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ABSTRACT

This Project is an application of Microcontroller series MCS-51 for automatic answering
and controlling clectrical equipment trough telephone.

Inautomatic answering part usc IC series ISD2500 for recording and playbacking a
message. In order to electrical equipment part, using IC MT8870 to decode DTMF signal from

telephone to control signal and send control signal to electrical equipment by FM modulator.
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4.2 jamInnasy
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4.2.1 WANINARBIVDIINITATINIVT YUY IUNTLAS

o o

w317 3.3 Taw Sadnyaanszasneudh Opto-Couplediuos 4N25

Tek SIGTE 50 5/5 ) 2o
.... 1A 4.94 8
j@: -3.06 5§
................................. \ V.
2.32V
.... 2V{\)M1sch1f0v
Chil| 21 Aug 1998
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Tek EXEIR 50 S/s 124 Acgs
[} I 1
I | 1
""" . 1A 4.94 s
{@: -5.06 s
....... i' AA iI . . l i . | ........................ m" . l ....... 4
B 5V Ch? 'S'V.-Hrifl';"1'55Ch‘1"f“5”0'\'/l
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5171 4. 2 Channel 1 11¥@9 Output 390 Opto - Coupled 11D 4N25

Channel 2 (187@9 Output 9113395 Monostable o3 74 LS121

4.2.2 pamsnaaodludInuvonousy tay unmdos

e o/ d‘
AaanII995AegLN 3.8

Tek Siies 100kS/s 10 Acgs
il I iy
it

,.
-

1AL » Hz
J@: 212.8 Hz

Ch1 Freq
982.8 Hz
Low signal
amplitude

Ch1 Pk—Pk
110mvy

~x’ Cthk_pk
. . . > g : : ] : . 1.08V

BRE S0mvh ChZ 500mvA M 500ps Ch1 7 4mv

27 Jul 1998
16:04:449

31/ 43 Channel 1 anadunAYe 1SD2590 1 luTas Trlu iFudsyey1as sine 100 mVpp 1 kHz
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naeauaeas lugn 3.s
Tok I S0KS/s 58 Acas
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A o HZ

@: 106.9 Hz
Ch1 Freq
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Low signal
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: : : : : : 1 chi1pk-pk
5| BN {\_ : d ze2v
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1 I |
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Chi v M T0ms Chi— 7 2,46V
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7U7 4. 4 0. yaasdygar DTMF Wenatav 1 Tagiahu1 DTMF Input

¥ 1ag A, uaesmlnasy vosdygyim 1AND 700 Hz Uag 1.207 KHz
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Digit £ B Q, Q, Q, Q
1 697 1209 0 0 0 1
2 697 1336 0 0 1 0
3 697 1477 0 0 1 1
4 770 1209 0 1 0 0
5 770 1336 0 1 0 1
6 770 1477 0 1 1 0
7 852 1209 0 1 1 1
8 852 1336 1 0 0 0
9 852 1477 1 0 0 1
0 941 1336 1 0 1 0
% 941 1209 1 0 1 1
# 941 1477 1 1 0 0
A 697 1633 1 1 0 1
B 770 1633 1 1 1 0
Y 852 1633 1 1 1 1
D 941 1633 0 0 0 0

A15199 4.1 LAAINANIINARDY NINBATH
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I DTMF
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: : - 1 Cht Ampl

.......... L wn s e s ol s Remia B BB sHDEEEE L A@E § T 264mv
: - ~ a2 : : : 1 Unstable
: . p : histogram

-kl Ch2 Freq

: . 1 1.026kHz
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SNV S o™ e . N amplitude

. ; : > i N . ] Ch2 Ampl

¥

b

18 e W Bt . 2. Y
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51/71 4.7 Channel 1 1@@9TRyay 194 sine 200 mV 1 kHz nouMIuogian

Channel 2 L1AA4F RN sine 240 mV 1kHz HAINITANDAN

Tek EXH 100KkS/s 15 Acgs

1+

1A 24dmVY

1A 961.5 H2
1@ 56my

Ch1 Freq
2.256kHz
Low signal
amplitude

Ch1 Ampl
144my
Unstable
histogram

Ch2 Freq
1.013kHz
Low signal
amplitude

Ch2 Ampl
200my
Unstable
histogram

R Zo0mva QB 200mvh M S00ps Ch1 7 Smv
8 Feb 1999
22:27:22

51N 4.8 Channel 1 HAAITYYIUAWHMAYN 200 mV 1 kHz ABUNITNOYAR

oy
Channel 2 IFRIGFUUABUNABY 240 mV 1kHz HAINIANDALAN
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: I T 1
2 L3 L f
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r L 1 i
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27 Jul 1998
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JUN4.10 Channel 1 1899 Input YBI3995

Channel 2 LA Output ¥DI9RsIARDARY
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Tsunsuil$llasans
ORG 0000H
SIMP MAIN
ORG 0003H
LJMP INTR
MAIN: MOV P1,#00H
MOV R5,#00H
MOV R6,#00H
CLR P3.0
CLR P36
CLR P3.7
CLR P3.4
CLR P3.5
SETB EA
SETB IT0
SETB EX0
CJNE R6#01H,$
MAIN1: SETB P3.0
MOV R1,#00H
CALL PLAYBACK
SETB P1.3
CALL DTDTF
PLAY1: CJNE A #10000000B,PREC
MOV R1,#1AH
CALL PLAYBACK
MOV R1,#0B4H
CALL RECORD
CLR P3.0
SIMP MAIN
PREC: CJNE A,#01000000B,CNTRL
MOV R1,#0B4H
CALL PLAYBACK
CLRP3.0
SIMP MAIN
CNTRL: CJNE A,#110000008B,err1
CALL REPORT



CNT: MOV R1,#70H
CALL PLAYBACK
CALL DEVICE
CALL REPORT
MOV R1,#0AAH
CALL PLAYBACK
CLRP3.0
SIMP MAIN

ERR1: MOV R1,#9CH
CALL PLAYBACK
SETB P1.3
CALL DTDTF
SJMP PLAY1

;COUNT RINGING
;IN P3.2
;REG R5

INTR:  INC RS
CJUNE R5,#05H,RETURN
MOV R5,#00H
MOV R6,#01H

RETURN: RETI

;DETECT DTMF

;IN P1.3,P1

;REG A

DTDTF: JNB P1.3,DTDTF
MOV P1,#0FFH
MOV A,P1
ANL A #0OFOH

LOOP1: JB P1.3,LOOP1
RET



;DELAY 1/10 SEC
;INR2
;REG R2,R3,R4

DTSEC: MOV R3,#179
DTSEC1: MOV R4,#0
DJNZ R4,$
NOP
NOP
DJNZ R3,DTSEC1
DJNZ R2,DTSEC
RET

;DELAY 1/1000 SEC
IN R2,R3
;REG A,R2,R3,R4

DMSEC: MOV R4,#230
DMSEC1: NOP
NOP
DJNZ R4,DMSEC1
DJNZ R3,DMSEC
MOV A,R2
CJUNE A #0,DMSEC2
RET
DMSEC2: DEC R2
SJMP DMSEC

;DELAY 1 SEC
;IN R1
;REG R1,R2,R3,R4

DSEC: MOV R2,#10
CALL DTSEC
DJNZ R1,DSEC
RET



;Playback
;In R1; Address
;REG P2.5 PD
P2.7 P/IR
P2.4 CE
P2.6 EOM
Playback:
CLRP2.7
SETB P2.6
SETB P2.5
SETB P2.4

MOV R2,#01H

CALL DTSEC

SETB P2.7

MOV R2,#01H

CALL DTSEC

MOV PO,R1

MOV R2,#01H

CALL DTSEC

CLR P25

MOV R2,#01H

CALL DTSEC

CLR P2.4

MOV R2,#01H

CALL DTSEC

SETB P2.4

wait: JB P2.6,wait

JNB P2.6,$
RET

;Record

;In R1; Address

;REG P2.5 PD

;. P27 PR
P2.4 CE



P2.6 EOM
Record:
SETB P2.6
SETB P2.4
SETB P2.5
SETB P2.7
MOV R2,#01H
CALL DTSEC
CLR P2.7
MOV R2,#01H
CALL DTSEC
MOV PO,R1
MOV R2,#01H
CALL DTSEC
CLR P2.5
MOV R2,#01H
CALL DTSEC
CLR P24
MOV R2,#200
CALL DTSEC
SETB P2.4
RET

;REPORT STATUS OF DEVICE
;IN P3.6, P3.7
;REG A
REPORT:
SETB P3.6 ; DEVICE1
SETB P3.7 ; DEVICE2
MOV A,P3
ANL A #0COH
STAT: CJNE A #00H,STAT1
MOV R1,#2DH
CALL PLAYBACK
MOV R1,#3CH
CALL PLAYBACK



RET
STAT1: CJINE A, #40H,STAT2
MOV R1,#2DH
CALL PLAYBACK
MOV R1,#57H
CALL PLAYBACK
RET
STAT2: CJINE A #80H,STAT3
MOV R1,#2DH
CALL PLAYBACK
MOV R1,#48H
CALL PLAYBACK
RET
STAT3: CJNE A #0COH,STAT4
MOV R1,#2DH
CALL PLAYBACK
MOV R1,#64H
CALL PLAYBACK
RET
STAT4: LUIMP MAIN

DEVICE CONTROL CLOSE&OPEN
iIN P3.4,P3.5
'REG A
DEVICE:
SETB P1.3
CALL DTDTF
CJNE A,#10000000B,DEVICE2
MOV R1,#81H
CALL PLAYBACK
SETB P1.3
CALL DTDTF
COROP: CJNE A,#100000008,CANCEL
SETB P3.4
MOV R2,#10
CALL DTSEC



CLRP3.4
MOV R2,#20
CALL DTSEC
RET
CANCEL: CJNE A,#01000000B,LAST
MOV R1,#0AAH
CALL PLAYBACK
LIMP MAIN
LAST: MOV R1,#9CH
CALL PLAYBACK
SJMP DEVICE
DEVICEZ:
CJNE A,#01000000B,LAST1
MOV R1,#81H
CALL PLAYBACK
SETB P1.3
CALL DTDTF
COROP1: CUNE A #10000000B,CCEL1
SETB P3.5
MOV R2,#10
CALL DTSEC
CLR P3.5
MOV R2,#20
CALL DTSEC
RET
CCEL1: CJNE A,#01000000B,LAST2
MOV R1,#0AAH
CALL PLAYBACK
LJMP MAIN
LAST1: MOV R1,#9CH
CALL PLAYBACK
LJMP CNT
LAST2: MOV R1,#9CH
CALL PLAYBACK
LJMP DEVICE2

end
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e 100K record cycles (fypical)

e On-chip clock source

e Programmer support for play-only applications

e Single +5 volt power supply

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

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

DETAILED DESCRIPTION

speech/Sound Quality

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

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

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

Duration

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

EEPROM Storage

One of the benefits of 1SD's ChipCorder technology
is the use of on-chip nonvoldtile memory, provid-
ing zero-power message storage. The message is
retained for up fo 100 years fypically without pow-
er. In addition, the device can be re-recorded
fypically over 100,000 times.

