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ABSTRAC

This thesis/propose_té! develop™ and build .the jthe automatic telephene answering for
encourding of /telephone. system making convinence"to user:Because. of the present telephone
technology i /developed. €xtremely. Therefore the the” autOmatic: teléphone answering is very
useful for user infélecommunication.

In this projéct| build-the-automatic/ telephone answering -whichy is including 2 main
parts.They lare canswering (part and crecording part.The -answering_ part Jhas rng detect
circuit, DTME decoder curcuit.The recording part-use cascade cireuit-to record the/caller voice.lt
can record voige'for 270.seconds.Thc microcontroller MCS-51 is used for controlling all of this
system.

The result of the.expefiment ,the system canvanswer the caller if dosé not has an user in a
while.More over,the user™can, check anassages, and\can record .the voice to answer the

caller,especially the user can assign the-password-to-check massages.
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.**********************************************#*#******#*******************t
s

;Program - Automatic Telephone Answering
;Filename  :ATA.ASM
:Univercity :KING'S MONGKUT INSTITUTE OF TECHNOLOGY LADKRABANG

‘*****************$*********#******************************#*****************
s

ORG 0000H

;*********************************(RESET HD50)FHH*HRHERRRRRLR R KR IR EA LT R RAK
MOV  POHOOH :CLEAR.STATUS
SETB~P0.7 :RESET PD PIN(2520)

;***********************************(HQITIAl)********************************

MAIN: MOV), PL#0EEH ;CLEAR STATUS
SETB= P0.1 :STANBY'\STATUS
SETB 2 P0.2 ;STANBY STATUS
SETBP0.5 ;STANBY. STATUS
SETB (L P0.6 ;SELECT PLAY MODE

B R b d i b (0745 CHECK)##+ 5% s xssnpaorinsbar g rassnss
CALL_CHK: WB|PL7.$ ;CHECK RING 4 TIME
;**********’;*************(START AUTOMATIC ANSWERING)***** s+ ffsx s x 1%
AUTO_ANSWER! CLR—P.1 ;START:ANSWER

LEALL DEBAYT

SETB_ PO.1

SETB PO ;CPENRELAY #1420

JB Pl163 ;CHECK FINISH ANSWER
CLR P0.0 ;CLOSE RELAY #1420
CLR P0.7 :STANBY PD PIN(2590)

B T T I ST T e 22 2L e s Lt FT Tt T I T I 22222222222 2 L 2l
: (KEYS CHECK)

KEY_CHK: MOV RI#0FFH
LOOP3: MOV  R2#0FFH
LOOP2: MOV  R3#OFFH

LOOPI: MOV APl



ANL A#OFH
CINE A#OBHKEY CHK1  ;CHECKKEY(*)
LIMP PWD_CHK

KEY_CHKI: CINE A#OCHXEY_CHK2 ;CHECK KEY(#)
SETB P04 ;OPEN RELAY #2590
CLR P06 ;SELECT RECORD MODE

LIMP RECORD MESSAGE
KEY CHK2: DINZ R3,LOOP

;****#*****#*

PWD_CHK:

LOOPS6: OV RS\HOFFH <0t

LOOPS: 10 ; i la ‘I:’ -3...'

ST, A

LOOP4: 1OV : ‘L/.\Q(‘\QAQA_AA'
Gl S 3
ST =i

RH
W
29
#02H,LOO
)|
0\
NP 9&

At
LOOPT: 3)@2 R6,LOOF

LIMP CALL_END

PWD_CHKI: MOV R4, #0FFH
LOOP10: MOV RS #0FFH
LOOPY: MOV R6#0FFH
LOOPS: MOV APl
ANL A#OFH
CINE A#05H,LOOP11 ;CHECK PWD KEY(5)

LIMP PWD_CHK2



LOOPI1: DINZ R6,LOOP8
DINZ R5,LOOP9
DINZ R4,LOOP10
LIMP CALL END

PWD_CHK2: MOV R4#0FFH
LOOP14: MOV  RS5#FFH
LOOP13:
LOOP12:
LOOP15:
DINZ_| R4;LC Oﬁ SRR
‘.‘."1:",7‘?&7\:’ D)
PWD_CHK3: MOV_ |R47 §w{i :
P
LOOP18:
LOOP17:
LOOP16:
LIMP PWD_CHK4
LOOP19: DINZ R6,LOOPI6
DINZ R5,LOO0P17
DINZ R4,LOOP18
LIMP CALL_END
PWD_CHK4: SETB P04 ;OPEN RELAY #2590

LIMP LISTEN MESSAGE

ekokokoskokkkokokkskokkokkokskokokokkkskkokkkkkk kokskokskskskkskkkskskkkdkkkkokokokkkokkkk
: (RECORD MESSAGE)

RECORD MESSAGE: CLR  P0.5 ;TRIG CE PIN(2590)



LOOP20:

Skkkkkkkkkkkkk
>

LCALL DELAY

SETB PO.5

MOV R7#0CH ;CHECK 15 SEC
LCALL DELAY

DINZ R7,LOOP20

CLR P04 ;CLOSE RELAY #2590

Al IND)
e

li-‘]gl'lmnu‘i 0T
)

CALL_END: S HOOK OFF
i bbb i ,%S’ (?.ﬁj“ - FERkREEE
DELAY: -.\—- QP
Y

D3: MOV  R2#0FFH
D2: MOV  R3#0FFH
DI: DINZ R3DI

DINZ R2,D2

DINZ R1D3

CLR RSI

CLR RSO

RET



DELAY1: SETB RSO
SETB RSIi
MOV R1#0FFH

D4: MOV R2#0FFH

D5: DINZ R2,D5
DINZ R1,D4
CLR RSl

&z A Y o [ v - =2 & 1 ¥ o v €Y - 1%
enansiiluenansnanulidmiunisldanunenisfinwinnu Weygnlnhluliusslevsiaiunisa
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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

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

Deseription

The MT8870D/MT8870D-1 is a complete DTMF
receiver _integrating . both the bandsplit fiter and
digital . decoder-functions. The filter section uses
switched —ecapacitor 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

* Personal computers interiaga
* Telephone answering'machine
-
VDD _VSS Vitef INH
2 Bias
PWDN Cirut VRef
T
' l * ' -— &-’ Q1
PCh: lps : g:g High-Group Digital Code
Fitter _ﬂ- Detection Conrverter —&_ L
Algorithm and Latch Q2
IN+ Dial =
Zero Crossing
Tone
! - Fitter Detectors ﬁ—» (0<]
Low Group 1
= Filter i) > Q4
—Do————b &E.’u St Steering Z>
Ck::gks ¢ GT Logic y
——— AAA——————
v v
0OScCt 0osc2 SUGT ESt STD TOE

ﬁgure 1 - Functional Blockﬁgram



. [T8870D/MT8870D-1 ISO?-CMOS

IN+[] 1 = 18[] voD N} 1 = 20[] voD
IN-[] 2 170 suGT IN-[] 2 19[] SUGT
Gs[] 3 16 ] ESt Gs[}3 18] ESt
VRef [} 4 15[ ] siD VRef[] 4 17 st
INH[] 5 14]7] Q4 s 16%.«;
PWDN[] 6 13[] a3 PWDN[] 6 15{ ] 4
osci(] 7 1220 @ ncl 7 140 a3
osc2(] 8 113 at osci[] s 130 Q2
vss(] 9 10{] TOE oscz2[] 9 12[ ] a1

10 TOE

I 11-

igure
in Description
Pin #
® | 20 Name Description
1 IN+  |Non-Inverting Op-Amp (Input).

212 IN- |lnverting Op-Amp (Input).

3 GS |Gain Select/Gives.aceess 10 outputiof front end differential amplifier.for connection of
feedback resistor.

41 4 Vgt |Reference Voltage (Outpait). Nominally Vpp/2 is tsed to bias inputs at mid-mil (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 inputis:intemally pulled down.

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

7 OSC1 |Clock (Input).

81 9| OSC2 [Clock(Output). A 3.579545 MHz crystal connected betwaen pins OSC1 and OSC2
completes the internal oscilli:tor sircuit

9110 Vgs |Ground (Input). 0V typical.

0|11 | TOE |Three StateOutputEnable (input). Logic.high-enables the oltputs. Q1-Q4. This pin is
pulled up internally.

12-| Q1-Q4 | hree State Data(Output). . When enabled by TOE, provide,the code comesponding to the

14115 last valid tone-pair received (see Table 1). When TOE is logic low; the data outputs are high
impedance. :

15117 StD |Delayed Steering (Output).Presents.a.logic high. when'a received tone-pair has been
registered and the output latch updated; retumns 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.

17119 | SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg 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 Vpp |Positive power supptly (Input). +5V typical.

