H
MOV R4, #0FFH
MOV P3,#11101011B
JNB P3.8,5
LOOP1: MOV R1, #OFFH
LP1: MOV R2, #0FFH
LPZ2: MOV R3, #30H
JNB P3.3, LOOP2
DJINZ R3, 3
DJINZ R2,LPZ
DJINZ R1,LP]
LJIMP MAIN
LOOP2: LCALL DELAY1
JNB P3:3e$
DJINZ R7,LOCP1

R R R R T R R R SR o o
’

. Kk * *
R CHECK INPUT FROM TELEPHONE PASS 9 *
* K * *

o kk ok ok ok ok ok Kk kK N s T e B A I S P I S o S 36 S S o o i A
7

START: SETB B8BTS
MOV P1, #SOUND1
LCALL CE_SOUND
LCALL DELAY
MOV P1, #SOUND2
LCALL CE_SOUND
LCALL DELAY

£k KKk ok ko ok kK kb kR K Kk kR K K K kK K Kk K &k
* ¢

; Tk CHECK INPUT "PASSWORD ., NOT PASS
3 10H 12H PASSWORD INPUT

.k k
7

* K
o
— Lol

7

B R e e R R R R S I o o T U i e o
’

CHK_PASS:
LCALL  CHK_NUMBER
MOV 10H, A
LCALL  CHK NUMBER
MOV 11H, A
LCALL HK_NUMBER
MOV 12H, A
MOV RO, #10H
CJINE @RO, #01H,NO PASS

INC RO

A2 0f13

;set port

;check input=l

;check input=0

;count input

;7Onrelayl

; CHECK PASSWORD 1



CJINE

INC
CJINE
LJMP

@RO, #09H,NO_PASS

RO
@RO, #01H,NO_PASS
STEP1

;************7\‘***’A’*‘A‘*‘A R i i e S S

* K
. kK
’
. kox
’

.k ok
’

CHECK
R5 =

INPUT PASSWORD
INDEX PASSWORD

* K
NOT PASS *ox

* K

* K

;***********************************************

NO_PASS:
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
LJMP

PASS_ERROR: MOV
L.CALL
LCALL
MOV
LEALL
LCALL
MOV
LCALL
LCALL

LJMP

DJINZ

R5, PASS_ERROR
P1, #SOUND4
CE_SOUND
DELAX
pa, #SOUND16
CE_SOUND
DELAY
P1,#SQUND25
CE_SOUND
DELAY
MATN

P1, #SOUND4
CE_SOUND
DELAY
P1, #SOUND2
CE SQUND
DELAY
P1, #SOUND26
CE_SOUND
DELAY

CHK_ PASS

ckkhkkkhk kA hk ok hkhkkhkkhkhkhk Ak h hk khk hkkkkhkhk kkkkkk kkhkkkt*k
’

. koK

* *

* *

CHECK INPUT PASSWORD . PASS

*

ok

* K

R e R I I I I I i b o b R e
’

STEP2: MOV
LCALL
LCALL
MOV

LCALL
LCALL
MOV

LCALL
LCALL
LJMP

MOV
LCALL
LCALL

MOV
LCALL

STEPRL:

STEP3:

P1, #SOUND15
CE_SOUND
DELAY
P1, #SOUND5
CE_SOUND
DELAY
P1, #SOUND26
CE_SOUND
DELAY
S_DEVICE

P1, #SOUND3
CE_SOUND
DELAY

P1, #SOUND5
CE_SOUND

7

’

A3 0f13

CHECK PASSWORD 2

CHECK PASSWORD 3



LCALL

S_DEVICE: LCALL  CHK_NUMBER

OUTPUT

CJINE A, #01H,S 2

LJMP NUMO1

S 2: CJNE A, #02H,S_3
LJMP NUMO2
S_3: CJNE A, #03H,S_4
LJMP NUMO3
S 4: CJNE A, #04H,S_5
LJMP NUM04
S_5: CJNE A, #05H,5-6
LJMP NUMO5
S 6: CJINE A, #06H,. ST
LJMP NUMO6
S 7: CJNE A/#07H|S -8
LJMP NUMOT
S_8: CJNE B, #08H,5 9
LJMP NUMO8
S_9: ‘CINE A, #09H,S 10
LJMP NUMO9
S _10:rLJMp STEP?2

;********9‘*************** s & B SIEF I K K K K CRTE Y L
;**
PR CONTROL “5YSTEW

.k ok
r

DELAY

A 4 0f13

;  SELEC DEVICE

* ek

% o

R R R R R R R R T AR R SRR R R LR R R R R R Rt ok
’

* ok ok ok ok ok ok ok ok ok k ok

NO KEY 1: MOV

LCALL
LCALL
LJMP
NUMO1l: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
I,CALL
LCALL
LJIJMP

S SLEMY

* ok ok kok ok ok ok ok ok kK

P1, #SOUND15
CE_SOUND
DELAY
CONO1

P1, #SOUND6
CE_SOUND
DELAY

IN_DATA
R6, A
A, #00000001B

A, #00000001B, CHK_SYSTEM1
P1, #SOUND14

CE ~SOUND

DELAY

CONO1

; KEY INPUT ERROR

; SYSTEM OUTPUT ON

; R6 = DATA OUTPUT

; SYSTEM OUTPUT ON



CHK _SYSTEM1: CJNE

MOV
LCALL
LCALL

CONO1: MOV
LCALL
LCALL
MOV
LCALL
LCALL

LCALL
LCALL
CJINE
MOV
ANL
LCALL
LJIMP

CHK 01: CJNE

1OV,

ORL A, $#000000018
LCALL ~ OUT_DATA
LJMP END OV
* ok ok ok k ok k ok kokKk K SYSTEM 2 * ok Kkok ok ok kk ok ok ok K

NO KEY 2: MOV
LCALL
LCALL
LJMP

NUMOZ: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
LCALL
LCALL
LJIMP

CHK_SYSTEMZ2: CJNE

MOV
LCALL
LCALL

CONO2: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

A, #00H, NUMO1
P1, #SOUND18
CE_SOUND
DELAY

P1, #SOUND22
CE_SOUND
DELAY
P1, #SOUND23
CE_SOUND
DELAY

DELAY
CHK_NUMBER

A, #0AH, CHK_01
A, R6

A, #111111208
OUT_DATA
END.OFF

A, 4#01H, NO_KEY. 1
A,R6

P1, #SOUNDLS
CE_SOUND
DELAY
coND1

P, #SOUND?
CE( SOUND
DELAY

IN_ DATA
R6; A
A, #00000010B

A, $#00000010B, CHK SYSTEM2

P1, #SOUND14
CE_SOUND
DELAY
CONO2

A, #00H, NUMO2
P1, #SOUND18
CE_SOUND
DELAY

P1, $SOUND22
CE_SOUND
DELAY
P1, #SOUND23
CE_SOUND
DELAY
DELAY

A 50f13

; SYSTEM OUTPUT OFF

; KEY INPUT = 0
; OFF OUTPUT 1

L KEY _TNPEIR= 1
;. ON OUTPUT

1l

;  KEY INPUT ERROR

; R6.= DATA OUTPUT

; SYSTEM OUTPUT ON

; SYSTEM OUTPUT OFF



LCALL
CJINE
MOV
ANL
LCALL
LJIMP

CHK 02: CJNE

MOV A, R6
ORL A, #00000010B
LCALL  OUT _DATA
LJMP END_ON
K H ok ok ok ok ok ok kK ok K SYSTEI\/] 3 * % & % kdddedd kk

NO KEY 3: MOV
LCALL
LCALL
LJMP

NUMO3: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
LCALL
LCALL
LJMP

CHK_SYSTEM3: CJNE

MOV
LCALL
LCALL

CONO3: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

LCALL
CJINE
MOV
ANL
LCALL
LJIMP

CHK 03: CJNE
MOV
ORL
LCALL
LJMP

CHK_NUMBER

A, $0AH, CHK 02
A, R6 -
A, #11111101B
OUT DATA

END OFF

A, #01H,NO_KEY 2

P1, #SOUND15
CE_SOUND
DELAY
CONO1

P1, #SOUNDS
CE_SOUND
DELAY

IN_DATA
RG, A
A, #00000100B

A, #00000100B, CHK SYSTEM3

P1, #SOUND14
CE SOUND
DELAY
CONO3

2, #00H, NUMO3
P1,4SOUNDLS
CE_SOUND
DELAY

P1,#SOUND22
CESOUND
DELAY
P1, #SOUND23
CE_SOUND
DELAY
DELAY

CHK_NUMBER
A, #0AH, CHK_03
A, R6

A, 411111011B
OUT_DATA
END_OFF

A, #01H,NO_KEY 3
A, R6
A, #00000100B
OUT DATA
END_ON

; KEY INPUT

A6 0of13

; KEY INPUT = O
; OFF OUTPUT 2

Il
—

; ON OUTPUT 2

; KEY INPUT ERROR

; R6 = DATA OUTPUT

7~ SYSTEM OUTPUT ON

7 SYSTEM (@UTPUT OFF

; KEY INPUT = 0
; OFF OUTPUT 3

; KEY INPUT =1
; ON OUTPUT 3



E IR S S

NO_KEY 4: MOV
LCALL
LCALL
LJMP

NUMO4: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
LCALL
LCALL
LJIMP

CHK_SYSTEM4: CJNE

MOV
LCALL
LCALL

CONO4: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

LCALL
CJINE
MOV
ANL
LCALL
LJIMP

CHK_04: CJNE

MOV A, R6
ORL A, #00001000B
LCALL  OUT DATA
LJMP END_ON
* ok Kk ok ok ok ok ok ok ok ok ok SYSTEM 5 Kk ok ok ok ok ok ok ok ok ok ok

NO_KEY 5: MOV
LCALL
LCALL
LJMP

NUMO5: MOV
LCALL
LCALL

SYSTEM 4

P1, #SOUND15
CE_SOUND
DELAY
CONO04

P1, #SOUND9
CE_SOUND
DELAY

RO

A, #00001000B

A, $00001000B,CHK-SYSTELNM4

P1, #SOUND14
CE_SOUND
DELAY
CONO4

A, 4008, NUMO4
P1,£SOUND18
CE SOUND
DELAY

Pi, #SOUND22
CE_SOUND
DELAY
P1, #SOUND23
CE_SOQUND
DELAY
DELAY

CHK_NUMBER
a, #0RH, CHK".04
A, RS

B oie 111 00TIE
OUTZDATA

END OFF

A, #01H;NO_KEY 4

P1, #SOUND15
CE_SOUND
DELAY
CONO4

P1, #SOUNDLO
CE_SOUND
DELAY

R R I S

’

’

’

