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1998

Abstract

This project is an application of the MCS-51 micro-controller to leave and to check the
messages, by connecting this machine.

The system can be separated in to 4 circuits. The first one is * STEERING RINGING
CIRCUIT", used to check the telephone pulse. The second one is ¢ PICKED UP AND MADE
TONE’, used to let the caller press the numbers (codes) and the sound of tones are distinguished
by pressing the different numbers (codes). The third one is used to convert the frequency signal to
digital logic, using MT8870 as the DTMF decoder, decided to let the caller leave or listen to the
messages, by the dialed code. This part is called ‘DTMF DETECTOR CIRCUIT °. For the last
circuit is called ‘PRE-TAPE CIRCUIT’, which has 2 parts, recording and playing the tape.

Controller MCS-51 runs all of the whole circuits.
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Flow Facn NO TOE Q4 Q3 Q2 Q1
697 1209 1 H 0 0 0 1
697 1336 2 H 0 0 1 0
697 1447 3 H 0 0 1 |
770 1209 4 H 0 1 0 0
770 1336 5 H 0 1 0 1
770 1447 6 H 0 1 1 0
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 0 0
852 1447 9 H 1 0 0 1
941 1336 0 H 1 0 1 0
941 1209 * H 1 0 1 1
941 1447 # H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 C H 1 1 1 1
941 1633 D H 0 0 0
- - ANY '\ Z z z Z
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Application Note MSAN-108
Applications of The MT8870
Integrated DTMF Receiver

s ey

Cogtents

STMF Receiver Development

" #obile Radio Applications

" Fside The MT8870

Fstributed Control Systems
FIMF Receiver Application

* Iata Communication Using DTMF

Intaduction

_Tf]‘egurpose of this Application Note is to provide
INTO%Aation on the operation and application of
DT Receivers. The MT3870-integrated DTMF
ReGver will be discussed in detail and its - use
lusssted in the apolication examples which follow.

Mo than 25 years ago the need for an improved
mefisg for transferring dialling information through
the “Zlephone network was recognized. The
iradsnal method, Dial pulse signailing, was not only
slow suffering severe distortion over long wire oops,
dutsquired a DC path through the communications
Chamel. A signalling scheme was developed
utilizag veice frequency tones.and implemented as a
Very reliable alternative to pulse dialling.  This
sCheme is known as DTMF (Dual Tone Multi-
Fre%ncy), Touch-Tone™  or simply, tone dialling.
As ’Sacronym suggests, a valid DTMF signal is the
SUMsE two tones, one from a low group (697-941Hz)
aNdsme from a high group (1209-1633Hz) with 2ach
grovs containing four individual tones. The tone

rofl off along the telephone line.

ARPUTUDE

i Tones generated from a telepnone typically have -2 d8 twist
(pre-emphasis) applied to compensate for nigh frequency

June 1983
frequencies were carefully chosen such that they are
not - nharmonically related and  that their
intermodulation products result in minimal signalling
impairment (Fig. 1a). This scheme allows for 18
unique combinations. Ten of these codes represent
the numerals zero through nine, the remaining six
("#A,B.C,D) being reserved for special signalling.
Most telephone keypads contain ten numeric push
buttons plus the asterisk () and octothorp (#). The
buttons are arranged in a matrix, 2ach selecting its
low group tone from its respective row and its high
group tone from its respective column (Fig. 1b).

The DTMF coding scheme ensures that each signal
contains one and only one component from each of
the high and low groups. This significantly simplifies
decoding because the composite DTMF signal may
be separated with bandpass filters, into its two single
frequency - components each of which may be
handled individually. As a result DTMF coding has
proven to provide a flexible signalling scheme of
exceilent reliability, henca mativating innovative and
competitive decoder design.

Development

Early DTMF decoders (receivers) utilized banks of
bandpass  filters ~ making them  somewnhat
cumbersome and expensive to implement. This
generally restricted their application to central offices
(telephone sxchanges). ‘

The first generation receiver typically used LC flters,
active filters and/or phase locked loop techniques to

1208

—fp- | (HZ)

897 770 352 941

Hisis a potential source of intarference.

Figure 1a - The Dual Tone Multifrequency

Fandard DTMF frequency spectrum = (1.5% + 2 Hz). Secand harmonics of the low group (possibly
¥ated due t0 a non-linear channel) fall within the passband of the hign grouo (Indicated by A.B,C,D).

