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Abstract

This project is about the electrical equipment control system into home. By transmits
a control signal from the transmitter through infrared to go to the receiver which decode

signal in order to control electricity.

This control system to be called “HOME NETWORK” to be able to control signal

from remote control, keyboard and control a far distance through a telephone.
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A hrd o a
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‘ ' @ o A 9 o g a yo & v
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3) fygun3eiSen (Ringing Tone Signal) 1ilenisAeynduasuamanulszasiuosg

o/ b o Q'I é Qs o =y 1 L Qo o s
FonmdedSudide  udemTosquee Insdwiduiiunsdedumedudsuduioiuee Idou

e ondludayena 16 Hz aAfuMy 400 Hz uuy AM €4 0.67-1.5 3 Rou 2-4 Jundl
Q - A t g o
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2.5.4 s3uu InsAwsiuuudenauig (Dual Tone Multi Frequency Type)
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T oy TH o ey

PS has developed and produced a range of monolithic —
integrated circuits which give a wide variety of remote control oV AND Xxx00 [} 1 18[] CARRIER TIME CONSTANT
facilties. As well as ultrasonic or infra-red transmission,
cablg, radio or telephone links may also be used. Pulse OUTPUT (]2 17|] REGULATED VOLTAGE, Veea
Position Modulation (PPM) is used with or without carrier and I3 16]] PPM TIME CONSTANT
automatic error detection is incorporated. Initially designed
with,TV remote control in mind, the device is also suitable for vee(+9v) []4 18] xxXx01 ) serecTion
use in radios, tuners, tape and record decks, lamps and p— [ 5 5“9051 4] XXX10 MATRIX
lightjng, toys and models, industrial control and monitoring. CURRENT

The SL490B is an easily extendable, 32-command PPM seLecion | %0mxx []e 13[] xxxtr ) SNKS
transmitter drawing negligible standby current. MATRIX ]

) cORREns 3 otoxx [}7 12/} 111XX Y gg1eeTiON
FEATURES SOURCES | g11xx []e 1] 1oxx m;:g(m
M Ultrasonic or Infra-Red Transmission SOURCES
A b . : 100xx []o 10(] 101xx

irect Drive or Ultrasonic Transducer DP18

M Direct Drive of Visible LED when using Infra-Red

M Very Low Power Requirements

| F’ulse Position Modulation gives Excellent Immunity
rom Noise and Multipath Reflections

M Single Pole Key Matrix

M Switch Resistance up to 1kQ Tolerated

|| Eow External Component Count

|| Pn-Chip Anti-Bounce Circuitry

I
ABSOLUTE MAXIMUM RATINGS

SL490B

REMOTE CONTROL TRANSMITTER

(Supersedes version in Apr/f 1994 Consumer IC Handbook, HB3120 - 2.0}

3056-1.3

Fig. 1 Pin connections - top view

QUICK REFERENCE

DATA

M Power Supply: 9V Standby 6 uA, Operating 8mA
M Modulation: Pulse Position with or without Carrier
B Coding: 5-Bit Word giving a Primary Command Set of

32 Commands

M Key Entry: 8 X 4 Single Pole Key Matrix
M Data Rate: Selectable 1Bit/Sec to 10kBit/Sec.
M Carrier Frequency: Selectable OHz (No Carrier)

Fig. 2 block diagram

Supply voltage, Vec +9-5V to 200kHz
Total power dissipation 600mW
Operating temperature range -10°C to +60°C ORDERING INFORMATION
Sto[age temperature range —55°C to+150°C SL490B NA DP
[ §
3
! F N2~ a1 = vd
' | < ]
~ SWITCH
E 1 J CURRENT +——2&vee
-85 SELECTOR "
{ SUPPLY
, b— S aly
! ?I 7 REGULATOR I 2? REG
; 9____0 oUTPUT
i ?A‘x!glg; 11 ROW AMPLIFIER . I PPM OUTPUT
| SODRENT 6—10——‘ ENCODER — —»—?
+__ CODE
; » RSSDE MULTIPLEX \ I
E { : 12 PULSE 18'
o—— A A4 POSITION 26 ppM TIME CONSTANT
E pen MODULATOR I
' 14 COLUMN 38T l
; T +15 ENCODER COUNTER ; I
b e .
E (&1 o{/ > oS R ——'8.% CARRIER TIME CONSTANT
: | [
: T T T -
I
|
i

e SmaE R o Thym
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¥
ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated):
g Tamg = +25°C, Vg = +7V to +10-5V. Test circuit: Fig. 4. Timings aré defined in Fig. 3.