7, NC  |No Connection.
16




IS0%-cmOos  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
exceptionial dial tone rejection (see Figure-3). Each
filter output is followed by a'single order switched
capagcitor filter section which smooths the signals
prior to limiting. Limiting/is pedformed by high-gain
comparators which are’ provided with hysteresis to
prevent detection of unwanted low-level signais. The
outputs of the comparators provide full' rail -togic
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

providing tolerance. to small frequency deviations
and variations. This, averaging algorithm has been
developed-to ensure \an, optimum combinaticn of
immunity ‘to talk-off and telerance 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

Belore | (registration of a decoded tone pair, the
receiver checks fora valid signal duration (referred to
as\ character recognition, condition). This check is .
performed by an extemal RC time constant driven by
ESt. A 'logic-high on ESt causes v, (see Figure 4) to
rise ‘as the capacitor. discharges. Provided signal




yT8870D/MT8870D-1 1S0%-CMOS

ondition is maintained (ESt remains high) for the
gidation period (igyp), Ve reaches the threshold
irst) of the steering logic to register the tone pair,
gching its comesponding 4-bit code (see Table 1)
o the output latch. At this point the GT output is
ctivated and drives v to Vpp. GT continues to drive
gh as long as ESt remains high. Finally, after a
nort delay to allow the output latch to settle, the
dlayed steering output flag (StD) goes high,
ignalling that a received tone pair has been
ygistered. The contents of the output latch are
wade available on the 4-bit output bus by raising the
vee state control input (TOE) to a logic high. The
ieering circuit works in reverse to validate the
terdigit pause between signals. Thus, as well as
jecting signals too short to be considered valid, the
weiver will tolerate signal interruptions (dropout)
» short to be considered a valid pause. This facility,
yether with the capability of selecting the steering
me constants externally, allows the designer to
ilor performance to meet a widevariety of system
quirements.

uard Time Adjustment

1 many situations not requiring selection of tone
uration and interdigital pause, the simple steering
rcuit shown in Figure 4 is-applicable.. Component
ilues are chosen according to the formula:

lpec=tprticTP
lp=TpatiGTa
he value of tpp is a device parameter(see Figure

1) and tpgg is the minimum-signal duration. to be
:cognized by the receiver. Awvalue for C-of 0.1 pF is

teTP(FpC JInfVpo/(Vpi Vsl
TR C(Vpo/Vrsd
Rp=(R, AR 48

a) decreasing tgrp; (lgrp<igTa)

(6 rP=(RC IV oo/ Voo Vs

Voo O R | 1614=(ReC JIn(Vpo/V1s)

Re=(R AMP )

Digt | TOE | INH | ESt | Qg Qg Q Qq
ANY | L X H z z 4 z

1 H X H 0 0 0 1

2 H X H 0 0 1 o

3 H X H 0 0 1 1

4 H X H 0 1 0 o}

5 H X H 0 1 0 1

6 H X H 0 1 1 o

7 H X H 0 1 1 1

8 H X H 1 0 0 o

9 H X H 1 0 0 1

0 H X H 1 0 1 o

. H X H 1 0 1 1

# H X H 1 1 0 (o]

A H L H 1 1 0 1

B H L H 1 1 1 0

C H L H 1 1 1 1
N\ T/ 4 C H 0 0 o | o |

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
0 H H L
Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGICHIGH, Z=HIGHIMPEDANCE
X'=DONT CARE

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

Different steering ‘arrangementsmay /be used to
select) independently the guard times for tone
present (tgrp) 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 tgec
improves talk-off performance since it reduces the
probability _that”tonés simulated by speech will
maintain_.signal condition long enough to be
registered. Alternatively, a relatively short tgec with
a long tpo would be appropriate for extremely notsy
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 osdcillator 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
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

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier-as
well as a bias source (VRey) which is.usedto 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 Figura 10
with the op-amp connected for unity gain.and Vges
biasing the input at 1/5Vpp Figure. 6-shows the
differential configuration, which - permits’ ~the
adjustment of gain with the feedback resistor Rs:

Crystal Oscillator

The intemal 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/MTEI70D-1 devices
employing only " a ‘single” escillato:’ crystal:-.The
oscillator output of the first device-in the-chainis
coupled through a 30 pF.capacitor to_the ‘escillator
input (OSC1) of the next device..Subsequent devices
are connected in a similar tashion: 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. :

BT P A

R, =95=H“_’°37"'(51m
 BoRs

pe Ro+Rs

All resistors are +1% olerance.
Al capaditors are 35% towrance. ||

R
VOLTAGE GAIN.(A, diff)= R—S
1

INPUT }MPEDANCE

osc2

scillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4 384
Co pF 37915
Qm - 8965.37
Af % +H 2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[IfR:1C1.

. 4-15
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ipplications

{ECEIVER SYSTEM FOR BRITISH TELECOM
;PEC POR 1151 b iV ViVl

me circuit shown in Fig. 9 illustrates the use of te14=(RC (Vo Vrss
§T8870D-1 device in a typical receiver system. BT
spec defines the input signals less than -34 dBm as
pe non-operate level. This condition can be attained Voo O——:L Rp(RFMR o)

C;

y choosing a suitable values of Ry and R, to
yovide 3 dB attenuation, such that -34 dBm input
jgnal will correspond to -37 dBm at the gain setting
in GS of MT8870D-1. As shown in the diagram, the
pmponent values of R; and C, are the guard time
squirements when the total component tolerance is
. For better performance, it is recommended to
se the non-symmetric guard time circuit in Fig. 8.

SYGT

NOTES:

X4 I ||_E 0SC2 Q13 R, = 102KQt 1%
Ves TOE R, =715KQ+ 1%
I E__ Ry =390KQ+1%
C1.C2=10InF+ 5%
Xy=3.579345 MHz+ 0.1%
Vpp =5.0V+ 5%

t1e
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Absolute Maximum Ratings'
Parameter Symbol Min Max Units
1 | DC Power Supply Voitage Voo 7
2 | Voltage on any pin ' Vgs0.3 Vpp+0.3 \Y
3 | Current at any pin (other than supply) h 10 mA
4 | Storage temperature Ts1G -65 +150 °C
5 | Package power dissipation Pp 500 mwW
T Ty e oy oo P age, L cpersion e [pess condons S no P
Recommended Operating Conditions - votages are with respect o ground (Vss) uniess otherwise stated.
Parameter S| —Min-|.Typt-.| Max | Units Test Conditions
1 | DC Power Supply Voitage Vpo. | \4.75 50 5.25 \'
2 | Operating Temperature To ~40 +85 °C
3 | Crystal/Clock Frequency fc 3579545 MHZz
4 | Crystal/Clock Freq.Tolerance Alc 0.1 %
1 Typical figures are at 25°C and are for design aid.only: ot guaranteed and not subject to production testing.
DC Electrical Characteristics = veo-50v-+ 5%, Vss=0V, 40°C < Tp $#85°C, uniess otherwise stated.
Characteristics Sym |/ Min7 | Typt | Max. } Units| | Test Conditions
3 Standby supply current looa 10 25 pA U[PWDN=Vpp
P | Operating supply cumrent Ipo 3.0 9.0 mA
3 t Power consumption Pa 15 mW-|fc=3.579545 MHz
Y
4 High leveliinput Vig 35 v |Vpp=5.0V
5 Low level input voltage Ve 1.5 V / AVpp=5.0V
6|, input leakage current i/l 0.1 A" |Vin=Vssor Vpp
s '; Pull up (source) cument Iso 7.5 20 HA "\rlOE ;(sps'q 10)=0,
u pD=5-0V
8 ; Pull down (sink) current U 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 | Vit | 22 | 24 | 25 Vv |Vgpo50V =
11 Lew level output voltage Vou Vgs+0.03 No load
12 8 —ﬁigh level output voltage Vou |Vop0.03 V  |No load
13 | T |Output low (sink) current lor 1.0 2.5 mA  |Vour=04V
14| b [Output high (source) current | Iy | 04 | 08 T A |Vour46V ]
15 ; Vget OUtpUL voItage VRet 23 25 27 vV  |Noload, Vpp =50V
16 VRes OUtpUL resistance Ror 1 kQ

t Typical figures are at

25°C and are for design aid only: not guaranteed and not subject to production testing.
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yperating Characteristics - vpp=5

;in Setting Amplifier

OV5%, V=0V, 40°C < To < +85°C ,unless otherwise stated.

Characteristics sym | Min | Typ* | Max | Units Test Conditions
1 | Input leakage current lin 100 nA | VsssSVin<Voo
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR | 50 dB | 1kHz
5 | Common mode rejection CMRR | 40 dB | 0.75V<Vy<4.25V biased
at VRet=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 4.0 Vep Load > 100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) C; 100 pF
10 | Resistive load (GS) R_ 50 Q
11 | Common mode range Vo | 25 o Load

iT8870D AC Electrical Characteristics:

V=50V 5%, Vaes=0V., 40°C < Tg'& 485°C , using|Test Circuit showm i

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
: X:::g :;p;t ;g;aln ;e\:;: a(;am -29 +1 dBm.|"1,2;3,5,6,9
275 869 -mVeus) |1.23,5,6:9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dBn. | 2.3.6.9.12
4 | Frequency deviation accept +1.5% 2 Hz 23,59
5 | Frequency deviation reject 3.5% 2,359
6 | Third tone tolerance -16 ds 2.3,4,59,10
7 | Noise tolerance , o N A2 dB 234,579,110
'g | Dial tone tolerance +22 dB 2.3,4,58.9,11

t

{.dBm=

2. Digit sequence cons
3. Tone duration= 40 ms, tone pause=
4. Signal
g. Both tones in compos

Tone pair is deviated by 11.5 %t 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
B.TMpmdsedialmnelmquendes are (350 Hz and 440 Hz) 2 %.
3 For an error rate of better than 1@ 10,000.
10. Referenced to lowest level frequency component in DTMF signal.
1. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization

18

decibels above or below a reference power of 1 mW into a 600 ot foad.
ists of all DTMF tones.