1
‘;139'

1 it

1453] |

1229 1358 1501
1209 1336 1477

1
1314‘ loganthmic

(DTMF)

pectrum



MSAN-108

Application Note

HIGH GROUP TONES

H1= H2= H3=
1209 1336 1477
t Hz Hz

Hz
L1=697Hz
L2=770Hz
L3:852Hz [E]
L4=941HZD [E

LOW GROUP
TONES

reserved for special signalling.

Ha =
1633
Hz
e = g
1A
b o d
| Rk
181
I
7=
1C1
o d
i
1D

o d

LEGEND :

F =
i |

oo d

DTMF signal not available on 2 standard
pusnbutton telepnone keypad

Telephone DTMF keypad matrix. Column H, is normally not available on a telephone keypad and is

SN

igure 1b - e Dual Tone Multitrequency (DTMF) Keypad
ogEn
sf =]l
ggg TO TELEPHONE
| LOOP CURRENT EXCHANGE
DETECT CIRCUIT { M
DISCONNECT RECTIFIER
RELAY FILTER '
> & REGULATCR
t v ‘
MT8870
RATAL RELAY RINGING
2 @11 T SEaett DRIVER oETECTOR| /%0
RECEIVER CIRCUIT ! :
S S8 |
e RESET OISABLE P |
LOGIC LOGIC
a) Block diagram of a toll call restrictor. This could be impiemented on a smail pc board and installed
in a telephone to disallow long distance calling.
TO !
; STEP-BY-STEP i
! /—/-\ EXCHANGE |
]

~N—

LINE SPLIT RELAY

>

LINE INTERFACE

LINE INTERFACE

I

—

| CONTROL

LOGIC

Muaszd MT4325

RE?:E?\'/:ER ) Ry ;
- DIALER :

CENTRAL TELEPHONE SWITCHING OFFICE

b) Blockdiagram of a simple tome to puise converter to allow TOUCH-TONE dialing into a step-by-
Step or crossbar exchange.

Figure 2 - Typical DTMF Receiver Applications
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receive and decode DTMF tones. Initial functions
were, commonly, phone number decoders and toll
call restrictors. A DTMF receiver is also frequently
used as a building block in a {lone-to-pulse converter
which allows Touch-Tone dialling access to
mechanical step-by-step and crossbar exchanges
(Fig. 2).

The introduction of MOS/LSI digital techniques
brought about the second generation of tone receiver
development. These devicas were used to digitally
decode the two discrete tones that result from
decomposition of the composite signal. Two analog
pbandpass filters were used to perform the
decomposition. ’

Totally self-contained receivers implemented in thick
film hybrid technology depicted the start of third
generation devices. Typically, they also used analog
active filters to bandsplit the compaosite signal and
MOS digital devices to decode the tones.

The development of silicon-implemented switched
capacitor sampled filters marked the birth of the
fourth and current generation of DTMF receiver
technology. Initially single chip bandpass filters were
combined with currently available decoders enabling
a two chip receiver design. A further advance in
integration has merged both functions onto a single
chip allowing DTMF receivers to be reaiized in
minimal space at a low cost.

The second and third generation technologies saw a
tendency to shift complexity away from the analog
circuitry towards the digital LS| circuitry in order to
reduce the complexity of analog filters and their
inherent problems. Now that the filters themselves
can be implemented in silicon, the distribution of
complexity becomes more a function of performance
and silicon real estate.

Inside The MT8870

The MT8870 is a state of the art single chip DTMF
receiver incorporating switched capacitor fiiter
technology and an advanced digital counting/
averaging algorithm for period measurement. The
block diagram (Fig. 3) illustrates the internal
workings of this device.

To aid design flexibility, the DTMF input signal is
first buffered by an input op-amp which allows
adjustment of gain and choice of input configuration.
The input stage is followed by 2 low pass continuous
RC active filter which performs an antialiasing
function. Dial tone at 350 and 440Hz is then rejected
oy a third order switched capacitor notch filter. The

signal, still in its compaosite form, is then split into its
individual high and low frequency components by
two sixth order switched capacitor and pass filters.
Each component tone is then smoothed by an output
filter and squared up by a hard limiting comparator.

The two resulting rectangular waves are applied to
digital circuitry where a counting algorithm measures
and averages their periods. An accurate reference
clock is derived from an inexpensive external

. 3.58MHz colourburst crystal.

