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SELECT
INPUT DATA INPUTS STROBE OUTPUT
B A Co C1 C2 C3 G Y
X X X X X X H L
E L L X X X L L
L L H X X X L H
L H X L X X L. L
I H X H X X L H
H L X X L X ¥ L
H L X X H X L H
H H X X B 1 J
H H X { X H L H
H = high level, L =lowlevel, X = irrelevant
DATA INPUT
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VCC  STROBE SELECT: / ~ QUTPUT

[] [os] [sa] [58] T[] [ar] [Ae] [9]

2C3 2C2 2C1 2C0 2Y
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L- BB A A

1C3 1C2 1C1 1C0 1Y

U 20 B [al [s7 [ 7] [
BTROEE B s OUTPUT  GND

DATA INPUT
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;RFRK kAR kkhkkkkkkhkk¥* RADIO REPEATOR ****kdkkkkhrkkkkhhkhkkdhkk

;<<< TIME BASE
; <<<<<K<<(10H)

(4CH)

7 <<<-SET TIMER" 0

; <<<< MODE OF 8255
;<<<< A=1/P, B=0O/P, CL=I/P, CH=0O/P

;<<< clear all O/P

; <<< SELECT CODEl

; <<<< CODE1l
; <<<< SELECT CODE2

TH EQU  04CH
TL EQU  O000H
MM EQU  70H
SEC EQU  73H
MS EQU  74H
CTRL EQU 8003H
PORTA EQU 8000H
PORTB EQU 8001H
PORTC  EQU 8002H
BUFF EQU 30H
CODE1 EQU 31H
CODE2 EQU 32H
CODE3  EQU 33H
BUF1 EQU 34H
BUF2 EQU 35H
BUF3 EQU 36H
BUF4 EQU 37H
CT 1 EQU 38H
STATE EQU 39H
SIREN  BIT P1.0
ORG 0000H
JMP MAIN
ORG 000BH
JMP TO_INT
MAIN:
MOV R1,#30H
INIT: MOV @R1,#00H
INC R1
CJINE R1, #80H,INIT
MOV TMOD, #01H
MOV THO, #TH
MOV TLO4#TL
MOV IE,#10000010B
SETB TRO
MOV MS, #20
LCALL DLY MS
MOV DPTR, #CTRL
MOV A,#10010001B
MOVX @DPTR, A
MOV A,#00H
MOV DPTR, #PORTB
MOVX @DPTR, A
MOV A,#00000000B
MOV DPTR, #PORTC
MOVX @DPTR, A
MOV DPTR, #PORTA
MOVX A,@DPTR
ANL A, #0FH
MOV CODE1,A
MOV A,#00100000B
MOV DPTR, #PORTC
MOVX @DPTR, A
MOV DPTR, #PORTA
MOVX A,@DPTR
ANL A, #0FH
MOV CODE2, A

A.#00010000B

; <<< CODE2
:<<< SELECT CODE3



-~arrs v an kg CAsAh AL

ANL A, #O0FH
MOV CODE3, A ; <<< CODE3
LCALL S_PASS

MA: LCALL CK_KEY
CJINE A, #00H,MA
MA_O: LCALL CK_STD
CJINE A,#08H,MA 0
MOV DPTR, #PORTA
MOVX A,@DPTR
SWAP A
ANL A, #0FH
MOV BUF1,A
MA_1: LCALL CK_STD
CJINE A,#00H,MA_1
MA_2: LCALL CK_STD
CINE A,#08H,MA 2
MOV DPTR, #PORTA
MOVX A,@DPTR
SWAP A
ANL A, #0FH
MOV BUF2,A
MA_ 3: LCALL CK_STD
CJINE A,#00H,MA_ 3
MA_4: LCALL CK_STD
CJINE A,#08H,MA_4
MOV DPTR, #PORTA
MOVX A,@DPTR
SWAP A
ANL A, #0FH
MOV BUF3,A
MA_5: LCALL _ CK_STD
CINE A,#00H,MA_5
MA_6: LCALL CK_KEY
CINE A,#02H,MA_6
MOV A,CODE1
CJINE A,BUF1,M_ERR
MOV A,CODE2
CJINE A,BUF2,M_ERR
MOV A,CODE3
CINE A,BUF3,M_ERR
MOV MS, #20

LCALL DLY_MS
LCALL S_PASS

JMP OPEN
M_ERR:
M_El: LCALL CK_KEY

CJINE A,#02H,M_E1

MOV MS, #20

LCALL  DLY_MS

LCALL S_ERR

JMP MA
jmmmm e SELECT MODE —————m————m——mmmm—m e e
OPEN: MOV A,STATE

CJINE A,#01,0P1
LCALL SEND

MOV MS,#10
LCALL DLY_MS
LCALL PLAY

MOV A,BUF4

MOV B, #4

MUL AB

MOV MS,A ; <<<< PLAY TIME

LCALL DLY_MS
LCALL SEND



CJINE A, #00H, OP1

OP2: LCALL  CK_STD
CINE A, #08H,OP2
MOV DPTR, #PORTA
MOVX A,@DPTR
SWAP A
ANL A, #0FH
MOV BUFF, A
OP3: LCALL CK_STD
CINE A, #00H,OP3
OP4: LCALL CK_KEY
CJINE A, #02H,0P4
MOV A,BUFF
CJINE A,#10,0P5 ; <<< SELECT MODEO '0 = 10'
JMP MODEO
OP5: CJINE A,#1,0P_E
JMP MODE1
OP_E: LCALL CK_KEY
CJINE A,#02H,0P_E
MOV MS, #20

LCALL  DLY_MS
LCALL S_ERR

JMP OP1
§ S MODE O/ —--—-=———mm— = —mmm e s
MODEO

MOV DPTR, #PORTA

MOVX A,@DPTR

SWAP A

ANL A,#0FH

MOV BUF1,A

MOV MS, #20

LCALL  DLY MS
LCALLY | S M{

MO_1: LCALL CK_KEY
CINE A, #00H,M0_1
rcaLLy\ REC

MOV CT 1,#00
RP_1: LCALL CK_KEY

CJINE A,#02H,RP 1

MOV BUF4,CT_1

MOV DPTR, #PORTA

MOVX A,@DPTR

SWAP A

ANL A, #0FH

CJINE A,BUF1,M0 2 ;<< CHECK DTMF

MOV BUFF,CT 1 .