40 ms.

condition consists of nominal DTMF frequencies.

ite signal have an equal amplitude.

|
l}
tTypicalﬁgur&sareatZS“Candambvdwig\aiim not guaranteed and no(sabiedloprodmﬁmt&ethg
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MT8870D-1 AC Electrical CharacteristiCs - vpp=5.0vt5%, Vss=0V, 40°C < T < +85°C, using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
3 Valid input signgl m (each -31 +1 dBm '{?2&2(:5 zg\émzs.ov
tone of composite signal) 218 869 | mMVpus s
2 | Input Signal Level Reject = dBm I‘,’fg‘;"‘g YooY
10.9 mMVeus I
3 | Negative twist accept 8 dB 2,3,6,8,13
4 | Positive twist accept 8 dB 2,3,69.13
5 | Frequency deviation accept +1.5%t 2 Hz 23,59
6 | Frequency deviation reject 13.5% 23,59
7 | Third zone tolerance “=18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,79,13
9 | Dial tone tolerance +22 dB 2,3,45,89,11

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

NOTES
1. dBm= decibels above or below a reference-power of 1/mW into a 600 ohwn lead.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40.ms.
g- gg;‘al i' conposit s mlmh;v‘aé pibia "?qamplmﬁie
2 tones in .Sk an equal 3
6. Tone pair is deviated by £1.5'%% 2 Hz.
7. Bandwidth limited (3 kiHz,) Gaussian noise:
8. The precise dial tone frequencies are (350 Hz.and 440 Hz) T 2%.
9. For an error rate of bettér than 1 in 10,000:
10. Referenced to lowest level-frequency. component in DTMF gignal.
11. Referenced to the minimum valid accepf Tevel.
12. Referenced to Fig. 10 input DTMF tone level at -25dBn1 (-28dBm al GS Pin).interference frequency range between 480-3400Hz.
13. Guaranteed by design and characierization.




MT8870D/MT8870D-1 1S0%-CMOS

AC Electrical CharacteristiCs - Vpo=5.0v15%, Vss=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 on | 05 | 4 | 85 | ms [Notet
T :‘ Tone duration accept taec 40 ms |Note 2
:4: ,'q Tone duration reject tReC 20 ms [Note2
5 | G |interdigit pause accept o 40 ms |Note 2
——6— Interdigit pause reject too 20 ms |Note 2
7 Propagation delay (St to Q) teq 8 11 us |TOE=Vpp
T o |Propagation delay (St to StD) tpsiD 12 16 us |TOE=Vpp
9 ‘# Output daa set up (Q to StD) taso 34 ps |TOE=Vpp
10 | & |Propagation delay (TOE to. @ ENABLE)_|-te 50 ns |load of 10 kQ,
T 50 pF
11| S |Propagation detay (TOE to Q DISABLEY| tip 300 ns  |load of 10 k.
50 pF
12 S Power-up time toy 30 ms ', |Note 3
13 \:‘v Power-down time tep 20 ms
14 Crystal/clock frequency. fo' 136759 3:57951 3:5831 || Mkiz
15 <L3 Clock input rise time tucy 110 ns? °|Ext clock
16 | 0 |Clock input fall ime Luc 110 ns—|Ext clock
17 2 Clock input duty cycle DCqo | 40 50 60 %5, |Ext. clock
18 Capacitive load (OSC2) Cio 30 pF

i;
2

3

420

Used for guard-time calculation purposes only.

These, user adjustable parameters, are not device
are recommendations based upon
with valid tone present at input, tpy equa

»
Voo
DTMF O—]
hput H R, . ; G
MT8S700/MTBS700-
IN+ El Vool —¢
—{| IN- SYGT| Ry
{1 GS Est]
e K 4 ;Py-j——-‘—‘-c
O———{} PowN Q3 0
0SC 1 x| +——0
Xl L{gl—] osc2 ol —F—O
I L

tfyp&zlﬁgwesma&ﬁ%andamtxdesigmidaﬂr. not.quarartieed and not subject Lo, production testing.

NOTES:
A;,R=100KQ 1%
R,=300KQ + 1%
C1.C,=100 nF + 5%

X-tak=3.579545 MHz + 0.1%

specifications. The adjustablessettings of these minimums and maximums
network requirements.
1s.time from:PDWN going low until.ESt going high:
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V-.,

| o |
EVenTs| A | 8 ¢l & | E. ¢
TONE TONE
Vi TO'F L fn+1 wm+1 [
top—p| Je— — le—tpa
ESt [1 [1 | L |
tern—T e e— (g7 . —
T VT&
SVGT M g L~ i
tra—p
4 le—toso
HIGH IMPEDANCE
Qi-Qq DECODED TONE .(n1) #n )_————<_#_(;:1—)_-
tpsip—=e{\ \ f&—
55 N\ 7% ==
sl —pl fe—lTE
TOE tero
EXPLANATION OF EVENTS
A) TONE BURSTS.DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #a DETECTED, TONE DURATION'VALID, TONE DECODED-AND LATCHED INQUTPUTS
C) END OF TONE .#n DETECTED, TONE ABSENT DURATION VALID, OQUTPUTS 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 QOUTPUTS (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. -
ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES. H
SYGT STEERING INPUT/GUARD TIME.QUTPUT. DRIVES EXTERNAL RC TIMING' CIRCUIT.
Q;-Q, 4-BITDECODED TONE OQUTPUT: )
StD DELAYED STEERING OUTPUT. INDICATES, THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL
TOE TONE QUTPUT ENABLE (INPUT). A LOW LEVFL SHIFTS Q,-04 TO ITS HIGH IMPEDANCE STATE. .
tnec MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
o MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
1%} MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
TIME TO DETECT THE PRESENCE OF \/.LID DTI/F SIGNALS.
TIME TO DETECT THE ABSENCE G vALID [1Tw# SIGNALS,
Gyp GUARD TIME, TONE PRESENT.
| GTA GUARD TIME, TONE ABSENT.

igure 11 - Timing Diagram
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ChipCordes™

TECHNOLOGY BY ISD

iISD2560/75/90/120 Products

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

GENERAL DESCRIPTION

information Storage Devices' 15D2500 Chip-
Corder® Series provides high-quality,-single-chio
reoord/playbocksouionsfabo-iolmseoond
memgingqopicaﬁons.meCMOSdevioecin-
clude an on-chip oscillator,microphone-preartt:
pifier, autornatic gain/control, anticliasing fiter,
srmotﬁngﬁlter,spedcermpiﬁef,awdﬁghden-
sity muitievel storage anay. Inoaddifion, “the
1SD2500 is microcontiolier comgpatioe, cliowing
complex messagng ., and addessng. o, be

Recordings are stored in on<chip nonvokatie
memony._cells, providing zero-power message
storoge.msmiqw,s'rge-d\bsouion‘snnde
possiole through ISD's patented muidtievel storage
technology. Voide'and audio signals are stored
diecﬂyhtomemayhfre’rndualfarngwﬁg
righqxiiv,soid-stdfevoioereptoactm

Figure: ISD2560/75/90/120 Device Block Diagram

[ memaGook f—{(ming
e ®
X O = ChipCorder
z ] AE(HINOLOGY BY ISD
ANAIN O— Amp msr—PdeActhse{ N Analog llonscevess 3
ANAOUT O— % 40K Cel o
MC P> ~§ Muliieve! Sterage Smoothing Fiter
Anay. . —O P+ .
MIC REF . w
AGC O- © Gain Control —QO SP-
(AcC)
[ Powex Condiioning [ Address Butfers ] [ Device Cortral l
5548 Sy 5646 0
Voen Van Vao Voco AT AT A? A3 M AS AS A7 A8 AC PD O PR CE EOM  AUXIN

ISD—APRIL 1998
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Eegy = ChipCo
w o Product Fe

i) A

Voice Solutions in Silicon ™

This section contains Adobe Acrobat PDF Files. e Rt

INDEX
ISD1100 Series
ISD1200 Series
ISD1400 Series
ISD2500 Series~32-64 seconds
ISD2500 Seri€s’- 60-120 seconds
ISD33000.5¢€ries
ISD4000Q'Series
ISDMicroTAD-16M Device
ISD5008 Device