A7 0f13

KEY INPUT ERROR

R6 = DATA OUTPUT

SYSTEM OUTPUT ON

SYSTEM OUTPUT OFF

KEY INPUT = O
OFF OUTPUT 4

|
—

KEY INPUT
ON OUTPUT

>

KEY INPUT ERROR



LCALL  IN_DATA

MOV R6, A

ANL A, #00010000B

CJINE A, #00010000B, CHK SYSTEMS5
MOV P1, #SOUND14 -

LCALL  CE_SOUND

LCALL DELAY

LJMP CONO5

CHK_SYSTEMS: CJNE

A, #00H, NUMOS

MOV P1,#SOUND18
LCALL CE_SOUND
LCALL DELAY

CONO5: MOV P1, #SOUND22
LCALL CE_SOUND
LCALL DELAY
MOV P1,#SOUND23
LCALL CE_SOUND
LCALL DELAY
LCALL DELAY
LCALL CHK NUMBER
CJINE A, #0AH, CHK 05
MOV A, R6
ANL A,#11101111B
LCALL OUT_DATA
LJMP END OFF

CHK_05: CINE
MOV
ORL
LCALL
LJMP

* ok ok ok ok ok ok ok ok ok kK SY

NO KEY 6: MOV
LCALD
LCALL
LJMP

NUMO6: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
LCALL
LCALL
LJIMP

CHK_SYSTEM6: CJINE
MOV
LCALL

A, #01H,NO KBY /5
A, R6
A, #00010000B
OUT_DATA
END_ON

STEM 6 B R i S

P1, #SO0UND15
CE" SOUND
DELAY
CONO®

P1, #SOUND11
CE_SOUND
DELAY

IN _DATA
R6, A
A, #00100000B

A, #00100000B, CHK_SYSTEM6
P1, #SOUND14

CE_SOUND

DELAY

CONO6

A, #00H, NUMO6
P1, #SOUND18
CE_SOUND

A8 0of13

; R6 = DATA OUTPUT

; SYSTEM OUTPUT ON

; SYSTEM OUTPUT OFF

s« KEY INPUT = 0
;. OFF. OUTPUT 5

|
—

NN TNIPOC =
; ON OUTPUT 5

; KEY INPUT ERROR

; R6 = DATA OUTPUT

; SYSTEM OUTPUT ON

; SYSTEM OUTPUT OFF



LCALL

CONO6: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

LCALL
CJINE
MOV
ANL
LCALL
LJMP

CHK _06: CJNE

MOV A,
ORL ,# TOOC00R
LCALL OUT DATA
LJMP END_ CN
* ok ok ok ok k ok ok ok okk Kk SYSTEM 7 Bk K ek KAk K YTk

NO_KEY 7: MOV P1, $SOUND15
LCALL CE SOUND
LCALL DELAY
LJMP CONO7

NUMQO7 & MOV B 1N DV
LCALL . LCE SCUND
LCALL DELAY
LCALL IN _DATA
MOV R6,A
ANL A, #01000000B
CJNE A,#OlOOOOOOB,CHK_SYSTEM7
MOV P1, #SOUND14
LCALL CE_SOUND
LCALL DELAY
LJMP CONO

CHK_SYSTEM7: CJNE
MOV
LCALL
LCALL

CONO7: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

LCALL
CJINE
MOV

DELAY

P1, #SOUND22
CE_SOUND
DELAY

CHK_NUMBER
A, #0AH, CHK_06
A, R6

A, #11011111B
OUT_DATA

END OFF

A, 401H, NO=KEY"6

A, #00H, NOVMO?7
P1, #SOUND18
CE_SOUND
DELAY

P1, #SOUND22
CE_SOUND
DELAY
P1, #SOUND23
CE_SOUND
DELAY
DELAY

CHK_NUMBER
A, #0AH, CHK 07
A, R6

A9 o0f13

KEY INPUT = O
OFF OUTPUT 6

KEY INPUT =
ON QUTPUT

[
J—

KEY INPUT ERROR

R6 = DATA OUTPUT

; SYSTEM OUTPUT ON

; SYSTEM OUTPUT OFF

KEY INPUT = O



ANL
LCALL
LJMP

CHK 07: CJNE

A, #10111111B
OUT DATA
END_OFF

A, #01H,NO_KEY 7

MOV A, R6
ORL A, #01000000B
LCALL OUT_ DATA
LJMP END ON
Kok ok k ok ok ok kK kKK SYSTEM 8 %% % ko %k x kb5

NO KEY 8: MOV
LCALL
LCALL
LJMP

NUMO8B: MOV
LCALL
LCALL

LCALL
MOV
ANL

CJINE
MOV
LCALL
LCALL
LJMP

CHK_SYSTEM8s CJINE

MOV
LCALL
LCALL

CONO8: MOV
LCALL
LCALL
MOV
LCALL
LCALL
LCALL

LCALL
CJINE
MOV
ANL
LCALL
LJMP

CHK_08: CJNE
MOV
ORL
LCALL
LJMP

EIR IR S kS i

P1, #SOUND15
CE_SOUND
DELAY
CONO8

P1,4SOUNDI13
CE”500ND
DELAY

IN_DATA
R6, A
A, #10000000B

A, #10000000B, CHK SYSTEM8

P1, #SOUND14
CE_SOUND
DELAY
CONO8

A, #00H, NUMOS
P1, #SOUNDLS
CE_SOUND
DELAY

P1, #SOUND22
CE_SQUND
DELAY
P1,#SOUND23
CE_SOUND
DELAY
DELAY

CHK_NUMBER
A, $0AH, CHK 08
A, R6

A, #01111111B
OUT_DATA
END_OFF

A, #01H,NO _KEY 8
A,R6
A, #10000000B
OUT_DATA
END_ON

SYSTEM 9 R S A o S

A 10 of13

OFF OUTPUT 7

KEY INPUT =
ON OUTPUT

~ |
—

KEY INPUT ERROR

R6 = DATA OUTPUT

; SYSTEM OUTPUT ON

i SYSTEM OUTPUT OFF

KEY INPUT = 0
OFF OUTPUT 8

KEY INPUT = 1
ON OUTPUT 8



NO KEY 9: MOV
LCRL
LEBLL
LJMP

NUMO9: MOV
LCALL
LCALL

CONO9: MOV
LCALL
LCALL

LCALL
CJINE
MOV
LCALL
LJMP

CHK_09: CJNE

P1, #SOUND15
CE_SOUND
DELAY
CON09

P1, #S0OUND22
CE_SOUND
DELAY

P1l, #SOUND27
C OUND
Y

E S
DELA

CHK_NUMBER

A, #0AH, CHK_09
A, #00H
OUT_DATA
END_OFF

A, #01H,NO_KEY\ 9

A 11 0f13

; KEY INPUT ERROR

; OFF OUTPUT ALL

MOV A, #0FFH ; ON OUTPUT ALL
LCALL/ #OUT_DATA
LJMP END_ON

Lk k ok ok ok ok ok k ok ok ok kA ok ok Ak h ok ok ok ok ok k ok ok Aok ok ok ok ok ok ok ok k ok K ok Rk o ok ok ok koK
i

.k ok
r

3 END PROGRAM

. kK
’

* x

* K

* K

R R e i o R S B R S R o ok b T o o
’

END_OFF: MOV
LCALL
LCALL
LJMP

END ON: MOV
LORNL
LCALL

CON_END: MOV
LOALL
LCALL

LCALL

CJINE
OF PROGRAM

MOV
PROGRAM

LCALL

LCALL

MOV
PROGRAM

LCALL

LCALL

LJMP

CHK_END: CJNE

P1, #SOUND21L
CE[ SOUND
DELAY
CON_ END

P1,/#SOUND20
CE_SOUND
DELAY

Pl #SOUND24
CE_SOUND
DELAY,

CHK_NUMBER
A, #0RH, CHK END

P1, #SOUND16
CE_SOUND
DELAY

P1, #SOUND25
CE_SOUND
DELAY

MAIN

A, #01H, SOUND ERROR

RETURN CONTROL DEVICE

LJIMP

STEPR3

; KEY = 0 => END
; SOUND END OF
; SOUND END OF
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SOUND ERROR: MOV P1, #SOUND15
ERROR

; SOUND KEY

LCALL  CE_SOUND
LCALL  DELAY
LJMP CON_END

;******************* END MAIN PROGRAM

;X R Rk e sk e sk sk e ke ok ke ok ok ok ok ok ko ke kR ok kS ko ok ok ok Kk ko
’-** * x
P SUBPROGRAM SERVICE MAINPROGRAM *x
* x * K

,-***********************************************

RS R E RSB REERERE" F RS Rt bl IR ekt e e T TR T
’

P ok
L PROGRAM DELAY [TIME i~
P b

ek ok hhk ok ok kb ok okkk kkk ok k ok ok ok ok kok ok ok ok kk h ok kK ok ok ke ox ok ok ok kR ok ok ke
’

DELAY: MOV R1,#090H
L4: MOV R2, #22H
L3: MOV R3, #3H

DJINZ R3,$

DJNZ R2,13
DJNZ R1, L4
RET

DELAY1% |\ MOV R M7
L1: MOV R27+4 554
L2: MOV R3, #03H

DJINZ R3S
DJNZ R2, 12
DJNZ R1, L1
RET
DELAY2: MOV R1, #77H
L5: MOV R2, #33H

DJINZ R2,S
DJINZ R1,L5
RET

I R R R R R R SR EE R ER SRR RS EE SRR R R R I
¥

;** * *
7 e PROGRAM SELECT SOUND * ok
* % * %

ek hhkkhkk kA A A A A bk hkh bk ok hhhkhhk sk khhhdhkkdhhhk ok dk ok k k&K
’

CE_SOUND: CLR P3.0
LCALL DELAY1
SETB P3.0



A 13 0f13

JNB P3.1,5
LOOP5: JNB P3.1, STOP
LJIMP LOOP5

STOP: RET

;***********************************************

.k Kk * ok
. koK PROGRAM CHECK NUMBER FROM INPUT *x
.« kK * K

;***********************************************

CHK NUMBER:

J P3.4,$ ;check input = 0
MOV R1, #OFFH
LP3: MOV R2, #0FFH
LP4: MOV R3, #50H
JB P3.4,ST-MOV ;check input =1
DJINZ R3,$
DJINZ R2 ,LP4
DJINZ R1,LP3
LJMP MAIN
ST MOV: MOV DPTR, # PORTC
MOVX A, @DPTR
ANL A, #0FH
RET

B I Y S S g S S S I I R SO TR e S O S T S A S
’

s *k
Jn PROGRAM ~RECIVER DATA FROM 8255 i
Lk * ok

R R R R I R R SR S T o e S o ki
r

IN DATA: MOV DPTR, #PORTB
MOVX A, @DPTR
RET

B o o S S e I I S S R T b e R I R S U S S
’