LCALL  SEND

MOV MS, #10

LCALL DLY_MS
LCALL PLAY

MOV A,BUFF
MOV B, #4

MUL AB

MOV MS,A ; <<<< PLAY TIME

LCALL DLY_MS
LCALL SEND
MOV MS, #2
LCALL DLY_MS
LCALL CLS

JMP MO_1

MO_2:  CJNE A,#1,M0_3 ; <<< CHANGE TO MODEl '1'
JMP MODE1

MO_3:  CJNE A, #0CH,MO_E ;<<< CLOSE SYSTEM '#'
MOV MS, #20

LCALL  DLY MS
LCALL S XT



M1_1:

M1 2:

M1_X:

M1l 5:

M1l 6:

M1l_8:

M1 9:

P L i, Wt

LCALL
MOV
LCALL
JMP

CJINE
MOV
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL

MS, #20
DLY_ MS
S M1

CK_KEY
A,#00H,M1_1
REC
CT_1,4#00
CK_KEY
A,#02H,M1_2
BUF4,CT_1
SEND

MS, #10

DLY_ MS

PLAY
A,BUF4

B, #5

AB

MS,A

DLY_ MS

SEND

MS, #2

DLY_ MS

CLS

STATE, #01H

CK_KEY
A,#00H,M1_3
CK_STD

A, #08H,M1_4
DPTR, #PORTA
A,@DPTR

A

A, #0FH
A,#10,M1_6
MODEO

A, #0CH,M1_7
MS, #20
DLY_MS

S XT

MA

A,#9,M1_8
MS, #20
DLY_MS
S_PASS
ML 1

A,#11,M1_9
M1_X

A,#5,M1_E
STATE, #00H
REC

MS, #5

DLY_ MS

CLS

MS, #15

DLY MS

S PASS

; <<<< PLAY TIME

; <<< SET MESSAGE

L <

;<<<

—_—

; <<<

5 <<<

g <

CHANGE TO MODEO

IOI

CLOSE SYSTEM '#'

GO TO START POINT

CHANGE MESSAGE

REPEAT MESSAGE

CANCEL

l5!

|9|

1kt



LCALL S_ERR
MOV MS, 45
LCALL  DLY_MS
JMP M1_3
; SUB PROGRAM
I 078 4 - I SIS ——
CK_KEY: MOV DPTR, #PORTC
MOVX A,@DPTR
ANL A,#00000010B
RET
B e i o g o U IS —
CK_STD: MOV DPTR, #PORTC
MOVX A,@DPTR
ANL A,#00001000B
RET

CONTROL & SOUND

H KEXRKKFIRXRARRIXRRRAIARFIR A h_hkdhiidhdhkidhdihsd

® | o o e o o ———

TX ON

A,#01000000B
DPTR, #PORTB
@DPTR, A

A,#01010100B
DPTR, #PORTB
@DPTR, A

2 A= /R AN,
A,#00001000B

DPTR, #PORTB

@DPTR, A

A,#01100000B
DPTR, #PORTB
@DPTR,A

CLEAR ALL

A, #00H
DPTR, #PORTB
@DPTR, A

SEND
MS, #10
DLY_MS
TONE
MS, #5
DLY_MS
SEND
MS, #10
DLY MS
CLS

ERROR SIGNAL



e ~o

- W Manhacf By s

LCALL  DLY_MS
LCALL  TONE
MOV MS, #2
LCALL DLY_MS
LCALL  SEND
LCALL DLY_MS
LCALL  TONE
MOV MS, #2
LCALL DLY_MS
LCALL  SEND
MOV MS, #10
LCALL  DLY_MS
LCALL CLS

RET
—————————————— MODEQ SIGNAL -—--———————m—
S_MO: LCALL SEND
MOV MS, #10

LCALL  DLY MS
LCALL  TONE
MOV MS, #20
LCALL  DLY_MS
LCALL  SEND
MOV MS, #10
LCALL  DLY_MS
LCALL  CLS

RET
————————————— MODE1 “STGNAL =y == 2L s
S_M1: LCALL  SEND
MOV MS, #10

LCALL ~ DLY_MS
LCALL = TONE
MOV MS, #20
LCALL  DLY_MS
LCALL  SEND
MOV MS, #2
LCALL  DLY MS
LCALL  TONE
MOV MS, #2
LCALL  DLY_MS
LCALL  SEND
MOV MS, #10
LCALL DLY MS
LCALL CLS

RET
—————————————— EXIT SIGNAL —eegee—————
_XT: LCALL SEND

MOV MS, #10

LCALL  DLY MS

LCALL  TONE i<<< 1

MOV MS, #1

LCALL  DLY_MS
LCALL  SEND

MOV MS, #1

LCALL  DLY MS

LCALL  TONE ;<<< 2
MOV MS, #1

LCALL DLY_MS
LCALL SEND

MOV MS, #1
LCALL = DLY_MS
LCALL  TONE s<<< 3

MOV MS, #1



RET
P — DELAY ————————mmmmmmmmm e
DLY s: MOV RO, SEC
DLY sl1: MOV R1,#1
DLY _s2: MOV MS, #100

LCALL DLY_ms

DJNZ R1,DLY_s2

DJNZ RO,DLY_ sl

RET

DLY _ms: MOV R3,MS
DLY ml: MOV R4,10
DLY _m2: MOV R5,#250
DLY_m3: NOP
DJNZ R5,DLY_m3
DJNZ R4,DLY m2
DJIJNZ R3,DLY ml

sxkFkxkk  INTERUPT SUB #*kdkkkhdkhkhkkhhhkhhidhkk
e R R R A s S L

TO_INT: PUSH ACC

CLR TRO

CLR iro

INC MM

MOV A, MM

CJINE A,#10,T0_L2 ; <<<<<<<< time base

INC &I 7

MOV MM, #00H

CPL SIREN
TO_L2: MOV THO, #TH

MOV TLO,#TL

SETB TRO

POP ACC

RETI
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So2-cros MT8870D/MT8870D-1

i g
W.i iT E i: Integrated DTMF Receiver
Features ISSUE 5 March 1997

Complete DTMF Receiver
LLow nower 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

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.

vob § V&8s VRef INH
A
x5 Bias \
PYYDN i Circuit / VRef
Buffer
A > Q1
Chi Chi <
Poser Hisk High Group _ﬂ_ Digital Code .
Filter Detection Converter N
Algorithm and Latch & Q
e %,?Ie Zero Crossing
IN Filter Detectors > Q3

GS

VAV

Low Group ]
Filter _[r &—» Q4
5 (O all
‘ ' > O Chip
Clocks

> St Steering X
<€ GT

Logic

0OsC1

0SC2

v Jr

SUGT ESt STD TOE

Eigure 1 - Functional Block Diagram
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7
<
(0]
3

oscz2 [}
VSS

OWONO b WwN =
9]
=

| I |
92220

-
o
m

SWONO Vb WN =

E

18 PIN PLASTIC DIP/SOIC

Figure 2 - Pin Connections

Pin Description

Pin #
18 | 20 Name Description
1 1 IN+ Non-Inverting Op-Amp (Input).
2 IN- Inverting Op-Amp (Input).
3 GS Gain Select. Gives access to output of front end differential amplifier for connection of

feedback resistor.

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

5t 5 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.

8 OSC1 |Clock (Input).

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

9 110| Vgs |Ground (Input). OV typical.

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

11-112-] 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.

151 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 Vg

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 | 19| SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, 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 Voo Positive power supply (Input). +5V typical.