ISD1100:Series

Single-Chip, Voice’Record/Playback Devices+10-and-12-Second
Durations

Features

o Easy-to-use'singlé“chip voice record/playback/selution
« High-quality, natural voice/audie seproduction
« Push-button interface{playback.can-be-edge- or level-
activated)
« Single chip durations of 10 and 12 seconds
o Automatic Power-Down mode
o Enters standby mode immediately following a record or
playback cycle
o 0.5 pA standby current (typical)
« Zero-power message storage; eliminates battery backup
circuits
o Fully addressable to handle multiple messages
« 100-year message retention (typical)
« 100K record cycles (typical)
o No programmer or development system needed
o Single +5 volt power supply

http://www.isd.com/products/chipcorder/prodguide/features.html 18/1/44
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« Available in die form, DIP, and SOIC

ISD1100 Datasheet
Back to Top

ISD1200 Series

Single-Chip Voice Record/Playback Devices 10- and 12-Second
Durations

Features

« Easy-to-use single-Chip voice record/playback solution
« High-quality, natufal veicefaudio reproduction
« Push-buttonrinterface (playback ¢an beedge- orlevel-
activated)
« Single chip durations.of 10:and 12 seconds
o Automatic Power-Down.mode
o Enters Standby mode immediately-following.a record or
playback cycle
o Standby current0.5 A (typical)
 Zero-power message storage; eliminates-battery backup
circuits
« Fully addressable tarhandle/multiple’messages
« 100-year message retention (typical)
« 100K record.cycles/(typical)
o On-chip clocksource
« No programmeér er deveiopment system needed
« Single +5 volt powersupply
« Available in die'form, DIP;)and SOIC packaging

ISD1200 Datasheet
Back to Top

ISD1400 Series

Single-Chip Voice Record/Playback Devices 16- and 20-Second
Durations

Features

« Easy-to-use single-chip voice record/playback solution
« High-quality, natural voice/audio reproduction

http://www.isd.com/products/chipcorder/prodguide/features.html 18/1/44
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« Push-button interface (playback can be edge- or level-
activated)

o Single-chip durations of 16 and 20 seconds

o Automatic Power-Down mode

o Standby current 0.5 pA (typical)

« Zero power message storage; eliminates battery backup
circuits

o Fully addressable to handle multiple messages

« 100-year message retention (typical)

o 100K record cycles (typical)

« No programmer or development system needed

¢ Single +5 volt power supply

« Available in die form,BiP,-and-SOIG-packaging

« Industrial temperature (-40°C to +#85°C) versiens available

Back to Top

ISD2500 Series (1SB2532 /40/48/64
products)

Single-Chip Voice-RecordiPlayback Devices-32-,40-; 48--and
64-Second Durations

Features

« Easy-to-use single-chip voice-record/playback-solution

« High-quality, natdral voice/audio-reproduction

« Manual switchormicrogontroller compatible (piayback can
be edge- or level-activated)

« Single-chip durations 6f-32,.40,-48,-54"5econds

« Directly cascadable for longer durations -

« Automatic power-down (push-button mode), standby current
1 pA (typical)

« Zero-power message storage; eliminates battery backup
circuits

« Fully addressable to handle multiple messages

« 100-year message retention (typical)

« 100K record cycles (typical)

o Programmer support for play-only applications

« Single +5 volt power supply

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

e Available in die form, DIP, SOIC, and TSOP packaging

http://www.isd.com/products/chipcorder/prodguide/features.html 18/1/44
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ISD2532 Datasheet
Back to Top

1SD2500 Series (1SD2560 75/90/120
products)

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

Features

« Easy-to-use single-chip-voice-fecord/playback solution

« High-quality, naturdlvoice/audio reproduction

« Manual switch’ormicrocontroller compatible (playback can
be edge- ordevel-activated)

« Single-chip/durations of 60,75, 90, 120 secands

o Directly cascadable ferfonger durations

« Automatic pewer-down (push-button-mede), standby current
1 pA (typical)

o Zero power message|storage; eliminates battery backup
circuits

« Fully addressabletohandle multiple messages

 100-year:message retention {typical)

« 100K record cyeles {typical)

« Programmer support for play-only applications

« Single +5\volt power supply

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

« Available indie form, DIR,-S®IC: and TSOP packaging

ISD2560 Datasheet
Back to Top

ISD33000 Series

Single-Chip Voice Record/Playback Devices 1- to 4-Minute
Durations

Features

e Single +3 volt supply:
« Low power consumption
o Standby current: 1 pA (typical)

http://www.isd.com/products/chipcorder/prodguide/features.html 18/1/44



ISD1000 - 33000 Features Page 5 of 7

- o Operating current: 25 mA (typical)

« High-quality, natural voice/audio reproduction

o AutoMute™ feature provides background noise attenuation
during periods of silence

 No algorithm development required

o Microcontroller SPI or Microwire™ Serial Interface

« Fully addressable to handle multiple messages

« Non-volatile message storage

 100-year message retention (typical)

» 100K record cycles (typical)

« Availabie in die form, PDIP, SOIC, and TSOP packaging

» Extended temperature (-20°C to.+70°C) and industrial
temperature (-40°C to+85°C) Versions.available

ISD33060 Datasheet
ISD33120 Dataghéet
Back to Top

ISD4000 Series

Single-Chip \Voice Record/Playback Deviges 2-10 16-Minute
Durations

Features

e Single +3,volt supply;
o Low powenconsumption
o Standby.current: 1'\uA-(typical)
o Operatingeurrenpt: 25 mA (typical)
o High-quality, natural.yoice/audioyreproduction
o AutoMute™ feature provides-backgrothdnoise attenuation
during periods of silence
 No speech compression algorithm development required
e Microcontroller SPI or Microwire™ Serial Interface
e Fully addressable to handle multiple messages
o Non volatile message storage
o 100-year message retention (typical)
o 100K record cycles (typical)
¢ On-chip clock source
e Available in die form, PDIP, SOIC, TSOP, and CSP
packaging
o Extended temperature (-20°C to +70°C) and industrial
temperature (-40°C to +85°C) versions available

http://www.isd.com/products/chipcorder/prodguide/features.htmi 18/1/44
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ISD4000 Datasheet
Back to Top

ISDMicroTAD-16M Device

Single-Chip Voice Record/Playback Devices with 16-Minute
Fixed Duration

Features

o No A/C power adapter or battery pack is required

e ONLY battery power required o Operate

o No codecs required

o No external memory required

e Single +3 voli'supply:

o Low power consumption

o Standby-eurrent. 1 pA (typical)
o Operatingicurrent: 25" mA (typical)

o High-quality, natural voice/audio reproduction

o AutoMute™ feature provides background noise attenuation
during periods of sitence

o No speech compression algorithm development required

¢ MicracontrollerrSPI.or-Microwire™ Seriallnterface

o Fully addressable tahandle multiple messages

o Non volatile message storage

o Team with'caller {D’and €, enables callerlD announge and
multiple,'customizedoutgoing messages’ (OGM)for specific
incoming calis

o Cascade forionger/durations

= 100-year message.retention (typical)

o 100K record cycles*(typical)

¢ On-chip clock source

e Available in die form, PDIP, SOIC, and TSOP packaging

ISDMicroTAD-16M Datasheet
Back to Top

ISD5008 Device

Single-Chip Voice Record/Playback Devices Programmable 4- to
8-Minute Durations

Features
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« Single +3 volt supply:
o Low power consumption
o Standby current: 1 pA (typical)
o Operating current: 25 mA (typical)

« High-quality, natural voice/audio reproduction

» AutoMute™ feature provides background noise attenuation
during periods of silence

« No speech compression algorithm development required

o Programmable sample rates of 8.0KHz, 6.4KHz, 5.3KHz,
and 4.0KHz

 Microcontroller SPI or Microwire™ Serial Interface

« Fully addressable to handle multiple messages

« Integrated sampling clock,-anti=aliasing and smoothing
filters, and multi-leyel'storage array

« Integrated analeg-features: automatic gain centiol, audio
gating switchés, speaker driver, 'summingamplifiers, volume
control, and/an auxiliary output

« One or two-way-conversation message record-and playback

 Voice memo record and playback

o Private call screening

« In-terminal answering machine

o Personalized-outgoing message

o Private call announce'while on'call

« 100-year-message retention (typical)

« 100K record.cyctes {typical)

« On-chip clock source

« Available.in.die farm, PDIP, S@IC, ¥SOP, and uBGA
packaging

« Extended temperature (-20°C to+70°C) and industtial
temperature-40°Cic +85°C)versions available

ISD5008 Datasheet
Back to Top

pHome § ContactISD  § QuickLinks b Search  § Site Map S5

-| Home || About ISD |-| Products || Applications [-| Finance || News |-
-| Employment |-| Site Map |-| Search |-| QuickLinks |-

http://www.isd.com/products/chipcorder/prodguide/features.html 18/1/44



ChipCorder

TECHNOLOGY BY 15O

STAND-ALONE/PARALLEL INTERFACE PRODUCTS

Circuit Examples for ISD1000A
and I1ISD2500 Products

This chapter provides various applications of the
ISD series of devices. Most can use the ISD1016A
or ISD1020A, as required for the exact application.
In many cases, the schematic shows an ISD1016A
or the I1SD2500 device in the socket.

SIMPLEST PLAYBACK ONLY

The circuit in the figure below-represents the simplest
playback-only implementation of ‘an' [SD1000A
series device.