¥
Value
, Characteristic Pin - Units Conditions
H Min. Typ. Max.
Oerating supply current 4 95 16 mA | Vge =95V
Stdndby supply current 4 10 HA
Regulated voltage, Vgreg 17 4-1 4-9 Vv
Regulator output current, keg 17 1 mA
Output voltage swing 23 | Vo1 V | Unloaded
Oulput voltage 2 1 \ I, = 10mA
<
Ollgput voltage 3 1 \ I3 =5mA peak value <1ms
Keypad switch resistance 5-15 5 kQ
Carrier time constant resistor, R2 | 18 20 40 80 kQ | C2 =680pF, fo = 50kHz; see Fig. 4
PPM time constant resistor, R1 16 15 30 60 kQ
ty dewatlon from calculated value, | 2,3 +10 % R1 =15kQ| t, = 0-95C1R1, see
usmg fixed timing components +10 % R1 = 60kQ | Fig. 4
Vagrlatlon of t; and t, with V¢
Aty 2,3 +4 %
Ato 213 +4 % AVge = 3:5V (7V to 10:5V)
Ratio ty/t; 2,3 1-4 1-6
Pylse width, 2,3 0-11t4 0-22t,
Int;erword gap, § 2,3 3ty Derived by counting
!
]
; l«h»’q—to—»l tp~)‘ e |e——tg—>]
I
] ”1“ 0 H 1”1| o] I H ﬂ
}

Fig. 3 PPM word notation and timing definitions

f BA BA BA BA
00 01 10
! EDC
000 L O ALY 1
(AN \
(A AN
’ W MR M
% VNN
E NN 1
f AN AN i
11— PO NN 1
i
E [ +10V
L I SL490B
14 5
' 900

1 ;
L .
r
0 22 L SC.I;:?PE
u
ty =095 C1 R1 82 ' { —>
p .
f1— ~07C2R2 —
¢ Rt 4ok (58 /im

Fig. 4 Test circuit
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OPERATING NOTES
Fig. 5 shows the circuit for asimple infra-red transmitter where
the PPM output pulses from pin 2 of the SL490B are differentated
by C3 and R3 and amplified by TR1 to produce current pulses
about 15us wide.These pulses are further amplified by TR2 and
applied to the infra-red diodes D1 and D2.
he currentinthe diodes and the infra-red output is controlied
by the quantity, type, and connection method of the diodes and
alsg by the gain, at high currents, of the transistors.
he most common solution where cost is important is to use
two single-chip diodes, such as the CQY99 connected in series.
Improved output can be obtained by using four CQY99
diodes in a series/parallel arrangement, but it is usually simpler
to yse two multi-chip diodes such as the CQX47 connected in
parillel or a single CQX19, which gives similar results.
significant increase in range can be obtained by using
diodes such as the CQY99 in conjunction with a plated plastic
parabolic reflector.

¢

T O s e 0

T T — T

T

Fig. 6 Infra-red application circuit

When building the transmitter, care should be taken with the
choice of the capacitor C4 and with the circuit layout, particularly
when multi-chip diodes are being used, as the current pulses can
be as high as 6 to 8A.

Transistor choice is also important and any substitutes should
have high current gain characteristics and switching speeds
compatible with the application.

An increase in output can be obtained by connecting TR2 in
common emitter configuration, but care should be taken not to
exceed the rating of the diodes.

Choice of PPM Frequency

When the transmitter is being used with an infra-red link, with
high current pulses fed to the diodes as in Fig. 5, power
consumption will increase with frequency. It is thus advisable
that, with abattery power supply, the slowest PPM rate consistent
with adequate response time should be chosen.
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PACKAGE DETAILS
Djmensions are shown thus: mm (in)
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HEADQUARTERS OPERATIONS CUSTOMER SERVICE CENTRES
GEC PLESSEY SEMICONDUCTORS ® FRANCE & BENELUX Les Ulis Cedex Tel: (1) 64 46 23 45 Fax : (1) 64 46 06 07
Cheney Manor, Swindon, ® GERMANY Munich Tel: (089) 3609 06-0 Fax : (089) 3609 06-55

hire SN2 2QW, United Kingdom. ® ITALY Milan Tel: (02) 66040867 Fax: (02) 66040993
Telf (0793) 518000 ® JAPAN Tokyo Tel: (3) 5276-5501 Fax: (3) 5276-5510
Fex; (0793) 518411 ® NORTH AMERICA Scotts Valley, USA Tel: (408) 438 2900 Fax: (408) 438 7023.