7, NC No Connection.
16




Iso?2-cmos 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

SiD

MT8870D/

MT8870D-1 teTa=(RC)In(Vpp/VTs)

terp=(RC)IN[Vpp/(Vpp-Vr1s)]

igure 4 - Basic Steering
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”
(ESY) 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

N _

X=350 Hz

] Y=440 Hz

20

DTMF TONES

o™

ATTENUATION

A=697 Hz
B=770 Hz

(dB)
30

C=852 Hz
D=941 Hz

E=1209 Hz

40

F=1336 Hz
G=1477 Hz
H=1633 Hz

50

T

AB C D
FREQUENCY (Hz)

1

1kHz

N omafe]
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condition is maintained (ESt remains high) for the
validation period ({gtp). Ve reaches the threshold
(V1sy) of 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
regisiered. The contenis of tne ouiput iaich 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 reverse 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:

trec=tppticTe

tio=tpattra
The value of tpp is a device parameter (see Figure
11) and trgc is the minimum signal duration to be

recognized by the receiver. A value for C of 0.1 puF is .

terP=(RpC1)In[Vpp/Vpp-Vrs)!
Voo tera=(R1CINVpoVrs)
Rp'—'(R,Rz)/(R1+R2)

a) decreasing tgrp; (tgTp<tgTa)

terP=(R1C1)In[Vpp/(Vpp-Vrsi)]

VDD O—C__I_ {GTA:(RPC1)ln(VDD/VTS!)

! Rp=(R1R2M(R1+Ry)
svcT(

b) decreasing te1ai (teTp>tGTA)

Figure 5 - Guard Time Adjustment

1-14

Digit | TOE | INH ESt Qg Q3 Q; 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 o] 1
6 H X H 0 1 1 0
/ H X H - U i i i
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 X H 1 0 1 1
# H X H d 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
(o} H L H 1 1 1 1
D H L 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 (tgrp) and tone absent (tg7a). 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 trgc
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 tggc  with
a long tpo 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
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
renresenting characters A, B, C, and D. The cutput

code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vges) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vggs
biasing the input at '/,Vpp. Figure 6 shows the
differential  configuration, which  permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

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-
Ended Input Configuration). However, it is possible to
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 (OSC1) 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
arrangement shown, i.e., precision balancing
capacitors are not required.

MT8870D/
MT8870D-1

e
—O—

O
A

Dif_ﬂ(a:rerq%al fl:nput Amplifier

== n
Ry=R,=Rs=100 kQ
RIza0k0 Rye37 8 kO

RaRs
R2+R5

All resistors are +1% tolerance.
All capacitors are £5% tolerance.
R3=
. Rs
VOLTAGE GAIN (A, diff)= "
1

INPUT IMPEDANCE

1 2
(ZinoiFr) =24/ R+ (T)c')

igure 6 - Differential Input Configuration

___l ’_ﬁ To OSC1 of next
C T8870D/MT8870D-1
\J

0sc2

I._

C=30 pF
X-tal=3.579545 MHz

-tgure 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 % 10.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2TTfR1C1.

4-15
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Appiications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 te1P=(RpCINVpp/(Vop-Vrs]

The circuit shown in Fig. 9 illustrates the use of =

MT8870D-1 device in a typical receiver system. BT forlRaClin(Voo/Vrsi)
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing 2 suitable values of Ry and R, to
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 R3 and C, are the guard time

requirements when the total component tolerance is EOL%SF;BKQ+ 1%
6%. For better performance, it is recommended to R;=2.2MQ;1%°
use the non-symmetric guard time circuit in Fig. 8. C4=100nF + 5%

Re=(RIRMR1+R;)

M78870D-1

IN+ 2 Vop

SYGT

ESt

Veef StD

INH Q4

PWDN Q3

OSC 1 Q2
0OSC 2

NOTES:
Ry = 102KQ + 1%
Ves Ry = 71.5KQ + 1%

> Ry = 390KQ+1 %
C;.C,= 100 nF 5%
Xy = 3.579545 MHz + 0.1%
Vpp = 5.0V+ 5%

LT

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

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vpp 7 \%
2 | Voltage on any pin \ Vgs-0.3 Vppt0.3 \Y
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tstg -65 +150 °C
5 | Package power dissipation Pp 500 mwW

1 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 Vpp | 4.75 5.0 5.25 \%
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc +0.1 %
t 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%, Vss=0V, -40°C < T <+85°C, unless otherwise stated.

Characteristics Sym Min Typt Max Units Test Conditions

1 | S [Standby supply current Ibpa 10 25 uA  |PWDN=Vpp

2 lFJ> Operating supply current lop 3.0 9.0 mA

3 i Power consumption Po 15 mW |fc=3.579545 MHz

Y

4 High level input Vi 3.3 V. |Vpp=5.0V

5 Low level input voltage Vi 1:5 V  |Vpp=5.0V

6 | Input leakage current ha/he 0.1 pPA |V |Ny=VssorVpp

7 '; Pull up (source) current Iso 7.5 20 HA TOE_(pin 10)=0,

: U Vpp=5.0V

8 ; Pull down (sink) current Is| 15 45 pA 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 24 2.5 V.  |Vpp=5.0V

11 Low level output voltage VoL Vgs1+0.03 No load

12 8 High level output voltage Von | 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 lon 0.4 0.8 mA  |Voyr=4.6 V

15 ; VRef Output voltage VRef 2.3 2.5 2.7 V' |Noload, Vpp = 5.0V

16 Vet Output resistance Ror 1 kQ

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subjectto production testing.
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Operating Characteristics - vyp=5.0v5%, V55=0V, -40°C < T < +85°C unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min Typi Max | Units Test Conditions

1 | Inputleakage current N 100 nA | Vgs<Viy<Vpp

2 | Input resistance Rin 10 MQ

3 | Input offset voltage Vos 25 mV

4 1 Power supply rejection PERR 50 d8 1 kHz

5 | Common mode rejection CMRR | 40 dB 0.75V <V|y<4.25V biased

at Vgef=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 kQto Vs @ GS
- 9 | Maximum capacitive load (GS) CL 100 pF

10 | Resistive load (GS) Rp 50 kQ

11 | Common mode range Vem 2.5 Vpp | No Load

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

Figure 10.
Characteristics Sym Min TypI Max Units Notes*
3 Valid input signal levels (each -29 +1 dBm 1,2,3,5,6,9
tone of composite signal
P f 27.5 869 | mVpws | 123569
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.5% £ 2 Hz 2,3,5,9
5 | Frequency deviation reject +3.5% 23489
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 2,3,4,58,9,11
1 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 cornposite 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.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - v,,=5.0v+5%, Vss=0V, -40°C < T, < +85°C , using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max Units Notes*
4 | Valid input signal levels (each -31 +1 dBm Iezsgeg a(‘;\Q/DD=5-0V
tone of composite signal) 21.8 869 | MVgus 1459:9,0,
. . -37 dBm TestedatVpp=5.0V
2 | Input Signal Level Reject — 1.2.3.56.9
. i10.8 MVRMS
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept dB 2:3:6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 23,59
6 | Frequency deviation reject +3.5% 2,3,59
7 | Third zone tolerance -18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,79,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
1 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.