Microcontroller Interface

In addition to its simplicity and ease of use, the
1ISD2500 Series includes dll the interfaces necessary
for microcontoller-driven applications. The ad-
dress and control lines can be interfaced 1o a mi-

. crocontoller and manipulated i perform a

vailely of tasks, including message assembly,
message concatenation, predefined fixed mes-
sage segmenfation, and message manage-
ment.

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

XCIK ©
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il 7 - 18] Nonvolatie 5-Pole Aciive |
B 3 | Muitievet storage |- - | Smoothing Fifter |
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“[Power condiionng | [ Address Butfers } [ Device Coniol b f
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Figure 2-34: 1SD2560/75/90/120 Device Pinouts
1SD2560/75/90/120
Aol 11 @ 28 ) Veen
Aami ]2 27 3 PR
OV e 32 71 ANAOUT oMzl s 26 |1 XCIK
CEO2 31 [T ANAIN A3M3 [l 4 25 1 EOM
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EOM ] 4 29 [ MIC REF Aama L 5 i
XCIK 5 28 I MIC AsmMs 16 23 [_1CE
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cco 37 26 [ SP-
NC T8 1SD2540175/90/120 25 O NC AL s 21 [ AnAOUT
NC o 24 3 NC A8 ]9 20 1 ANAIN
AO/MO ] 10 23 1 SP+ A9 A
AIMI 11 22 9 Ve — 19 L] AGC
A2M2 12 21 [ Vg AN 18 [ MIC REF
A3M3 13 20 73 AUX IN Vesn 7] 12 17 [ Mmc
AdMA T4 19 [ A9
A5/M5 ] 15 18 [ A8 Ve [ 13 16 [ Veea
AbM6 316 17 [ A7 P+ 114 15 1 sP—
32-PIN TSOP DIP/SOIC
Microphone Input (MIC) Automatic Gain Conirol Input (AGC)

The microphone input transfers its signal fo the on-
chip precmpilifier. An on-chip Automatic Gain
Control (AGC) circuit conirols the gain of this
preamplifier from ~15 to 24 dB. An extemal micro-
phone should be AC coupled to this pin via a se-
fies capacitor. The capacitor valug, fogether with
the infernal 10 K ohm resisiance on this pin, deter-
mines the low-frequency cutoff for the 1SD2500
Series passband. See Chapter 5, Application infor-
mation for additional information on low-frequen-
cy cutoff calculation.

Microphone Reference Input (MIC REF)

The MIC REF input is the inverting input to the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input 1o the
device when connected fo a differential micro-
phone.

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 whispers to loud sounds to be recorded
with minimal distortion. The “aftack” time is deter-
mined by the time constant of a 5 KQ internal re-
sistance and an external capacitor (C2 on the
schematic on page 2-135) connected from the
AGC pin o Vgga Gnalog ground. The “release” fime
is determined by the time constant of an extermnal
resistor (R2) and an extemal capacitor (C2) con-
nected in parallel between the AGC Pin and Vgga
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

Analog Ouiput (ANA OUT)

This pin provides the preamplifier output 1o the us-
er. The voltage gain of the preamplifier is deter-
mined by the voltage level af the AGC gir,
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Analog Input (ANA IN)

The analog input pin transfers its signal to the chip
for recording. For microphone inputs, the ANA OUT
pin should be connected via an extemnal capaci-
tor to the ANA IN pin. This capacitor value, fogeth-
er with the 3.0 KQ input impedance of ANA IN, is
selected 1o give addifional cutoff af the low-fre-
quency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

External Clock Input (XCLK)

The external clock input for the 1SD2500 devices
has an internal pull-down device. These devices
are configured at the factory with aninternal sam-
pling clock frequency centered to x1% of speci-
fication. The frequency is then maintained fo a
variation of +2.25% over the enfire commercial
femperature and operating vaoliage ranges. The
internal clock has a +5% tolerance over the in-
dustrial femperature and voltage range. A regu-
lated power supply is recommended for industrial
termperature range parts. If greater precision is re-
quired, the device can be clocked through the
XCLK pin as follows:

Table 2-77: External Clock Sample Rates

1SD2560 8.0 KHz 1024-KHZ
1SD2575 6.4 KHz 819.2 KHz
1SD2590 5.3 KHz 682.7 KHz
1ISD25120 4.0 KHz 512 KHz

These recommended clock rates should not be
vared because the antialiasing and smoothing fitters
are fixed, and dliasing problems can occur if the
sample rate differs from the one recommended.
The duly cycle on the input clock is not critical, as
the clock is immediately divided by two. If the
XCLK is noi usaed, this input must be con-
nected o ground.

Speaker Outputs {SP+/SP-}

All devices in the ISD2500 Series include an on-chip
differential speaker driver, capable of driving 50
milliwatts info 16 Q from AUX IN {12.2 mW from
memory).

The specker outputs are held af Vgga levels duing
record and power down. It is therefore not possi-
ble to parallel speaker outputs of multiple 1ISD25C0
devices or the outputs of other speaker drivers,

NOTE Connection of specker outpuis in parallel
may cause damage to the device.

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

NOTE Never ground or drive an unused speaker
output.

Auxiliary Input (AUX IN)

The Auxiliary Input is mulliplexed through to the
output ampilifier and speaker output pins when CE
is HIGH, P/R is HIGH, and Playback is currently not
active or if the device is in Playback overflow.
When cascading multiple ISD2500 devices, the
AUX IN pin is used to cannect a Playback signal
from a following device 10 the previous output
speaker drivers. For noise considerations, it is sug-
gested that the auxiliary input not be diiven when
the storage anay is active.

Address/Mode Inputs (Ax/Mx)

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

15D
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Table 2-78: Operational Modes Tabie

MO Message cueing Fast-forward through messages M4, M5, M6

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

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from Address 0 M1, M5, Mé

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

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

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

1. indicates additional operational modes which can be used simulfaneously with the given mode.

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

If both MSBs are HIGH, the Address/Mode Inputs
are interpreted as Made bits according to the Op-
erational Mode table. There are six operational
modes (M0..Mé) available as indicated in the fa-
ble. It is possible to use multiple operationat
modes simultaneously. Operational Modes are
sampled on each falling edge of CE, and thus
Qperational Modes and direct addressing are
mutually exclusive.

OPERATIONAL MODES

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

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

There are two important considerations for using
operational modes. First, all operations begin ini-
fially at address 0, which is the beginning of the
ISD2500 address space. Later operations can be-
gin at other address locations, depending on the
operational mode(s) chosen. In addition, the ad-
dress pointer is reset to 0 when the device is
changed from Record to Playback, Playback to
Record {(except Mé6 mode), or when a Power-Down
cycle is executed.

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

OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontroller, or they can be hard-
wired fo provide the desired system operation.
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MO0 — Message Cueing

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

M1 — Delete EOM Markers

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

M2 — Unused

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

M3 — Message Looping

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

M4 — Consecutive Addressing

During normal operations, the address pointer will
reset when a message is played thiough 1o an
EOM marker. The M4 Cperaticnal Mode inhibits
the address pointer reset on EOM, dllowing mes-
sages 1o be played back consecutively.

M5 — CE-Level Adivated

The default mode for ISD2500 devices is for CE 1o
be edge-activated on Playback and level-activat-
ed on Record. The M5 Operational Mode causes
the CE pin 1o be interpreted as level-activated os
opposed to edge-activated during Playback. This
is specifically usetul for terminating Playback oper-
ations using the CE signal.

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

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

M6 — Push-Button Mode

The 1SD2500 Series of devices contain a Push-But-
fon operational mode. The Push-Button mode is
used primarily in very low-cost applications and is
designed to minimize extemal circuitry and com-
ponents, thereby reducing system cost. In orderto
configure the device in Push-Bution operational
mode, the two most significant address bits must
be HICH, and the Mé mode pin must also be
HIGH. A device in this mode always powers down
at the end of each Playback or Record
cycle after CE goes HIGH.

When this operational mode is implemented,
several of the pins on the device have afternate
functionality:

Table 2-79: Alternate Functionality in Pins

GE Start/Pause Push-Button

{LOW pulse-activated)
PD Stop/Reset Push-Button
(HIGH pulse activated)

EOM Active-HIGH Run Indicator

CE Pin (START/PAUSE)

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

1sD
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PD Pin {STOP/RESET)

In push-button Operational Mode, PD acts as a
HIGH-going pulse-activated STOP/RESET signall.
When a Playback or Record cycle is in progress
and a HIGH-going pulse is observed on PD, the
current cycle is ferminated and the address point-
er is reset o address 0, the beginning of the mes-

sage space.
EOM Pin {RUN)

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

Recording in Push-Butfon Mode

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

The P/R pin is taken LOW,

The CE pin is pulsed LOW. Recording starfs,
EOM goes HIGH fo indicate an operation in
progress.

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

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

NOTE If the MI operational mode pin is also
HIGH, the just previously wriften EOM bit is
erased, and recording sfars of that
address.)

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

Playback in Push-Buiton Mode
1. The PD pin should be LOW.

2. The P/R pin is taken HIGH.

3. The CE pin is pulsed LOW. Playback starls,
EOM goes HIGH to indicate an operationin
progress.

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

5. CE is again pulsed LOW. Playback stars
where it feft off, with EOM going HIGH to in-
dicate an operation in progress.

6. Playback continues asin steps 4 and 5 until
PD is pulsed HIGH or overflow occurs.

7. It In overflow, puling CE LOW will reset the
address pointer and start Playback from
the beginning. After a PD pulse, the partis
reset o address 0.

NOTE Push-buiton mode can be used In conjunc-
ton with modss MO, M1, and M3.

Bood Audio Design Pradices

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

1SD1000A COMPATIBILITY

The 1SD2500 Series of devices is designed to pro-
vide upward compatibility with the 1ISD1000A fam-
ity. When designing with the ISD2500 Series, the
following differences should be noted.
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Addressing

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

Overflow

The ISD1000A Series combined twa functions on
the EOM pin: end-of-message indication and
overflow. The 13D2500 separates these two func-
tions. Pin 25 (PDIP package) remains as EOM, but
outputs only the EOM signal indication. Pin 22
(PDIP package) becomes OVF and pulses LOW
only when the device reaches iis end of memoty,
or is “full.” This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 operational mode
found in the ISDTO0CA family is not implemented
in the 1SD2500 Series.

Push-Button Mode

The ISD2500 Series includes an additional Opera-
tional Mode called Push-Button mode. This pro-
vides an aftemative interface to the Record and
Playback functions of the part. The CE and PD pins
become redefined as edge-activated “push-but-
tons.” A pulse on CE initiates a cycle, and if tig-
gered again, pauses the curent cycle without
resetting the address painter {i.e., a Start or Pause
function). PD stops any cunent cycle and resets
the address pointer fo the beginning of the mes-
sage space (i.e., a Stop and Reset function). Ad-
ditionally, the EOM pin functions as an active-
HIGH run indicator, and can be used to dive an
LED indicating a Record or Playback operation is in
progress. Devices in the Push-Butfon mode cannot
be cascaded.