P ok
A PROGRAM . SEND DATA TO 8255 e
. kK * &

ek ok h ok kA Ak ohkk ok ok Kk ok hkFF ok k ok ok k ok ok ok ok ok ok ok k ok k ok ok ok ok ok ok ok ok ok ox k ok ok ok ok
’

OUT_DATA: MOV DPTR, #PORTA
MOVX @DPTR,A
RET

;***************************k*******************

. koK * K
’

Haad PROGRAM SET & CLEAR INTERRUPPTIMER it

.k k *

B i o 2 2 S S I e I SR o e e I e S
‘

SET_INT: MOV TMOD, #90H
MOV TH1, #0FFH
MOV TL1, #0FFH
SETB TR1
MOV IE, $88H
RET

END
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MITEL

1s02-cmos MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers
Telephone answering machine

ISSUE 5 March 1997

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

VDD VSS VRef INH
A
PWDN — > Sy
Circuit VRef
Buffer
! £ s o
Chip  Chi )
pow‘;, Biaé’ High Group ﬂ- Digital Code
Filter Detection Converter % £ > Q2
Algorithm and Latch

(e TDoigeIa Zero Crossing

IN- Filter Detectors > Q3
E— Low Group 1
&S Filter _D— _&—-’ Q4
loal > St Steerin
" Chip - 9
Clocks € GT Logic x
VWA
v v
OSsC1 osc2 SYGT ESt STD TOE

Figure 1 - Functional Block Diagram

411



MT8870D/MT8870D-1 1S02-CMOS

[l
IN+ (] 1 18| vDD IN+ [ 1 H 20[] vDD
IN-[] 2 17 SvGT IN-C] 2 19 SYGT
Gs[] 3 16 ] ESt Gs[] s 18] ESt
VRef [| 4 15|71 StD VRef (] 4 177 st
INH[] 5 14] Q4 INH[] 5 161 NC
PWDN [] 6 137 Q3 PWDN [] 6 150 4
osci(] 7 1217 Q2 NC [ 7 140 q3
oscz2(] 8 10 Q1 osc1[] 8 130 Q2
vss[] 9 10[] TOE osca2] 9 1217 Q1
vss [} 10 1] T0E
18 PIN PLASTIC DIP/SOIC 20 PIN SSOP

Figure 2 - Pin Connections

Pin Description

Pin #
18 | 20 Name Description
111 IN+ Non-Inverting Op-Amp (Input).
2|2 IN- Inverting Op-Amp (Input).
3|3 GS Gain Select. Gives access to output of front end differential amplifier for connection of

feedback resistor.

4 | 4 Vmet |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

515 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN [Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

7|8 OSC1 |Clock (Input).

819 0SC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 |10 Vgg |Ground (Input). 0V typical.

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pinis
pulled up internally.

11-[12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15 | 17 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below Vrgt.

16 | 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 119 | SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vrg; detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16




IS02-cmMOos  MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1  monolithic  DTMF
receiver offers small size, low power consumption
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 verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
-filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

MT8870D/
MT887°5-1 ’GTA=(RC)/”(IVPD/VTSI}
o/(Vop-Vrsd]

tare=(RC)I[Vp,

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges.

Provided signal

PRECISE
| DIAL TONES

10

X=350 Hz

¥ —  Y=440 Hz

20

DTMF TONES

A=697 Hz
B=770 Hz

ATTENUATION
(dB)

30

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

40 2

G=1477 Hz

H=1633 Hz

50 4 l

1

i

FREQUENCY (Hz)
Figure 3 - Filter Response
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ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (tgTp), V. reaches the threshold
(Vrgy) cf the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed 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 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in ieverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

lrec=lpPicTP
lip=lpaticTa
The value of tpp is a device parameter (see Figure

11) and tggc is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

tarP=(RpC1)In[Vpp/(Vpp-Vrs)]

\Y
oo O I teTa=(R1C1)In(Vppo/Vrsy
C4

Rp=(R,RM(B+R2)
svaT()

Ry

O a) decreasing tgtp; (taTp<taTA)

tarp=(R:C)In[Vppo/(Vop-Vrsd]
Voo tara=(RCIN(Vop/Vrs)

. “ Re=(R1RM(Rr+F)
stGT()

b) decreasing tgra; (laTP>taTA)

Figure 5 - Guard Time Adjustment

4-14

Digit | TOE | INH ESt Q4 Qs Qo Q4
ANY L X H z Z Z z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H ¢} 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
h H X H 1 0 1 1
# H X H 1 1 0 0
A H E; H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H IL H 0 0 0 0
A H H L
B H H L undetected, the output code
will remain the same as the
C H H L |previous detected code
D H H L

Table 1. Functional Decode Table

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

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tggc
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down MT8870D/
the device to minimize the power consumption in a MT8870D-1

standby mode. It stops the oscillator and the T
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
‘code (see Table 1).

Differential Input Configuration

VRet
0O

The input arrangement of the MT8870D/MT8870D-1 Differential Input Amplifier
provides a differential-input operational amplifier as C1=Cp=10nF .
well as a bias source (VRges) Which is used to bias the 2;@8;&5?3237*‘2 A gfj'zg{g‘rsafreiI_LZ"Q/iot'g@g%%e.
inputs at mid-rail. Provision is made for connection of RsRs
a feedback resistor to the op-amp output (GS) for R T
adjustment of gain. In a single-ended configuration, 4= R
the input pins are connected as shown in Figure 10 VOLTAGE GAIN (A, diff)= -R—‘:’
with the op-amp connected for unity gain and Vg
biasing the input at '/,Vpp. Figure 6 shows the INPUT IMPEDANCE
differential  configuration, which  permits the TN 2
adjustment of gain with the feedback resistor Rs. (Zinoire) =21/ R2+ (’E)

Crystal Oscillator

Figure 6 - Differential Input Configuration
The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single- : I To OSC1 of next
Ended Input Configuration). However, it is possible to c T8870D/MT8870D-1
configure several MT8870D/MT8870D-1 devices
.employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSCH1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the 30 oF
arrangement shown, i.e., precision balancing X-tal=3.579545 MHz
capacitors are not required.

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af Y% +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1f R1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

tap=(RpC 1 )in[" pp/(Vpp-Vrs)]

The circuit shown in Fig. 9 illustrates the use of .
MT8870D-1 device in a typical receiver system. BT g el g
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained Vob O——_—L Rp=(R1AMA+Rz)
by choosing a suitable values of Ry and R, to (o)
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time a

1

requirements when the total component tolerance is Re gOt%sé:BK O 1%
. . = = o
6%. For better performance, it is recommended to R;=2_2MQJ£ 1%

use the non-symmetric guard time circuit in Fig. 8. C1=100nF * 5%

uard Time

MT8870D-1

IN+ I_l VDD
IN- SUYGT
GS ESt
VRef StD
INH Q4
PWDN Q3
OSsC 1 Q2 NOTES:
0sC2 Q1 Ry =102KQ + 1%
Ves Ro=71.5KQ £ 1%

Ry = 390KQ +1 %
C1.Cg =100 nF + 5%
X; = 3.579545 MHz + 0.1%
Vpp = 5.0V + 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \Y
2 | Voltage on any pin \ Vgg-0.3 Vpp+0.3 \
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mwW

T Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °C. All leads soldered to board.

Recommended Operating Conditions - Voltages are with respect to ground (Vgg) unless otherwise stated.

Parameter Sym Min Typ# Max | Units Test Conditions
1 | DC Power Supply Voltage Vop 4.75 5.0 5.28 V
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freqg.Tolerance Afc +0.1 %
+ Typical figures are at 25° C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vpp=5.0v+ 5%, Vgg=0V, -40°C < T < +85°C, unless otherwise stated.

Characteristics Sym Min Typ# Max Units Test Conditions

1 | S |Standby supply current lopa 10 25 LA |PWDN=Vpp

g Operating supply current lop 3.0 9.0 mA
3 t Power consumption Po 15 mW | fc=3.579545 MHz

Y
4 High level input Viy 3.5 V. |Vpp=5.0V
5 Low level input voltage Vi 1.5 Vpp=5.0V
61, Input leakage current i/l 0.1 BA | V|n=Vgsor Vpp
7 :‘3‘ Pull up (source) current Iso 7.5 20 pA | TOE (pin 10)=0,

U Vpp=5.0V
8 ; Pull down (sink) current ls) 15 45 tA  [INH=5.0V, PWDN=5.0V,

Vpp=5.0V

9 Input impedance (IN+, IN-) Rin 10 MQ | @ 1kHz
10 Steering threshold voltage Vst 2.2 2.4 2.5 \ Vpp = 5.0V
11 Low level output voltage VoL Vgs+0.03 V  |No load
12 8 High level output voltage Vou |Vpp-0.03 V  [No load
13 | T |Output low (sink) current loL 1.0 25 mA |Vour=0.4V
14 S Output high (source) current loH 0.4 0.8 mA  |Voyt=4.6 V
15 ; VRet OUtput voltage VRef 2.3 25 2.7 \ No load, Vpp = 5.0V
16 VRet OUtput resistance Ror 1 kQ

+ Typical figures are at 25° C and are for design aid only: not guaranteed and not subject to production testing.

417



MT8870D/MT8870D-1 1s02-cMOS

Operating Characteristics - vpp=5.0v45%, vgg=0v, -40°C < To <+85°C unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Input leakage current Iin 100 nA Vss< VN < Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75V < V|y<4.25V biased
at Vges=2.5V
6 | DC open loop voltage gain Avor 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 4.0 Vpp | Load 2100 kQ to Vgg @ GS
9 | Maximum capacitive load (GS) Cp 100 pF
10 | Resistive load (GS) R_ 50 kQ
11 | Common mode range Vem 2.5 Vpp | No Load

MT8870D AC Electrical Characteristics - vpp=5.0v +5%, Vss=0V, -40°C < T < +85°C, using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
Valid input signal levels (each -29 +1 dBm 1,2,3,5,6,9
11 tone of composite signal
P oy 27.5 869 | mVaus | 1,2,3.5.6.9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 daB 2,3,6,9,12
4 | Frequency deviation accept +1.5% £2 Hz 2,35,9
5 | Frequency deviation reject +3.5% 2,3,5,9
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
t Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm="decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %% 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) * 2 %.
9. For an error rate of better than 1in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.



1ISO%-cMOS  MT8870D/MT8870D-1

MT8870D-1 AC Electrical Characteristics - vpp=5.0v£5%, Vgg=0v, -40°C < T < +85°C , using Test Gircuit shown

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.

in Figure 10.
Characteristics Sym Min Typ¥ | Max Units Notes*
1 | Valid input signal levels (each -31 +1 dBm | Tested atVpp=5.0V
tone of composite signal) 518 869 | mVpys | 35,69
) ] -37 dBm Tested at Vpp=5.0V
2 | Input Signal Level Reject 123569
10.9 mVRMS e
3 | Negative twist accept 8 ds 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2,3,5,9
6 | Frequency deviation reject +3.5% 2,3,59
7 | Third zone tolerance -18.5 dB 2,3,45,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
t Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
“NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by *1.5 %+ 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
-8. The precise dial tone frequencies are (350 Hz and 440 Hz) £2 %.
9. For an error rate of better than 1 in 10,000.