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.
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AC Electrical Characteristics - v;,=5.0v5%, Vsg=0V, 40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min Typt | Max | Units Conditions
1 Tone present detect time top 5 11 14 ms  |Note 1
2 | 7 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 ,& Tone duration accept trec 40 ms |Note 2
4 ;‘ Tone duration reject tREC 20 ms |Note 2
5 | © |Interdigit pause accept tio 40 ms |Note 2
6 Interdigit pause reject too 20 ms  [Note 2
7 Propagation delay (St to Q) teq 8 11 pus |TOE=Vpp
8 | o |Propagation delay (St to StD) tpstn 12 16 us  |TOE=Vpp
9 %—J Output data set up (Q to StD) tastp 3.4 us |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpre 50 ns |load of 10 kY,
T 50 pF
11 S Propagation delay (TOE to Q DISABLE)| tprp 300 ns |load of 10 kQ,
50 pF
12 g Power-up time tpy 30 ms_ |Note 3
13 \f/qv Power-down time tep 20 ms
14 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831| MHz
15 CL3 Clock input rise time tiheL 110 ns |Ext clock
16 | 0 |Clockinput fall time tHLeL 110 ns |Ext. clock
17 ﬁ Clock input duty cycle DCq 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) CiLo 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.

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

-—E IN+ L.I VDD

—{} IN- SUGT

N —{ ] GS ESt
2 ] Vger Stb
O——— ] INH Q4

O————=1]] POWN Q3
R1,R2=100Kﬂi' 1%

LT—E 0SC 1 Q2
X-tal
=T} osc2 Q1
0 v R;=300KQ + 1%
SS C4.C2=100 nF + 5%
X-tal=3.579545 MHz+ 0.1%

Figure 10 - Single-Ended Input Configuration

NOTES:

LT

4-20




ISO2-cMOS MT8870D/MT8870D-1

EVENTS |

TONE TONE
#n+1 #n+1

A N B

1—_"\7‘ D S s N
—— ™

'<— tasw

HIGH IMPEDANCE
DECODED TONE # (n-1) [X : #n >—————<E
|
ey N ,
1
PR Sy
l I
_)l f—- —>

teto

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

C) 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 DECODED 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
DTMF COMPOSITE INPUT SIGNAL.
EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-BIT DECODED TONE OUTPUT.

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

TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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- Package Outlines

321
- inEnEnininininln] 3
E4 q E
N 72
-2n1n
: i
i_Az A *
LI_—' ___—T c
sl Mimyed
Notes: D4 b
1) Notto scale
2) Dimensions in inches
3) (Dimensions in millimeters)
Plastic Dual-In-Line Packages (PDIP) - E Suffix
22-Pin 24-Pin 28-Pin 40-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.250 (6.35) 0.250 (6.35) 0.250 (6.35)
A, 0.125(3.18) | 0.195 (4.95) | 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.15) | 0.070 (1.77) | 0.030(0.77) | 0.070(1.77) | 0.030(0.77) | 0.070(1.77) | 0.030(0.77) | 0.070(1.77)
c 0.008 (0.204) | 0.015(0.381) | 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381)
D 1.050 (26.67) | 1.120 (28.44) | 1.150 (29.3) | 1.290(32.7) | 1.380(35.1) | 1.565(39.7) | 1.980(50.3) | 2.095(53.2)
D4 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.390 (9.91) | 0.430 (10.92) | 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)
E ,0'290 (7.37) | .330(8.38) ; o
.E1 0.330 (8.39) | 0.380(9.65) | 0.485 (12.32) | 0.580 (14.73) | 0.485 (12.32) | 0.580 (14.73) 0.485(12.325 0.580'(14.73)
E; 0.246 (6.25) | 0.254 (6.45)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ex 0.400 BSC (10.16) 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)
ea 0.300 BSC (7.62)
eg 0.430 (10.92)
L 0.115(2.93) | 0.160 (4.06) | 0.115(2.93) | 0.200(5.08) | 0.115(2.93) | 0.200(5.08) | 0.115(2.93) | 0.200 (5.08)
a 15° 15° 15° 15°

[:: Shaded areas for 300 Mil Body Width 24 PDIP only




Package Outlines

HHHHHEHBHA"

E
0O T
A
\
e
L /
H
| |
A e
D L
/ T 4 mils (lead coplanarity)
Notes:
!L 1) Not to scale
Ay - 2) Dimensions in inches
3) (Dimensions in millimeters)
T ———>’ | €< 4) A & B Maximum dimensions include allowable mold flash
B
Bk 16-Pin 18-Pin 20-Pin 24-Pin 28-Pin

Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104 0.093 0.104
(2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65) (2.35) (2.65)
Ay 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30)
B 0.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0.013 0.020
(0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51)
c 0.009 0.013 0.009 0.013 0.008 0.013 0.009 0.013 0.009 0.013
(0.231) (0.318) (0.231) (0.318) (0.231) (0.318) (0.231) (0.318) (0.231) (0.318)
D 0.398 0.413 0.447 0.4625 0.496 0512 0.5985 0.614 0.697 0.7125
(10.1) (10.5) (11.35) (11.75) (12.60) (13.00) (15.2) (15.6) (17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40)

e 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC

(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC)
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419
(10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (1.27)

Lead SOIC Package - S Suffix

NOTES: 1. Controlling dimensions in parenthesis () are in millimeters.
2. Converted inch dimensions are not necessarily exact.
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Package Outlines

Notes:

OoOoOomn

2 1
111

[ 1) Nottoscale
2) Dimensions in inches
3) (Dimensions in millimeters)

oo gog

n~2n-1n

S A

D4

Bl B

—~—>><——-

(o
,G—QA?J ec
[
I = 1

Plastic Dual-In-Line Packages (PDIP) - E Suffix

8-Pin 16-Pin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0.210 (5.33) 0.210 (5.33) 0.210 (5.33)
A, 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045 (1.14) | 0.070(1.77) | 0.045 (1.14) | 0.070(1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045 (1.14) | 0.070 (1.77)
c 0.008 0.014 (0.356) | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) | 0.014 (0.356) | 0.008 (0.203) | 0.014 (0.356)
(0.203)
0.355 (9.02) | 0.400 (1C.16) | 0.780 (19.81) | 0.800 (20.32) | 0.880 (22.35) | 0.920 (23.37) | 0.980 (24.89) | 1.060 (26.9)
D4 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.300 (7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 0.300 (7.62) | 0.325 (8.26)
E,; 0.240 (6.10) | 0.280(7.11) | 0.240 (6.10) | 0.280(7.11) | 0.240(6.10) | 0.280 (7.11) | 0.240 (6.10) | 0.280 (7.11)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)
ea 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150 (3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.92)
ec 0 0.060 (1.52) 0 0.060 (1.52) 0 0.080 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.
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- Package Outlines

HHHHHHHHH

O

HHHHHHH@@

e
A, -
B —>] ’e—
20-Pin 24-Pin 28-Pin 48-Pin
Dim
Min Max Min Max Min Max | Min Max
A 0.078 - 0.079 0.079 | 0.095 | 0.110
) ) 2) (2.41) | (2.79)
Ay | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) 0.2) | (0.406)
B | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.008 | 0.0135
(0.22) | (0.33) | (0.22) | (0.33) | (0.22) | (0.33) | (0.2) | (0.342)
c 0.008 0.008 0.008 0.010
(0.21) (0.21) (0.21) (0.25)
D 027 0.295 | 0.31 0.33 0.39 0.42 0.62 0.63
(6.9) @5 | 79 | ®5 | (89 | (10.5) | (15.75) | (16.00)
E 0.2 0.22 0.2 0.22 0.2 022 | 0291 | 0.299
(5.0) (5.6) (5.0) (5.6) (5.0) (5.6) | (7.39) | (7.59)
e 0.025 BSC 0.025 BSC 0.025 BSC 0.025 BSC
(0.635 BSC) (0.635 BSC) (0.635 BSC) (0.635 BSC)
A, | 0065 | 0073 | 0.065 | 0073 | 0065 | 0.073 | 0.089 | 0.099
(1.65) | (1.85) | (1.65) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)
H 0.29 0.32 0.29 0.32 0.29 032 | 0395 0.42
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) | (10.03) | (10.67)
L.| 0022 { 0037 | 0.022 | 0037 | 0022 | 0037 | 002 0.04
(0.55) | (0.95) | (0.55) | (0.85) | (0.55) | (0.95) | (0.51) | (1.02)

m

[
G

Notes:

1) Notto scale

2) Dimensions in inches

3) (Dimensions in millimeters)

4) Ref. JEDEC Standard M0-150/M0118 for 48 Pin

5) A & B Maximum dimensions include allowable mold flash

Small Shrink Outline Package (SSOP) - N Suffix
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LM386

General Description

The LM386 is a power amplifier designed for use in low volt-
age consumer appiications. The gain is internaiiy set to 20 0
keep external part count low, but the addition of an external
resistor and capacitor between pins 1 and 8 will increase the
gain to any value from 20 to 200.

The inputs are ground referenced while the output automati-
cally biases to one-half the supply voltage. The quiescent
power drain is only 24 milliwatts when operating from a 6 volt
supply, making the LM386 ideal for battery operation.

NNational Semiconductor

Low Voltage Audio Power Amplifier

August 2000

Features

= Battery operation

® jMinimum exiernai parts

= Wide supply voltage range: 4V-12V or 5V-18V

® | ow quiescent current drain: 4mA

® Voltage gains from 20 to 200

B Ground referenced input

® Self-centering output quiescent voltage

® Low distortion: 0.2% (Ay = 20, Vg =6V, R_ = 8Q, P =
1256mW, f = 1kHz)

® Available in 8 pin MSOP package

Applications

B AM-FM radio amplifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

Equi{/alent Schematic and Connection

Diagrams

& Small Outline,

. U .

GAIN ——1 — GAIN

. _inetT =2 L7 Bveass
—0O Vour
anryr = L Ve

6N — S

0S006978-2
Top View
- . Order Number LM386M-1,

Molded Mini Small Outline,
and Dual-In-Line Packages

LM386MM-1, LM386N-1,
LM386N-3 or LM386N-4
See NS Package Number
MOBA, MUAOSA or NOBE

©2000 National Semiconductor Corporation DS006976

www.national.com
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"'nenSiQnS inches (uu hr‘.e.ers) unless otherwise noted

9.138 - 0.197
{4.886 —5.004)
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A A A

0.228-0.244
(5.791-6.199)
i .010 pax
p ) (0.254)
v /90 Uﬁ_t
terone 1T s T
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6.150-0.157
| Ban0-3sm *
L010-0.020 45| (:;;i:_'”%
D40, 0% 8 MAX TYP fl 208 - 08
ALL LEADS (0.162-0.254)
|
l—-’—'—;ﬂu = 4 —
n 084/ f
0.008-0.010 cz)m i
{0.20-0.254) — n‘toe-{g
TYP ALL LEADS fa ATE )

SO Package (M)
Order Number LM386M-1
NS Package Number MOSA
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386

LM

Phys:cal Dimensions inches (millimeters) unless cthenwise noted (

~———— [320.1] ———

Continued)

0.118+0.004

ﬁﬂﬂﬂﬂ AL

8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386MM-1
NS Package Number MUAOBA

i 1
0.193:0.004 0.11840.004 (0. uaa?) -
.[4.910}] [3%0.1]
\\\ (0 0‘0) TYP] 1 1 l '
PIN 1 . 5 m
IDENT LLI :
NOTE 2
(0.018) l L
. ! i [0.41] TYP— (0 0256) v
1 4
i(g o:lzse) TYP LAND PATTERN RECOMMENDATION
[0.65] f s
R TYP
f0.13] GAGE
s g 0005 PLANE
MAX —
[1.09] WX R (03] TP
L \ \ (0.010)
) 74 [0.25]
AelnEaRats MENS 15 e AL
/
elocozfocs i ; L2 TV O D | 0.021£0.005 N;
0.002-0.006 [0.30-19] ( 5 J [0.5320.12) 0° -0 TYP
0.08-0.15] "7 \ f 7o SEATING PLANE
[0.06-0.15] o] 'y
[€[0.002 [0.05]@[e@[cO)]
0.007£0.002 1.,
[0.18£0.05] vuz0s: {REV 8)

www.national.com




Physicai Dimensions inches (milimeters) unless otherwise noted {Continued)

0.373-0.400

(8.474—10.16)

0.090

{2.286)
oosz s [7] [6] s 0.032:+0.005
2.3 | 0.81320.127)
N 0.25040.005 RAD

PIN NO. 1 mENT—\L + i o

PIN NO. 1 IDENT:
___\.

OPTION 1 |
_— Of 120 (3] @ T _
ey 0.280 0.040
g " 0.030 T S - P—
max  (1.016) 0.039
6.300—6.320 (0.762) —> 4—(-0'39-1—) 0.145—0.200
— S e W0+ I (3.683—5.080)
(7.62—8.128) } —1 /<—
- ‘ =4 ¥ A oaserooos \
H : ¥ @30z & !
. A | ‘f A oazs-0.a40 ?
- 1753,
QLW /IS0 oo
noss-oos W - YR G
(0.229-0.381) AL MK
0.018£0.003
+0.040 0.018:+0.003
0325 g 015 {0457 £0.075)
+1.018 0.10010.018
(“55 —0.381) (2.54020.254)
0.045+0.015
(1.143£0.381) > ded
Liiis)m
| &4 {1.528)
{1.270) NOBE (REV F}

DuakIn-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:

2. A critical component is any component of a life

1.

Life support devices or systems are devices or
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 fallure of
the life support device or system, or to affect its
safety or effectiveness.

o

National Semiconductor National Semliconductor

Corporation Europe 1
Americas Fax: +49 (0) 180-530 85 86
Tel: 1-800-272-9859 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208
Email: support@nsc.com English Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 1 41 91 8730

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5638-7507

National Semiconductor
Asia Paclfic Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National does nol assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specficatons.
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DM74LS153

General Description

Each of these data selectors/multiplexers contains invert-
ers and drivers to supply fully complementary, on-chip,
binary decoding data selection to the AND-OR-nvert
gales. Separate strobe inputs are provided for each of the
two four-line sections.