Looping Mode

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

NOTE Additional descriptions of 1SD2500 device
functionality and application examples are
provided in the 15D Application Notes in this
book.

TIMING DIAGRAMS
Figure 2-35: Record
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Figure 2-35: Playback
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Table 2-80: Absolute Maximum Ratings Table 2-81: Operating Conditions

(Packaged Parts)’ (Packaged Parts)

Junction temperature 150°C Commercial operayng 0°C to +70°C
tfemperature ra
Storage temperature range -65°C to +150°C oY I
" - Industrial operating -40°C to +85°C
Voltage applied to any pin (Vss—0.3 V) to ternperature rang ¥
Ve +0.3V) 7
Su volfage +4.5Vio +55V
Voltage applied o any pin (Vss=1.0 V) to pply voliage (Vee
(Input current limited to =20 MA) | (Ve + 1.0V) Ground voltage (Vss)s v
Lead femperature (soldering -~ | 300° C
10 secondis) 1. Case temperature.
Vee ~Vss -03Vio+7.0V 2. Vee = Veea = Veep,
3. Vgg = Vasa = Vssp

1. Stresses above those listed may cause permanent
damage fo the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation is not implied at these
conditions.
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Table 2-82: DC Parameters (Packaged Parts)

Symbol b, - Pamameters - [ M | Typ! - Max® '-QUnit‘s‘:;y b Condmons

Vi Input Low Voltage 08 \Y

Vi Input High Voltage 2.0 Vv

VoL Output Low Voltage 0.4 V |l =40mA

Vou Output High Voltage Ve -04 V |y =-10pA

Voui OVF Output High Voltage 2.4 V oy =-1.6mA

Vore EOM Output High Velfage Vec-10 | Vec-0.8 V |loy=~-32mA

e Ve Current (Operating) 25 30 MA | Reqp = o3

lsa Ve Cunent (Standby) 1 10 pA |3

b Input Leakage Current *1 LA

o Input Current HIGH w/Pull 130 uA | Force Vet
Down

Rext Output Load Impedance 16 €Q | Speaker Load

Rmic Preamp In Input Resistance 4 9 15 KQ | MIC and MIC REF Pins

Raux AUX INPUT Resistance 5 11 20 KQ

Ranam | ANA IN Input Resistance 25! 3 5 KQ

Aoger Preamp Gain 1 23 24 26 dB | AGC =0.0V

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

Aaux AUX IN/SP+ Gain 0.98 1.0 VIV

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

Racc AGC Ouiput Resistance 2.5 > 9.5 KQ

1. Typical volues @ Tp = 25°C and 5.0 V.

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

3. Vpea and Veep connected together.
4, XCIK pin only.
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Table 2-83: AC Parameters (Packaged Parts)

V ,, Charactensﬁc |z | et ~ Conditions

Fg 3ampnng Frequency  ISD2560 8.0 KHz | 7
ISD2575 6.4 Kiz | 7
ISD2690 5:3 Kz | 7
1SD25120 4.0 KHz | 7

Fer Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point % 8
1SD2575 2.7 KHz | 3 dB Roll-Off Point 3 8
1SD2590 2.3 KHz | 3 dB Roll-Off Point 38
1SD25120 1.7 KHz | 3 dB Roll-Off Point 3 8

Trec Record Duigation 15SD2560 58.1 60.0 62.0 sec | Commercial Operation
ISD2560 56.5 60.0 63.8 sec | Industrial Operation
18D2575 72.6 75.0 77.5 sec | Commercial Operation
1SD2575 70.7 75.0 79.7 sec | Industial Operation
1ISD2590 87.1 90.0 93.0 sec | Commeicial Operation
1SD25120 116.1 120.0| 1239 sec | Commercial Operation

Teray Playback Duraiion ISD2560 58.1 60.0 62.0 sec | Commexcial Operation
1SD2560 56.5 60.0 63.8 sec | Industrial Operation
1SD2575 72.6 75.0 77.5 sec | Commerclal Operation
ISD2575 70.7 75.0 79.7 sec | Industrial Operation
ISD2590 87.1 90.0 93.0 sec | Commercial Opsiation
1SD25120 { 116.1 120.0| 123.9 sec | Commercial Operation

Tee CE Pulse Width 100 nsec

Tser ControlAddress Setup Time 300 nsec

Thowo Confrol/Address Hold Time 0 nsec

Teun Power-Up Delay ISD2560 24.1 25.0 27.8 msec | Commerclal Operation
1ISD2560 23.5 31.8 28.5 msec | Industial Operation
ISD2575 30.2 31.3 34.3 msec | Commercial Operation
ISD2575 29.3 375 35.2 msec | industial Operation
1SD2590 36.2 50.0 40.8 msec | Commercial Operation
1SD25120 48.2 53.6 msec | Commerclal Operaticn

Teor PD Pulse Width Record  1SD2560 25 msec
1ISD2575 31.25 msec
15D2590 37.5 msec
1SD25120 50.0 msec

Tope PD Pulse Width Play ~ 1SD2560 12,5 msec
1ISD2575 15.625 msec
1SD2590 18.75 msec
1SD25120 25.0 msec

Teps PD Puise Width Static . 100 nsec | ¢

TPDH Power Down Hold 0 nsec
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Table 2-83: AC Parameters (Packaged Parts)

_Symbol | Characterisic | Min® | Typ' | Max® | Units | Condiions
Teom EOM Pulse Width 18D2560 12.5 msec
1SD2575 156.625 msec
1SD2590 18.75 msec
1SD25120 25.0 msec
Tove Overflow Pulse Width 6.5 usec
THD Total Harmonic Distortion 1 2 % | @ 1 KHz
Pout Speaker Output Power 12.2 50 mW | Reg = 16 Q°
Vour Voltage Across Speaker Pins 2.5 VPP | Reqr = 600 Q
Vini MIC Input Voltage 20 mV | Peak-to-Peak®
Ving ANA IN Input Voltage 50 mvV { Peak-to-Peak
Vina Aux Input Voltage 1.25 V | Peak-to-Peak;
Reqr = 16 Q
7. Typical values @ T4 = 25°C and 5.0 V.
2. Al Min/Max limits are guaranteed by I5D via electiical testing or characterization. Not ol specifications are 100%
fested.
3. low-frequency cuioff depends upon the value of external capacitors (see Pin Descriptions).
4. From AUX IN; if ANA IN is driven at 80 mV p-p, the Poyr = 12.2 mW, typical.
5. With 5.1 KQ series resistor at ANA IN.
6. Tpps is required duiing a static condition, typically overflow.
7. Sompling Frequency and Playback Duration can vary as much as +2.25% over the commercial temperature

range and volfage range and +5% over the industrial temperature and voftage range. For greater stability, an
external clock can be Ulilized [see Pin Descriptions).

8. Fitter specificafion appilies fo both the antidliasing filter and the smoothing filter. Therefore, from input to outpuf,
expect a 6dB crop by nature of passing through both filters.
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)

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

Table 2-85: Operating Conditions (Die)

Junction temperature 150°C

Storage temperature range -65°C fo +150°C

Voltage applied to any pad (Vs — 0.3V} 10
Voc +0.3V)

Voltage applied fo any pad (Vss-1.0V) 1o

(Input current limited to =20 MA) | Vge + 1.0V)

Vcc—Vss -0.3Vto+ 7.0V

1. Stresses above those listed may cause permanent
damage to the device. Exposure fo the absolute
maximum ratings may affect device reljability.
Functional operation is not implied at these

conditions.

Commercial operating
temperature range

0°C to +50°C

Supply voltage (Vee)'

+4.5Vio +6.5V

Ground voltage (Vss)?

1. Vee = Veea = Veco
2. Vgg = Vssa = Vssp-

ov

Table 2-86: DC Parameters (Die)

Vi Input Low Voltage 0.8 \

Vin Input High Voliage 2.0 \%

Voo Output Low Voltage 0.4 V |l =4.0mA

Vou Output High Voltage Vee - 0.4 V| oy = -10pA

Vo OVF Output High Voltage 2.4 V |igy =-1.6mA

Vonz EOM Output High Voltage Vee-1.0 | Vee-0.8 V| loy=-3.2mA

lec Ve Current Operating) 25 30 mA | Reg = =3

Iss Ve Cunrent (Sfandby) 1 10 LA |2

I Input Leakage Current + HA

T Input Cumrent HIGH w/Pull 130 uA | Force Vec?

Down

Rexr Output Load Impedance 16 Q | Spedker Load

Rmic Preamp In Input Resistance 4 9 15 KQ | MIC and MIC REF Pads
Raux AUX INput Resistance 5 11 20

Rana N ANA IN Input Resistance 2.3 3 5 KQ

Apre Preamp Gain 1 21 24 26 d8 | AGC =00V

Acpen Preamp Gain 2 -15 5 dB | AGC =25V
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Table 2-86: DC Parameters (Die)

Symbol | Pammetrs | wm® | np! | Ma® | units | Condiions
Asix AUX IN/SP+ Gain 0.98 1.0 Y
Aarp ANA IN to SP+/- Gain 21 23 26 dB
Race AGC Output Resistance 2.5 8 9.5 KQ

-

Typicaol values @ Tp = 25°C and 5.0 V.
2. Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specificafions are 100%
tested.

3. Veea and Veep connected together.
4. XCLK pad only.

Table 2-87: AC Parameters (Die)

Sampling Frequency ;
K] KHz | 7
1SD25120 4.0 KHz |7
Fer Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point > 8
1502575 LAY KHz | 3 dB Roll-Off Point > 8
15D2590 2.3 KHz | 3 dB Roll-Off Point &8
15D25120 1.7 KHz | 3 dB Roll-Off Polnt 2 8
Tree Record Duration 1SD2560 58.1 60.0 62.0 sec | Commercial Operation
1SD2575 72.6 75.0 775 sec | Commercial Operation
1SD2590 87.1 90.0 93.0 sec | Cormnmercial Operation
1SD25120 | 116.1 1200 1239 sec | Commercial Operation
Toray Playback Duration 1SD2560 58.1 6001 620 sec | Commercial Operation’
1SD2575 72.6 750| 775 sec | Commerclal Operation’
1SD2590 87.1 90.0| 930 sec | Commercial Operation’
15D25120 116.1 1200 123.9 sec | Commercial Operotion7
Tee CE Pulse Width 100 nsec
Tser Control/Address Setup Time 300 nsec
Thoip Confrol/Address Hold Time 0 nsec
Toup Power-Up Delay 18SD2560 24.1 25.0 27.8 msec | Commercial Operation
1SD2575 30.2 31.3 34.3 msec | Commercial Operation
1SD2590 36.2 37.5 40.8 msec | Commercial Operation

1SD25120 48.2 50.0 53.6 msec | Commercial Operation
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Table 2-87: AC Parameters (Die)

symbol | Characteristic Min? | Typ' | Max? | Umts | Conditions 2
TopR PD Pulse Width Record  15D2560 25 msec

1SD2575 31.25 msec

1SD2590 37.5 msec

15D25120 50.0 msec
Topp PD Pulse Width Play 1SD2560 12.5 msec

1SD2575 15.625 msec

1SD25%0 18.75 msec

1SD25120 25.0 msec
Teos PD Pulse Widih Static 100 nsec | ¢
TopH Power Down Hold 0 nsec
TeoMm EOM Pulse Widih 1SD2560 12.5 msec

1SD2575 15.625 msec

1SD2590 18.75 msec

1SD25120 25.0 msec
Tove Overflow Pulse Widih 6.5 usec
THD Total Harmonic Distorfion 1 3 % | @ 1 KHz
Pout Speaker Output Power 12.2 50 MW | Ry = 16 °
Vour Voltage Across Speaker Pins 25| Vp-p| Regq= 600Q
Vini MIC Input Voltage 20 mV | Peak-to-Peak®
Ving ANA IN Input Voliage 50 mV | Peak-fo-Peak
Ving Aux Input Voltage 1.25 V | Peak-fo-Peak;

Rpq=16Q

1. Typical values @ Ty = 25°C and 60 V.

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

Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions).
From AUX IN; if ANA IN is driven at 50 mV p-p, the Poy = 12.2 mwW, typical.

with 5.1 KQ series resistor at ANA IN.