® SOUTH EAST ASIA Singapore Tel: (65) 3827708 Fax: (65) 3828872

GEC PLESSEY SEMICONDUCTORS ® SWEDEN Stockholm Tel: 46 8 702 97 70 Fax: 46 8 640 47 36
P.Q. Box 660017 ® UK, EIRE, DENMARK, FINLAND & NORWAY
1500 Green Hills Road, Swindon Tel: (0793) 518510 Fax : (0793) 518582
Scetts Valley, CA95067-0017
United States of America. These are supported by Agents and Distributors in major countries world-wide.
Tel (408) 438 2900
Fa{: (408) 438 5576 © GEC Plessey Semiconductors 1994 Publication No. DS3056 Issue No. 1.3 Aprii 1995

This} publication Is Issued to provide information only which (unless agreed by the Company in writing) may not be used, appliecbr reproduced for any purpose nor form part of any order or contract nor to be regarded

as atepresentation relating to the products or services concerned. No warranty or guarantea express or inpled is made regaréhg the capabliity, parformance or sultabllhy of any product or service. The Company

resarves the right to alter without prior knowledge the specification, dasign or price of any product or service. Ir i ing thods of use is provided as a guide only and does not constitute

any gunrameo that such methods of use will be satisfactory in a specific piace of equipment. 1tis the user's responsibilityto fully determine tha performancs and sultabnlty of any equipment using such information

and to ensure that any publication or data used Is up to date and has not been superseded. These products are not suitable foruse In any medical products whose failure to perform may result in significant Injury
or death to the user. All products and materials are sok and services provided subject to the Company’s conditlons of sats, which are available on request.
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(N, rd
P 3055-2.2
| SL486
1]
| 4
’ INFRA RED REMOTE CONTROL PREAMPLIFIER
! (Supersedes version in April 1994 Consumer IC Handbook, HB3120 - 2.0)
The SL486 is a high gain preamplifier designed to form an
interface between aninfra-red receiving diode and the digital input "}
of remote control receiving circuits. The device contains two other DIODE CATHODE [} 1 16]] DIODE ANODE
circuit elements, one to provide a stretched output pulse facility GYRaTorC2 [ 2 15[] 17 sTAGE DECOUPLE
and a voltage regulator to allow operation from a wide range of
supplies. GYRATORC1 [] 3 14]] INPUT Vee (Ver)
' INPUT Vo (Veci [] ¢ oL 13[] OUTPUT Vee (Vexo)
486
FEI{TURES 2ND STAGE DECOUPLE [] 5 12[] REGULATOR INPUT (VRea)
1 ™
M Fast Acting AGC Improves Operation In Noisy 4TH STAGE DECOUPLE [} & 11 [] STRETCH OUTPUT
E:.nwronments o OUTPUT Ve (Veeo) [] 7 10[] STRETCHINPUT
| lg;ggl?tr;tlal Inputs Reduce Noise Pick-up and Improve AGC DECOURLE T8 o[] outpur oP1G
M Gyrator Circuit Allows Operation in Environments with MP16
ngh Brightness Background Light Levels Fig. 1 Pin connections - top view
[ | Output Pulse Stretcher for use with Microprocessor
Decoders
M On-chip Regulator allows Operation from Wide Range ABSOLUTE MAXIMUM RATINGS
?f Power Supplies Supply voitage, Vegy +10V wrt Veg
H ow Noise Output Supply vol;age, Veco +10V wrt Vegeo
] Regulator input voltage, Vregin —20V wrt Veco
x Output current S5mA
ORDERING INFORMATION Stretch output current 5mA
SL486 NA DP Operating temperature range 0°C to +70°C
SL486 NA MP Storage temperature —55°C to+150°C
i
l GYRATOR  2ND STAGE 4TH STAGE
I Veor c1 C2 DECOQUPLE DECOUPLE Veco
! ===\ BE — TR E\ G TR R=E T o ==
§ I I
E I 11 ! STRETCH
| PULSE [ ouTPUT
I | GYRATOR STRETCH 10 I STRETCH
E I INPUT
[ I !
| N
\ 9 l
t  DIODE U! s N\ 15k P & outputr
% CATHODE T | pyrrERENTIAL .
{  DIODE x16 | INPUT STAGE BUFFER 24k L~ :
g ANODE 54k
5 | T |
' : s AGC PEAK REGULATOR :
3 | g |
i I L I
g | (;:___15___0______013 __________ 13_|
VEEI 1ST STAGE AGC VEEO REGULATOR
DECOUPLE  DECOUPLE N . INPUT
When regulator is used  (Vreain)
(see Application Notes).

R nliase it N 0 SN S —

Fig. 2 SL486 block diagram
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ELECTRICAL CHARACTERISTICS
Tﬁese characterlstics are guaranteed over the followmg condmons (unless otherwise stated):