The timing diagram (Fig. 4) illustrates the sequence
of events which follow digital dstection of a DTMF
tone pair. Upon recognition of a valid frequency from
each tone group the Early Steering (ESt) output is
raised. The time required to detect the presence of
two valid tones, tpp is a function of the decode
algorithm, the tone frequency and the previous state
of the decode logic. ESt indicates that two tones of
proper frequency have been detected and initiates
an RC timing circuit. If both tones are present for the
minimum guard time, tgrp which is determined by
the external RC network, the DTMF signal is
decoded and the resulting data (Table 1) is latched in
the output register, The Delayed Steering (StD)

output is raised and indicates that new data is
available. The time required fo receive a valid DTMF
signal, tgeq |, is equai to the sum of top andtgTp

1% \1"e KEY- | TOE |/Q, Q; Q, Qq
697 | 1209 1 1 0]0]0]1
897 | 1336 2 1 0olal1]o
897 | 1477 3 1 0011
770 | 1209 4 1 a{1]aja
770 | 4336 5 1 0{1,0]1
770 | 1477 5 1 Q1110
852 | 1209 7 1 CARRERE
352 | 1336 8 1 t1ololo
852 | 1477 9 1 11001
941 1209 0 1 11010
941 1336 * 1 11011
941 1477 # 1 1/1/0]0
897 | 1633 A 1 111101
770 | 1633 8 1 11110
852 | 1633 c 1 T
941 1633 D 1 0j0joio

| - : ANY 0 zZ|z|z!lz|

|agle 1. M|§§75 5utput !rutﬁ !ame

0=LOGIC LOW 1=LOGIC HIGH Z=HIGH IMPEDANCE
Output truth table. Note that key "0" is output as "1010,
{ie:104¢y" carresponding to standard telephony coding.

A simplified circuit diagram (Fig. 3) illustrates how
the chip's steering circuit drives the external RC
network to generate guard times. Pin 17, SYGT
(Steering/Guard Time), is a2 bidirectional signal pin
which controls StD, the output latches, and resets
the tming circuit. When SUGT is in its input mode
(St function) both Q4 and Q, are turned off and the
voltage level at SYGT is compared {0 the steering
‘nreshold voitage Vg, A iransition from below o
2oove Vrgy wiil switcn the comoarator's outout from

-~
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low to high strobing new data into the output latches,
and raising the StD output. As long as an input level
above Vrg is maintained StD will remain high
indicating the presence of a valid DTMF signal.

Initially, when no valid tone-pairs are present,
capacitor C is fully charged applying a low voltage to
SUGT. This causes a low at the comparator's output
and since ESt is also low, Q, turns on ensuring that
C is completely charged. In this condition SUGT is in
its output mode (GT function). When a valid tone-
pair is received ESt is raised turning off Q, which
puts SUGT in its high impedance input mode and
allows C to discharge through R. If this condition

persists for the tone-present guard time, tete the
voltage at St/GT rises above Vrs; raising StD which
indicates reception of a valid DTMF signal. If the
tone pair drops out before the duration of fgTp EStis
lowered turning on Q, which charges C resetting the
tone-present guard time.

Once a DTMF signal is recognized as valid both ESt
and the comparator output are high. This turns on
Q4 which discharges C and initializes the tone-
absent guard time, tgya. After the DTMF signal is
removed, ESt is lowered, Qq turns off placing SUGT
in its input mode and C begins to charge through R.

EVENTS A B l c ] E , F ] G
1
trREc—> :‘— —->: REC m— | % tip — — oo :*--
, , ] \ TONE TONE
\/m l TONE =N 40+ 2n o+ 1 e
= W=N9Z, Sl )
= /4 ' AR~ NN L
|
lGTP—py = =¥ *—lgra
‘ ! INC [ K~ \ v
) T TSt
SUGT A4 2 € /N1 [\ gl |
N
tPQ—->{ '4——
~>| <—tasip
- - HIGH IMPEDANCE
Q-Q, DECODED TONE# (a-1) [ | #n w
!
| i
tPSrD—>f e | |
[N = PL2s '
st I /
H [§=x:
— Y 7 AR PTE
TOE i 7D

EXPLANATION OF EVENTS
A)
3)

C) END OF TONE #n DETECTED, TONE ABSENT OURATION VALID, OUTPUTS

TONE BURSTS DETECTED, TONE DURATION INVALID. QUTPUTS NOT UF‘.DATED,
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

REMIAN LATCHED UNTIL NEXT VALIO TONE.,

0) QUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

g) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID. QUTPUTS REMAIN LATCHED.

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

EXPLANATION OF SYMBOLS'

Vin DTMF COMPOSITE INPUT SIGNAL
“Est EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SUGT STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Q-Q4 4-8IT DECODED TONE OUTPUT. .