This.schematic shows the minimum device count
playbaek-only.circuit. Change SW1 to the +5 voit
*RUN" positiontand,the confents of the ISD1000A
will /play_one time, then stop. Because CE is
strapped” LOW, set EOM bits will be ignored
(thaugh-an EOM pulse will e output through the
EOM pin-when a/set EOM bit is encountered) and
the device'will_play Until it goes info overfliow. A
momentary ehange of SW1 1o STOP” then back
1o “RUN" will cause the contents of the ISD1000A to
be played a second fime.

Figure 1: Simplest Playhack Ounly
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Circuit Examples for 1ISD1000A and ISD2500 Products

SIMPLEST PLAYBACK/RECORD

The next circuit represents the simplest implemen-
tation of a record and playback non-addressed
application. This circuit can use either an
ISD1000A or ISD2500 device and is the same
schematic found in the data sheets. To operate,
start with chip enable HIGH. To record, change
the Playback/Record switch to LOW, make sure
the power-down switch is LOW, then change the
chip enable switch to LOW. Record for the fime
period of the ISD device used. To playback, mo-

mentarily set the power-down switch to HIGH, then
back to LOW, change the Playback/Record switch
o HIGH, then pulse the chip enable switch LOW,
then back HIGH. The previously recorded mes-
sage will Playback. If the message did not totally
fil the device, the power-down cycle is not re-
quired. If the chip enable switch is held LOW while
in Playback. the entire contents of the device will
play regardiess of any EOM bits being set.

Figure 2: Simplest’Playback/Record Schematic
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AN
—_— R4
= 10KQ
PLAYBACK LOOPING PLAYBACK LOOPING USING OPERATIONAL MODE

Many audio applications require repetitive play-
back or looping on the same message foran ex-
tended time. The ISD1000A series of devices may
be used to satisfy this requirement using either the
built in Operational Mode or using a small amount
of external logic. Both applications may be con-
trolled by the Chip Enable pin so looping can be
started and stopped or run confinuously when
power is applied.

Figure 3 shows that Operational Mode may be
used to accomplish playback looping if the mes-
sage starts at Address O (the beginning of the
memory) and does not require the full 16 seconds
of analog storage. Operational Mode may not be
used if the starting address is not zero or the mes-
sage completely fills the ISD1016A.

Voice Solutions in Silicon™
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Figure 3: Operation Mode Playback Looping
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Figure 4. Chip Enable initiated Looping
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Circuit Examples for ISD1000A and ISD2500 Products

A message s first recorded into an ISD1016A with
all the address bits tied LOW. This positions this
message at the beginning of the ISD1016A’s ad-
dress space. Next, the device is put info Opera-
tional Mode by connecting Address bits A7 and
A6 HIGH (+5 VDC). Bit A3 is also connected HIGH
to enable continuous repeat. With PD LOW, PR
HIGH, and CE held LOW, the beginning message
in the ISD1016A will repeat. If CE is faken back
HIGH aofter a message has begun, the ISD1016A
wil complete the message, then stop. If CE
is strapped LOW, when power is applied, the mes-
sage will repeat contfinuously.

CHIP ENABLE INITIATED LOOPING

Figure 4 shows a simple one frapsistor circuit-that
may be used to achieve playback looping using
chip enable. This circuit may not be used if the
ISD1000A series device is completely full

The EOM pulse at the end of a-message is differ-
entiated fo produce about a 15 ms positive going
pulse into the CE pin. When this pulse falis, the ad-
dress is loaded into the device by-the DIRP swilch
and a new Playback cycle-starts at that address.
Since the original message has continued 1o play
during this pulse, the message is smooihly. restart-
ed without a break.

THREE MINUTE CASCADE USING THE 152560

The circuit illustrated in Figuie,5 demonsiiates a
method of cascading three 18D2560 devices fo
obtain up to three minutes of stoioge.

The I1SD2560 may be easily cascaded ioincrease
the storage capacity of a system. Two rmethods
are discussed in the following paragraphs. The first
method shows three devices cascaded in a
mode where a number of messages may be se-
quentially recorded starting at the beginning of
memory. A message may be recorded across
the boundary of two devices. The fransition be-
tween the two devices will be transparent fo the
user. Message cueing, the AQ Operational Mode

(fast forward) may then be used to rapidly access
and playback any of the recorded messages. It is
not necessary to know the exact address location
of each message. Only the sequential message
number need be known.

The second method shows how to directly ad-
dress and record or playback a message at any
point in the three devices’ memoty space. Ames-
sage may be recorded or played back across the
boundary of two devices. The fransition between
the two devices will again be transparent to
the user.

In-the-dwo.examples shown, three ISD2560s have
been cascaded. tesulting in a fotal record/
playbdek/ time of thiee, minutes. Altematively,
15SD257550r15D2590s could'be used to achieve 3
minutes 45 seconds; or 4 minutes 30 seconds, re-

spectively.

I éaich exarnple, Ul the first 1ISD2660 in the series,
coniains, the microphonepieamplifier and the
speaker outpuhfor the enfire system. This is in ad-
dition'to having the first 60 seconds of analog
memory., The temainder-of .the-ICs being cas-
caded serve only asimemory elements. The ANA
OUT {miciophone preamplifier output) pin of U1 is
connected. ttrough  blocking capacitors to the
ANAIN of each. of the three~devices in the
cascade Additionally,-the 'SP+ of U3 is fed back
to U2s AUXIN pin'and2's SP+ is'connected back
10 Ul's AUXIN'pin, Thus, the ANA IN pins are fed in
paraliel fromU1’s microphone prieamplifier while
the,_speaker oltputs "dglsy chain” back fo Ul’s
speakeramplifier.

SEQUENTIAL RECORD AND MESSAGE CUEINGVEXAMPI.E

OpeiationalMode is used fo set up the ISD2560
for proper cascade operation. The 1SD2560 is
placed into Operational Mode by connecting ad-
dress bits A8 and A9 HIGH. The remainder of the
Operational Mode bits are tied LOW except as
follows:

Voice Solutions in Silicon™
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Figure 5: 3-Minute Cascade Schematic
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Figure 6: 1SD2560 Cascade and Direct Addressing
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I. Al Record or Playback cycles must start with a power-down cycle.

2. Address lines should be applied Tsg before the faling CE and relurn to 0 dffer Tyop lime. Address knes must
then remain at 0 throughout a Record or Playback cycle.
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Bit A4 is HIGH to cause the Message Start Pointer
(MSP) to only be reset when the system’s mode is
changed between Record and Playback. (Nor-
mally the MSP is inifialized anytime the Chip En-
able pin goes LOW.)

NOTIE The MSP controls where the 1SD2500 is

going to begin to record or playback on
the next operation. ft is also initialized
when the Power-Down Cycle Is Infflated.

The result of this configuration is that messages will
be stacked sequentially during record across<ehip
boundaries in a manner transpareni-to.dhe user.
Changing from Record to PlaybaCk+esets the MSP
back to the beginning of thefist message-in the
series. The next Playback proceeds under.control
of chip enable.

Record Operation

To begin recording, pldCe the_Record/Playback
switch in the record position and hold chip enable
LOW for the duration of+ithe recording. Touecord
the second message, fepeat the-opeiation; re-
cording will now begin-at the end-of the first mes-
sage. Additional! recoidingst.may -be-ploged
sequentially into the cascaded devices until ihe
memoay is full. The OVF pulse'outof the' lastmermaty
may be used as a *memaery full” indicator.

Playback Operation

To playback the first recoided messages, change
the PR pin to a HIGH and‘puisethe, CE pintOW.
Thie first message will playback ond stopat the set
EOM bit. A second LOW CE pulse will staft’ play-
back of the second message. Each, Mmessage
may start or stop anywhere in the cascade mem-
ory. The AD Message Cueing Operational Mode
may also be used to access messages anywhere
in the cascade memory. This “fast forward” oper-
ation will fransparently cross the boundary be-
tween two devices. A0 Message Cueing is
discussed in defail in the section on Operational
Modes.

DIRECT ADDRESSING EXAMPLE

The second cascade circuit shows the added
logic necessary for direct address of messages
anywhere in the three devices' memories. Cnly a
single 2 input AND gate is required for each chip
cascade. For simplicity, the analog circuitry is left
off this schematic.

To address any message, the user must know the
starting address of the message and in which de-
vice it begins. For instance, a message might be-
gin in device U2 at address 400, or 40 seconds
info the memory. This message may run over info
U3.with ne-problems. To start playback of this mes-
sage, PD mustbe faken LOW and PR taken HGH.
The‘address 400{decimal) must be placed on the
address bus. This equates fo 190 Hex.