Teps Is required during a static condition, typically overfiow.

Sampling Frequency and Playback Duration can vary as much as +2.25% over ihe commercial temperature
range and voltage range. For greater stability, an extemnal clock can be utiized (see Pin Descriptions}.

Fitter specification applies to the antialiasing filtter and the smoothing fifter.

NO ® AW

®

150 2-133



1SD2560/75/90/120 Producis Product Data Sheets

TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

Graph 2-45: Record Mode Operating Current Graph 2-47: Standby Current
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Figure 2-37: 1SD2560/75/90/120 Application Example—Design Schematic

15D2560/75/90/120
oo

Y_Tf,. Vssf

af

P e, R4

CHIP ENABLE 100 KQ
tmn

—O

POWER DOWN

e

e—0

PLAYBACK/RECORD

|

NOYE: If desired, pin 18 (PDIP package) may be left unconnected (rmicrophone preamplitier noise will be higher). In
this case, pin 18 must not be tied to any other signal or voltage. Additional design example schematics are
provided in the Application Notes in this book.

Table 2-88: Application Example—Basic Device Control

woistep | . . Function =
] Power up chip and select Record/Playback mode | 1. PD = LOW, 2. PR = As desired
2 Set message address for Record/Playback Set addresses AD-A9
3A Begin Playback P/R = HIGH, CE = Pulsed LOW
3B Begin Record P/R = LOW, CE = LOW
4A End Playback Automatic
418 End Record PD or CE = HIGH
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Table 2-89: Apphcatlon Example—Passnve Component Functions

"7 - Part _ : Functlon CQmments
R1 Mlcrophone power supply Reduces power supply noise
decoupling
R2 Release time constant Sets release time for AGC
R3, RS Microphone biasing resistors Provides biasing for microphone operation
R4 Series limiting resistor Reduces level to prevent distortion af higher supply
voltages.
R6 Series IImiting resistor Reduces level to high supply voltages
C1,C5 Microphone DC-blocking capacitor Decouples microphone bias from chip. Provides single-
Low-frequency cutoff pole low-frequency cutoff and common mocie noise
rejection.
Cc2 Attack/Release time coristant Sets attack/release time for AGC
Cc3 Low-frequency cutoff capacitor Provides additionat pole for low-frequency cutoff
C4 Microphone power supply Reduces power supply nolse
decoupling
C5,C7.C8 Power supply capacitors Fitter and bypass of power supply
EXPLANATION

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

NOTE ISD does not recommend connecting
address lines directly to a microprocessor
bus. Address fines should be externally
latched.
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Figure 2-38: 1SD2560/75/30/120 Application Example—Microcontroller/1SD2500 Interface
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—— ORECORD Mo PLaY Ho Mso# ~
—1 o5 PBO b 1SD25560/75/90/120
—1] 0SC2 PBI1 1 {A0 o | 28
i 21A1 Veca e—
— ¢} RESET PAD n;g ? 3t Ao
— dRe PAl alas Veep |12
PA2 51ag - Veea 3
Uy PA3 | s 6 a5
— Vo PA4 7 1A6 L8P | 14
PAS 8 a7 Ug sp=| 18
I 7 PAG 9 bag AN
PAZ 10.1A9 ANAIN 120
23 | CE- ANA OUT |21
24 I'pp ) .
27 {PR- . MIC REF [ 18
25 | FOM mic |17
26} XCIK B 'Y "ok ML
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Figure 2-39: 1SD2500 Application Example— Push-Button

Vee
18D2560/75/90/120 —
1 AO R 5 VCC}) 28 T
vee Vee _L 21a1 VoA 16 " I
T jmt shao %T j:%]luF o
- ? g - 224
a1 o e
100K ‘2%0“ st ‘ :
(9 v
Vcc
—_ 5
. 3 : i
—0 © 7 =
START/PAUSE l
S_om of ol
0 © o}
STOP/RESET .
. 2347
24
—Ou s 27
PLAYBACK/RECORD 2}z
= 2%
= L]
MOYE:  For more details, please refer to CHAPIER 5, Applicafion Information.

1 Select Record/Playback mode P/R = As desired

2A Begin Playback P/R = HIGH
CE = Pulsed LOW

2B Begin Record PR = LOW
CE = Pulsed LOW

3 Pause Record or Playback CE = Pulsed LOW

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

48 End Record PD = Pulsed HIGH
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Table 2-91: Application Example—Passive Component Functions

R2 Release time constant _Sets release time for AGC

R4 Series limiting resistor Reduces level to prevent distortion at
higher supply voltages

Ré, R7 Pull-up and pull-down resistors Defines static state of inputs

C1,C4,Ch Power supply capacitors Filters and bypass of power supply

Cc2 Aftack/Release fime constant Sets atiackfelease time for AGC

C3 Low-frequency cutoff capacitor Provides additional pole for low-
frequency cutoff

Table 2-92: Push-Button Parameters

Csymbol | Craractenisc | Min | e

Ter CE Pulse Widith [Start/Pause] 300

Tser Control/Address Setup Time 300 nsec

Toup Power-Up Delay 1SD2560 25 msec
ISD2575 31.25 msec
1SD2590 37.25 msec
1SD25120 50.0 msec

Trp PD Pulse Width [Stcp/Reset] 300 nsec

Trun CE to EOM HIGH 25 400 | nsec

TPAUSE CE to EOM LOW 50 400 nsec

T CE HIGH Debounce 1SD2560 70 ' 105 | msec
ISD2575 85 136 | msec
1ISD2590 105 160 | msec
ISD25120 135 215 | msec
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TIMING DIAGRAMS
Figure 2-40: Push-Button Mode Record
start Pause start Stop
CE Tee —{Tee ——'1 Tee
(Start/Pause) N g N N

Tser = Tser = Tser
PR

Tw [ — Tep Tser —’l
PD
{Stop/Reset) —
- TSET —2
AD-A9

RAIC ANA IN ,‘WW )
OVF
Trun—> — \t—— Trause i
Run) le— Ton te—— Tpg  —> e
Tous ™ ““ —»  Toud Fi-
4 2 (&) (4.5) (6.7} 8)

Figure 2-41: Push-Bution Mode Playback

Start Pause Start stop

CE '—"1 Tee L —‘-’{7&
(Stari/Pause) N > - N

Teer > t‘*‘ Tser — iQ— Tser
P/R \__ \_»\

Ter e —{ Tp Tser

e ]
{Stop/Reset)

| Tger —>

e @

5P A ‘ T

QVF
T — > \t‘—‘ Toause b=

o S eI S
Trun = ““ D T"UDI“}' !

4} 2 @3 (4.5) 16.7) (8)

1. A9, A8, and A6 = 1 for push-button operation.

2. The fist CE LOW pulse performs a Start function.

3. The part will begin to play or record affer a power-upi delay Teyp.

4. The part must have CE HIGH for a debounce period TDB before it will recognize another falling edge of CE and
pause.

5. The second CE LoW pulse, and every even pulse theredfter, performs a Pause function.

8. Again, the part must have CE HIGH for a debounce period TDB before it will recognize another falling edge of
CE, which would restart an operation. in oddition, the part will not do an intemal power down untii CE is HIGH for
the TDB time.

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

8. At any time, a HIGH level on PD will stop the current function, reset the address counter, and power down the
device.
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ORDERING INFORMATION
Product Number Descriptor Key

ISD25 __ __
7]
In
2 =2nd Generation —— * | “—Specicll Temperature Fleld:
5 =8 Volts ‘ Blank= Commercial Packaged (0°C to +70°C)
Duration: | o Commercial Die (0°C to +50°C)
60 = 60 Seconds | = Industrial (=40°C o +85°C)
75 = 75 Seconds y '— Package Type:
90 = 90 Seconds G = 28-lead0.350-Inch Smaill Outiine Integrated
120= 120 Seconds Circult (SOIC)
p = 28lead0.600-Inch Plastic Dudl In-Line
Package (PDIP)
84 = 28-Lead 0.300-Inch Small Outline Integrated
Circuit (SOIC)
I =  32-Llead 8x20-mm Thin Small Outline Package
(TSOP)
X Die

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

ISD2560G 1SD25675G 1SD2590G 18D25120G
15SD2560G! 1ISD2575GI ISD2590P 1ISD25120P
1SD2560P 18D257 5P 1SD25905* ISD25120X
1SD2560PI 1SD2575P1 1SD2590T

1SD25608* ISD25755* 1ISD2590X

1SD256081* 1SD257581*

1ISD2560T 1SD2575T

iSD2560T 15025751

ISD25660X 1SD2575X

NOTE:  The asterisk (*) indicates advance information

For the latest product information, access ISD's worldwide website at hitp://www.isd.com.
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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 digital decoder functions. The filter section uses

CEPT Spec (MT8870D-1)
Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers

Telephone answering machine

VDD  VSS

iIso2cvos MT8870D/MT8870D-1
‘ Integrated DTMF Receiver

ISSUE 5 March 1997

Ordering Information

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

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and

switched capacitor techniques for high and iow
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 latthed three-state bus
interface.

Chip Chip
Power Bias

High Group
Filter

Digital Code
Detection Converter
Algorithm and Latch

Zero Crossing
Detectors

Low Group
Filter

AT

St Steering
GT Logic

Figure

- Functional Block Diagram
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©OWND OTh W N =
SOETNO RN

Pin Connections

Pin Description

Pin #
18 | 20 Name Description
1 IN+  |Non-Inverting Op-Amp {Input).

212 IN- Inverting Op-Amp (input).

GS Gain Select. Gives access to output of front end differential ampilifier for connection of
feedback resistor.

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

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

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

0OSC1 |Clock {(Input).