Sto DELAYED STEERING OUTPUT. INDICATES THAT VALIO 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 IMPEDANCE STATE.

trec MAXIMUM DTMF SIGNAL DURATION NOT OETECED AS VALID

taec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

tio MAXIMUM TIME BETWEEN VALID OTMF SIGNALS.

tho MAXIMUM ALLOWABLE DROP OUT DURING VALIO OTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID OTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

o GUARD TIME. TONE PRESENT

'5TA GUARD TIME. TONE ABSENT.

Figure 4 - MT8870 Timing Diagram
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MT8870
4 Voo
. ) Vpp |(18)
Valid tone present
indication from —>- PQ
DIGIFAL DETECT - C
circat.
+
SYGT | (17)
To OUTPUT < COMP.
LATCHES
T
g R
9 nQ,
Vss
ESt | (16)
A logical HIGH indicates that a
valid signal is being raceved.
DELAY >
StD | (195)

pair EStis raised turning off Q, and allowing C

and Qj turns on resetting the timing circuit.

Simplified steering circuit. initially ESt is low, C is fully cnarged applying 0V to SYGT and Q is on. Upon reception of a valid tone

to discharge through R which increases the voltae at SYGT, When VTSt is reached
the comparator output goes high indicating a valid signal, latches the out
pairis lost ESt goes low Q, turns off and C charges through R decreasing the voltage at SUGT. When Vrsyis reached StD goes low

puts and turns on Q which discharges C. When the tone

STEERING TRUTH TABLE
ESt St(/GT) (SYGT | StD
o] <VTS( 0 (0]
0 >VTS( Z 1
% <Vrg Z 0
1 >Vrst 1 1

0-LOGIC LOW

1= LOGIC HIGH
Z=HIH IMPEDANCE
V75t = Threshoid Voltqae

Steering circuit truth table. Note that pin 17 (
and the comparator output.

Figure 5 - MT8870

If the same valid tone-pair does not reappear before
tgTa then the voltage at SUGT falls below Vst Which
resets the timing circuit via Q, and prepares the
device to receive another signal. ' If the same valid
tone-pair reappears before tgra, EStis raised turning
on Qq and discharging C which resets {gTa. In this
Case StD remains high and the tone dropout is
disregarded as noise.

To provide good reliability in 2 typical telephony
environment, a DTMF receiver should be designed to
recognize a valid tone-pair greater than 40mS in
duration and, o accept as successive digits, tone-
pairs that are greater than 40mS zpart, However in

A-30

teering And

SUGT) acts as both an input and an output depending on the relative states of ESt

uardTime Circuit Operation

other environments, such as two-way radio, the
optimum tone duration and intra-digit times may
differ due to noise considerations.

By adding an extra resistor and steering diode (Fig.
8b, 8¢) tgTp and tgra can be set to different values.
Guard time adjustment allows tailoring of noise
immunity and talk-off performance to mest specific
system needs.

k-off is a measure of errors that occur when the

Tal
noise simulating a2 DTMF  signal.
reasing tgTp improves ialk off performance since

A
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ta1e = (RCYIN(Vpp/Vrsy

SUGT ta1a = (RCIN(MVpo/Vpo-Vrsd)

O
0
0
1]

RA(Ry + Ry)
SUGT

it reduces the probability that speech will maintain
DTMF simulation long “enough to be considered
valid. The trade-off here is decreased noise
immunity because dropout (longer than tpa) due to
noise pulses will restart lgrp Therefore, for noisy
environments, tgrp should be decreased. The signal
apsent guard time, tgrs, determines the minimum
time allowed between successive DTMF signals. A
dropout shorter than tg7a Will be considered noise
and will not register as a successive valid tone
detection. This guards against multiple recaption of
a single character. Therafore, lengthening toTa will
increase noise immunity and tolerance ‘o the
presence of an unwanted third tone at the gxpense
of decreasing the maximum signailing rate.

The intricacies of the digital detection algorithm have
a significant impact on the overall receiver
performance. It is here that the initial decision is
made to accept the signal as valid or reject it as
speech or noise.

Trade-offs must be made between eliminating talk off
errors and eliminating the effects of unwanted third
tone signals and noise. These are mutually
conflicting events. On one hand vaiid DTMF signals
present in noise must be recognized which requires
relaxation of the detection criteria. On the other
hand, relaxing the detection criteria increases the
probability of receiving "hits* due to talk off errors.

MT8870

Voo
MT8870 | ltore > taral
Voo latp = (RYC)IH(\‘/DD/VTSQ
o (574 = (ReC)In(VipilVpp-Vrsy)
T 1
Ry

Figure 6 - Guard Time

Voo ltoe < toTal
c taTe = (RpC)IN(Vpp/Vrgy)
Re = RyRy (Ry + Ry)
SUGT a1 = (RyO)In(Vpo/Vop-Vrgy)

a) Tone present and absent gquard
times equal.