Next the CE2 line.is taken, [OW and playbcck be-
gins: Playboek-will continug until a set EOM bit is
found. The puise will appear at the EOM output
from USA. Note that thiswill be'@12.5 ms pulse un-
less the message iends at overflow at U3. In this
case, 'the [FOM pulse, will be. approximately
6, us long:

PUSH BUTTON FOURMEMORY
RECORD/PLAYBACK

A veesion ofthe Circuit shown in'Figure 7 first ap-
peajed in December 1991/Q5T Magazine. It
demonstrates how a Single ASD1020A may be
used:tostoie up to faur S:6econd messages that
may-be individuglly, retri€ved using a single push
bttton for each,

ISD
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Figure 7: Push-Button Four Memory Schematic
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HOW THE CIRCUIT WORKS

The ISD1020A can be operated in several different
modes. In this project, it operates in an “addressed”
mode. The eight address pins of the device deter-
mine where the Record and Playbback operations
begin. The ISD1020A can be looked at asa miniature
tape recorder. It has the ability to pre-position the
Playback/Record head anywhere on this 20-second
tape before we begin an operation. The device
has 160 valid addresses, giving an addiess resolu-
tion of 0.125 seconds. This means eight address
counts equal 1 second of record time.

To determine what address to give the deviee, we
must first convert seconds into bipary.ec6unts. A
1-second resolution is adequateforour purposes.
Since eight counts equal 1 second andeightis-an
“even” binary multiple, we/can ignore- all” the
counts less than eight. We/do this By strappingAD,
Al and A2 to ground/and just-programiming the
five remaining bits. Using push-buttons-and'.ai:
odes, we can select anyinferval befween 1-and
19 seconds for the start.of record or playback.

As shown in Table 1, the) four'start messagetoca-
fions are C seconds (beginning of memory), 5 sec-
onds, 10 seconds and’15 seconds. This.defines
four 5-second messages.

Table 1: Address Boundaries Example
Chart 1 Chart 2
Addr Pins AddrPirs
Start AAAAAAAA g:j;sog 9 AABAAAAA
Location | 76543210 Locdation. | 76543210
Seconds Seconds
0 00000000 O 00000000
5 00101000 4 00100000
10 01010000 8 01000000
15 01111000 14 01110000

Table 1 shows the binary addressing for these in-
tervals. The message start locations could have as
easily been defined as 0 seconds, 4 seconds, 8
seconds, and 14 seconds giving two 4-second
messages and two 6-second messages. Chart 2
shows this second set of intervals. You can experi-
ment with the diode positions for various address-
es but keep in mind that the highest message start
address the ISD1020A will recognize is binary
100111117 or 159 decimal. Since A0, A1 and A2
are always at ground, the highest recognizable
address is at the 19-second boundary or
10011000.

The Playback/Record function of the ISD1020A is
determined by«the.P/R pin (pin 27) of the device.
Simpiy fie i LOW for Record and fo +5V for Playback

ThelSD1020ATequires the Chip Enable pin (pin 23)
tostart-HIGH, pulse LOW ferPlayback and stay at
a LlOWleveldurng record. All the address and the
Playback/Record inputs mustbe set up before the
Chip Enable.pin goes LOW: At the end of record-
ing, refurning the Chip Enable pin fo a HIGH ends
Ihe recording and inserts an‘end of message bit
Into the 1SD1020A's memory..When the Chip En-
able pinis pulsed LOW when the Plaoyback/Record
pinis HIGH, the device will playback what is re-
corded untilit encounters anendof message bit.
it then, siops Playlbback andwaits for the next con-
frolinpdt.

The /one remadining input. to/the ISD1020A is the
powerdownor PD pin{pin 24). This pin controls the
powertequirementsof the ISD1020A. When taken
fo +5 volts, the chip usesiess than 10 microamps
of currerit, The device.must be powered up (Pow-
er-Down,oin at ground) to record or playbback. This
pin also.servesas a reset if the ISD1020A is record-
ed.orplayed "info the stops.” That is, all the way to
the end of the device's 20-second memory.
When that happens, the Power-Down pin must be
cycled HIGH then back LOW again for the device
to continue operation. This is by design. When two
or more ISD1020As are cascaded fogether to
make messages longer than 20 seconds, the de-
vice must stop operating when it reaches the end
of its memory space so the next chip in the series
can take over. This condition is called *memory
overflow.”

ISD
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To get around the requirement to cycle the Power-
Down pin after a memory overflow, the circuit de-
sign shown here automatically cycles the device
through a power-down cycle each time the chip
enable is activated. All four push buttons are con-
nected to the CE pin and to C11 through diodes.
The R16, C10 network "debounces” the chip en-
able input. When you press a push button, a se-
quence of events happens:

1. The CE input that is nomally held HIGH
through Ré is pulled LOW through a diode.

2. The combination of C11 and R5 on the
base of Q1 causes a positive pulse torbe
generated into the PD pin of the lSD1020A.

3. Forthe duration of this pulse, the ISD1020A
is in a power-down state that-resels a
memory overflow condifion if-it-exists.

4. When the pulse ends and the PD pin.ietums
to ground, the stafus of the CEpin is read:

5. Assuming the CE pin i still being 'pulled OW
(don't be oo quick onthe push-button), fhe
status of the address’'and-P/R pins’isiead
and the Record or Playlback eperation begins,

Components R2 and C2 coniiol the AGC operation
of the ISD1020A's intemal microphone preamplifi-
er. The AGC pin has an impedance of about 5K
ohmes. This resistance plus C2-detemines the at-
fack time of the AGC which should be very fast. R2
and C2 together determine. therelease time: of
the AGC which should be fairfy. slow:

C3 connects the output of \ihe microphone
preamplifier (ANA OUT, pin 21) to the analog input
(ANA IN, pin 20) of the ISD1020A. These pins are
brought out externally so the user can contiel the
low frequency response of tive recording or direci-
ly access the analog sforage memory of ithe
ISD1020A. A 1 uF capacitor at this location sets
the low frequency response to 80 Hz. Users who do
not want to use the AGC should capacitively cou-
ple fo the ANA IN pin with an 5C millivolt peak-to-
peak signal.

The speaker output of the ISD1020A is designed to
drive a 16-ohm speaker. To use an 8-ohm speak-
er, install R8 to bring the impedance into specifi-
cation. If you use a 16 Q speaker, R8 should be
replaced with a wire jumper.

The ISD1000A series does not have a “RUN" output to
show when a device is playing back speech.
Such a signal is easy 1o create, however, using a
pair of the two input NOR gates contained in a
4001. These gates (U2A and U2B) are connected
in a “cross-coupled” configuration and are set by
PD signal going LOW at the beginning of Playbback
andresetby.FOM going LOW at the end of a mes-
sage. The resuffingssignal drives the base of the Q2
2N2222 fransistor through R21. U2D keeps the
gate from. being set duiing a record operation.
U2C 'and theRC network €16 and R20 comect a
possible 1ace condition between the PD signal
and EOM:

OPERATION

Operation of the circuitis simple. To record a mes-
sage,) change/ the ‘Record/Playback switch tc
record;, then press and hold the desired address
bution for the duration of the message. To play
the message back, change the Record/Playback
switch back to: Playback-and momentarity press
thebution:-The ISDT020A will replaythe message.

Keep in /mind when recording @ new message
that.if yourecord a message longer than the ad-
diess.spaceyouhave reserved for it, you will begin
erasing ihe next message in‘the series (unless you
go info memory overflow). lf'you then try to select
the massageyou jusierased part of, you will get
the'end’'of the_new.message starting at the mes-
sage-address.of the message you just “comupted.” If
you want 1o record a message longer than its al-
lowed message space, just go ahead and do it.
Just remember that the next message is not avail-
able in this instance.

10
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Figure 8: Radio Notepad Schematic
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D7 is a polarity protection diode.

1.

2. D8, D9, and D10 are IN914

3. RI0. RII. RI2. and R13 are 47 KQ.
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Application Information for ChipCorder Products

Circuit Examples for ISD1000A and 1SD2500 Products

RADIO NOTEPAD

The circuitin Figure 8 presents a method of storing
three different 16-second messages using a
speaker input. The suggested application is for re-
cording messages from a radio receiver.

There are many applications that require the re-
cording of audio directly from a speaker. A short-
wave listener-hobbyist may want to record an
event heard on a shortwave or two-way radio
channel. There may be a call sign, a radio fre-
quency or some other information announced
over the air that needs recording for later review.
In a public safety environment, a police dispatch-
er may want to record an incoming call ferassis-
tance to ensure no details are misséds

With the circuit in Figure 8, a simple two-button se-
quence is all it takes to record the nexi-1é-seconds. A
single push of a button /plays each message
back. Three ISD1016As are Used to hold indepen-
dent messages. An I1SD1020A-eould be used in:
stead if desied. This/ circuit ) exampld | also
demonstrates an ISD1J00A dévice. run entirely
from push buttons.

HOW IT WORKS

The heart of this applicationds'a 4044 CMOSQuad
NAND R-S Latch and a VNTG-FET timer. The 4044
(U4) “remembers” which messqage button) has
been pressed when a Regord orPlayback aperd:
tion Is desired. The FET timer.enables a record op:
eration for its time period. The rest of the Circuit-is
principally diode steered logic.