78

E

‘ : . Value .
! Characteristic Pin Units Conditions
: Min. Typ. Max.
Supply current (see note 1) 4,7 65 9-0 mA | Vec =50V, Ip = 1-0uA
f’ 4 3',_5"‘3'[) 4- 2+3|D 5+3|D mA Vcc 4:5V, ID 1-5mA
I 4,7 85 mA VCC 18V, ID 1 O},LA VREGIN =0V
Low voltage supply wrt Veg &Veeo | 4,7 45 9-5 \Y
High voltage supply wrt Vreain 4,7 8-4 18 \Y Ve = Veeo = Vreg (see Figs. 4 & 6)
lnti regulated Voltage, VREG. wrt 13 59 6:2 6-5 \' VCCO+VREG|N = +16V
Vego 4,7 15 v
[Veer—Veedl 11 V| Tams=+70°C
' 1,16 9-0 2-3 nA | Ip=10pA
Minimum sensitivity of differential 74-0 185 nA | Ip = 100pA
ingut 168-0 42:0 nA | Ip=05mA
: 1,16 35 dB
Common mode rejection 116 3-0 40 mA (pk)
Mexnmum signal input 680 dB
Ac,f,c range 9, 11 550 kQ
Output and Stretch output internal
pull-up resistance 11 2:4 ms | Capacitance pin 9 to pin 10 (C8 on
St;etch output puise width, Figs. 4 and 8) = 10nF;
% tp = ~RxCs Ioge[—1'—ﬂ ms
; Ve
where Ry = 200kQ +25%
F and Ry = internal resistance)
- 07 %/°C
Telmperature coefficient of R 9 Vero+035|  V sk =0-2MA max.
Output low voltage
O“ P i vol 9 9 1Vcco—05 V1 lsource = SpA
IE]tPUt igh voltage 11 VEEO+0'5 \ ISINK = 1-6mA max.
St'retch output Iew voltage 11 [Veeo—0-1 Vv Isource = SHA, output open circuit
Styetch output high voltage 4 15 V (pk) | Ripple amplitude at 100Hz,
Ve supply rejection Vgeain = 0V
0-8 V (pk) | Ripple amplitude at 100Hz,

VEEO and VEEI =0V

NO'.'.TE 1. Ip = IR diode forward current

:

[
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APPLICATION NOTES - REFER TO FIG. 4

Diode Anode and Cathode (Pins 1 and 16) The infra-red
receiving diode is connected between pins 1 and 16. The
input circuit is configured so as to reject signals common to
both'pins. This improves the stability of the device, and greatly
redutces the sensitivity to radiated electrical noise, The diode
is reverse biased by a nominal 0-65V

Gyrator C2 and C1 (Pins 2 and 3) The decoupling, provided
by gyrator C2 and C1, rolls off the gain of the feedback loop
which balances the DC component of the infra-red diode
current. The values of C2 and C1 are chosen to produce a low
freqliency cut-off characteristic below a nominal 2kHz. Hence,
the gyrator produces approximately 20dB rejection at 100Hz.

The gyrator consists of two feedback loops operating in
tandem. Only one feedback path is functional when the DC
component of the diode current is less than 20QA. This loop
is decoupled by gyrator C2. For diode currents between
200pA and 1-5mA the second control loop is operative, and
this is decoupled by gyrator C1.

The degoupling capacitors, gyrator C2 and C1, must be
connected between pins 2 and 3, to pin 4. The series imped-
ancé of C2 and C1 should be kept to a minimum.

First Stage Decouple (Pin 15) The capacitor on pin 15
decouples the signal from the non-inverting input of the first
difference amplifier {(see also Fig. 2). The capacitance of 15nF
is chosen to produce a 2kHz low frequency roll-off. The
capacntor must be connected between pins 15 and 14 (the
input ground).

Second Stage Decouple (Pin 5) The capacitor on pin 5
decouples the signal from the non-inverting input of the
second difference amplifier. The capacifance of 33nF is
chosen to produce a 2kHz low frequency roll-off. The capaci-
tor must be connected between pins 5 and 4 (the input \c).
Fourth Stage Decouple (Pin 6) The capacitor on pin 6
decouples the signal from the non-inverting input of the fourth
différence amplifier. The capacitance of 4.7nF is chosen to
produce a 2kHz low frequency roll-off. The capacitor must be
connected between pins 6 and 7 (the output V¢¢).

AGC Decouple/Delay Adjust (Pin 8) The output of the fourth
difference amplifier is followed by a peak detector, which is
used to provide an AGC control level. This produces a current
source which is limited to 10mA at pin 8. The AGC decoupling
capacitor (C5 normally 150nF) filters the pulsed input, and the
resultant level controls the gain of the first three difference
amplifiers.

The AGC control level exhibits a fast attack/slow decay
characteristic. Inmediately infra-red pulses are detected, the
gain will be reduced, so that any weaker noise pulses that are
alsg received will not be seen at the output. Thus, provided the
infra-red pulses are the most intense, it is possible to receive
data in noisy environments. The slow decay keeps the AGC
level intact during data reception, and produces a delay
before any received noise may become present at the output,
when transmission ceases.

Output (Pin 9) The output will be low, pulsing high with a
source |mpedance of a nominal 55K , for a received infra-
red pulse. It is a linear amplification of the input and swings
between output ground and output Vee.