D) Tone poresent less than tone
2bsent guard time.

) Tone present greater than tone
absent guard time.

Note: Tygically Vrg, = —; Voo

ircuits

Many considerations must be taken into account in
evaluating criteria for noise rejection. In the
telephony environment two sources of noise are
predominant. ' Thesa are; third tone interference,
which generally comes from dial tone harmonics,
and band-limited white noise . In the MT8870 a
complex digital averaging = algorithm  provides
excellent immunity to voice, third tone and noise
signals which prevail in a typical voice bandwidth
channel.

The algorithm used .inthe MT8870 combines the
oest features from two previous generations of Mitel
digital decoders with improvements resulting from
years of practical use within the telephone
environment. The algorithm has evolved through a
combination of statistical calculations and empirical
"‘tweaks" to resuit in the realization of an extremely
reliable decoder.

Applications

The proven reliability of DTMF signalling has created
2 vast spectrum of possible appiications.  Until
recently, many of these zapplications were rendered
ineffective due to cost or size considerations. Now
that a complete DTMF receiver can be designed with
merely a single chip and a few axternal passive
components one can take full advantage of a2 highly
developed signalling scheme as sz small, cost-
effective signalling solution.
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FUNCTIONAL
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MEDIUM i CONTROL
messmmeemaf)y  INTERFACE DTMF Py ! ) -
RECEIVER
LOGIC

Figure 7 - Modular Approach to DTMF Receiver Systems

The design of a DTMF receiving system can
generally be broken down into three functional
blocks (Fig. 7). The first consideration is the
interface. to the transmission medium. This may be
as simple as a few passive components to
adequately configure the MT8870's input stage or as
complex as some form of demodulation, multiplexing
or analog switching system. The second functional
block is the DTMF receiver itself. This is where the
receiving system’'s parameters can be optimized for
the specific signal conditions delivered from the
"front end" interface. The third, and perhaps most
widely varying function, is the output control logic.
This may be as simple as a 4 to 16 line decoder,
controlling a specific function for each DTMF code,
or as complex as a full blown computer handling
system protocols and adaptively varying the tone
receiver's parameters to adjust for changing signal
conditions. Several currently applied and
conceptually designed applications are described
subsequently but first let's consider the design of a
typical input stage.

The input arrangement of the MT8870 provides a
differential input op amp as well as a bias source
(Vggs) which is used to bias the inputs at mid-rail.
The output of this op amp is available to provide
feedback for gain adjustment.

A typical single ended input configuration having
unity gain is shown in Figure 8.

For balanced line applications goad common mode
rejection is offered by the differential configuration
(Fig. 9). In both cases, the inputs are biased to 1/2
Vpp DY Vaer.  Consider an input stage which will
interface to a 600Q balanced line. To reject common
mode noise signals, a balanced differential ampilifier
input provides the solution.

With the input configured for unity gain the MT8870
will accept maximum signal levels of +1 dBm (into
800Q). The lowest DTMF frequency that must be
detected is approximately 685Hz. Allowing 0.1dB of

s
. AV Vo _ Rf S
Voitage Gain; Vi R |S+4RC

1

3dB Cutoff Frequency; . fg=
2nRC

Input Impedance; l Z(co)‘ =R {1 - (1/mRC)2}

1
2

MT8870

GS

IN+ |+

(@) | Vet

igure

I3
0
o)
)

- Single =nded Input

onrtiguration
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attenuation at 685Hz, the required input time
constant may be derived from;
Rr wT
M(cn)d3=20 /Oglo T"?'ZO [Oglo X T
{(0 1}

where M(W)yz is the amplifier gain in decibels

W is the radian frequency

T is the input time constant

(2m)6851
{{(2m)6857)2 + 1} /2

Therefore  -0.1=20 log,

ort=1.32mS

Now, choosing R=220K gives a high input
impedance (440K in the passband) and C=
UR=6.9nF (use a standard value of 10 nF). For

unity gain in the passband we choose R=R. R, and
Ry are biasing resistors. The choice-of R, is not
critical and could be set at, say... 68K. Bias resistor
R, adds a zero to the non-inverting path through the
differential amplifier but has no affect on the inverting

to-end or

path. This zero can be exactly cancelled by the
added pole due to Ry if Ry is chosen as;

__ R

R, =7 .
* T RAR;

With appropriate input transient protection, this
circuit will provide an excellent bridging interface
across a properly terminated telephone line for end-
Key system applications. Transient
protection may be achieved by splitting the input
resistors and inserting zener diodes to achieve
voltage clamping (Fig. 10). This allows the transient
energy to be dissipated in the resistors and diodes
and limits the maximum voltage that may appear at
the op-amp inputs.