MT8870D/MT8870D-1 1S02-CMOS

AC Electrical Characteristics - Vpp=5.0Vt5%, Vgg=0V, -40° C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym Min Typ* Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 I\I/I Tone duration accept trec 40 ms |Note 2
4 ,L Tone duration reject tRec 20 ms |Note 2
5 | G linterdigit pause accept tp | 40 ms  |Note 2
6 Interdigit pause reject tbo 20 ms  |Note 2
7 Propagation delay (St to Q) trq 8 11 us  |TOE=Vpp
8 | o |Propagation delay (St to StD) tpsto 12 16 pus |TOE=Vpp
9 $ Output data set up (Q to StD) tastp 3.4 pus  |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpre 50 ns |load of 10 kQ,
T 50 pF
11 S Propagation delay (TOE to Q DISABLE) | tpp 300 ns |load of 10 k€,
50 pF
12 | P |Power-up time tpy 30 ms [Note 3
13 \Zv Power-down time tpp 20 ms
14 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
15 E Clock input rise time tiHoL 110 ns |Ext. clock
16 | O |Clock input fall time thioL 110 | ns |Ext clock
17 ﬁ Clock input duty cycle DC¢( 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) Cio 30 pF

1 Typical figures are at 25° C and are for design aid only: not guaranteed and not subject to production testing.

*NOTES:
1

Used for guard-time calculation purposes only.

2. These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.

3 With valid tone present at input, tpy equals time from PDWN going low until ESt going high.

DTMF
Input

MT8870D/MT8870D-1

IN+ = Vop
IN- StYGT
GS ESt
VRef StD
INH Q4
PDWN Q3
OSsC 1 Q2

Q1

NOTES:

Ry,Ro=100KQ £ 1%
R3=300KQ + 1%

C1 ,Cz=1 00 nF + 5%
X-tal=3.579545 MHz + 0.1%

LIJLJLJLJLWL,"LJLF'T

Figure 10 - Single-Ended Input Configuration
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I o
EVENTS A l B I C l E I F I G
| | | f | |
o e o e et o e
I I | TONE
TONE
Vin I I TR #n+1 #n+1
T

« _ [
|
SYGT A P ' | ' L_f ]

lra—s| le—
| le—lasp
AR HIGH IMPEDANCE —————
Q;-Q4 DECODED TONE # (1) 0( [ #n * #(n+1)
| | ————
tsp—3  le— | [
| l I
StD ] I——_ll A\ W
—! <_t — |<— PTE
TOE ! PTD
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
t ©) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.
D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DEGODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.
EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q¢-Q, 4-BIT DECODED TONE OUTPUT.

StD DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.
tReC MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

tio MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

tbo MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

tba TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

tgtp  GUARD TIME, TONE PRESENT.
tata  GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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ISD2560/75/90/120 Products

Single-Chip Voice Record/Playback Devices
60-, 75-, 90-, and 120-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 1SD2500 Chip-
Corder® Series provides high-quality, single-chip
Record/Playback solutions for 60- to 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscillator, microphone pream-
plifier, autornatic gain control, antialiasing filter,
smoothing filter, speaker amplifier, and high den-
sity mulfi-level storage amray. In addition, the
ISD2500 is microcontroller compdatible, allowing
complex messaging and addressing to  be
achieved.

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented mutiilevel storage
technology. Voice and audio signals are stored
directy info memory in their natural form, providing
high-quality, solid-state voice reproduction.

FEATURES

Easy-to-use single-chip voice Record/
Playback solution

High-quality, natural voice/audio reproduction

Manual switch or microcontroller compatible
Playback can be edge- or level-activated

Single-chip durations of 60, 75, 90, and 120
seconds

Directty cascadable for longer durations
Automatic Power-Down (Push-Button Mode)
— Standby curent 1 pA (typical)
Zero-power message storage

— Eliminates battery backup circuits

Fully addressable to handle multiple
messages

100-year message retention (typical)

Table 2-76: 1SD2560/75/90/120 Product Su

1ISD2560 60

8.0 3.4
ISD2575 75 6.4 2.7
1ISD2590 %0 5.3 2.3
ISD25120 120 4.0 1.7

I1SD




1SD2560/75/90/120 Products

Product Data Sheets

« 100K record cycles (iypical)

»  On-chip clock source

+  Programmer support for play-only applications
+ Single +5 volt power supply

« Avdiable in die form, DIP, SOIC, and TSOP
packaging

« Industial temperature (-40°C to +85°C)
versions available

DETAILED DESCRIPTION

Speech/Sound Quality

The 1SD2500 Series includes devices offered at
4.0, 5.3, 6.4, and 8.0 KHz sampling frequencies,
allowing the user a choice of speech quality op-
tions. Increasing the duration within a product se-
fes decreases the sampling frequency and
pandwidth, which affects sound quality. Please re-
ferto the 1SD2560/75/90/120 Product Summary ta-
ble on the previous page to compare fitter pass
band and product durations.

The speech samples are stored directty into on-
chip nonvolatile memory without the digitization
and compression associated with other solutions.

Direct analog storage provides a very frue, natural
sounding reproduction of voice, music, tones,
and sound effects not available with most solid-
state digital solutions.

Duration

To meet end system requirements, the 1SD2500
Series offers single-chip solutions at 60, 75, 90.
and 120 seconds. Parts may also be cascaded
together for longer durations.

EEPROM Storage

One of the benefits of ISD’s ChipCorder technology
is the use of on-chip nonvolatile memory, provid-
ing zero-power message storage. The message is
retained for up to 100 years fypically without pow-
er. In addition, the device can be re-recorded
fypically over 100,000 times.

Microcontroller Interface

In addition to its simplicity and ease of use, the
1SD2500 Series includes all the interfaces necessary
for microcontioller-driven applications. The ad-
dress and confrol lines can be interfaced to a mi-
crocontioller and manipulated fo perfom @
variety of tasks, including message assembly,
message concatenation, predefined fixed mes-
sage segmentafion, and message manage-
ment.

Figure 2-33: 1SD2560/75/90/120 Device Block Diagram

[ intemal Clock }—ﬁrmng - .
o = i -~ ChipCorder®
AR O lly SPoechs - ) !
ANAOUT O] _% K e ol Ache
MiC Pre” 18| Muttievel Storoge Smoothing Fitter | -
MIC REF O % ’ 1° Amay
AGC O | St
(AGC) ; 4 k
[Power Condtioning |- [ Addiress Buff il Device Confiol
T 1 T 1 1T 1=t T desls
S S S N A A Qs A A A 0 S A SR
Vocr Ven Veo Voco AO Al A2 A3 A4 AS A6 A7 AB A9 PD O PR CE
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Programming

The 1SD2500 Series is also ideal for playtack-only
applications, where single or multiple messages
are referenced through buttons, switches, or a mi-
croconfroller. Once the desired message config-
uration is created, duplicates can eqsity be
generated via an ISD nrogrammer.

PIN DESCRIP1{ONS

Voltage Inputs (Ve Veop)

To minimize noise, the analog and digital circuits
in the ISD2500 Series devices use separate power
busses. These voltage busses are brought out to
separate pins and should be tied together as
close to the supply as possible. In addition, these
supplies should be decoupled as close fo the
package as possible.

Ground Inputs (Vsga, Vssp)

The ISD2500 Series of devices utilizes separate an-
alog and digital ground busses. These pins should
be connected separately through a low-imped-
ance path to power supply ground. The backside
of the die is connected to Vg through the sub-
strate resistance. In a chip-on-board design the
die attach area must be connected to Vgg or left
floating.

Power Down Input (PD)

When not recording or playing back, the PD pin
should be pulled HIGH to place the partin a very
low power mode (see lsg specification). Wnen OVF
pulses LOW for an overflow condition, PD should
be brought HIGH to reset the address pointer back
to the beginning of the Record/Playback space.
The PD pin has additional functionality in the Mé
(Push-Button) Operational Mode described later in
the Operational Mode section.

Chip Enable Input (EE)

The CE pin is taken LOW to enable all Playback
and Record operations. The address inputs and
Playback/Record input (P/R) are latched by the
faling edge of CE. CE has additional functionality
in the Mé (Push-Bufton) Operational Mode de-
scribed later in the Operational Mode section.

Playback/Record Input (P/E)

The P/R input is latched by the falling edge of the
CE pin. A HIGH level selects a Playback cycle
while a LOW level selects a Record cycle. For a
Record cycle, the address inputs provide the start-
ing address and recording continues until PD or
CE is pulled HIGH or an overflow is detected (i.e.
the chip is full). When a Record cycle is terminated
by puling PD or CE HIGH, an End-Of-Message
(EOM) marker is stored at the current address in
memoty. For a Playback cycle, the address inputs
provide the starfing address and the device will
play until an EOM marker is encountered. The de-
vice can continue past an EOM marker in an op-
erational mode, or if CE is held LOW in address
mode. (See page 2-122 for more Operational
Modes).

End-Of-Message / RUN Output (EOM)

A nonvolatile marker is automatically inserted at
the end of each recorded message. It remains
there until the message is recorded over. The EOM
output pulses LOW for a period of Tgop at the end

of each message.

In addition, the ISD2500 Series has an infernal Ve
cetect circuit to maintain . message  integrity
should V¢ fall below 3.5V. In this case, EOM goes
LOW and the device is fixed in Playback-only
mode. .‘
When the device is configured in Operational
Mode M6 (Push-Button Mode), this pin provides an
active-HIGH RUN signdl, indicating the device is
cumently recording or playing. This signal can con-
veniently drive an LED for a visual indicator of a
Record or Playback operation in process.

Overflow Output (WF)

This signal pulses LOW at the end of memory
space, indicating the device has been filled and
the message has overflowed. The OVF output
then follows the CE input until a PD pulse has reset
the device. This pin can be used to cascade sev-
eral ISD2500 devices together fo increase Record/
Playback durations.