Stretch Input and Stretch Output (Pins 10 and 11) A typical
infra-red PPM 'system transmits very narrow pulses. The
duration of these pulses is typically 191s, so in order to use a
midroprocessor-based decoder system it is necessary to
lengthen the received pulse. This stretched output can be
obtained from pin 11 when a capacitor is connected between
pins 9 and 10 (C8 in Fig. 4).

The width of the pulse is determined by the value of this
colipling capacitor and is defined in the Electrical Character-
istics. The stretch output is normally high, pulsing low for a
received infra-red pulse and swings between \gco and Veego.

ﬂlt must be noted that the stretch output logic sense is

4
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inverse to that of the output on pin 9 so must be re-inverted for
microprocessor applications. 7

Regulator Input, Ve (Pin 12) The device can be operated
with supplies of between 4-5V and 9-0V connected between
input/output ground (pins 14 and 13) and input and output \6¢
(pins 4 and 7) as shown in Fig. 3. The device can also be
operated with supplies in excess of 9:0V by using the on-chip
regulator. In this case connections are made between \sco
(pin 7) and the regulator input Vkegin(pin 12) as shown in Fig.
4. A supply voltage of between 9-0V and 18V will then cause
Veeo (pin 13) to be regulated at a level nominally 6-4V below
Vceo(pin 7). The regulator will, however, lose control with a
potential difference of less than 9-0V. Below this level the
voltage on pin 13 will track nominally 1-5V above the level of
pin 12. Whenthe regulator is not used (low voltage operation),
pin 12 must be connected to Vggg (pin 13).

OPERATING NOTES - REFER TO FIGS. 3 AND 4
Gyrator C1 (Pin 3) If the environment in which the device is
operating limits the background light such that the DC compo-
nent of the diode current has a maximum of 20QuA, it may be
desirable to omit (as in Fig. 3) the more bultky and costly 68F
capacitor (gyrator C1 shown in Fig. 4). In this case pin 3 can
be left open circuit. The resultant application will then have a
characteristic of greatly reduced gain when the ambient light
causes the DC current to rise above this threshold.
Alternatively,the 68uF capacitor can be replaced by a
resistor.

The outcome of this is to further reduce the gain in ambient
light levels above the 200uA threshold. Below this threshold
the overall gain is slightly enhanced as the light level ap-
proaches the threshold value. If chosen, this resistance
should lie between 10kQ and 200k .

Noise Immunity The stretch output can also be used as a
means of improving performance relating to a receiver sys-
tem, over and above its main purpose of providing a micro-
processor interface. Including C8 (Fig. 4) causes the output
pulses (from pin 9) to be subjected to the stretch input
threshold. Thus any noise pulses from pin 9 that are below this
threshold will not be seen at the stretch output (pin 11). A
further improvement can be made, using this stretch input
threshold, by including some additional filtering of the output
(C10in Fig. 4). This can be adjusted in value (typically 100pF)
to reduce some of the noise pulses that otherwise cross the
threshold, to a level below the threshold.

Screening Use of screening for the device, and associated
components, improves the performance and immunity to
externally radiated noise. The screening method used must
protect the sensitive front-end of the device; provided that
the diode, pin 1-pin 16, C2 (pin 2) and the first stage decoupling
(pin 15) are screened, it may be found that for the application
considered, the remalning circuitry need not be so protected.
In applications where externally radiated noise is minimal, it
may be possible to reduce any screening to pins 1 and 16 and
the diode connections only. Screening may not be necessary
in some instances, but this largely depends on the level of
radiated noise, the decoupling/filtering employed and the
receiver's decoding technique.

Decoupling Typical decoupling arrangements for use with or
without the regulator are given in Figs. 4 and 3, respectively.
When using the regulator, further improvements in high
frequency supply rejection are possible by the inclusion of R2.
The value can be chosen so as to keep the pin 12 end of R2
within the —9:0 to —18V (wrt pin 7) specified voltage range.
For example, if the SL486 is used in a system with a supply
of 16V, a typical value tor R2 would be 2002. Note that the
regulator is a low impedance point between pins 12 and 13.
C7 thus maintains a fow impedance path between pins 4 and
12 at high frequencies.
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3 Circuit diagram of minimum component application
(low voltage operation)