A Playback operation is inifiated by piessing $2, §8
or $4 (MSG 1, MSG 2 and MSG 3 respectively)
which resets the appropriate section of U4 *The
output of the cleared Flip Flop goes LOW, en-
abling the comect CE for the ISD1016A holding the
message selected. This output also pulls C13 LOW
causing Q1 to initiate a PD cycle clearing any pos-
sible overflow condition. The base of Q1 is pulled
LOW, allowing R3 to pull ifs collector HIGH, reset-
fing the PD pins of U1-U3. As R9 charges C13 back
up the PD line retums LOW. When the PD cycle
ends, the selected device plays back its stored
message. When a set EOM bit is found or an over-

flow occurs in the operating ISD1016A, Playback
stops and the EOM signal goes LOW, setting the
U4 fiip flops through D8, D9 or D10. Or, a momen-
fary press of the STOP button resets the set R/S fiip-
flops and initiates a PD cycle. This also ends Piay-
back.

Arecord operation is started by first pressing the S1
“Record” button. This clears the Record Enable
section of U4 (RO/SO/Q0) whose Q output goes to
the P/R input of all the ISD1016A's. This holds these
pins LOW or in the record state. This flip-flop stays
cleared until the Q3, R14, C14 network times out.
When thisshappens, the signal from the collector
of the Q2 NPN.inverter fransistor sets the first sec-
fion of U4, retumingall the P/R inputs HIGH, back tc
Playtack I S2-through'§4'is pressed while the Q3
timerisunning, the-appropiiate ISD1016A will start
recording. A press-of-ihe STOP button will end re-
cording:by forcing-the.chip enable lines HIGH out
of U4 and setiing an EOM bit in the recording de-
vice, U1-U3:The values of R14.and C14 are cho-
sen so\thahthe PR pins are, held LOW throughout
ihe complete/record cycle, or'in this example,
greater than 16 seconds: I an 1SD1020A is used,
the value of R14 should be made greater so this
fime penod'is greatertnan 20,seconds.

OPERATION

To Cpetatethe/radio.notepad, cannect the input
across the spedaker teminals and apply power. To
record, press the record EnableS1 button then im-
mediately:press S2, S3 or'S4¢ Recording will start
withthepressof the sécondbdtion. The record En-
able LED, D1,’along withthé RUN LED, D2, will indi-
catethat @ record eperétion is in progress. To stop
recording, oi-t6 _clear a record Enable condition
before.it-limes out, press the S5 Stop button. To
Playback, press $2, $3 or $4. The message record-
ed in the appropriate ISD1016A will Playback uniil
the 16 seconds is complete or a set EOM bit is
found in the device’s EOM memory. The RUN LED,
D2, will indicate when a message is being ployed
back. To stop Playback, press Stop.

Some experimentation with the sefting of the R8
Record Level pot may be necessary to get good
results.
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USING THE ISD2500 SERIES WITH A MICROCONTROLLER

The record and playback duration of the ISD2500
series make it possible to perform several func-
fions with a single device. A chip with 32 or more
seconds of sforage may be used in a number of
ways. A library of permanent words, phrases or
sounds may be individually played back under
extemal control. Attematively, this device might be
used to record and randomly refrieve arbitrary
length messages. A combination of these two ap-
proaches is also possible.

Combingtional logic may be used to achieve
these ends. This approach is complex, howaver.
An inexpensive microcontiolier is_a“Simpler and
much more flexible solution. The fellowing. notes
demonstrate several methods/of using a single
chip microcontroller to contré! an 1SD2500-device:

NOTE  The address lipes of all ISD single-chip
record/playback devicés are net micro-
processor bus compagatible.-If| o' ldevice-js
t0 be used on @)bus oriented systém, the
address  lines o-must be - buffered” and

lafched.

CONVENTIONAL MODE OPERATION

An obvious method of diiving the device-is to-op-
erate it in the conventionalmode! The sequence
for such an operation is as follows:

1. Change the PD pin te LOW,.and deldy Touo
(see the ISD2500 series dafa’sticets). This will
power up the device.

2. Apply the desired address o~ the~address
inpufs.

3. Apply the comect level to the P/R pin as de-
sired (0 = record, 1 = play).

4. Pulse CE LOW to begin Playback, hold CE
low fo begin record, bring CE back HIGH to
end record.

5. Iflow poweris required, change PD back to
HIGH when the operation is complete.

The timing of the above sequence is not critical at
microcontroller speeds. For instance, required ad-
dress sefup fiming (Tsgr) is 300 nanoseconds be-
fore the falling edge of CE. Few microcontoliers
can execute fast enough to violate this timing.

A microcontroller may be used fo detect the end
of a nomal speed Playback operation in at least
two ways.

Since the EOM pulse width in the fastest
ISD2500 series parts (ISD2532/60) is over 12.5
milliseconds long, it is possible to poll this input
andwatch.for it fo go LOW.

* / / An-altemativesmethod would be to connect
the EOM-pin to the microcontroller's interupt
input. f-anedge-figgered intemupt sense is

- Quailable, it may be more efficient to sense
the rising edge of EOM. This is because a new
CEinifiated operation cannot begin until EOM
pin refums fo the HIGH siafe.

Ihe 18D2500 series includes the OVF pin to indi-
cate the-overflow ormessage full condition. Dur-
ing Playback “the-OVF pin pulses LOW for
approximately- 6 -microseconds when overflow is
reachied. The'EOM pin‘does not go LOW at overfiow
unless an EOM' bit is Set in Idst tow of the analog
memory. After the.initial OVF pulse goes LOW, the
OVF pin will traek thé CE input'as long as the de-
vice rerains in_overflow.. This'pin is normally used
1o cascade multtiple ISD2500'devices together.

The original short OVF pulée’may be detected us-
ing“the microconirolier's’ extemal interupt input.
An altemgative “technique would be to hold CE
LOW, ‘even duiing-Playback. The OVF pin will now
go LOW-and-stay LOW at overflow and may be
delected by poling. In this example, a faling
EOM must be detected and used to force CE
back HIGH. CE must go back HIGH before EOM
goes HIGH. If EOM goes HIGH with CE still LOW, the
set EOM bit will be skipped and the device will
continue on playing back the next message.

ISD
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MESSAGE CUEING “FAST FORWARD” OPERATION

Some applications may require the use of the
Message Cueing MO Operational Mode. This
mode allows the user to “fast forward” through the
message space of the device (see the section on
Operational Mode). When operating in this mode,
the ISD2500's internal timing is sped up by a factor
of 800. The EOM pulse width now may be as small
as 11 ms. (A general discussion of Message Cue-
ing timing may be found in the section on Opera-
tional Modes.) This timing is foo short to allow for
polled operation in most microcontrollers. The ex-
temal interrupt should be used to detect EOM in
this instance.

Pin count is often a factor when using@ sriiciocon-
froller. The designer may not wani'torfie up-8_pins
for address plus PD, CE, P/R. OVF.and EOM--This is
a total of 13 pins. An altemative approach s to
use the Message Cueing M0 Operational Mode
with the M4 consecutive/qddressing.rade.-This
application requires the conneetion of only & pins
to the microcontfroller: PD; CE, P/R/OVF; EOM and
MO. M4, A8 and A9 afe pamanently tied-HIGH
and all the rest of the address pins are-tied LOW.
Sequential recordings’ of multiple messages of
random length and the playback-of those mes:
sages in any order are passible in the following se-
quences,

Sequential Recording
MQ is left LOW througheuttecerd.

Change the PD pin fo LOW.aAd delay Trup:
Change P/R to LOW.

Hold CE low fo begin the first recerd=Bring
CE back HIGH to end record.

5. Additional record operations may be done
using sequence 4. Each recording will be
appended to the end of the previous with
an EOM fiag bit set at the end of each
messages.

6. OVF will go LOW if the device overflows dur-
ing record.

gl B N

7. At the end of the record sequence, PD is
taken HIGH to power down the device and
to reset the intemal address counter.

Playback of Messages in Any Order

To playback message “N,” perform the following se-
quence.

1. Change the PD pin to LOW and delay Teup.
2. Change PR to HIGH.

3. If N=1 (the first message), then A0 = O,
and pulse CE LOW. The first message will
play then stop.

4. IfNis greater than 1, you must first execute
N-1 A0 Message Cueing Operaticnal
Mode cycles by doing the following:

a. Change.A0 fo HIGH.
b. .~ Pulse CE L@Wor less than 10 us.

c. Either watch fora'LOW EOM [may be
as.short as 11 us), or pause for ap-
proximately 100 ms,

o Each: time you-findian EOM, you
have 1eached the.end of a mes-
sage:-You, will'have, moved silentty
ibrough'-a-message at 800 times

narmal speed;

e, Subtract. kfrom’ N==If N does not
equal 1, pioceed o sequence (q)
and do it.again.

S.. If-N/has been‘subtractéd down to 1, then
change’/AQto0’and pulse CE LOW. The Nth
message willplay afnomdl speed.

NOITE — The timingstabove” are approximate. See
the, Operational Modes for a general dis-
cussion_of Message Cueing Timing.