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

9 {10 Vgg  |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.

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

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| SY/GT |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 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption

and high performance. Its architecture consists of a -

bandspilit 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

ESt

StD

MT8870D/
MT8570D-1 IeTa=(RG lnﬂfpp’l/
‘Dl

)
larp=(RQIY o Vo Vis]

ircuist

" Figure 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”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit’).

Steering Circuit

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

e — PRECISE
i DIAL TONES

=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770 Hz

(dB)

C=852 Hz

D=941 Hz
E=1209 Hz

F=1336 Hz
G=1477 Hz

H=1633 Hz

=y

it 1

AB C D
FREQUENCY (Hz)

!

1

1kHz



MTSB?@WMTSB?OD—‘! ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (igrp), v, reaches the threshold
{(Vs1) 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 laich to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are
made available on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in 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:

lpec=lpptigre

lio=tpa+tlara
The value of tpp is a device parameter (see Figure
11) and tgee is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

tarr=(RAC VoV pp-Vrsy]
Voo ta7a=(RC (Yo Vrs)
Re=(RyRMA 1Fiy)

a) decreasing igp; (lgrp<iara)

lere=(RC)InfVpp/Vppo-Vrs)]
lara=(RpC )In(Vpp/Vrsy
Rp=(RiA)(R+R2)

b) decreasing tg7a; (tatp>tata)

Adjustment

Digit | TOE | INH | ESt | Q4 | Qp | Qo Qq
ANY L X H 4 Zz 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 | o0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 0
* H X H 1 4] 1 1
# H X H 1 1 0 0
A H L H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H 0 0 0 0
A H H i
B H H L |undeiected, 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 = DONT 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 (igrp) and tone absent (tgqa). 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 tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short taeg With
a long tpp would be appropriate for extremely noisy
environments where fast acquisiton time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



ISO%-cMOS  MT8870D/MT8870D-1

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 lagic 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 (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 Vg
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.

mMT8870D/
MT8870D-1

.

&fi%r::qbakpput Amplifier
Ry=R,=R¢=100 kQ
Ry=60kQ, Rg=37.5 kQ

RoRs
RotR5

VOLTAGE GAIN (A, diff)= .g.-i
1

All resistors are 11% tolerance. |
All capacitors are +5% tolerance. #

Be=

INPUT IMPEDANCE

1 2
2 =2 2, =3
@inoer) =2/ R1+(m>

F ol Do
\v
0sC2
ik
=]
——1——-] — osci
c

C=30 pF
X-tal=3.579545 MHz

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2[1fR1C1.
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\pplications

:ECEIVER SYSTEM FOR BRITISH TELECOM
PEC POR 1131 ar=(RpC Il Vo (Vo Vi)

‘he circuit shown in Fig. 9 illustrates the use of : - ’
AT8870D-1 device in a typical receiver system. BT '» fars=(Fi (Voo Vrs)
Spec defines the input signals less than -34 dBm as
he non-operate level. This condition can be attained  § O——:L Re=(R1RMA+F)
y choosing a suitable values of Ry and Ry to ' g,

yrovide 3 dB attenuation, such that -34 dBm input
ignal will correspond to -37 dBm at the gain setting
in GS of MT8870D-1. As shown in the diagram, the
omponent values of Rz and C, are the guard time
equirements when the total component tolerance is Notes: "

3%. For better performance, it is recommended to : 2;3?&‘3-_}1‘?
1se the non-symmetric guard time circuit in Fig. 8. : C4=100nF £ 5%

MT8870D-1

| Vop
SUGT
ESt

StD

Q4

Q3

Q2

Q1

NOTES:

Ry = 102KQ + 1%

Ry =T71.5KQ £ 1%

Rg = 390KQ +1 %

C-‘,Cz =100 nF+£5%

X; = 3.579545 MHz £ 0.1%
Vpp = 5.0V £ 5%

CITILITT LTI L] LJT
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ISO2-CMOS

Dperating Characteristics - vpp=5.0vt5%, Vgg=0V, -40°C < T < +85°C ,unless otherwise stated.
3ain Setting Amplifier

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

VIT8870D AC Electrical Characteristics - Vpp=5.0V 5%, Vgg=0V, -40°C < T £ +85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
l . ;ﬂiéié?%gt rﬁi;?c?s?tl;esvizlr;s a(;)aach -29 +1 dBm 1,2,3,5,6,9
27.5 869 | mVpus | 1,2,35,6.9
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 +15% £2Hz 23,59
5 | Frequency deviation reject +3.5% 2,3,5,9
6 | Third tone tolerance -16 dB 2,3,4595,10
7 | Noise tolerance -12 dB 2,3,45,79,10
8 | Dial tone tolerance +22 dB 2,3,45,89,11

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

NOTES
. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.
. Tone duration= 40 ms, tone pause= 40 ms.
. Signal condition consists of nominal DTMF frequencies.

. Tone pair is deviated by 1.5 %+ 2 Hz.
. Bandwidth limited (3 kHz ) Gaussian noise.
. The precise dial tone frequencies are (350 Hz and 440 Hz) *2 %.

"
2
3
4
g. Both tones in composite signal have an equal amplitude.
7
3
)

. For an error rate of better than 1 in 10,000.
0. Referenced to lowest level frequency component in DTMF signal.
1. Referenced to the minimum valid accept level.
2. Guaranteed by design and characterization.

-18
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MT8870D/MT8870D-1

MT8870D-1 AC Elecirical Characteristics - vpp=5.0v45%, Vsg=0V, -40°C < T < +85°C , using

Test Circuit shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*

1| oo sy o T 125808
21.8 869 | mVRus

2 | Input Signal Level Reject 57 = 1-628 téec;eg \éDDzs.OV
10.9 mMVems | 7T

3 | Negative twist accept dB 2,3,6,9,13

4 | Positive twist accept dB 2,3,6,9,13

5 | Frequency deviation accept +1.5%+ 2 Hz 2,3,5,9

6 | Frequency deviation reject 13.5% 2,35,9

7 | Third zone tolerance -18.5 daB 2,3,4,59,12

8 | Noise tolerance -12 dB 2,34,57,910

9 | Dial tone tolerance +22 dB 2,3,458,9,11

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

*NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.

Oo~NONHWN

. Digit sequence consists of all DTMF tones.
. Tone duration= 40 ms, tone pause= 40 ms.
. Signal condition consists of nominal DTMF frequencies.
. Both tones in composite signal have an equal amplitude.
. Tone pair is deviated by 1.5 %+ 2 Hz.

. Bandwidth limited (3 kHz ) Gaussian noise.
. The precise dial tone frequencies are (350 Hz and 440 Hz) 2 %.
. 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 - vpp=5.0v+5%, V=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

screw s

5 Characteristics Sym | Min | Typ* | Max | Units | Conditions
| 1 Tone present detect time ipp 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 :A Tone duration accept trec 40 ms |Note 2
4 rll Tone duration reject tREc 20 ms |Note?2
5 | G |interdigit pause accept tip 40 ms |Note 2
6 Interdigit pause reject tbo 20 ms |Note?2
7 Propagation delay (St to Q) tpq 8 11 pus | TOE=Vpp
8 | o |Propagation delay (St to StD) tpsip 12 16 us | TOE=Vpp
9 ¥ Qutput data set up (Q to StD) tosio 3.4 us |TOE=Vpp
10 | |, |Propagation delay (TOE to Q ENABLE) | tere 50 ns |load of 10 ke,
i 50 pF
11 | ° |Propagation delay (TOE to Q DISABLE)| terp 300 ns |load of 10 kQ,
50 pF
12 g Power-up time tpy 30 ms |Note 3
13 va Power-down time tpp 20 ms
14 Crystal/clock frequency fc | 3.5759 | 3.5795 | 3.5831 | MHz
15 E Clock input rise time t HoL 110 ns  |Ext. clock
16 | o |Clock input fall time thicL 110 ns |Ext. clock
17 | k [Clock input duty cycle DGo | 40 | 50 | 60 | % |Ext clock
18 | [Capacitive load (OSC2) & 30 | pF
- Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
NOTES:
'2: %?eegetotrzsg:? ;g}gggb?glgglgtriggtgrusr’p:rseeﬁognésé.vice 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.

MT8870D/MT8870D-1

['——[: IN+ u VDD:_‘
— 1 IN- SYGT :}—m Rq
g —{ ] Ggs ESt[ J—
2 1 Vg« St [ —d——O
O————— | INH -0
O——————{] POWN Q3 }—4——-10
L|_{ 0SC 1 Q{F—t+—0O NOTES:
X-tal B',.__E 0sC 2 Q1 j______o R4,Ro=100KQ £ 1%
Ves 0] R3=300KQ + 1%
C4,C2=100 nF + 5%
r'l; X-tal=3.579545 MHz + 0.1%
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|
|<— —->l taec

i_—l TON
L]
I

top—a| e

toTP—syy

A1

ey

HIGH IMPEDANCE
DECODED TONE # {n-1) -—————<—#Tn—+_1)_-

)

tosrp —f

EXPLANATION OF EVENTS
i A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
1 B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATGHED IN OUTPUTS

q C END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.
D) OUTPUTS SWITCHED TO HIGH IMPEDANGE STATE.
E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).
i 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 CF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING QUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q4-Q4 4-BIT DECODED TONE OUTPUT.

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

§ TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q4 TO ITS HIGH IMPEDANGE STATE.
tees MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
8§ tnec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
i 15 MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
oo MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
. TIME TO DETEGT THE PRESENCE OF VALID DTMF SIGNALS.
thi TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.

4-21
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General Description

The LMC567 is a low power general purpose LMCMCSTM
tone decoder which is functionally similar to the industry
standard LM567. It consists of a twice frequency voltage-
controlied oscillator (VCO) and quadrature dividers which
establish the reference signals for phase and amplitude de-
tectors. The phase detector and VCO form a phase-locked
toop (PLL) which tocks to an input signal frequency which is
within the controf range of the VCO. When the PLL is locked
and the input signal amplitude exceeds an internally pre-set
threshold, a switch to ground is activated on the output pin.
External components set up the oscillator to run at twice the
input frequency and determine the phase and amplitude fil-
ter time constants,

LMCMOS™ g a tradk e National icond; Corp.

&National Semiconductor

February 1995

LMC567 Low Power Tone Decoder

Features

® Functionally similar to LM567

m 2V to 9V supply voltage range

B Low supply current drain

® No increase in current with output activated
W Operates to 500 kHz input frequency

E High oscillator stability

m Ground-referenced input

B Hysteresis added to amplitude comparator
® Out-of-band signals and noise rejected

@ 20 mA output current capability

Block Diagram (with Extemal Components)
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a J

TL/H/8670-1

Order Number LMC567CM or LEAC567CN
See NS Package Number MOSA or NOSE

©1995 Nationat Ssmiconductor Corporation  TL/H/8670
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Absolute Maximum Ratings

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

Storage Temperature Range -55°Cto +150°C
Soldering Information

Dual-In-Line Package

Input Voltage, Pin 3 2Vpp Soldering (10 sec.) 260°C
Supply Voltage, Pin 4 10V Small Outline Package .
Cutput Voltage, Pin 8 ' 13V X\?Fa(:;:??giio) sec.) g;gng
Voitage at All Other Pins Vo Gnd See AN-450 “Surface Mounting Methods and Their Effect
Output Gurrent, Pin 8 30mA on Product Reliability” for other methods of soldering sur-
Package Dissipation 500 mW face mount devices.