Fig. 4 SL486 application diagram showing all optional
components (Note: supply decoupling and connections for
use of voltage regulator, also pulse stretch oulput)
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PAQKAGE DETAILS
Dlmensmns are shown thus: mm (in)
i M ri1rr lll
PIN 1 REF
. N 7.62 0.3
! 711 029) (]« NoTCH Nz 09
| SR QD NN R G J SNy N Jy W | I1_61
114/1-65
04E0 0-23/0-41
(0-045/0-065) (0-009/0-016)
! 20-32 (0-800
' DI S
% 0-51 (0-02) 3-05 (0:120)
! 5~oa/?o-20) MIN nﬁm
gSEATING PLANE NOTES
1. Controlling dimensions are inches.
f 2. This package outline diagram is for guidance
' only. Please contact your GPS Customer
i (09}?185’%?214) 16 LE%?AS ég fé’,ﬁ,g’ 10) Service Centre for further information.
i 16-LEAD PLASTIC DIL - DP16
¢ |l e 9-80/10-01 >
s (0-386/0-394) \7//1\ 0-19/0-25
i : ' (0-007/0:010)
g HEHRHARA
§ 16 037
) SPOT REF. 3-80/4-00 5-80/6-20 (0-015)
g e (0-15010457) (0-228/0-244)  X45°
CHAMFER l
>
REF. )
: B EEEELL: T
E 0-35/049 4,‘ L \‘/
(0-014/0-019) 0-41/1-27
3 ¥ (0-016/0-050)
E l 1
: ( 7)—4 X NOTES
. 0-69 (0-02 1. Controlling dimensions are millimetres.
: [ (0%3353 5?0) (0103253 g;s) 2. This package outline diagram is for guidance
] 16 LEADS AT only. Please contactyour GPS Customer
} N1Oh2/|7s(g/(\)g?rzle Service Centre for further information.
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E Features

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

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

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

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers
Telephone answering machine
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iso2-cmos 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
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

Figure 1 - Functional Block Diagram

_
l vDD VSS VRef INH
N
> Bias v
PWDN Circuit VRef
Buffer |
— &—) Qi
Chip  Chi ;
Powgr Biasp High Group _D" Digital Code
Filter Detection Converter IE .
Algorithm and Latch Q2
N+ %gle Zero Crossing
IN- Filter Detectors > Q3
Low Group — ‘
e dieal i) Lo
-——DO——P E’h?g 3 St Stet.ering Z>
Clocks GT Logic v
——— A
v v
OSCt 0sc2 SYGT ESt STD TOE

4-11
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MT8870D/MT8870D-1 1SO2-CMOS
{

O

ODONO U WN=

SOOND UL WL N=

E

’in Connections

Pin Description

Pin #

18 :20 Name . Description

1|1 IN+ Non-Inverting Op-Amp (Input).
] 2 IN- Inverting Op-Amp (Input). .
i 3 GS Gain Select. Gives access to output of front end differential amplifier for connection of
H feedback resistor.

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

5 g 5 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C.
i and D. This pin input is internally pulled down.

6 i 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This

pin input is internally pulled down.

i8 | 0SC1 |Clock (Input).

8 [i9| 0sc2 [Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
l completes the internal oscillator circuit.
§ 10 Vgs |Ground (Input). OV typical.
(2

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

pulled up internally.

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

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

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

17 ; 19| SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg; detected at
i St causes the device to register the detected tone pair and update the output latch. A

N voltage less than Vrg; 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 |1 20 Vpp |Positive power supply (Input). +5V typical.
7, NC No Connection.

4-12
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1IS0%-cMOS MT8870D/MT8870D-1

Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting

_section which verifies the frequency and duration of

the received tones before passing the corresponding
code to the output bus.

Filter Section

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

Decoder Section

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

SYGT
ESt

StD

MT8870D/
MT8870D-1 laTa=(RC)In(V,

ROV sl

igure 4 - Basic Steering Circuit
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

-

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

PRECISE

DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

A=697 Hz
B=770 Hz

ATTENUATION
(@B)

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

40

G=1477 Hz
H=1633 Hz
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P
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condition is maintained (ESt remains high) for the
validdtion period (tgp), V¢ reaches the threshold
(VTSJ 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
actlvated and drives vy to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
" short,delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
sngna"llmg that a received tone pair has been
registered. The contents of the output latch are
madd 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
lnterdlglt pause between signals. Thus, as well as
rejec‘mg signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
togetf'ler with the capability of selecting the steering
time ,constants externally, allows the designer to
tailorfperformance to meet a wide variety of system
requirements.
4

Guard Time Adjustment
¢

In m”gny situations not requiring selection of tone
+ duratjon and interdigital pause, the simple steering
circult shown in Figure 4 is applicable. Component
value:s are chosen according to the formula:

| trec=tprttarp
; tip=tpa+lara
. The value of tpp is a device parameter (see Figure

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

terp=(RpCy)In[Vpp/' VDD Vrsyl
tera=(R1Cy)in(Vpp/Vrsy
Rp=(R;Ro/(Ry+Ry)

a) decreasing tgTp: (taTe<taTA)

-w.mg .
=~

tarp=(R1C1)in[Vpp/Vpp-Vrsyl
taTa=(RpCy)in(Vpp/Vrsy
Rp=(R;A/(Ry+Ro)

|

T = ™ o

4-14
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Digit | TOE | INH | ESt | Q, Q, Q, Q,
ANY L X H z z z z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 ] 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H L0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
[ H X H 1 0 1 o]
* H X H 1 0 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
o] H L H 1 1 1 1
D H L H (¢ 0 0 0
A H H L
B H H L undetected, the output code
will remain the same as the
c H H L |previous detected code
D H H L
Table 1. Functional Decode Table

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

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

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tgTa). 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 trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.



e e g

3

82

ISO2-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.