[t is important to consider the amount of shunt
capacitance introduced by the protection devices. In
this case the parasitic capacitances of the zener
diodes are in series which reduces their effect.
Relatively large shunt capacitances will attenuate the
high group frequencies causing the input signal to
"twist* which degrades receiver performance.

MT8870
Ry
~AANATE
(2) §IN-
R, can be chosen to be a % _"l }'__\/\/\/\/ -
convenient value greater 3 R
than 30KQ. v, — v,
(N {in+
- — F=AAN +
c R
R,R f
Ry selection; Ry, = —2" Ra R
Ra * R
4) Vv
e v, _ R, s o (4) {Vaer
Voltage Gain; Ty 2 S + /RO
!
1
inout Impedance; Z(w) ! =2R [1 + (1/(1)RC)2 } ‘
3d8 Cutorf Frequency; fai= :
2nRC
igure 9 - Ditferential Input Configuration
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“Twist" is known as the difference in amplitude
between the low and high group tones. Itis specified
in dB as:

v
TWIST = 20/ongL-
H

where V, is the amplitude of the low frequency tone

and Vy is the amplitude of the high frequency tone.

Twist is usually caused by the frequency response
characteristic of the communication channel. Along a
telephone line higher frequencies tend to roll off
faster than the lower ones so the line response is
usually compensated for by applying pre-emphasis
(negative twist) to the originating DTMF signal. In
extreme cases the receiver may  require
compensation. This could be realized with a filter
arrangement utilizing the input op amp.

Any communication path that can pass the human
voice spectrum is eligible for DTMF signalling.
Therefore a variety of "front-end* interfaces may be
applicable in a given control system. More
commonly used media are copper wire and RF
channels. An optical fibre could carry a light beam
modulated by DTMF. Although this would incur a
large overhead in terms of bandwidth utilization,
optical fibres do offer isolation from external electro-
magnetic interference. For example, if control or
data signals must be sent near a high  power
transmission line environment, strong electric and
magnetic fields could have a devastating effect on
signals transmitted over wires. DTMF over fibre-

optics could easily be employed as a highly reliable
communications method in a harsh interference
infested environment.

In modern digital switching equipment the MT8870
can easily be interfaced to a digital PCM line by
using a codec as an input interface (Fig. 11).
Actually, all that is required for the interface is a PCM
decoder. In fact, the output filter that normaily is
associated with PCM decoders is not required since
the high group DTMF bandpass filter has an upper
cutoff frequency low enough to meet the required
roll-off of the PCM filter.

DTMF In Mobile Radio Applications

DTMF signalling plays an important role in
distributed communications systems, such as multi-
user mobile radio (Fig. 12). It is a *natural in the
two-way radio-environment since it slips neatly into
the center of the voice spectrum, has excellent noise
immunity and -highly integrated methods of
implementation are currently available. It is also
directly  compatible with telephone signalling,
simplifying automatic phone patch systems.

Several emergency medical service networks
currently use DTMF signals to control radio
repeaters. Functions are, typically, mobile
identification, selection of appropriate repeater links,
selection of repeater frequencies, reading of
repeater status, and for completing automatic phone
patch links.

If available in a system of this type, audio from g
long distance communications link (microwave,

. 110KQ
LAl 110 KQ
P O— F—AAA-
—AA A MT8870
v A
"
.*-
0.01 uf v —
2
rvg O— F—AAA AAA/ * ’ -
530V 110KQ 110 KQ
W
52 58 220
v KQ KQ KQ
3
ZENERS ARE 15V 250mw
RESISTORS ARE 1% 1/4 W (uniess otherwise stated) hwes
rigure 10 - | 870 Front £End Protection Circuit

1
Uy
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Conclusion

The applications for DTMF signalling are tremendous
and due to innovative technological advances its use
is increasingly widespread. DTMF offers highly
reliable, cost effective signalling solutions which
require no development effort on the user's part.
The advent of single chip receivers has allowed
many products that were previously not cost-
effective to be manufactured in production quantities.

OTMF  signalling was originally designed for
telepnony signalling over voice quality telephone
lines. This signalling technique has been applied to
a multitude of control and data communications
systems. All that is required is a voice guality
communication channel with appropriate
interfacing. The applications are limited only by
one's imagination.