Operating Temperatute Range (Ta}

-25°Cto +125°C

Electrical Characteristics
Test Gircuit, TA = 25°C, Vg = 5V, RICt #2, Sw. 1 Pos. 0, and no input, unless otherwise noted.

Symbol Parameter Conditions Min | Typ Max Units
14 Power Supply Current | RiCt #1, Quiescent Vg = 2V 0.3
or Activated Vg = 5V 05 | 08 | mAde
Vg = OV 0.8 13
V3 Input D.C. Bias 0 mVdc
R3 Input Resistance 40 kO
18 Output Leakage 1 100 nAdc
fo Center Frequency, RtCt #2, Measure Oscillator Vg =2V 98
Fosc & 2 Frequency and Divide by 2 Vg = 5V 92 103 113 KHz
Vg = 9V 105
Afg Center Frequency folov — folay
———=t X 1 !
Shift with Supply 7 folsv Ot o L “
Vin Input Threshold Set Input Frequency Equal to g Vg = 2V 11 20 27
Measured Above, Increase Input ol
Level Until Pin 8 Goes Low. i 5Y 7 BT (LN, o s
Vg = 9V 45
AViy Input Hysteresis Starting at Input Threshold, Decrease Input 15 T
Level Until Pin 8 goes High. :
v8 Output ‘Sat’ Voltage Input Level > Threshold 18 = 2mA 0.06 0.15 e
Choose RL for Specified 18 18 = 20 mA 07
LDBW. | LargestDetection Measure Foge with Sw. 1 in Vg =2V 7 11 15
Bandwidth Pos. 0, 1, ang Z;I ) Vg = 5V 11 14 47 %
P2 — FosciP1
LDBW =22 O5CHL 100 e
Eoldry Vg = 9V 15
i F +F,
ABW Eandwidlh Skew Skew = (-——————"“IP? osclet _ 4 ) X 100 o | +10] %
2 Fosc‘PO
frmex Highest Center Freq. RICt #3, Measure Oscillator Frequency and
. 700 kHz
Divide by 2
Vin Input Threshold Set Input Frequency Equal to fp o measured a5 VT
at froax Above, Increase Input Level Until Pin 8 goes Low. ms




Test Circuit

15 {m4)

Fo x C2 (Hz=pF)
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Applications Information (efer to Block Diagram)

GENERAL

The LMC567 low power tone decoder can be operated at

supply voltages of 2V to 8V and at input frequencies ranging

from 1 Hz up to 500 kHz.

The LMC567 can be directly substituted in most LM567 ap-

plications with the following provisions:

1. Oscillator timing capacitor Gt must be halved to double
the oscillator frequency relative to the input frequency
{See OSCILLATOR TIMING COMPONENTS).

2. Filter capacitors C1 and G2 must be reduced by a factor
of 8 to maintain the same filter time constants.

3. The output current demanded of pin 8 must be limited to
the specified capability of the LMC567.

OSCILLATOR TIMING COMPONENTS

The voltage-controlled oscillator (VCO)} on the LMC567
must be set up to run at twice the frequency of the input
signal tone to be decoded. The center frequency of the
VCO is set by timing resistor Rt and timing capacitor Gt
connected to pins 5 and 6 of the |C. The center frequency
as a function of Rt and Gt i given by:

:
- T
Foso = T2 RiGt 2

Since this will cause an input tone of half F g to be decoded,
1
Fi e
nput ¥ SR RGL

This equation is accurate at low frequencies; however,
above 50 kHz (Fosc = 100 kHz), intemal delays cause the
actual frequency to be lower than predicted.
The choice of Rt and Ct will be a tradeoff between supply
current and practical capacitor values. An additional supply
current component is introduced due to Rt being switched
to Vg every half cycle to charge Gt

Is due to Rt = Vs/{4Rt)
Thus the supply current can be minimized by keeping Rt as
large as possible (see supply current vs. operating frequen-
cy curves). However, the desired frequency will dictate an
RtCt product such that increasing Rt will require a smaller
Ct. Below Ct = 100 pF, circuit board stray capacitances
begin fo play & role in determining the oscillation frequency
which ultimately limits the minimum Ct
To allow for 1.C. and component value tolerances, the oscil-
lator timing components will require a trim. This is generally
accomplished by using a variable resistor as part of Rt, al-
though Ct could also be padded. The amount of initial fre-
quency variation due to the LMG567 itself is given in the
electrical specifications; the totel trim range must also ac-
commodate the tolerances of Rt and Ct.

SUPPLY DECOUPLING

The decoupling of supply pin 4 becomes more critical at
high suppty voltages with high operating frequencies, requir-
ing C4 to be placed as close as possible to pin 4.

INPUT PIN

The input pin 3 is internally ground-referenced with a nomi-
nal 40 kQ resistor. Signals which are already centered on
0V may be directly coupled to pin 3; however, any d.c. po-
tential must be isolated via a coupling capacitor. Inputs of
multiple LMC567 devices can be paralleled without individu-
al d.c. isolation.

LOOP FILTER

Pin 2 is the combined output of the phase detector and
control input of the VCO for the phase-locked loop (PLL).
Capacitor C2 in conjunction with the nominal 80 k) pin 2
internal resistance forms the loop filter.

For small values of C2, the PLL will have a fast acquisition
time and the pull-in range will be set by the built in VCO
frequency stops, which also determine the largest detection
bandwidth (LDBW). increasing C2 results in improved noise
immunity at the expense of acquisition time, and the pull-in
range will begin to become narrower than the LDBW (see
Bandwidth as a Function of C2 curve). However, the maxi-
mum hold-in range will always equal the LDBW.

OUTPUT FILTER

Pin 1 is the output of a negative-going amplitude detector
which has a nominal 0 signal output of 7/3 V5. When the
PLL is locked to the input, an increase in signal level causes
the detector output to move negative. When pin 1 reaches
2/3 Vg the output is activated (see OUTPUT PIN).
Capacitor C1 in conjunction with the nominal 40 kQ pin 1
internal resistance forms the output filter. The size of Gl is a
tradeoff between slew rate and carrier ripple at the output
comparator. Low values of G1 produce the least delay be-
tween the input and output for tone burst applications, while
larger values of G1 improve noise immunity.

Pin 1 also provides a means for shifting the input threshold
higher or lower by connecting an external resistor to supply
or ground. However, reducing the threshold using this tech-
nique increases sensitivity to pin 1 carrier ripple and also
results in more part to part threshold variation.

QUTPUT PIN

The output at pin 8 is an N-channel FET switch to ground
which is activated when the PLL is locked and the input tone
is of sufficient amplitude to cause pin 1 to fall below 2/3 Vg.
Apart from the obvious current component due to the exter-
nal pin B load resistor, no additional supply current is re-
quired to activate the switch. The on resistance of the
switch is inversely proportional to supply; thus the “sat’ volt-
age for a given output current will increase at lower sup-
plies.




Physical Dimensions inches (millimeters)
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LMC567 Low Power Tone Decoder

Physical Dimensions inches (milimeters) (Continued) Lit. #108451
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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 OF NATIONAL
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 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.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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FM radio circuit TDA7000

GENERAL DESCRIPTION

The TDA7000 is a monolithic integrated circuit for mono FM portable radios, where a minimumon peripheral components
is important (small dimensions and low costs).

The IC has an FLL (Frequency-Locked-Loop) system with an intermediate frequency of 70 kHz. The i.f. selectivity is
obtained by active RC filters. The only function which needs alignment is the resonant circuit for the oscillator, thus
selecting the reception frequency. Spurious reception is avoided by means of a mute circuit, which also eliminates too
noisy input signals. Special precautions are taken to meet the radiation requirements.

The TDA7000 includes the following functions:
e R.F. input stage

o Mixer

o Local oscillator

o L.F. amplifier/limiter

¢ Phase demodulator

o Mute detector

e Mute switch

QUICK REFERENCE DATA

Supply voltage range (pin 5) Vp 2,7t010 V
Supply current at Vp =4,5V Ip typ. 8 mA
R.F. input frequency range T 1,5to 110 MHz

Sensitivity for -3 dB limiting
(e.m.f. voltage)

(source impedance: 75 Q; mute disabled) EMF typ. 1,6 pVv
Signal handling (e.m.f. voitage) :

(source impedance: 75 Q) EMF typ. 200 mV

A.F. output voltage at R =22 kQ V, typ. 75 mV
PACKAGE OUTLINE

18-lead DIL; plastic (SOT102HE); S0T102-1; 1 996 July 24.
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Fig.1 Block diagram.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply vottage (pin 5) Vp max. i2Vv
Oscillator voltage (pin 6) Ve.5 Vp-0,5t0 Vp +0,5V
Total power dissipation see derating curve Fig.2
Storage temperature range Tstg -55to +150 °C
Operating ambient temperature range Tamb 0to +60 °C
7287251
2 8
Ptat
(W) \
1,5 N
1 \\
0,5 \\
AN
0
—50 (0] 50 100 150
T C9)
Fig.2 Power derating curve.
D.C. CHARACTERISTICS
Vp = 4,5V; Tamp = 25 °C; measured in Fig.4; unless otherwise specified
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (pin 5) Vp 2.7 45 10 V
Supply current
at Vp = 4,5 V lp = 8 - mA
Oscillator current (pin 6) lg - 280 - pA
Voltage at pin 14 Vis-16 - 1,35 - Y
Output current at pin 2 I - 60 - uA
Voltage at pin 2; R = 22 kQ Vo146 - 1,3 - \Y

May 1992 4
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A.C. CHARACTERISTICS

Vp =4,5V; Tamp = 25 °C; measured in Fig.4 (mute switch open, enabled); f; = 96 MHz (tuned to max. signal

at 5 uV e.m.f.) modulated with Af = + 22,5 kHz; f, = 1 kHz; EMF = 0,2 mV (e.m.f. voltage at a source impedance of
75 Q); r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified.