I

; Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones

: representing characters A, B, C, and D. The output

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

r Differential Input Configuration

——

The input arrangement of the MT8870D/MT8870D-1
| provides a differential-input operational amplifier as
! well as a bias source (VRes) Which is used to bias the
! lnputs 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
t with the op-amp connected for unity gain and Vg
biasing the input at /2VDD Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs.

LCrystal Oscillator

— e W

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.

T RN TelTe b TR Ko ot t GGT e el mmwmm
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MT8870D/
MT8870D-1

~

8|ﬁ renllal anut Amplifier

H1"R4 R5=100 kQ
Ro=60kQ, R3=37.5 kQ

All resistors are +1% tolerance.
All capacitors are 5% tolerance.

RaRs
R2+R5

VOLTAGE GAIN (A, diff)= =2

Rg=

INPUT IMPEDANCE

1 2
Znord =2/ R{%+ (?c-)

___.{ l,__ﬁ To OSC1 of next
C T8870D/MT8870D-1

0sCc2

C=30 pF
X-tal=3.579545 MHz

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

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2 ITfR1C1.

4-15
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App%ications

RECEIVER SYSTEM FOR BRITISH TELECOM .
SPEC POR 1151 tarr=(RECHIN Vo Voo Vrs)]

The Circuit shown in Fig. 9 illustrates the use of -

MT88d70D-1 device in a typical receiver system. BT faru=(31C)in(Voo/ Vrs)
Spec;defines the input signals less than -34 dBm as
the non-operate level. "This condition can be attained O_—_L Ap=(RiAMA+A)
by choosing a suitable values of Ry and R, to c4

provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time

reqwiements when the total component tolerance is QOS%BK Q£1%
6%. For better performance, it is recommended to R;=2.2MQ;1.,/:

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

|
e

MT8870D-1

IN+ d Voo
IN- SUYGT
GS ESt
VRet StD
INH Q4
PWDN Q3

NOTES:

Ry = 102KQ * 1%

R, =71.5KQ + 1%

Rz = 380KQ £1 %

Cy,C2 =100 nF £ 5%

X4 =3.579545 MHz + 0.1%
Vpp =5.0V+5%

0SsC 1 Q2
osc2 Qt
Ves TOE

L
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Absolute Maximum Ratingst

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 A
2 | Voltage on any pin Vi Vgs-0.3 Vpp+0.3 \
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mwW
1 Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Derate above 75 °C at 16 mW / °C. All leads soldered to board.

Recommended Operating Conditions - voltages are with respect to ground (V gs) unless otherwise stated.

Parameter Sym | Min Typ* Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 4.75 5.0 5.25 \
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afe +0.1 %
Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

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

Characteristics Sym Min Typ? Max Units Test Conditions

1 | S |Standby supply current lbpa 10 25 HA  [PWDN=Vpp
2 l{:’ Operating supply current Ibp 3.0 9.0 mA

t Power consumption Po 15 mW [fc=3.579545 MHz

Y
4 High level input Vi4 35 V' |Vpp=5.0V
5 Low level input voltage Vi 1.5 V.  |Vpp=5.0V
6 |, [Input leakage current /i 0.1 MA | ViN=Vgsor Vpp
7 g Pull up (source) current Iso 7.5 20 pA | TOE (pin 10)=0,

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

Vpp=5.0V

9 Input impedance (IN+, IN-) Rin 10 MQ | @ 1kHz
10 Steering threshold voltage Vist 2.2 2.4 2.5 V  {Vpp=5.0V
11 Low level output voltage VoL Vgg+0.03| V |Noload
12 8 High level output voltage Vou | Vpp-0.03 V  |Noload
13 | T |Output low (sink) current lou 1.0 25 mA  |Voyr=0.4V
14 8 Output high (source) current | lgy 0.4 0.8 mA [Vour=4.6V
15 ; VRef OUtput voltage VRet 23 25 2.7 V  |Noload, Vpp = 5.0V
16 VRet OUtput resistance Ror 1 kQ

t Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
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Operating Characteristics - vpp=5.0v+5%, Vgs=0V, -40°C < T < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min Typ* Max | Units Test Conditions

1 | Input leakage current ™ 100 | nA | Ves<Vin<Vpp

2 Elnput resistance Rin 10 MQ

3 ;lnput offset voltage Vos 25 mV

4 | Power supply rejection PSRR | 50 dB 1 kHz

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

' at Vge =2.5 V

6 | DC open loop voltage gain AyoL 32 dB

7 ) Unity gain bandwidth fo 0.30 MHz

8 | Output voltage swing Vo | 40 Vpp | Load>100 kQ to Vgs @ GS
L 9 | Maximum capacitive load (GS) CL 100 pF