)
i
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ASCIl TO DTMF CONVERSION
Partial ASCII coding and conversion to 2 sequential DTMF signals
¥
ASCIl  HEX DTMF ASCIl  HEX DTMF ASCIl  HEX DTMF
ACK 06 11 ! 21 44 A 41 21
BEL 07 01 " 22 45 8 42 22
BS 08 34 # 23 54 C 43 28
CAN 18 58 ) 24 ¢ 195 D 44 31
CR 0D 19 % 25 56 E 45 32
DCH1 11 37 & 26 79 F 46 33
DC2 | 12 38 ' 27 16 G 47 41
DC3 13 39. ( 28 25 H 48 42
DC4 14 47 ) 29 26 | 49 43
DEL 7F 24 * 2A 64 J 4A 51
DLE 10 29 e 28 85 K 48 52
EM 19 59 ' 2C 74 L 4C 53
ENQ 05 0% - 2D 66 M 4D 61
EQT 04 08 : 2E 46 N 4E 62
ESC 1B 14 / 2F 36 @) 4F 63
ETB 17 57 0 30 00 P 50 71
E 03 07 1 31 10 Q 51 02
FF oC 18 2 32 20 R 52 72
FS 1C 68 B 33 30 S 53 73
GS 1D 69 + 34 40 T 54 81
HT 09 12 5 39 50 §] 55 82
LF 0A 8 6 36 80 \ 56 83
NAK 15 43 Y4 K) 70 W 57 a1
NUL 00 04 3 38 80 X 58 92
RS 1€ g | 9 39 30 Y 59 93
SO 0E 27 : 3A 75 Z 5A 03
S1 OF 28 . 38 75 [ 58 87
SOH 01 05 < 3C 84 \ 56 35
sp 20 ! = 3D 85 ] 5D 88
STX 02 06 > 3G 36 3 GE S6
SuB 1A 87 ? 3F 94 3 5F 89
SYN 16 49 @ 40 95 ' 80 1
us 1F 78 DEL 7F 24
08 17 |




&National Semiconductor

LM386 Low Voltage Audio Power Amplifier

General Description
The LM386 is a power amplifier designed for use in low @ Voltage gains from 20 to 200

voltage consumer applications. The gain is internally setto  ® Ground referenced input

20 to keep external part count low, but the addition of an  m Self-centering output quiescent voltage
external resistor and capacitor between pins 1 and 8 will g [ ow distortion

increase the gain to any value up to 200. ® Eight pin dual-in-line package

The inputs are ground referenced while the output is auto-

matically biased to one half the supply voltage. The quies- App“cations

cent power drain is only 24 milliwatts when operating from a

: - ] m AM-FM radio amplifiers
6 volt supply, making the LM386 ideal for battery operation. u Portable tape player amplifiers
Features ® Intercoms
| Battery operation : Ii\r/'nescc)il:i'\]/ce’rzysmms
B Minimum external parts w Uidnic Arivers
m Wide supply voltage range 4V-12V or 5V-18V e Sineer ) riverk
® Low quiescent current drain 4 mA i

Power converters

Equivalent Schematic and Connection Diagrams

Dual-In-Line and Small Outline

Packages
i o/
GAIN — L
BYPASS
22 7 Byeass
GAIN ‘ i GAIN ~INPUT B
8~ x Rl
, aneuT —4 LIV
6ND — LI Vour
~ INPUT
’ TL/H/6976-2
Top View

Order Number LM386M-1,
LM386N-1, LM386N-3 or LM386N-4

See NS Package Number
TL/H/6976-1 MOBA or NOBE
Typical Applications
Amplifier with Gain = 20 Amplifier with Gain = 200
Minimum Parts ve 104F

TL/H/6976-4
TL/H/6976-3
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LM386

Absolute Maximum Ratings

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

Supply Voltage (LM386N-1, -3, LM386M-1) 15V
Supply Voltage (LM386N-4) 22V
Package Dissipation (Note 1) (LM386N) 1.25W

(LM386M) 0.73W
Input Voltage +0.4V

Storage Temperature —65°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec) +260°C
Small Outline Package

Vapor Phase (60 sec) +215°C

Infrared (15 sec) +220°C

See AN-450 ““Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Thermal Resistance