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Sensitivity (see Fig.3)

(e.m.f. voltage)

for —3 dB limiting;

muting disabled EMF - 1,5 - nY

for -3 dB muting EMF - 6 - Y4

for S/N = 26 dB EMF - 55 - [
Signal handling (e.m.f. voltage)

for THD < 10%; Af =+ 75 kHz EMF - 200 - m\V
Signal-to-noise ratio SIN - 60 - dB
Total harmonic distortion

at Af=+225kHz THD = 0,7 - %

at Af=+75 kHz THD - 2,3 - %
AM suppression of output voltage

(ratio of the AM output signal

referred to the FM output signal)

FM signat: f,,= 1 kHz; Af=+75 kHz

AM signal: f,= 1 kHz; m = 80% AMS - 50 - dB
Ripple rejection (AVp = 100 mV;

f=1kHz) RR - 10 - dB
Oscillator voltage (r.m.s. value)

at pin6 Ve-5(ms) - 250 - mv/
Variation of oscillator frequency

with supply voltage (AVp = 1 V) AR ez - 60 - kHzN
Selectivity S4300 'Y 45 - dB

S_300 - 35 - dB

AF.C.range Afg - + 300 - kHz
Audio bandwidth at AV, =3 dB

measured with pre-emphasis (t = 50 us) B - 10 - kHz
A.F. output voltage (r.m.s. value)

at R =22kQ Vo(mms) - 75 ~ mV
Load resistance

atVp=45V Ry - - 22 kG

atVp=9,0V Ry - - 47 k2
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7287252
VO
(dB)
S+N
0
d {
2 /
} /1
-20 >/
N THD
1 | (%)
—-40 \\ 10
N THD

N < NOISE =

—60 | 0
10-6 10-5 104 1053 10-2 107! 1
EMF (V}at Rg=75Q
Fig.3 A.F output voltage (V,) and total harmonic distortion (THD) as a function of the e.m.f. input voltage (EMF)
with a source impedance (Rg) of 75 Q: (1) muting system enabled; (2) muting system disabled.

Conditions: 0dB =75 mV; f=96 MHz.
for S + N curve: Af = +£22,5 kHz; f,, =1 kHz.
for THD curve; Af =+ 75 kHz; f,, = 1 kKHz.

Notes
1. The muting system can be disabled by feeding a current of about 20 pA into pin 1.

2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be
achieved by omitting this capacitor.
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7286938.1

Fig.5 Track side of printed-circuit board used for the circuit of Fig.4.

7286937.1

Fig.6 Component side of printed-circuit board showing component layout used for the circuit of Fig.4.
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PACKAGE OUTLINE
DIP18: plastic dual in-line package; 18 leads (300 mil) SOT102-1
D - Mg

| seating plane
>

'

T

L

i

-

o Ry

“’" L—c
—!
|
(eq)
My -
0 5 110 mm
[~ YOS AT A
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A A ]
UNIT | B | it (w2 | B by bs c pM | g | ey L Me | My w "{ax )
140 | 053 | 140 | 032 | 218 | 648 39 8.25 95

mm | 47 } 051 | 37 | 144 | 038 | 114 | 023 | 214 | 620 | 254 | 782 | 34 | 780 | 83 |04 | OB

0.055 | 0.021 | 0.055 | 0.013 | 0.86 | 0.26

015 | 032 | 037

inche! “
$] 049 10020 | 015 | 5'ous | 0015 | 0,044 | 0009 | 084 | 024 | 010 | 030 | 543 | o3y | g3z | 001 | 0033
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION e e e PROJECTION ISSUE DATE

—— £330 | &6
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SOLDERING The device may be mounted up to the seating plane, but

i the temperature of the plastic body must not exceed the
Introduction specified maximum storage temperature (Tgyg mgy)- If the
There is no soldering method that is ideal for all IC printed-circuit board has been pre-heated, forced cooling
packages. Wave soldering is often preferred when may be necessary immediately after soldering to keep the

through-hole and surface mounted components are mixed ~ temperature within the permissible limit.
on one printed-circuit board. However, wave soldering is

not always suitable for surface mounted ICs, or for Repairing soldered joints
printed-circuits with high population densities. In these

lo ttage soldering iron (less than 24 V) t
situations reflow soldering is often used. Appiya foryoilag 9 ( ¥y tuthe

lead(s) of the package, below the seating plane or not

This text gives a very briefinsightto a complextechnology.  more than 2 mm above it. If the temperature of the

A more in-depth account of soldering ICs can be found in  soldering iron bit is less than 300 °C it may remain in

our “/C Package Databook” (order code 9398 652 90011).  contact for up to 10 seconds. If the bit temperature is
between 300 and 400 °C, contact may be up to 5 seconds.

Soldering by dipping or by wave

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final praduct specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resutting from such
improper use or sale.
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Author: Author: W.V. Dooremolen
INTRODUCTION

Today's cordless telephone sets make use of duplex communication
with carrier frequencies of about 1.7MHz and 49MHz.

@ |n the base unit incoming telephone information is
frequency-modulated on a 1.7MHz carrier.

® This 1.7MHz signal is radiated via the AC mains line of the base
unit.

@ The remote unit receives this signal via a ferrite bar antenna.

@ The remote unit transmits the call signals and speech information
from the user at 48MHz via a telescopic antenna.

@ The base unit receives this 49MHz FM-modulated signal via a
telescopic aerial.

channel at, e.g., 30kHz, must be 50dB, and the bandwidth of the
channel must be 6-10kHz for good reception. Therefore, an IF
frequency of 455kHz is chosen. Since at this frequency there are
ceramic filters with a bandwidth of 9kHz (AM filters), the 1.7MHz is
mixed down to 455kHz with an oscillator frequency of 2.155MHz.
Now there is an image reception at 2.61MHz. To suppress this
image sufficiently, there must be at least two RF filter sections at the
input of the receiver.

Today’s Remote Unit Receivers
In cordless telephone sets, a normal superheterodyne receiver is
used for the 1.7MHz handset. The suppression of the adjacent

The ceramic IF filter with its subharmonics is bad for far-off
selectivity, so there must be an extra LC filter added between the
mixer output and the ceramic filter.

Atfter the selectivity there is a hard limiter for AGC function and
suppression of AM.

Next, there is an FM detector which must be accurate because it
must detect a swing of +2.5kHz at 455kHz; therefore, it must be
tuned.

Figure 1 shows the block diagram which fulfills this principal. The
total number of alignment points of this receiver is then 5:

1.7MHz ?’
I ) i ) c
AL ARV IR ARNY RS 0
22 TD M2 T < a2 T\ /R 1 oer
/ 1 455KHz / 3
|
|
|
2.155MHz

SLo1174 |

Figure 1. Remote-unit Receiver: 1..7MHz

2 RFfilters

1 Oscillator

1 IF filter

1 FM detector

5 Alignments
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TDA7000 for narrowband FM reception
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A Remote Unit Receiver With TDA7000

The remote unit receiver (see Figure 2) has as its main component
the IC TDA7000, which contains mixer, oscillator, IF amplifiers, a
demodulator, and squelch functions.

To avoid expensive filtering (and expensive filter-adjustments) in RF,
IF, and demodulator stages, the TDA7000 mixes the incoming signal
to such a low IF frequency that filtering can be realized by active RC
filters, in which the active part and the Rs are integrated.

To select the incoming frequency, only one tuned circuit is
necessary: the oscillator tank circuit. The frequency of this circuit
can be set by a crystal.

IMAGE RECEPTION

For today's concept, a number of expensive components are
necessary to suppress the image sufficiently. The suppression of the
image is very important because the signal at the image can be
much larger than the wanted signal and there is no correlation
between the image and the wanted signal.

In a concept with 455kHz IF frequency, the 1.7MHz receiver has
image reception at 2.155MHz. In the TDA7000 receiver, the IF
frequency is set at 5kHz. Then the 1.7MHz receiver (with 1.695MHz
oscillator frequency) has image reception at 1.69MHz, whichis at

10kHz from the required frequency (see Figure 3).
An IF frequency of 5kHz has been chosen because:

@ this frequency is so low, there will be no neighboring channel
reception at the image frequency.

@ this frequency is not so low that at maximum deviation (maximum
modulation) distortion could occur (folding distortion, caused by
the higher-order bessel functions)

@ this frequency gives the opportunity to obtain the required
neighboring channel suppression with minimum components in
the IF selectivity.

CIRCUIT DESCRIPTION (SEE FIGURE 2)

When a remote unit is at “power-on” in the “standby” position, it is
ready to receive a “bell signal”. A bell signal coming through the
telephone line will set the base unit in the mode of transmitting a
1.7MHz signal, modulated with, e.qg., 0.75kHz with +3kHz deviation.

The ferrite antenna of the remote unit receives this signal and feeds
it to the mixer, where it is converted into a 5kHz IF signal.

Before the RF signal enters the mixer (at Pins 13 and 14) it passes
RF selectivity, taking care of good suppression of unwanted signals
from, e.g., TV or radio broadcast frequencies. The IF signal from the
mixer output passes IF selectivity (Pins 7 to 12) and the IF
amplifier/limiter (Pin 15), from which the output is supplied to a
quadrature demodulator (Pin 17). Due to the low IF frequency,
cheap capacitors can be used for both IF selectivity and the phase
shift for the quadrature demodulator.

The AF output of the demodulator (Pin 4) is fed to the AF filter and
AF amplifier NE5S535.
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Figure 2.

The RF Input Circuit
As the image reception is an in-channel problem, solved by the S
choice of IF frequency and IF selectivity, the RF input filter is only /
required for stopband selectivity (a far-off selectivity to suppress 1 /
unwanted large signals from, e.g., radio broadcast transmitters). | /

SELECTIVITY

In a remote unit receiver at 1.7MHz, this filter is at the ferrite rod.
Figure 4 shows the bandpass behavior of such a filter at 1.7MHz.

The Mixer

The mixer conversion gain depends on the level of the oscillator
voltage as shown in Figure 5, so the required oscillator voltage at
Pin 6 is 200mVRus. L,,,_,, N 20 AL

The Oscillator

To obtain the required frequency stability in a cordless telephone
set, where adjacent channels are at 20 or 30kHz, crystal oscillators
are commonly used.

fimace  fRF SkHZDIV

fosc sLot17

VFigurer 3.

The crystal oscillator circuits usable for this kind of application
always need an LC-tuned resonant circuit to suppress the other
moedes of the crystal. In this type of oscillator (see Figure 6 as an
example) the crystal is in the feedback line of the oscillator amplifier.
Integration of such an amplifier should give a 2-pin oscillator.

The TDA7000 contains a 1-pin oscillator. An amplifier with current
output develops a voltage across the load impedance. Voltage
feedback is internal to the IC.
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Figure 6.

To obtain a crystal oscillator with the TDA7000 1-pin concept, a
parallel circuit configuration as shown in Figure 7 has to be used.

Explanation of this circuit:

1991 Dec

1. Without the parallel resistor RP—
Figure 8 shows the relevant part of the equivalent circuit. There
are three frequencies where the circuit is in resonance (see
Figure 9, and the frequency response for “impedance” and
“phase”, shown in Figure 10). The real part of the highest
possible oscillation frequency dominates, and, as there isalsoa
zero-crossing of the imaginary part, this highest frequency will be
the oscillator frequency. However, this frequency (fPAR) is not
crystal-controlled; it is the LC oscillation, in which the parasitic
capacitance of the crystal contributes.