10 |l Resistive load (GS) Ry 50 kQ

11 |' Common mode range Ve 25 Vpp | No Load

¥

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

f Figure 10.
E Characteristics Sym Min Typ* | Max Units Notes*
] :Valid input signa}l Ie\{els (each -29 +1 dBm 1,2,3,5,6,9
Etone of composite signal) 275 869 | MVpys | 123,569
2 1:Negative twist accept 8 dB 2,3,6,9,12
3 | 'Positive twist accept 8 dB 2,3,6,9,12
4 rFrequency deviation accept +1.5% +2 Hz 2,3,5,9
5 'Frequency deviation reject +3.5% 2,3,5,9
6 |!Third tone tolerance -16 dB | 2,3,4,59,10
7 TNoise tolerance -12 dB 2,3,4,5,7,9,10
8 fgial tone tolerance +22 dB 2,3,4,58,9,11

t Typku:al 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.
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 preclse 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. Guaranteed by design and characterization.

oENParLN
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Iso%-cmos  MT8870D/MT8870D-1

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

in Figure 10.
Characteristics Sym Min Typt | Max Units Notes*
4 | Valid input signal levels (each -31 +1 dBm Testg‘z_)ag \9/D|5=5-0V
tone of composite signal) 21.8 869 | mVays 1413,9,0,
-37 dBm Tested at Vpp=5.0V
2 | Input Signal Level Reject 123569
10.9 mVams T
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2,3,5,9
6 | Frequency deviation reject +3.5% 2,3,5,9
7 | Third zone tolerance -18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

i I I S, S SN PO —

CONONAWN =

+ 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.

. 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.

4-19
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AC Electrical Characteristics - vpp=5.0V45%, Vgg=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

. Characteristics ‘Sym Min Typt Rllax Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 T |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 k ,\'A Tone duration actept trec 40 ms |Note 2
4 ! lll Tone duration reject tREC 20 ms |Note 2
5 ; G |Interdigit pause accept tio 40 ms |Note 2
6 | |Interdigit pause reject too 20 ms |Note2
7 | |Propagation delay (Stto Q) tpq 8 11 ps |TOE=Vpp
8 [ o |Propagation delay (St to StD) tpsd 12 16 ps |TOE=Vpp
9 | ¥ Output data set up (Q to StD) tastp 34 us |{TOE=Vpp
10 LP, Propagation delay (TOE to Q ENABLE) | tprg 50 ns |load of 10 kQ,
b 50 pF
11 S Propagation delay (TOE to Q DISABLE) | tprp 300 ns |load of 10 kQ,
; 50 pF
12 | P |Power-up time teu 30 ms Note 3
13 ,\IIEI Power-down time tpp 20 ms
14 Crystal/clock frequency fc 18.5759 ) 3.5795 | 3.5831 | MHz
15 E Clock input rise time tLHCL 110 ns |Ext. clock
16 | O {Clock input fall time tHicL 110 ns |Ext. clock
17 ﬁ Clock input duty cycle DCqL 40 50 60 % |Ext. clock
18 Capacitive load (OSC2) Co 30 pF
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:
;: E !I"jrs\ee(sjef,o Ls?;a;gigggb?: I;glraa‘\trir?gtgl%r,p:rseez;né)évlce specifications. The adjustable settings of these minimums and maximums

are recommendations based upon network requirements.
3. b With valid tone present at input, t py equals time from PDWN going low until ESt going high.

MT8870D/MT8870D-1

IN+ = Voo 1—4
IN- SYGT
GS ESt
VRet StD
INH Q4
PDWN Q3
0sc1 Q2 NOTES:
oscz Qi Rq,Rp=100KQ + 1%
Vss R3=300KQ + 1%
C4,C2=100 nF + 5%
X-tal=3.579545 MHz + 0.1%
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EVENTS | |

| by ! et | | !
thec—>, € —> lrec (&= e lo—x - o &

| #n+1 #n+1

[
| | TONE #n TONE TONE

tor—a' € | —3 «tha

M It [ I N

tGTH ]P tara

I — N Vist
A 7 —— "
tra—>| '€

'€—1lasi
™ , a HIGH IMPEDANCE
DECODED TONE # (1) | X | #n >—<E
I |
tesp—3l  le— [ |
] g
— ‘_t —> I(—
r tero

EXPLANATION OF EVENTS

A)
B)
C)

D)
E)

F)
G)

TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin
ESt
SYGT
Q1 'Q4
StD

TOE
tREC
tRec
tp
too
top
tpa
taTp
teTa

DTMF COMPOSITE INPUT SIGNAL.

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

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

TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q 4-Q4 TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

igure 11 - Timing Diagram

4-21
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