August 1986
Revised March 2000

Dual 1-of-4 Line Data Selectors/Multiplexers

Features
B Permits multiplexing from N lines to 1 line
B Performs at parallel-to-serial conversion
B Strobe (enable) fine provided for cascading
(N lines to n knes)
B High fan-out, low impedance, totem pole outputs
W Typical average propagation delay times

From data 14 ns
From strobe 19 ns
From select 22ns

¥ Typical power dissipation 31 mW

Ordering Code:

Order Number |Package Number Package Description
DM74LS153M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS153N N16E 16-Lead Plastic Dualdn-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

‘Connection Diagram

STROBE A DATA INPUTS OUTPUT

VCC 26 SELECT m—m— e 2V

e

15 I‘l‘ 3 12 1" 10 9°

]

2C3 2C2 2Ct 2CO

2G BaAA

s
1G BBAA
1€3 1C2 1C1 1o 1y

1 2 3 L} 5 6

T TB
OUTPUT GND
DATA INPUTS 1Y

STROBE B
1G SELECT

Devices alkso available in Tape and Reel. Specify by appending the suffix letter *X™ to the ordering code.

Function Table

Select
sy Data Inputs Strobe | Output
Bl|AjCo[cC1|[cCc2|cC3 G v g
X1 X X X X X H L
LgisL L X X X L L
(S 2 B H X X X L H
L|H X L X X By 4
L2t 4 X H X X L H
H|L X X L X L L
H|L X X H X 1 H
H|H X X X L L L
H|H X X X H L H

Seled inputs A and B are common o both sections.

H = HIGH Level

L =LOW Levei

X = Don’t Care

© 2000 Fairchild Semiconductor Corporation DS006393

www fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740~0.780

H
0.090
13.80—- 19.81 0.090
( Vo, ] (2.286)
_0.250£0.010
{6.35020.254)
OPTION 02 0.065
0.130£0.005
0.060 4° TYP 0.300 - 0.320 (1.651)
i (330220.127) —-I - (525 P /‘\i‘\OPT,ONAL | 7620=8.128) i 4
0.145-0.200 ) : / \
(3.683-5.080) { g ¥
950250 .
s 0Pk o e 0.008-0.016
0203 - 0.406)
(oaes MiN fo 2280
0.125=0.150 0.030£0.015 (7.112)
(a7s-3810) T T (075220381) M
0.014-0.023 0.100£0.010 +0.040
(onsT;P&smf ry 0.050£0.010 MW’P‘)”‘ (isf_-o._g:% 182 (REV F)
1
i.z7$$o.zs4) (8255 T} 553

16-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

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

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:
1. Life support devices or systems are devices or systems 2. A crilical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safely or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.

5 www.fairchildsemi.com
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DM74LS373 - DM74LS374

April 1986
Revised March 2000

3-STATE Octal D-Type Transparent Latches
and Edge-Triggered Flip-Flops

General Description

These 8-bit registers feature totem-pole 3-STATE outputs
designed specifically for driving highly-capacitive or rela-
tively low-impedance loads. The high-mpedance state and
increased high-logic level drive provide these registers with
the capability of being connected direclly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, /O ports, bidirectional
bus drivers, and working registers.

The eight latches of the DM74LS373 are lransparent D-
type latches meaning that while the enable (G) is HIGH the
Q outputs will follow the data (D) inputs. When the enable
is taken LOW the output will be latched at the level of the
data that was set up.

The eight flip-flops of the DM74LS374 are edge-triggered
D-type flip flops. On the positive transition of the dock, the
Q outputs will be set to the logic states that were set up at
the D inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (HIGH or LOW
logic levels) or a high-impedance state. In the high-imped-
ance slate the outputs neither load nor drive the bus lines
significantly.

The output control does not affect the intemal operation of
the latches or flip-flops. That is, the old data can be
retained or new data can be enlered even while the outputs
are OFF.

Features

B Choice of 8 latches or 8 D-type flip-flops in a single
package

B 3-STATE bus-driving outputs

B Full paraflel-access for loading

& Buffered control inputs

B P-N-P inputs reduce D-C loading on data lines

Ordering Code:

Order Number | Package Number Package Description
DM74LS373WM m208 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS373SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
DM74LS373N N20A 20-Lead Plastic Dual4n-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
DM74LS374WM M208 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS374SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
IDM29301NC N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also avaitable in Tape and Reel. Specify by appending the suffix letter *X™ to the orcering code.

sdo|4-di|4 paiabBli-o6p3 pue sayoje Jusiedsuel) odAL-q 2390 JLVLIS-E PLESTHZNG » €LESTYLING

© 2000 Fairchild Semiconductor Corporation DS006431
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DM741L.S374 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)

T
Symbol Parameter Condlitions Min P Max Unhts
(Note 9)
Vi Input Clamp Voltage Vee =Min, | =-18 mA -1.5 v
Vo HIGH Level Vee =Min, loy = Max 24 s o
X 3. v
Output Voltage Vi = Max, Viy; = Min = ‘
V LOW Level Ve = Min, I = M:
o o= RO 035 05
Output Voltage Vi = Max, Viy = Min \
loL = 12 mA, Ve = Min 0.25 0.4
I Input Current @ Max Input Voltage Vee =Max, V=7V 0.1 mA
™ HIGH Level Input Current Vee =Max, V= 2.7V 20 HA
e LOW Level Input Current Vce = Max, V)= 0.4V -0.4 mA
lozn Off-State Qutput Current with Vee =Max, Vo =2.7V 20 A
HIGH Level Output Voltage Applied Vi = Min, V_=Max
loz Off-State Output Current with Ve = Max, Vo= 0.4V 20 A
LOW Level Output Voltage Applied Vi = Min, V,,_=Max
los Short Circuit Output Current Vee = Max (Note 10) -50 -225 mA
lee Supply Current Vee = Max, D, = GND, OC =4.5V 27 45 mA
Note 9: All typicals are at Vee =5V, T, = 25°C.
Note 10: Not more than one output should be shorted at a time, and the duration should not exceed one second.
DM74LS374 Switching Characteristics
al Vg =5V and Ta = 25°C
Ry =667Q
Symbol Parameter C_L=45pF Cy =150 pF “ Units
Min Max Min Max
fimax Maximum Clock Frequency 35 20 MHz
|/ Propagation Delay Time
PLH N ¥ 28 32 ns
LOW-to-HIGH Level! Output
1 B ation Delay Ti
PHL PR gplay Time 28 38 ns
HIGH-to-LOW Level Output
1 Output Enable Time
] P 28 44 ns
to HIGH Level Output
t QOutput Enable Time
el i 28 44 ns
to LOW Level Output
oz Output Disable Time
20 ns
from HIGH Level Output (Note 11)
torz Output Disable Time
25 ns
from LOW Level Output (Note 11)

Note 11: C, =5 pF.

www.fairchildsemi.com
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DM74LS373 » DM74LS374

Physical Dimensions inches (millimeters) unless otherwise noted

0.291 -0.299
N S
0.010-0.623 .
-0 X457 —-] r—'
i §° MAX TYP
i AL eaos
v v
um/
9.809-0.013 =
(8.229-0.320¢ A Teng 1w "l l‘::: ?%
TYP ALL LEADS

_0.4%-0.512
{12,588 - 13.005)

]

!
_bs-ane f
(19.008 - 10.540

|
3 TP
mnuo|/L-/ \’i
LA R L
"
vz;45s1|110_f
D010 ypx
(9.254)
0.053 —8.74
2%21-2642)
L so-am2
{6102-8.385)
i |
- eSO ¥ seanne
=2\ 74 1 AL
‘:.;;’ _.1 !-c——#'! i ] | 001 0.020 pyp
; iwzm i w3sE 0.508)
10.203) wepivn

20-Lead Small Qutline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
Package Number M208

www.fairchildsemi.com




Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

12.620.10

o.wwp——[; " | e
in ! i 1l M“r

5.320.10 927 TYP

(2] |

el @ Giges T

_ U U—oz
1 s ,l LN

PIN #1 IDENT.