ISD
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Figure 2-34: 1SD2560/75/90/120 Device Pinouts

O_VF Clie 32
ﬁ (= P 31
PD 3 30

EOM [ « 29

XCLK 5 28
PR 6 2

VCCD 7 26
NC (8 1SD2560/75/90/120 g
NC 9 24

AOMO 10 2
AIMI C 1 2
A2M2 ] 12 21
A3M3 113 2
A4MA ] 14 19
ASMS 15 18
Ab/M6 T 16 Ly

32-PIN TSOP

1SD2560/75/90/120

Ao {1 @ 28 |1 Veeo
a2 27 PR
[ ana ot rm2l3 26 [ XClk
1 ANA IN A3M3 [ 4 25 [ ] EOM
[ AGC L
) i e AsMa s 24 [ ] E
1 MIC asms 6 231 CE
=] \Slgu AbM6 ] 7 22 [ 1 OW
: S
= ne A7[s 21 [1 anaour
M NC A9 20 ] ANAIN
g\slw A9 [0 19 [ AGC
SSA
1 Vo AUXINC 18 [1 MICREF
1 AUXIN Vso 12 17 [ Mic
1 A9
1 A8 VSSA[:H 16 :]ch\
M A7 P+ a4 15 [ sP-
DIP/SOIC

Microphone Input (MIC)

The microphone input fransfers its signal fo the on-
chip preamplifier. An on-chip Automatic Gain
Control (AGC) circuit confrols the gain of this
preamplifier from =15 to 24 dB. An extemal micro-
phone should be AC coupled fo this pin via a se-
ries capacitor. The capacitor value, fogether with
the infemnal 10 K ohm resistance on this pin, deter-
mines the low-frequency cutoff for the ISD2500
Series passband. See Chapter 5, Application Infor-
mation for additional information on low-frequen-
cy cutoff calculation.

Microphone Reference Input (MIC REF)

The MIC REF input is the inverting input to the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input to the
device when connected to a differential micro-
phone.

Automatic Gain Control Input (AGC)

The AGC dynamically adjusts the gain of ihe
preamplifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of whispers to loud sounds o be recorded
with minimal distortion. The “attack” time is deter-
mined by the time constant of a 5 KQ infemal re-
sistance and an extemal capacitor (C2 on the

_schematic on page 2-135) connected from the

AGC pin to Vgga analog ground. The “release” time
is determined by the time constant of an external
resistor (R2) and an extemal capacitor (C2) con-
nected in parallel between the AGC Pin and Vgga
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

Analog Output (ANA OUT)

This pin provides the preamplifier output to the us-
er. The voltage gain of the preamplifier is deter-
mined by the voltage level at the AGC pin.

2-120
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Analog Input (ANA IN)

The analog input pin fransfers its signal to the chip
forrecording. For microphone inputs, the ANA OUT
pin should be connected via an extemal capaci-
tor to the ANA IN pin. This capacitor value, togeth-
er with the 3.0 KQ input impedance of ANA IN, is
selected to give additional cutoff at the low-fre-
quency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directty.

External Clock Input (XCLK)

The external clock input for the 1SD2500 devices
has an internal pull-down device. These devices
are configured at the factory withan infemal sam-
pling clock frequency centered to £1% of speci-
fication. The frequency is then maintained o a
varation of =2.25% over the entire commercial
temperature and operating voltage ranges. The
infernal clock has a =5% tolerance over the in-
dustrial temperature and voltage range. A regu-
lated power supply is recommenaed for industrial
temperature range parts. If greater precision is re-
quired, the device can be clocked through the
XCLK pin as follows:

Table 2-77: External Clock Sample Rates

rt
1SD2560 8.0 KHz 1024 KHz
1ISD2575 6.4 KHz 819.2 KHz
1SD2590 5.3 KHz 682.7 KHz
1SD25120 4.0 KHz 512 KHz

These recommended clock rates should not be
varied because the anfialiasing and smoothing fitters
are fixed, and dliasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as
the clock is immediately divided by two. If the
XCILK is not used, this inpuf must be con-
necfed to ground.

Speaker Outputs (SP+/SP-)

All devices in the 1SD2500 Series include an on-chip
differential speaker driver, capable of driving 50
milliwatts into 16 Q from AUX IN (12.2 mW from
memory).

The speaker outputs are held at Vssa levels during
record and power down. It is therefore not possi-
ble to parallel speaker outputs of multiple ISD2500
devices or the outputs of other speaker drivers.

NOTE Connection of speaker outputs In parallel
may cause damage fo the device.

A single output may be used alone (including @
coupling capacitor between the SP pin and the
speaker). These outputs may be used individually
with the output signal taken from either pin. Using
the differential outputs resultsina 4:1 improvement
in output power.

NOTE Never ground or drive an unused speaker
output. :

Auxiliary Input (AUX IN)

The Auxiliary Input is multiplexed through to the
output ampilifier and speaker output pins when CE
is HIGH, P/R is HIGH, and Playback is cumrently not
active or if the device is in Playback overflow.
When cascading multiple ISD2500 devices, the
AUX IN pin is used to connect a Playback signal
from a following device to the previous output
speaker drivers. For noise considerations, it is sug-
gested that the audliary input not be driven when
the storage array is active.

Address/Mode Inputs (Ax/Mx)

The Address/Mode Inputs have two functions de-
pending on the level of the two Most Significant
Bits (MSB) of the address (A8 and A9).
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Tab

le 2-78: Operational Modes Table

s AR

MO Message cueing Fast-forward through messages

M1 Delete EOM markers Position EOM marker at the end of the last M3, M4, M5, M6
message

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from Address O M1, M5, M6

M4 Consecutive addressing | Record/Play multiple consecutive MO, M1, M5
messages

M5 CE level-activated Allows message pausing MO, M1, M3, M4

Mé Push-button control Simplified device interface MO, M1, M3

1. Indicates additional operational modes which can be used simuftaneously with the glven mode.

If either or both of the two MSBs are LOW, the inputs
are all interpreted as address bits and are used as
the start address for the current Record or Play-
back cycle. The address pins are inputs only and
do not output infernal address information as the
operation progresses. Address inputs are latched
by the falling edge of CE.

If both MSBs are HIGH, the Address/Mode Inputs
are interpreted as Mode bits according to the Op-
erational Mode table. There are six operational
modes (MO..Mé) available as indicated in the ta-
ble. It is possible to use multiple operational
modes simultaneously. Operational Modes are
sampled on each falling edge of CE, and thus
Operational Modes and direct addressing are
mutually exclusive.

OPERATIONAL MODES

The 1SD2500 Series is designed with several built-in
operational modes that provide maximum func-
fionality with minimum additional components.
These are described in detail below. The opera-
tional modes use the address pins on the ISD2500
devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A8 and A9), the remaining ad-

dress signals are interpreted as mode bits and not
as address bits. Therefore, operational modes
and direct addressing are not compatible and
cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
fially at address 0, which is the beginning of the
ISD2500 address space. Later operations can be-
gin at other address locations, depending on the
operational mode(s) chosen. In addition, the ad-
dress pointer is reset to 0 when the device is
changed from Record to Playback, Playback to
Record (except M6 mode), or when a Power-Down
cycle is executed.

Second, Operational Modes are executed when
CE goes LOW and the two MSBs are HIGH. This Op-
erational Mode remains in effect until the next
LOW-going CE signal, at which point the curent
address/mode levels are sampled and executed.

OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
fion with a microcontroller, or they can be hard-
wired to provide the desired system operation.
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M0 — Message Cueing

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each CE LOW pulse
causes the internal address pointer to skip to the
next message. This mode should be used for Play-
back only, and is typically used with the M4 Oper-
afional Mode.

M1 — Delete EOM Markers

The M1 Operational Mode allows sequentially re-
corded messages to be combined into a single
message with only one EOM mairker set at the end
of the final message. When this operational mode
is configured, messages recorded sequentially
are played back as one continuous message.

M2 — Unused

When operational modes are selected, the M2
pin should be LOW.

M3 — Message Looping

The M3 Operational Mode allows for the automat-
ic, confinuously repeated playback of the mes-
sage located at the beginning of the address
space. A message can completely fill the
1ISD2500 device and will loop from beginning to
end without OVF going LOW.

M4 — Consecutive Addressing

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
sages o be played back consecutively.

M5 — CE-Level Adivated

The default mode for ISD2500 devices is for CE to
be edge-activated on Playback and level-activat-
ed on Record. The M5 Operational Mode causes
the CE pin to be interpreted as level-activated as
opposed to edge-activated during Playback. This
is specifically useful for terminating Playback oper-
ations using the CE signal.

In this mode, CE LOW begins a Playback cycle,
at the beginning of the device memory. The Play-
back cycle continues as long as CE is held LOW.

When CE goes HIGH, Playback will immediately
end. A new CE LOW will restart the message from
the beginning unless M4 is also HIGH.

M6 — Push-Button Mode

The ISD2500 Series of devices contain a Push-But-
ton operational mode. The Push-Button mode is
used primarily in very low-cost applications and is
designed to minimize external circuitry and com-
ponents, thereby reducing system cost. In order to
configure the device in Push-Button operational
mode, the two most significant address bits must
be HIGH, and the Mé mode pin must also be
HIGH. A device in this mode always powers down
at the end of each Playback or Record
cycle affer CE goes HIGH.

When this operational mode is implemented,
several of the pins on the device have altemate
functionality; '

Table 2-79: Alternate Functionality in Pins

E3

CE
(LOW pulse-activated)
PD Stop/Reset Push-Button
(HIGH pulse activated)
EOM Active-HIGH Run Indicator
CE Pin (START/PAUSE)

In Push-Button Operational Mode, CE acts as a
LOW-going pulse-activated START/PAUSE signal. If
no operation is currentty in progress, a LOW-going
pulse on this signal will initiate a Playback or a
Record cycle according to the level on the P/R
pin. A subsequent pulse on the CE pin, before an
End-Of-Message is reached in Playback or an
overflow condition occurs, will cause the device
to pause. The address counter is not reset, and
another CE pulse will cause the device to contin-
ue the operation from the place where it was
paused.

I1SD
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PD Pin (STOP/RESET)

In push-button Operational Mode, PD acts as a
HIGH-going pulse-activated STOP/RESET signal.
When a Playback or Record cycle is in progress
and a HIGH-going pulse is observed on PD, the
current cycle is terminated and the address point-
eris reset to address 0, the beginning of the mes-
sage space.

EOM Pin (RUN)

In Push-Button Operational Mode, EOM becomes
an active-HIGH RUN signal which can be used to
drive an LED or other external device. It is HIGH
whenever a Record or Playback operation is in
progress.

Recording in Push-Button Mode

1. The PD pin should be LOW, usually using
a pulldown resistor.

2. The P/R pin is taken LOW.

3. The CE pin is pulsed LOW. Recording starts,
EOM goes HIGH tfo indicate an operation in
progress.

4. The CE pinis pulsed LOW. Recording paus-
es, EOM goes back LOW. The intemal ad-
dress pointers are not cleared, but an EOM
marker is stored in memory to point fo the
message end. The P/R pin may be taken
HIGH at this time. Any subsequent CE would
start a playback at address 0.