2. With parallel resistor RP—
The frequency response (in “amplitude” and “phase”) of the
oscillator circuit of Figure 7 with RP is given in Figure 11. As the
resistor value of RP is large related to the value of the crystal
series resistance R1 or R3, the influence of RP at crystal
resonances is negligible. So, at crystal resonance (see Figure
9b), R3 causes a circuit damping

2

1 2 Cg
R =W'R3'C1 +R3(1+C_1)

However, at the higher LC-oscillation frequency fpar (see Figure
9c¢), Rp reduces the circuit impedance Rg to

Ro * Rpaweing o'y
= My
Ro + Rpamping

where
2
1 2 Cz
Roaveing = TERVA IVl 13 (1 + 0_1)
Thus a damping resistor parallel to the crystal (Figure 7) damps the
parasitic LG oscillation at the highest frequency. (Moreover, the
imaginary part of the impedance at this frequency shows incorrect
zero-crossing.)

Taking care that Rp > Rgggyes, the resistor is too large to have
influence on the crystal resonances. Then with the impedance R at
the parasitic resonance lower than R at crystal resonance,
oscillation will only take place at the required crystal frequency,
where impedance is maximum and phase is correct (in this
example, at third-overtone resonance).

Remarks:

1. Itis advised to avoid inductive or capacitive coupling of the
oscillator tank circuit with the RF input circuit by careful
positioning of the components for these circuits and by avoiding
common supply or ground connections.

The IF Amplifier

Selectivity

Normal selectivity in the TDA7000 is a fourth-order low-pass and a

first-order high-pass filter. This selectivity can be split up in a Sallen
and Key section (Pins 7, 8, 9), a bandpass filter (Pins 10,11),and a
first-order low-pass filter (Pin 12).

Some possibilities for obtaining required selectivity are given:

1. In the basic application circuit, Figure 12a, the total filter has a
bandwidth of 7kHz and gives a selectivity at 25kHz IF frequency
of 42dB.

In this filter the lower limit of the passband is determined by the
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value of C4 at Pin 11, where C3 at Pin 10 determines the upper
limit of the bandpass filter section.

2. To obtain a higher selectivity, there is the possibility of adding a
coil in series with the capacitor between Pin 11 and ground. The
so-obtained fifth-order filter has a selectivity at 25kHz of 57dB
(see Figure 12b).

3. If this selectivity is still too small, there is a possibility of
increasing the 25kHz selectivity to 65dB by adding a coil in
series with the capacitor at Pin 11 to ground. In this application,
where at 5kHz IF frequency an adjacent channel at -30kHz will
cause a (30-5)=25kHz interfering IF frequency, the pole of the
last-mentioned LC filter (trap function) is at 25kHz (see Figure
12¢).

For cordless telephone sets with channels at 15kHz distance, the
filter characteristics are optimum as shown in the curves in Figure
13, in which case the filters are dimensioned for 5kHz IF bandwidth
(instead of 7kHz). So for this narrow channel spacing application,
the required selectivity is obtained by reducing the IF bandwidth; this
at the cost of up to 2dB loss in sensitivity.

NOTE:

At 5kHz IF frequency adjacent channels at +15kHz give undesired IF frequencies of
20kHz and 10kHz, respectively.

Limiter/Amplifier

The high gain of the limiter/amplifier provides AVG action and
effective suppression of AM modulation. DC feedback of the limiter
is decoupled at Pin 15.

The Signal Demodulator

The signal demodulator is a quadrature demodulator driven by the
IF signal from the limiter and by a phase-shified IF signal derived
from an all-pass filter (see Figure 14).

This filter has a capacitor connected at Pin 17 which fixes the IF
frequency. The IF frequency is where a 90 degree phase shift takes
care of the center position in the demodulator output characteristics

(see Figure 15, showing the demodulator output (at Pin 4) as a
function of the frequency, at 1mV input signal).

The AF Output Stage

The signal demodulator output is available at Pin 4, where a
capacitor, C, serves for elimination of IF harmonics. This capacitor
also influences the audio frequency response. The output from this
stage, available at Pin 2, has an audio frequency response as
shown in Figure 16, curve a. The output at Pin 2 can be muted.

|
|
NS, EPSRS—

L

SLO7180

Figure 7.

Output Signal Filtering

Qutput signal filtering is required to suppress the |F harmonics and
interference products of these harmonics with the higher-order
besse! components of the modulation. Active filtering with
operational amplifiers has been used (see Figure 17). The frequency
response of such a filter is given in Figure 16, Curve b, for an active
second-order filter with an additional passive RC filter.

Qutput Amplification

The dimensioning of the operational amplifier of Figure 17a results
in no amplification of the AF signal. In case amplification of this op
amp is required, a feedback resistor and an RC filter at the reverse
input can be added (see Figure 17b, for about 30dB amplification).
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MEASUREMENTS by the mute function, a mute which operates in case the received

For sensitivity, signal handling, and noise behavior information in a
standard application as shown in Figure 18, the signal and noise
output as a function of input signal has been measured at 1.7MHz,
at 400Hz modulation where the deviation is +2.5kHz (see Figure
19). As a result the S+N/N ratio is as given in Figure 19, Curve 3.

APPENDIX

RF-Tuned Input Circuit at 46MHz

In Figure 20 a filter is given which matches at 46MHz a 75Q aerial to
the input of the TDA7000. Extra suppression of RF frequencies
outside the passband has been obtained by a trap function.

RF Pre-Stage at 46MHz

For better quality receivers at 46MHz, an RF pre-stage can be
added (see Figure 21) to improve the noise figure. Without this
transistor, a noise figure F=11dB was found. With a transistor (BFY
90) with RC coupling at 3mA, F=7dB or at 6mA F=6dB.

With a transistor stage having an LC-tuned circuit, one can obtain
F=7dB at I=0.3mA.
NOTE:

The noise figure includes image-noise.

An LC Oscillator at 1.7MHz

An LC oscillator can be designed with or without AFC. If for better
stability external AFC is required, one can make use of the DC
output of the signal demodulator, which delivers 80mV/kHz at a DC
level of 0.65V to +supply. An LC oscillator as shown in Figure 223,
using a capacitor with a temperature coefficient of -150ppm, gives
an oscillator signal of 190mV, with a temperature stability of
1kHz/50°.

With the use of AFC, as shown in Figure 22b, one can further
improve the stability, as AFC reduces the influence of frequency
changes in the transmitter (due to temperature influence or aging).
The given circuit gives a factor 2 reduction. Note that the
temperature behavior of the AFC diode has to be compensated. In
Figure 22b, with BB405B having a capacitance of 18pF at the
reverse voltage V4=0.7V, the temperature coefficient of the
capacitor C has to be -200ppm.

AF Output Possibilities

The AF output from the signal demodulator, available at Pin 4,
depends on the slope of the demodulator as shown in Figure 15.
The TDA7000 AF output is also available at Pin 2 (see Figure 23).
The important difference between the output at Pin 2 and the output
at Pin 4 is that the Pin 4 output is amplified and limited before it is
led 1o Pin 2 (see Figure 24). Moreover, the Pin 2 output is controlied
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signal is bad as far as noise and distortion are concerned.

The Pin 2 output delivers a higher AF signal; however, the AF output
spectrum shows more mixing products between IF harmonics and
modulation frequency harmonics. This is due to the “limited output
situation” at Pin 2. In narrow-band application with relatively large
deviation these products are so high that extra AF output filtering is
required and, moreover, the IF center frequency has to be higher
compared to the concept, using AF output at Pin 4.

So for those sets where the mute/squelch function of the TDA7000
is not used, and the higher AF output is not required, the use of the
AF output at Pin 4 is advised, giving less interfering products and
simplified AF output filtering.

Squelch and Squelch Indication
The TDA7000 contains a mute function, controlled by a “waveform
correlator”, based on the exactness of the IF frequency.

The correlation circuit uses the IF frequency and an inverted version
of it, which is delayed (phase-shifted) by half the period of nominal
IF. The phase shift depends on the value of the capacitor at Pin 18
(see Figure 23).

This mute also operates at low field strength levels, where the noise
in the IF signal indicates bad signal definition. (The correlation
between IF signal and the inverted phase-shifted version is small
due to fluctuations caused by noise; see Figure 25.) This field
strength-dependent mute behavior is shown in Figure 26, Curve 2,
measured at full mute operation. The AF outputis not
“fast-switched” by the mute function, but there is a “progressive (soft
muting) switch”. This soft muting reduces the audio output signal at
low field strength levels, without degradation of the audio output
signal under these conditions.

The capacitor, Cq, at Pin 1 (see Figure 23) determines the time
constant for the mute action.

Part operation of the mute is also a possibility (as shown by Figure
26, Curve 3) by circuiting a resistor in paraliel with the mute
capacitor at Pin 1.

In Figure 26 the small signal behavior with the mute disabled has
been given also (see Curve 1).

One can make use of the mute output signal, available at Pin 1, to
indicate squelch situation by an LED (see Figure 27). Operation of
the mute by means of an external DC voltage (see Figure 28)is also
possible.
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Bell Signal Operation

To avoid tone decoder filters and tone decoder rectifiers for bell
signal transmission, use can be made of the mute information in the
TDA7000 to obtain a bell signal without the transmission of a bell
pilot signal.

With a handset receiver as shown in Figure 23 in the “standby”
position, the high mute output level turns amplifier 1 off via transistor
T1 until a correct IF frequency is obtained. This situation appears at
the moment that a bell signal switches the base unit in transmission
mode. If the transmitted field strength is high enough to be received
above a certain noise level, the mute level output goes down; T1 will
be closed and amplifier 1 starts operating. However, due to
feedback, this amplifier starts oscillating at a low frequency (a
frequency dependent on the filter concept). This low-frequency
signal serves for bell signal information at the loudspeaker.

Switching the handset to “talk” position will stop oscillation. Then
amplifier 1 serves to amplify normal speech information.

Mute at Dialing

During dial operation, the key-pulser IC delivers a mute voltage. This
voltage can be used to mute the AF amplifier, e.g., via T1 of the bell
signal circuit/amplifier (see Figure 23).

CONCLUSIONS

The application of the TDA7000 in the remote unit (handset) as
narrow-band FM receiver is very attractive, as the TDA7000 reduces
assembly and post-production alignment costs. The only tunable
circuit is the oscillator circuit, which can be a simple
crystal-controlled tank circuit.

A TDA7000 with:

@ fifth-order IF filter

@ third-order AF output filter
® matched input circuit

® crystal oscillator tank circuit

@ disabled mute circuit

gives a sensitivity of 2.5V for 20dB signal-to-noise ratio, at adjacent
channel selectivity of 40dB (at 15kHz) in cordless telephone
application at 1.7MHz.

The TDA7000 circuit is:

@ without an RF pre-stage

® without RF-tuned circuits

® without oscillator transistor (and its components)

@ without LC or ceramic filters in IF and demodulator.

For improved performance, the TDA7000 circuit can be expanded:
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® with an RF pre-stage and RF selectivity

@ with higher-order IF filtering

© with mute/squelch function.

For reduced performance the TDA7000 circuit can be simplified:
® to LC-tuned oscillator

® to lower-order IF filter

@ to bell signal operation without pilot transmission.

Previously published as “BAE83135,” Eindhoven, The Netherlands,
December 20, 1983.
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