PUSH-BUTTON MODE OPERATION

The ISD2500 series device includes a new Opera-
fional Mode called “Push-Button Mode.” This Mé
Operational Mode changes the functionality of
the CE. PD and EOM pins. The operations of these
pins are fully explained in the Operational Mode
section. A microcontroller may be used with this
mode to gain several important extra features.
Push-Button Mode allows the user to sequentally
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playback several messages then change to 3.
record and add additional messages at the end

of those already played. This also allows the de-

signer fo power-down the device between se-

quential record operations, an important feature

in battery powered applications.

Sequential Record with Power-Down 4
in Between

In the following sequences, M4, Mé, A8 and A9 of
an ISD2560 are fied together and to a pin of the mi-
crocontioller. The A0 Message Cueing Operational
Mode is used as indicated. All the other address
pins are tied LOW. It is only necessary to.use™d pins
from the microcontroller, PD (Stop/Reset); TE (Starl/
Pause), EOM (un), P/R, AQ and.ife€ombined ‘M4,
Mé, A8 and A9. These combined pins.will ba
called Op Mode Control, EOM is tied fo themicto-
controller's extemal intemdpt pin. The microdontdlier 6.
should be set up for @ /negative edge-tiggered
inferrupt. OVF is not needed as explained below,

5.

To achieve flexible message contiol, fhe” micio-
controller must keep track of the.number of mes-
sages recorded and played/back. This .count will
be used with the AC Message; Cueing; Tast! for-
ward” function to record messages sequentially
and play them back in-@ny ofde.

NOIE A false Intenupt Is”generated. each time. a
control operation -€auses the EOM to fall. 7.
These interrupts ‘should be Ignored by the
microcontrolier. \The EGM_ pin-wiltgo. LOW
and generate a wanted Interupt under fwo
circumstances: during\Playbackor Message
Cueing when a set EOM\bitvis entduntered
and during record when the.davice goes
into overflow. This also allows the~designer
fo determine when overflow Is reached
without looking at the overflow pin.

1. The sequence begins with PD HIGH, PR
HIGH, CE HIGH and Op Mode control LOW.

2. Setuptorecord of the first message by tak-
ing PD LOW, P/R LOW, and Op Mode con-
trol HIGH.

When the OP Mode control pin goes HIGH,
the EOM pin (which becomes the active
HIGH run pin in Push-Button Mode) pin wil
go LOW to indicate the operation has not
yet started. This will cause an interrupt in the
microcontroller that should be “discarded.”

To begin record, pulse CE LOW (a pulse be-
gins and ends record in Push-Button Mode).
The EOM pin will go HIGH to indicate an op-
eration in progress. When recording is fin-
ished, pulse CE LOW to end the record
cycle. The EOM pin will go LOW and gener-
ate another false intenupt.

Afterthe completion of the record, change
the Op Mede control pin to HIGH, and take
PDHIGH. This'teowers down the 1SD2560 de-
vice to-typically™, microamp.

to fecord the second message, take PD
JGH-{Tpyp delay), PRHIGH, and Op Mode
control HIGH: (false inferrupt). We are now
posifioned at the beginning of the first mes-
sage. Take A0 HIGH and pulse CE LOW. This
puis the device into Message Cueing “fast
forward™and jumps to'the end of the first
message.-The' EOM pin will go HIGH and
then-LOW fo.indicate-the end of the first
message has been found, The EOM inter-
upt maybe used by the microcontroller to
procass-his:

AQ.may now be taken LOW, P/R changed
1o LOW, and a new ecord cycle begun. A
unique-feature,of Push-Button Mode keeps
the intemal address pointer of the 1SD2560
from being reset’during the change of PR
from HIGH 1o LOW. Recording of the second
message will begin at the end of the first
message. The set EOM bit af the end of the
first message will remain. The device may
again be powered down.

Subsequent recordings may be made us-
ing additional A0 Message Cueing opera-
tions.

I1SD

15



Application Information for ChipCorder Products

Circuit Exarmples for ISD1000A and 1SD2500 Products

Playback Operations

Playback of any message may be achieved us-
ing the Push-Button and A0 Operational Modes.

1.

The sequence begins with PD HIGH, PR
HIGH, CE HIGH and Op Mode control LOW.

OTHER NOTES

A continuous LOW on the interrupt input of some
microcontiollers may interfere with other types of
interrupts. The reason that the device is taken out
of Push-Button Mode after each operation is to
make the EOM pin go HIGH in the static state. This

2. Change PD fo LOW (Tpyp), and Op Mode frees up the microcontroller's interrupt structure.
frol HIGH (false i : . )
Contial FISH:{fals latsmopi] All Push-Button Mode operations will be slowed by
3. Take AOHIGH and execute N-1 Fast Forward the debounce timer built into this function. A delay
operations. of Tpg Will occur with each Push-Button Mode op-
4. Toke AO LOW and pulse CE LOW fo begin ~ S@fion:
playback of the desired message.
8. Afaling EOMindicatesanendof méssage  CONCLUSION
has been found. The \abole éxplanations show.one of many possible
6. Take Op Mode control LOW @nd PDHIGH to-—, ~Ways'to confiol the 1ISD2500, series device with a
power-down the device. microcontioller: The designers, should review this
infornation and apply, their unique,perspective to
e @pplication they aie designing.
RECORDING INDICATOR LIGHT
TheeireuitshowndnFigure 94dsia simplé method of
gsing.an LED fe.indicate when arregord operation is
inprogress with.an ISD1Q00A series device.
Figure 9. Recording Indicator Light for ISD1000A
by
£'5.1 KQ
PIN 28 -VCC ﬂ?
Di | S=D4
PIN 25 — EOM\ e [&~*RECORDING' LED
IN914
D2 .
PIN 23 - CE\ | I I Gys07
IN914
R
_ D3 é 100 KQ
PIN 27 - P/R\ Bl
IN914 J
PIN 12 - GND -
NOTE:  [Ns circuit will turn on the LED only when actudlly recording. It requires a valid record selection {P/ﬁ LOW). and
CE LOW to turn on. At the end of the time In the chip, FOM goes LOW and turns off the LED.
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CIRCUIT EXPLANATION

This circuit uses a PNP transistor to cause an LED to
light only during a record operation and only
when the ISD1000A device is not in overflow. The
logic is very simple: when CE is LOW and PR is
LOW the PNP transistor conducts unless EOM s

LOW.
Figure 10: Expander Circuit for Low Noise Playback
Cé
ISD1000A FAMILY DEVICE A7 4 o
S l s[1/8 c8 LS
2 [ 220 uF  SPEAKER
SPEAKER OUTPUTPINS R10 T Y2 5 a -
10 KQ POT 3 ]
> LM386 ~
Expander ON/- - - o =X = 5 - Expander ORF —< | 0.05uF I
> o] 2 8) < R
g0 Q
Vele A=
; =
R2 R1 , e
s o Rty
7} N VN[ 00 @
A= oo =VIN2[-18 (L S
. 44 pECING voura[Az—— ¥ AR )
R5¢ FJ S | CREG) RECIN? [ 16 €4 QR4
2] KQC‘—'X ) e\ § S W0uF < 100 KD
POT Cl ca 8| \REer COMIN2[ 13 Oy
10 uF = , GCIN] SUMNO2{ 12 3
H=a2 10 1'GRND [eYei1Xp] S
- . =HF —; NE575
<10KD : 3

NOTE: Vi = 5 voits plus or minus 10 percent.
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EXPANDER CIRCUIT FOR IMPROVED NOISE PERFORMANCE

The circuit in Figure 10 was developed to provide
an enhanced signal to noise ratio in applications
where the output of the ISD device would be am:-
plified considerably. A public address sysfem or
waming device in a high noise environment could
benefit from the lower “effective noise” provided
by this circuit.

The Expander circuit was assembled to illustate
the difference between the direct SNR and the
SNR through the NE575 device. Although the ISD
device will diive the 16 Q speaker directly, the
NE575 cannot. It is designed for 600 Q.appliea-
tions so the LM386 audio ampilifier had io'be add-
ed to drive the speaker.

The circuit is adjusted so thatthe peak audiolevel
from the ISD device is theSame direct Tojthe
LM386 or through the NES75 fo-ihetM386. Then,
when the NE575 is switchied in, the-roise floor is
*pushed down’ to an inaudible level.

The result is that a public address systerm will not
have an audible “hiss” when playing @ message.

The result can be dramgatically demonsitated duing
playback by moving the switch betweenithe two
positions and listening ‘carefully in the/pauses be-
tween syllables.

The Phillips/Signetics NES75 is one of a group of
compander circuits used in telecommunications.
Normally one half of the chip compresses incomn-
ing audio by 2:1 to fransmit over the communications
channel. The other half takes the received audio
and expands it back to its original dynamic range.
It is this half that is used in Figure 10. The compres-
sor is not used. The audio in the ISD1000A has al-
ready been “compressed” fo a degree by the
AGC of the microphone preamplifier. If the ANAIN
pin.were used for recording, then perhaps the
compressor haif.of the NES75 would be used.

The NES75 is a 20-pinveision but there are smaller,
less |expensive-versions, Such as the NES76 or
NES77/These-are dll fully described in the Phillips
RF Data Book: The_applications,include cordless
and cellular phenes,) wireless mierophones, and
Consumet. audio-devices stch as.automotive CD

players.
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