5. The CE pin is pulsed LOW. Recording starts
at the next address after the previous set
EOM marker. EOM goes back HIGH.

NOTE If the M1 operational mode pin is also
HIGH, the just previously written EOM bit is
erased, and recording starts at that
address.)

6. When the recording sequences are fin-
ished, the final CE pulse LOW will end the
last Record cycle, leaving a set EOM mark-
er at the message end. Recording may
also be terminated by a HIGH level on PD,
which will leave a set EOM marker.

Playback In Push-Button Mode
1. The PD pin should be LOW.

2. The PR pin is taken HIGH.

3. The CE pin is pulsed LOW. Playback starts,
EOM goes HIGH to indicate an operation in
progress.

4. |Ifthe CE pinis pulsed LOW or an EOM mark-
er is encountered during an operation, the
part will pause. The internal address point-
ers are not cleared, and EOM goes back
LOW. The PR pin may be changed at this
time. A subsequent Record operation
would noft reset the address pointers and
the recording would begin where Playback
ended.

5. CE is again pulsed LOW. Playback starts
where it left off, with EOM going HIGH fo in-
dicate an operation in progress.

6. Playback confinues asin steps 4 and 5 until
PD is pulsed HIGH or overflow cccurs.

7. Ifin overflow, puling CE LOW will reset the
address pointer and start Playback from
the beginning. After a PD pulse, the part is
reset to address O.

NOTE  Push-button mode can be used in conjunc-
tion with modes M0, M1, and M3.

Good Audio Design Practices

ISD products are very high-quality single-chip
voice Recording and Playback systems. To ensure
the highest quality voice reproduction, it is impor-
tant that good audio design practices on layout
and power supply decoupling be followed. See
the ISD Application Notes in this book for details.

ISDT1000A COMPATIBILITY

The ISD2500 Series of devices is designed to pro-
vide upward compatibility with the 1SD1000A fam-
ity. When designing with the ISD2500 Series, the
following differences should be noted.
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Addressing

The 1SD2560/75/90/120 devices have 480K stor-
age cells designed to provide 60 seconds of stor-
age at a sampling rate of 8.0 KHz. This is
approximately four fimes the storage of the
ISD1000A family. To enable the same addressing
resolution, two additional address pins have been
added. The address space of each device is di-
visible info 600 increments with valid addressing
from 00 to 257 Hex. Some higher addresses are
mapped info the Operational Modes. All other
addresses are invalid.

Overflow

The ISD1000A Series combined two functions on
the EOM pin: end-of-message indication and
overflow. The I1SD2500 separates these two func-
tions. Pin 25 (PDIP package) remains as EOM, but
outputs only the EOM signal indication. Pin 22
(PDIP package) becomes OVF and pulses LOW
only when the device reaches its end of memory,
or is "full.” This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 operational mode
found in the ISD1000A famity is not implemented
in the 1SD2500 Series.

Push-Button Mode

The 1SD2500 Series includes an additional Opera-
tional Mode called Push-Button mode. This pro-
vides an altemative interface to the Record and
Playback functions of the part. The CE and PD pins
become redefined as edge-activated “push-but-
tons.” A pulse on CE initiates a cycle, and if trig-
gered again, pauses the cument cycle without
resetting the address pointer (i.e., a Start or Pause
function). PD stops any current cycle and resets
the address pointer to the beginning of the mes-
sage space (i.e., a Stop and Reset function)., Ad-
ditionally, the EOM pin functions as an active-
HIGH run indicator, and can be used to drive an
LED indicating a Record or Playback operationis in
progress. Devices in the Push-Button mode cannot
be cascaded.

Looping Mode

The 1SD2500 Series can loop with @ message that
completely fills the memory space.

NOTE Additional descriptions of I1SD2500 device
functiondlity and application examples are
provided in the ISD Application Notes in this
book.

TIMING DIAGRAMS

Figure 2-35: Record
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Figure 2-36: Playback

fe———— 7T —

= N ._T.GE___-__/ N\

Tser
PR L \\ Don't Care
o Teon ' | Toos Toop
PD Don't Care
AO-A9 Don‘?Cote% >\ Don't Care

! e
SP+/-
OVvE | TOVF |
” 1
EOM %
< —| Too Teom
Table 2-80: Absolute Maximum Ratings Table 2-81:  Operating Conditions
(Packaged Parts)? ' (Packaged Parts)
S| > 2
Sos
Commercial operating 0°Cto +70°C
temperature range!
Storage temperature range -65°Cto +150°C i S8
- - Industrial operating -40°C to +85°C
Voltage applied to any pin (Vss 0.3 V) to temperature range’
Vee +0.3V) »
S if +4.5Vio +5.5V
Voltage applied to any pin (Vss 1.0 V) to LPply Vologe (ved) i
(Input curent limited to =20 MA) | Ve + 1.0V) Ground voltage (Vss)® oV
Lead temperature (soldering — 300°C
10 seconds) 1. Case temperdature.
Vaier=Yas -03Vio+7.0V = Vg = Vgoh = Yeen,

3. VSS = VSSA = VSSD

1. Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maxmum ratings may affect device reliability.
Functional operation is not Implied at these
conditions.
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ViL Input Low Voltage ) 0.8 \

Vig Input High Voltage 2.0 Y

Vou Output Low Voltage 0.4 V [lo.=4.0mA

Vou Output High Voltage Vec - 0.4 V |loy=-10pA

Vo1 OVF Output High Voltage 20tk Vollog=-1.6mA

Voro EOM Output High Voltage Vec-1.0 | Vec—-0.8 V |loh=-3.2mA

lee Ve Current (Operating) 25 30 MA | Rgq = o>

sa Ve Curent (Standby) 1 10 pA |3

n Input Leakage Current =k} HA

leD Input Current HIGH w/Pull 130 pA | Force Vet
Down

Rexqp Output Load Impedance 16 Q | Speaker Load

Rmic Preamp In Input Resi_s‘ronce 4 9 15 KQ | MIC and MIC REF Pins

Rayx AUX INPUT Resistance 5 11 20 KQ

Raname | ANAIN Input Resistance 28 3 B 5 KQ

Apel Preamp Gain 1 21 24 26 dB {AGC =0.0V

Aspez | Preamp Gain 2 -15 5 dB |AGC =25V

Aaux AUX IN/SP+ Gain 0.98 1.0 \/\%

Angp ANA IN to SP+/- Gain 21 23 26 dB

Racc | AGC Output Resistance 25 5 9.5 KQ

1. Typical values @ T, = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by 5D via electrical testing or characterization. Not all specifications are 100%
tested.

3. Vgeu and Vep connected together.
XCK pin only.
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y//gr/,gaf/;-;fé‘ i e 2 3 s W 7 SO
Sampling Frequency  1SD2560 8.0
1SD2575 6.4
1SD25%90 5.3
1SD25120 4.0
Fcr Fitter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point 3 8
1SD2575 2.7 KHz | 3 dB Roll-Off Point 3 8
1502590 2.3 KHz | 3 dB Roll-Off Point - 8
1SD25120 1.7 KHz | 3 dB Roll-Off Point 3- 8
Trec Record Duration 1SD2560 58.1 60.0 62.0 sec | Commercial Operation
1SD2560 56.5 60.0 63.8 sec | Industrial Operation
1SD2575 72.6 75.0 77.5 sec | Commercial Operation
1SD2575 70.7 75.0 79.7 sec | Industrial Operation
1SD2590 87.1 90.0 93.0 sec | Commercial Operation
1SD25120 116.1 1200 123.9 sec | Commercial Operation
TpLay Playback Duration 1SD2560 68.1 60.0 62.0 sec | Commercial Operation
1SD2560 56.5 60.0 63.8 sec | Industrial Operation
1SD2575 72.6 75.0 77.5 sec | Commercial Operation
1SD2575 70.7 75.0 79.7 sec | Industrial Operation
. 1SD2590 87.1 90.0 93.0 sec | Commercial Operation
1SD25120 116.1 120.0} 123.9 sec | Commercial Operation
Tee CE Pulse Width 100 nsec
Teer ControVAddress Setup Time 300 nsec
Thowd Control/Address Hold Time 0 nsec
Teuo Power-Up Delay 1SD2560 241 25.0 27.8 msec | Commercial Operation
1SD2560 23.5 31.3 28.5 msec | Industrial Operation
1SD2575 30.2 38 34.3 msec | Commercial Operation
1SD2575 29.3 37.5 35.2 msec | Industrial Operation
1SD2590 36.2 50.0 40.8 msec | Commercial Operation
1SD25120 48.2 53.6 msec | Commercial Operation
Tror PD Pulse Width Record  1SD2560 25 msec
1SD2575 3125 msec
1SD25%90 37.5 msec
1SD25120 50.0 msec
Trop PD Pulse Width Play 1SD2560 125 msec
1SD2575 15.625 msec
1SD2590 18.75 msec
1SD25120 25.0 msec
Tros PD Pulse Width Static 100 nsec | ¢
TeoH Power Down Hold 0 nsec
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R sy %?%‘% s
i : 27 Vil 2
Cheedaiete M e | Vet

Teom EOM Pulse Wiath 1SD2560 12.5

ISD2575 15.625

ISD2590 18.75

1SD25120 250
Tove Overflow Pulse Width 6.5 usec
THD Total Harmonic Distortion 1 2 % | @ 1 KHz
Pout Speaker Output Power 12.2 50 mW | Rggg = 16 Q*
Vour Vottage Across Speaker Pins 2:5 Vp-p | Reqg =600Q
Vit MIC Input Vottage 20 mV | Peak-to-Peak®
Vin2 ANA IN Input Vottage 50 mV | Peak-to-Peak
Vinz Aux Input Voltage 1.25 V | Peak-to-Peak;

Req=16Q

1. Typical volues @ Tp = 25°Cand 50 V.

2. Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are 100%

tested.

Low-frequency cutoff depends upon the vclue of external capacitors (see Pin Descriptions).

From AUX IN; If ANA IN Is diiven at 50 mV p-p, the Pour = 12.2 mW, typical.

With 5.1 KQ serles resistor att ANA IN.

Teps Is required during a static condition, typlically overflow.

Sampling Frequency and Playback Duration can vary as much as +2.25% over the commerclal temperature

range and voltage range and +5% over the Industriol femperature and voltage range. For greater stabllity, an

external clock can be utlized (see Pin Descriptions).

8. Fitter specification applies to both the anticliasing fifter and the smoothing fitter. Therefore, from Input to output,
expect a 6dB drop by nature of passing through both fitters. )

oA e

N O
o
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)

Graph 2-41: Record Mode Operating Current Graph 2-43: Standby Current
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Table 2-84: Absolute Maximum Ratings (Die)’

S ﬁ ’ :
e 0o &&wy;m%, Sl

& s: v

Junction temperature

150°C

Storage temperature range

—65°Cto +150°C

Voltage applied to any pad (Vss— 0.3 V) to
[VCC + 0.3 V)

Voltage applied to any pad (Vss—1.0 V) fo

(Input current limited to £20 MA) | (Ve + 1.0V)

Vee —Vss

-0.3Vio+7.0V

1. Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliabllity.
Functional operation Is not Implied at these

conditions.