LAND PATTERN RECOMMENDATION

21MAX.Y [T PS - /fﬁmNLA

820, A/, K
L'E.J R [ \J L/-L—] L__i
= AN JLWJ V] — 15025

(@ Jo12@]c]A]

—

DIMENSIONS ARE IN MILLIMETERS

GAGE PLANE

ESTABUSHED IN DECEMBER, 1998. S
B. DIMENSIONS ARE IN MILLIMETERS. \

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD
ONS. D'M"S‘L o \—SEATING PLANE

NOTES: 0°-8° TYP &
A. CONFORMS TO EIAJ EDR-7320 REGISTRATION, E

FLASH, AND TIE BAR EXTRUSI 105 —omd

M20DRevB1
DETAILA

20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M20D

7 www._fairchildsemi.com
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DM74L8373 « DM74LS374 3-STATE Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.013-1.069
0.052 X 0.030 25.13-26.02)
337 X0.7 0.032:0.005
Rl [ (] W] () (W] () (3] (5] ) (i) S
IN ' RAD
PN w0 110ENT—~_ | (G () | 12580008 . N B
50 017 % K. T $DERT—
020 oerions \\. N/ [6504 s0.12/) x.
1
i TN OO W W By
2090
0.300-9.320 —~ |z orPTioN 2
17.620-8.128) 0660 NOM 0043 oPTION2 _ \ 0130 0.005
o065 11520) r om px T ] ol
255 e w7
3] [ TYP Y | \l !
i ! T | 0.145-0200
=t J 7 — | s
95% 5 u«_mus, 90°:0.804° l f '
U™ 9223 038m 028
’ Tve 0.106:0810 | ”z,_. w50
A5 s 200258 = oo @75 1556 MIN
Y R T FOX L 045720078
0015
1016
('255 -». 391)
N20A (REY Gy

20-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

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

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected lo cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com 8




ChipCorder®

TECHNOLOGYBY ISD

ISD1400 Series

Single-Chip Voice Record/Playback Devices

16- and 20-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 1ISD1400 ChipCorder®
series provides high-quality, single-chip record/
playback solutions fo short-duration messaging
applications. The CMOS devices include an on-
chip oscillator, miciophone preampilifief, auto-
matic gain control, antiafiasing fitter, smoothing fil-
ter, and speaker amplifier. A minimum record/
playback subsystern can be configured with a mi-
crophone, a speaker, several passives, two push-
buitons, and a power source.

Recordings are stored in on-chip nonvoldtile

memory cells, providing zero-power message

storage. This unique, single-chip solution is made

possible through ISD's patented muitilevel storage

technology. Voice and audio signals are sfored

directly info memory in their natural form, providing
" high-quoiily, solid-skate voice reproduction.

Figure: 1SD1400 Series Block Diagram

XCLK O—f—————— intemai Clock_|— _ Timing
i ®
l\\ TECHNOLOGY RYIS1)
5-Pole Active | | -
ANAIN O lAmp/ Anfigliasing Fiter Analog Transceivers
g 128K Cell
ANA OUT O— ] ;
—3 P SpoleAcive || oso [ O ¥t
ofoge Smoothing Fitt ¢
MC O P 2 e ing Fiter o g
MIC REF O
Automatic
AGC O— & Gain Control
{AGC)
[ Power Conaitioning | | Address Buffers [ Devicecontol |
o O 00000 O0O 0O o O o
Veea Vsa Vsso Vooo AG AT A2 A3 A4 AS A6 A7 REC PLAYE PLAYL RECLED

ISD—APRIL 1998



ISD1400 Series

Figure 1: 1ISD1400 Series Pinouts

ISD1400
A0 []1® 28 [ Veeo
Al ]2 27 [ REC
A2 3 26 [ XCLK
A3 4 25 [1 RECLED
A4 5 24 [ PLAYE
A5 TH6 23 [ PLAVL
NC 17 22 [ NC
NC 8 21 7 ANA OUT
A6 9 20 7 ANAIN
A7 10 19 1 AGC
NC 11 18 1 MIC REF
Vesp 12 17 3 MIC
Vgsa 113 16 1 Veca
P+ 14 15 3 SP—
DIP/SOIC
NOTE: NC means must Not Connect.
PIN DESCRIPTION

NOTE The REC signal is debounced for 50 ms on
the rising edge fo prevent a false retriggering
from a push-bufton switch.

VOLTAGE INPUTS (Veea » Veep)

Analog and digital circuiis intemal to the ISD1400
series use separate power buses to minimize noise
on the chip. These power buses are brought out to
separate pins on the package and should be tied
together as close 1o the supply as possible. It is im-
portant that the power supply be decoupled as
close as possible to the package.

GROUND INPUTS (Vssa , Vssp)

Similar to Veea and Veep. the analog and digital
circuits infemal o the ISD1400 series use separate
ground buses o minimize noise. These pins should
be fied together as close as possible fo the device.

RECORD (REC)

The REC input is an active-LOW record signal. The
device records whenever REC is LOW. This signal
must remain LOW for the duration of the record-
ing. REC takes precedence over either playback
(PCAYE or PLAYL) signall. If REC is pulled LOW during
a playback cycle, the playback immediately
ceases and recording begins.

A record cycle is complefed when REC is pulled
HIGH or the memoily space is filled.

An end-of-message marker (EOM) is intemally re-
corded, enabling a subsequent playback cycle
o terminate appropriately. The device automati-
cally powers down to standby mode when REC
goes HIGH.

PLAYBACK, EDGE-ACTIVATED (PLAYE)

When a LOW-going transition is detected on this
input signal, a playback cycle begins. Playback
continues until an EOM is encountered or the end
of the memory space is reached. Upon comple-
fion of the playback cycle, the device automati-
cally powers down info standby mode. Taking
PLAYE HIGH during a playback cycle will not termi-
nate the curent cycle.

PLAYBACK, LEVEL-ACTIVATED (PLAYL)

When this input signal transitions from HIGH to
LOW, a playback cycle is initiated. Playback con-
tinues until PLAYL is pulled HIGH, an EOM marker is
detected, or the end of the memory space is
reached. The device automatically powers down
to standby mode upon completion of the play-
back cycle.

NOTE In playback, if either PLAYE or PLAYL is held
LOW during EOM or OVF, the device will still
enter standby and the internal oscillator
and fiming generator will stop. However,
the rising edge of PLAYE and PLAYL are not
debounced and any subsequent falling
edge (particularly switch bounce) present
on the input pins will inifiate another
playback.

. . . s ™
Voice Solutions in Silicon
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ISD1400 Series

DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The ISD1400 series includes devices offered at 6.4
and 8.0 KHz sampling frequencies, allowing the
user a choice of speech quality options. The
speech samples are stored directly into on-chip
nonvoidtile memory without the digitization and
compression associated with other solutions. Di-
rect analog storage provides a very frue, natural
sounding reproduction of voice, music, fones,
and sound effects not available with most solia-
state digital solutions.

DURATION

To meet end system reqguirements, the ISD1400
series offers single-chip solutions at 16 and 20 sec-
onds.

EEPROM STORAGE

One of the benefits of ISD's ChipCorder techriology
is the use of on-chip nonvoldatile memory, providing
zero-power message storage. The message is re-
tained for up fo 100 years typically without power.
In addition, the device can be re-recorded typi-
cally over 100,000 times.

BASIC OPERATION

The ISD1400 ChipCorder series devices are con-
trolled by a single record signal, REC, and either of
two push-button contral playback signals, PLAYE
(edge-activated playback), and PLAYL (level-acti-
vated playback). The ISD1400 parts are config-
ured for simplicity of design in a single-message
application. Using the address lines will allow mul-
fiple message applications. Device operation is
explained on page 15.

AUTOMATIC POWER-DOWN MODE

At the end of a playback or record cycle, the
ISD1400 series devices automadtically retum to a
low-power standby mode, consuming typically
0.5 pA. Duiing a playback cycle, the device pow-
ers down automdatically at the end of the mes-
sage. During a record cycle, the device powers
down immediately aftet REC is released HIGH.

ADDRESSING {OPTIONAL)

In addition to providing simple message playback,
the 1SD1400 series provides a full addressing ca-
pability.

The ISD1400 series storage array has 160 distinct
addressable segments, providing the following

resolutions. See Application Information for ISD1400
address tables. '

Table 1: Device Playback/Record
Durations
Minimum Duration
Part Number (Seconds)
ISD1416 100 ms
1SD1420 125ms

ISD
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RECORD LED OUTPUT (RECLED)

The output RECLED is LOW during a record cycle.
It can be used to drive an LED fo provide feed-
back that a record cycle is in progress. In addition,
PECLED pulses LOW momentarily when an EOM is
encountered in a playback cycle.

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 to this pin via a se-
ries capacitor. The capacitor value, together with
the intemal 10 KQ resistance on this pin, deter-
mine the low-frequency cutoff for the ISD1400 se-
ries passband. See Application  Information  for
additional information on low-frequency cutoff
cdlculations.

MICROPHONE REFERENCE (MIC REF)

The MIC REF input is the inverting input to the mi-
crophone preampilifier. This provides a noise-can-
celing or common-mode rejection input to the
davice when connected differentially fo a micro-
phone.

AUTOMATIC GAIN CONTROL (AGC)

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input levels. The AGC allows the full
range of sound, from whispers to loud sounds, to
be recorded with minimal distortion. The *aftack”
time is determined by the time constant of a 5 KQ
infernal resistance and an extemal capacitor (Cé
on the schematic in Figure 4) connected from the
AGC pinto Vssa analog ground. The “release” fime
is determined by the time constant of an extemal
resistor (R5) and an extemal capacitor (C6) con-
nected in parallel between the AGC Pin and Vgsa
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory resulfs in most cases.

ANALOG OUTPUT (ANA OUT)

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

ANALOG INPUT (ANA IN)

The ANA IN pin transfers the input signal to the chip
for recording. For microphene 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, info the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The extemnal clock input for the ISD1400 devices
has an infemal pulkdown device. The I1SD1400 is
configured at the factory with an infemal sam-
pling clock frequency that guarantees its mini-
mum nominal  recordfplayback fime. For
instance, an ISD1420 operating within specifica-
tion will be observed to always have a minimum
of 20 seconds of recording fime. The sampling fre-
quency is then maintained to a variation of +2.25
percent over the commercial temperature and
operating voltage ranges, while still maintaining
the minimum specified recording duration. This
will result in sorrie devices having a few percent
more than nominal recording time.

The intemal clock has a +5 percent folerance
over the industial temperature and voltage
range. A regulated power supply is recommend-
ed for industial femperature pars. If greater pre-
cision is required, the device can be clocked
through the XCLK pin as follows:

Table 2: External Clock Sample Rates
Part 5
Nuinhir Sample Rate Required Clock
ISD1416 8.0 KHz 1024 KHz
1SD1420 6.4 KHz 819.2 KHz

ISD
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These recommended clock rates should not be
varied because the antialiasing and smoothing fitters
are fixed, and aliasing 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 infemally.
If the XCIK is not used, this input should be
connected to ground.

SPEAKER OUTPUTS (SP+, SP-)

The SP+ and SP- pins provide direct drive for loud-
speakers with impedances as low as 16 Q. Asin-
gle output may be used, but, for direct-drive
loudspeakers, the two opposite-polarity outputs pro-
vide an improvement in output power of up to
four times over a single-ended connection. Fur-
themnore, when SP+ and SP—are used, a speaker-
coupling capacitor is not required. A single-end-
ed connection will require an AC-coupling ca-

pacitor between the SP pin and the speaker. The

speaker outputs are in a high-impedance state
during a record cycle, and held at Vssa duiing pow-
er down.

ADDRESS INPUTS (A0-A7)

The Address Inputs have two functions, depending
upon the level of the fwo Most Significant Bits (MSB)
of the address.

If either of the two MSBs is LOW, the inputs are all
inferpreted as address bits and are used as the
start address for the cumrent record or playback
cycle. The address pins are inputs only and do not
output intemal address information as the opera-
tion progresses. Address inputs are latched by the
falling edge of PLAYE, PIAYL, or REC.

OPERATIONAL MODES
The 1SD1400 series is designed with several buitt-in

- operational modes provided to allow maximum

functionality with a minimum of additional com-
ponents, described in defail below. The opera-

. tional modes use the address pins on the ISD1400

devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bifs
(MSBs) are HIGH (A6 and A7), 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 smultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
fially at address 0, which is the beginning of the
ISD1400 address space. Later operations can be-
gin at other.address locations, depending on the
operational mode(s) chesen. In addition, the ad-
dress pointer is reset fo O when the device is
changed from record fo playback but not flom
playback fo record when A4 is HIGH in Operation-
al Mode.

Second, an Opertational Mode is executed when
any of the control inputs, PLAYE, PLAYL, or REC, go
LOW. and the two MSBs are HIGH. This Operational
Mode remains in effect until the next LOW-going
confrol input signal, at which point the: current ad-
dress/mode levels are sampled and executed.

NOTE The itwo MSBs are on pins 9 and 10 for
each 1SD1400 serles device.

Voice Solutions in Silicon™
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OPERATIONAL MODES DESCRIPTION

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

A0 — RESSAGE CUEING

Message Cueing allows the user o skip through
messages, without knowing the actual physical
addiesses of each message. Each conhol input
LOW puise causes the internal address pointer fo
skip to the next message. This mode should be
used for playback only, and is typically used with
the A4 Operational Mode.

Al — DELETE EOM MARKERS

The A1 Operational Mode dllows sequentially re-
corded messages to be combined into a single
message with only one EOM marker set at the end
of the final message. When this operational mode
is configured, messages recorded sequentially
are played back as one continuous message.

A3 — MESSAGE LOOPING

The A3 Operational Mode allows for the automat-
ic, continuously repeated playback of the mes-
sage located at the beginning of the address
space.
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