Commercial operating
temperature range

0°Cto +50°C

Supply voitcge (Vec)!

+4.5Vio +6.5V

Grund voltage (Vss)?

Veeo:
Vssp-

1. Voo = Veea =
2. Vgs = Vgsa =

oV

Table 2-86: DC Parameters (Die)

ViL Inpluf Low Voltage 0.8 \Y

Vi Input High Vottage 2.0 Vv

Vou Output Low Voltage 0.4 V. |loL = 4.0 mA
Vi Output High Voltage VAN V |loy=-10pA
Vori OVF Output High Voltage 2.4 V |log=-1.6mA
Vouz EOM Output High Voltage Vee-1.0 Vec0.8 V | loy=-3.2mA
lec Ve Current Operating) 25 30 mA | Rgg = =3

Isg Ve Curent (Standby) 1 10 A |2

I Input Leakage Curent *1 HA

) Input Current HIGH w/Pull 130 LA | Force Vet

Down

Reqr Output Load Impedance 16 Q | Speaker Load
Rmic Preamp In Input Resistance 4 9 15 KQ | MIC and MIC REF Pads
Rayx AUX INput Resistance 5 11 20 KQ

RANA IN ANA IN Input Resistance 23 3 5 KQ

Aprer Preamp Gain 1 21 24 26 dB |AGC =0.0V
Acre2 Preamp Gain 2 -15 5 dB |AGC =25V
ISD
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Table 2-86: DC Parameters (Die)

s ﬁmﬂz% D e
Symbs o ome e e GG
Aux | AUXIN/SP+ Gain 0.98 VNV

A | ANAIN fo SP+/- Gain 21 23 26 dB

RAGC AGC Output Resistance 2.5 5 9.5 KQ

1. Typlcal values @ T4 = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are 100%
tested.

3. Vica ond Voep connected together.
XCIK pad only.

Table 2-87: AC Parameters (Die)

Fs Sampling Frequency — 1SD2560 8.0 KHz | 7
1ISD2575 6.4 KHz | 7
1SD2590 5.3 KHz | 7
1SD25120 4.0 KHz | 7

Fer Filter Pass Band 1SD2540 3.4 KHz | 3 dB Roll-Off Point 3 8
ISD2575 VA KHz | 3 dB Roll-Off Point 3 8
1SD2590 2.3 KHz | 3 dB Roll-Off Point 3- 8
1SD25120 1.7 KHz | 3 dB Roll-Off Point 3 8

Trec Record Duration 1SD2560 58.1 60.0 62.0 sec | Corhmercial Operation
1SD2575 72.6 75.0 77.5 sec | Commercial Operation
1ISD2590 87.1 90.0 93.0 sec | Ccmmercial Operation
1SD25120 116.1 120.0| 123.9 sec | Commercial Operation

Tpray Playback Duration 1SD2560 58.1 60.0 62.0 sec | Commercial Operation?
ISD2575 72.6 75.0 77.5 sec | Commercial Operation? -
1SD2590 87.1 0.0 93.0 sec | Commercial Operation’
1SD25120 116.1 120.0| 123.9 sec | Commercial Operation’

Tee CE Pulse Width 100 nsec

Tser Control/Address Setup Time 300 nsec

Thowd Control/Address Hold Time 0 nsec

Teup Power-Up Delay 1SD2560 241 25.0 27.8 msec | Commercial Operation
1SD2575 30.2 31.3 34.3 msec | Commercial Operation
1SD2590 36.2 37.5 40.8 msec | Commercial Operation
1ISD25120 48.2 50.0 53.6 msec | Commercial Operation
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Table 2-87: AC Parameters (Die)

Teor PD Pulse Width Record  1SD2560 25 msec

ISD2575 31.256 msec

ISD2590 37.5 msec

1SD25120 50.0 msec
Topp PD Pulse Width Play 1SD2560 12.5 msec

1SD2575 15.625 msec

1SD2590 18.75 msec

1ISD25120 25.0 msec
Tros PD Pulse Width Static 100 nsec | ¢
TroH Power Down Hold 0 nsec
Teom EOM Pulse Width 1SD2560 12.5 msec

1SD2575 15.625 msec

1SD2590 18.75 msec

1SD25120 25.0 msec
Tove Overflow Pulse Width 6.5 usec
THD Total Hamonic Distortion 1 3 % | @1 KHz
Pour Speaker Output Power 12.2 50 mW | Rgg = 16 Q4
Vour Voltage Across Speaker Pins 25| Vpp|Req=600Q
Wi MIC Input Voltage A 20 mV | Peak-to-Peak®
Ving ANA IN Input Voltage 50 mV | Peak-fo-Peak
Vins Aux Input Voltage 1.25 V | Peak-to-Peak;

Reqg=16Q

1. Typlcal values @ T4 = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are 100%
tested.

3. low-frequency cutoff depends upon the value of external capacitors (see Pin Desciriptions).

4. From AUX IN; it ANA IN Is diiven at 50 mV p-p, the Poyr = 12.2 mW, typlcal.

5. With 5.1 KQ serles reslstor at ANA IN.

6. Tpps Is required during a static condition, typlcally overflow.

7. Sampling Frequency and Playback Duration can vary as much as +2.25% over the commercial temperature

range and voltage range. For greater stability, an external clock can be utilized (see Pin Descriptions).
8. Filter specification applies to the antialiasing fitter and the smoothing fitter.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

Graph 2-45: Record Mode Operating Current
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Graph 2-46: Total Harmonic Distortion

Graph 2-47: Standby Current
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Graph 2-48: Oscillator Stability
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Figure 2-37: 1SD2560/75/90/120 Application Example—Design Schematic

1SD2560/75/90/120

1
V, 2
-5 vs_l_
B = 3
’ 4
s Ry S
CHIP ENABLE 100 KQ s
——

F—O 7 |

, 6 |
POWER DOWN o
L 10

—O0

23
PLAYBACK/RECORD 24
—O-, 27

——o 2

£ 22
= 26

L

NOTE:  If desired, pin 18 (PDIP package) may be left unconnected

W

ELECTRET
MICROPHONE

Rs
10KQ

(microphone preampilifler noise will be higher). In

this case, pin 18 must not be ted to any other signal or voltage. Additlonal deslgn example schematics are

provided in the Application Notes In this book.

-

ik R R

Power up chip and select Record/Playback mode

2 Set message address for Record/Playback Set addresses AO-A9
3A Begin Playback PR = HIGH, CE = Pulsed LOW
3B Begin Record PR = LOW, CE = LOW
4A End Playback Automatic
4B End Record PD or CE = HIGH
1SD
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Table 2-89: Application Example—Passive Component Functions

B NN A PAS N S S
S

2P ey 2
.Comments
A

s i

R1 Microphone power supply Reduces power supply noise
decoupling
R2 Release time constant Sets release time for AGC
R3. RS Microphone biasing resistors Provides biasing for microphone operation
R4 Serics iimiting resistor Reduces level to prevent distortion at higher supply
voltages.
R6 Series limiting resistor Reduces level to high supply voltages
C1.C5 Microphone DC-blocking capacitor Decouples microphone bias from chip. Provides single-
Low-frequency cutoff pole low-frequency cutoff and common mode noise
rejection.
C2 Aftack/Release time constant Sets attack/release time for AGC
C3 Low-frequency cutoff capacitor Provides additional pole for low-frequency cutoff
C4 Microphone power supply Reduces power supply noise
decoupling
Cé6,C7,C8 Power supply capacitors Filter and bypass of power supply
EXPLANATION

In this simplified block diagram of a microcontrol-
ler application, the Push-Butfon mode and mes-
sage cueing are used. The microcontrolleris a 16-
pin version with enough port pins for buttons, an
LED, and the I1SD2500 Series device. The software
can be wiitten fo use three buttons: one each for
play and record, and one for message selection.
Because the microcontroller is interpreting the
buttons and commanding the 1SD2500 device,
software can be wiitten for any functions desired
in a particular application.

NOTE ISD does not recommend connecting
address lines directly to a microprocessor
bus. Address lines should be externally

latched.
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Figure 2-38: 1SD2560/75/90/120 Application Example—Microcontroller/iISD2500 Interface

VCC

R £

MC68HCT05KTA USROSy A Oyl BheEE e
—_losa PBO h 1£92560/75/90/120
JE— 0Osc2 PB1 1 AQ VCCQ—QB——
— 2 1A1 Veen 16—
—d resa PAD Ry § 3 [
— 8D ” '
] ra PA1 A3 Veo |12
PA2 5| Ad Ver |13
U] PA3 | 6 | A5
N RV PA4 7| a6 Sp+ |14
PAS 8 |a7 Uy sp- |05
— Vs 7 pae 9 |a8 AUXIN [ 11
PA7 10 | A9 ANAIN | 20
23 ICE ANAOUT | 21
24 |pp |
27 |pR % MICREF [ 18
25 JEOM * e o MIC |17
22 o
26 IXELK: ol Baec |10
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Figure 2-39: 1SD2500 Application Example— Push-Button

START/PAUSE

sl

_o c\ﬁ
STOP/RESET

—o

NOTE:

e < T

—o
Lpumcmscom

SD2560/40/48/64

Vec

For more details, please refer to CHAPTER 5, Appilication Information.

Table 2-90: Appllcatlon Example—Push-Button Control

1 Select Record/Playbcck mode PR = As desired

2A Begin Playback PR = HIGH
CE = Pulsed LOW

28 Begin Record PR = LOW
CE = Pulsed LOW

3 Pause Record or Playback CE = Pulsed LOW

4A End Payback Automatic at EOM marker or
PD = Pulsed HIGH

4B End Record PD = Pulsed HIGH
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o

Table 2-91: Application

mponent Functions

o 000 goonas:

ey S8 &

Sets release time for AGC

Release time constant
R4 Series limiting resistor Reduces level to prevent distortion at
higher supply voltages
R6, R7 Pull-up and pull-down resistors Defines static state of inputs
Cl,¢4,C5 Power supptly capacitors Filters and bypass of power supply
Cc2 Attack/Release time constant Sets attack/release time for AGC
C3 Low-frequency cutoff capacitor Provides additional pole for low-
frequency cutoff
Table 2-92: Push-Button Parameters
LR %
sym haracteris

TCE CE Pulse Width [Stﬂﬂ/POUSG]
Tser Control/Address Setup Time 300 nsec
Teuo Power-Up Delay 1SD2560 25 msec

1SD2575 31.25 msec

1SD2590 37.25 msec

1SD25120 50.0 msec
TeD PD Pulse Width [Stop/Reset] 300 nsec
TrRun CE to EOM HIGH 25 400 nsec
Tpause CE to EOM LOW 50 400 nsec
Tos CE HIGH Debounce ISD2560 70 105 | msec

1SD2575 85 135 | msec

1SD25%90 105 160 | msec

1SD25120 135 215 | msec

I1SD
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TIMING DIAGRAMS

Figure 2-40: Push-Button Mode Record

Start Pause Start Stop
s — T —{Tee -ﬂ Tee
(Start/Pause) N > N iz N
Tser = Tser = Tser

PR |

Tser | —» Tpo Tser —Dl
PD —%
(Stop/Reset) /]

< T —

AG-A9 :
MIC ANA N ———— i\ A
OVF : :
./ e\ ‘

EOM —_— Y - : 7 fu
(Run) ! P<t— De—»: re— lpg —> <—T—>:
M T A e
) @ @ (45) 7 ®

Figure 2-41: Push-Button Mode Playback

start Pause Start Stop
— T T, —T,
CE CE CE CE
(Start/Pause) —j\@s N
M Ty > '4- Tt —> t<— Tser
5 v
PR X ! X »'

Tt (< —’VIPKI" Tser
PD q
(Stop/Reset)

<—ng1->

LD 4

Pr A WA
OVF ; :
o Teon — — — Trause v
EOM . 7 4 /_ QL L4
(Run) . < 'D8 — T, F——
WAL T m ]
o @ @ @5 7 @®

A9, A8, and A6 = 1 for push-button operation.
The first CE LOW pulse performs a Start function.
The part will begin to play or record dfter a power-up defay Tpyp.

The part must have CE HIGH for a debounce perod TDB before It will recognize another faling edge of CE and
pause.

The second CE LOW pulse, and every even pulse therecfter, performs a Pause function.

Again, the part must have CE HIGH for a debounce period TDB before it will recognize another falling edge of
CE, which would restart an operation. In addition, the part will not do an Internal power down untll CE Is HIGH for
the TDB time.

The third CE LOW pulse, and every odd pulse theredfter, performs a Resume function.

At any time, a HIGH level on PD will stop the curent function, reset the address counter, and power down the
device.
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ORDERING INFORMATION

Product Number Descriptor Key

ISD25

2 =2nd Generation
5 =5 Volts
Duration:

60 = 60 Seconds

75 = 75 Seconds

90 = 90 Seconds

120= 120 Seconds

Special Temperature Field:

32-Lead 8x20-mm Thin Small Outline Package

Blank= Commercial Packaged (0°C to +70°C)
or  Commercial Die (0°C to +50°C)
I = Industial (40°C to +85°C)
— Package Type:

G = 28-lLead 0.350-Inch Small Outiine Integrated
Circuit (SOIC)

P = 28-Lead 0.600-Inch Plastic Dual In-Line
Package (PDIP)

S = 28-lead 0.300-Inch Small Outiine Integrated
Circuit (SOIC)

T =
(TSOP)

. f

Die

When ordering 1SD2560/75/90/120 products, please refer to the following valid part numbers.

1SD2575G ISD2590G 1SD25120G
1SD2560G!1 1SD2575G! 1SD2590P 1SD25120P
1SD2560P 1SD2575P 1SD25905* 1SD25120X
1SD2560PI ISD2575P} 1SD2590T
1SD25605* ISD25755* 1SD2590X
1SD2560SI* 1SD257581*
1SD2560T 1SD2575T
1SD2560T 1SD2575T1
1SD2560X 1SD2575X

NOTE:

The asterisk (*) indicates advance Information

For the latest product information, access ISD's worldwide website af hitp://www.isd.com.

I1SD
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LM386

September 1997

Low Voltage Audio Power Amplifier

General Description

The LM386 is a power amplifier designed for use in low volt-
age consumer applications. The gain is internally set to 20 to
keep external part count low, but the addition of an extemnal
resistor and capacitor between pins 1 and 8 will increase the
gain to any value up to 200.

The inputs are ground referenced while the output is auto-
matically biased to one half the supply voltage. The quies-
cent power drain is only 24 milliwatts when operating from a
6 volt supply, making the LM386 ideal for battery operation.

Features

u Battery operation

= Minimum external parts

® Wide supply voltage range:  4V-12V or 5V-18V
® Low quiescent current drain: 4 mA

® Voltage gains from 20 to 200

® Ground referenced input

m Self-centering output quiescent voltage
® Low distortion

= Available in 8 pin MSOP package
Applications

m AM-FM radio amplifiers

u Portable tape player amplifiers

u Intercoms

u TV sound systems

m Line drivers

= Ultrasonic drivers

® Small servo drivers

u Power converters

Equivalent Schematic and Connection Diagrams

1

15k

AAA

VWV

3
[—O +INPUT
3 s

> 4')

lgl

~INPUT

AA

Small Outline,

Ll Molded Mini Small Outline,
and Dual-In-Line Packages
] %4 s
CAIN ——— GAIN
[3 ~INPUT —Z- .7—- BYPASS
O Voutr
aneyr =44 D Vs
GND — Ll 4.
DS006976-2
Top View
TS Order Number LM386M-1,
DS006976-1 LM386MM-1, LM386N-1,

LM386N-3 or LM386N-4
See NS Package Number
MO8A, MUAOSA or NOSE

© 1999 National Semiconductor Corporation DS006976

www.national.com
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Absolute Maximum Ratings (ot 2) Dual-In-Line Package

If Military/Aerospace specified devices are required, Soldering (10 sec) +260°C

please contact the National Semiconductor Sales Office/ Small Outline Package

Distributors for availability and specifications. (SOIC and MSOP)

Supply Voltage Vapor Phase (60 sec) +215°C
(LM386N-1, -3, LM386M-1) 15V Infrared (15 sec) +220°C

Supply Voltage (LM386N-4) ooV See AN-450 “Surface Mounting Methods and Their Effect

on Product Reliability” for other methods of soldz ‘ing

Package Dissipation (Note 3) surface mount devices.

(LM386N) 1.25W Thermal Resistance
(LM386M) 0.73W 6,c (DIP) 37°C/wW
(LM386MM-1) 0.595W 6, (DIP) 107°C/W
Input Voltage +0.4V 6,c (SO Package) 35°C/W
Storage.e Temperature -65'9 to +150:C 6,4 (SO Package) 172°C/W
room
Soldering Information 8,c (MSOP) 56°CW
Electrical Characteristics (voes 1, 2)
Ta=25C
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (V)
LM386N-1, -3, LM386M-1, LM386MM-1 4 12 Vv
LM386N-4 5 18 \
Quiescent Current (l5) Vg=6V, V=0 4 8 mA
Qutput Power (Poyr)
LM386N-1, LM386M-1, LM386MM-1 Vs =6V, R_ = 8Q, THD = 10% 250 325 mw
LM386N-3 Vs = 9V, R_ = 8Q, THD = 10% 500 700 mw
LM386N-4 Vs = 16V, R = 32Q, THD = 10% 700 1000 mw
Voltage Gain (Ay) Vg =6V, f=1kHz 26 dB
10 pF from Pin 1 to 8 46 dB
Bandwidth (BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 8Q, Poyr = 125 mW 0.2 %
f=1kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vs'= 6Vif =1 kHZ, Caypass = 10/pF 50 dB
Pins 1 and 8 Open, Referred to Qutput
Input Resistance (Rn) 50 kQ
Input Bias Current (lgjas) Vg = 6V, Pins 2 and 3 Open 250 nA

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. ifications are not gt for where no limitis
given, however, the typical value is a good indication of device performance.

Note 3: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal resis-
tance of 80°C/W junction to ambient for the dual-in-line package and 2) a thermal resistance of 170°C/W for the small outline package.
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P
Application Hints
GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capacitor
is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a series
RC from pin 1 to 5 (paralleling the internal 15 kQ resistor).
For 6 dB effective bass boost: R = 15 kQ, the lowest value
for good stable operation is R = 10 kQ if pin 8 is open. If pins
1 and 8 are bypassed then R as low as 2 kQ can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the LM386
is higher than 250 kQ it will contribute very little additional
offset (about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 k Q, then shorting the
unused input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by put-
ling a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.
When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This is done with a 0.1 pF capacitor or
a short to ground depending on the dc source resistance on
the driven input.
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Quiescent Supply Current
vs Supply Voltage
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Typical Performance Characteristics
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

Amplifier with Bass Boost

DS006976-8

Amplifier with Gain = 200

Vs 10.F

50.F
0.05.F
10
DS006976-4

Low Distortion Power Wienbridge Oscillator

390
M

Ve 104F
A S0uF
EluEMA(
cesaiss \ Vo
= R
Wotsmh = 7 %
N 3
—

1=1kHz

DS006976-7

01uF

>
Tk
f=1kHz

DS006976-9
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Typical Applications (continueq)

Frequency Response with Bass Boost

27
26
25
S N
2 n A\
g LU \
w
g 1/
21
5 /
S 20 \\
19
18
"
20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)
DS0V6I76-10
AM Radio Power Amplifier
cc v,
FROM
DETECTOR
Vo FERRITE
1 BEAD 2504F
e A AA e RO

DS006976-11

Note 4: Twist Supply lead and supply ground very tightly.

Note 5: Twist speaker lead and ground very tightly.

Note 6: Ferrite bead in Ferroxcube K5-001-001/3B with 3 turns of wire.
Note 7: R1C1 band limits input signals.

Note 8: All components must be spaced very closely to IC.
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Physical Dimensions inches (millimeters) unless otherwise noted
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TYP ALL LEADS
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e D008 1yp —pff e
0703) M 6 vy

SO Package (M)
Order Number LM386M-1
NS Package Number M0O8A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.118£0.004
[BH4~— [320.1] ——

aan, s i

0.193+0.004 0.1’18.{0:(304 I I

8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAOSA
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g . . [
PhyS|cal Dimensions inches (millimeters) unless otherwise noted (Continued) =
w
(ee]
0.373-0.400 ()]
{9.47a—10.15)
—
0.030 o
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0092 8 [7] [61 [ 0.032 +0.005 e
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(“55 -n.am) (2.540£0.254) T
1.143£0.381 -
( ) 0.060 1]
0.050 (1.524) -~
(1.270) NOSE (REV F)

Dual-In-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical 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 whose 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 Semiconductor

Corporation Europe
Americas Fax: +49 (0) 1 80-530 85 86
Tel: 1-800-272-9959 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com ltaliano  Tel: +49 (0) 1 80-534 16 80

Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National does not assume any responsibility for use of any circuitry described, no circuit patent ficenses are implied and National reserves the right at any time without notice to change said circuitry and speciications.
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