Operating Temperature 0°Cto +70°C 64c (DIP) 37°C/W
Junction Temperature +150°C 0.4 (DIP) 107°C/W
0,c (SO Package) 35°C/W
0,4A (SO Package) 172°C/W
Electrical Characteristics 7, = 2s5°c
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vg)
LM386N-1, -3, LM386M-1 4 12 \
LM386N-4 5 18 \
Quiescent Current (Ig) Vg=6V,Viy =10 4 8 mA
Output Power (PoyT)
LM386N-1, LM386M-1 Vs = 6V, R = 8Q, THD = 10% 250 325 mw
LM386N-3 Vs = 9V,RL = 80, THD = 10% 500 700 mwW
LM386N-4 Vs = 16V, R = 320, THD = 10% 700 1000 mwW
Voltage Gain (Ay) Vg = 6V, f = 1kHz 26 dB
10 pF fromPin1to 8 46 dB
Bandwidth (BW) Vs = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vs = 6V, R = 80, Poyt = 125 mW 0.2 o
f = 1 kHz, Pins 1 and 8 Open : °
Power Supply Rejection Ratio (PSRR) Vs = 8V, f = 1 kHz, Cgypass = 10 pF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (R)y) 50 kQ
Input Bias Current (Igjas) Vs = 6V, Pins 2 and 3 Open 250 nA

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

Application Hints

GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 k() resistor sets the gain at 20 (26 dB). If a capaci-
tor is put from pin 1 to 8, bypassing the 1.35 k(2 resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series

with the capacitor, the gain can be set to any value from-20

to 200. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.

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

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 k(2 resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the
LM386 is higher than 250 k€ it will contribute very little
additional offset (about 2.5 mV at the input, 50 mV at the
output). If the dc source resistance is less than 10 k{2, then
shorting the unused input to ground will keep the offset low
(about 2.5 mV at the input, 50 mV at the output). For dc
source resistances between these values we can eliminate
excess offset by putting a resistor from the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is ca-
pacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to
bypass the unused input, preventing degradation of gain
and possible instabilities. This is done with a 0.1 uF capaci-
tor or a short to ground depending on the dc source resist-
ance on the driven input.
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Typical Performance Characteristics

SUPPLY CURRENT (mA)

VOLTAGE GAIN (dB)

DEVICE DISSIPATION (W)

Quiescent Supply Current

vs Supply Voltage
5
——
"
4 T
//
3
2
1
4 5 6 7 8 9 10 11 12

SUPPLY VOLTAGE (VOLTS)

Voltage Gain vs Frequency

FREQUENCY (Hz)

Device Dissipation vs Output
Power—4Q Load

Vs =12V

=7 Level
:

[ A vs=ev Ki10% THD
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|

C l I

0 0.1 02 03 04 0.5
QUTPUT POWER (W)
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Distortion vs Frequency
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Lv=ov ][]
Ay A 8t | ]
| Pour =125 mW
LAy = 26dB(C, ¢ =0)
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FREQUENCY (Hz)

Device Dissipation vs Output
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V= 16V et
4] ;
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TL/H/6976-5
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Typical Applications (Continued)

Amplifier with Gain = 50

] BYPASS

-
=

Amplifier with Bass Boost

TL/H/6976-6

Vo

100

VOLTAGE GAIN (dB)

TL/H/6976-8

Low Distortion Power Wienbridge Oscillator
330

AAA.
VvV

[

C

V-15mA =

ELDEMA
CF-§-2158

f=1kHz

TL/H/6976-7

f=1kHz

TL/H/6976-9

Frequency Response with Bass Boost

A
/ \\
/
N
20 50 100 200 500 1k 2k 5k 10k 20k

FREQUENCY (Hz)

TL/H/6976-10
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Typical Applications (continued)

AM Radio Power Amplifier

CC
FROM
DETECTOR
VOL
10k
c1

—_[— 2200 pF

Note 1: Twist supply lead and supply ground very tightly.
Note 2: Twist speaker lead and ground very tightly.
Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire.

FERRITE
BEAD 2504F
—AN—S
41

Note 4: R1C1 band limits input signals.

80
SPEAKER

Note 5: All components must be spaced very close to IC.

TL/H/6976-11

98€NT
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JAA BB CC DELAY TONE RECEIVE MISS
;UU - LISTEN1

;TT  CHANGE SS CONFIRM XXX NEWPASS
;WRONG QQ  NOTMATCH

;LISTEN CHECK PP CATCH PICKUP RING
START RLSTART RECEIVE1E

ORG  0000H

AJMP RLSTART

ORG  100H

RLSTART:
MOV 30H#01H ;KEEP PASSWD
MOV 31H#01H ;KEEP PASSWD
MOV 32H#01H ;KEEP PASSWD
MOV 33H#01H ;KEEP PASSWD
MOV 34H#01H ;KEEP PASSWD
MOV 35H#01H ;KEEP PASSWD
MOV 36H,#01H ;KEEP PASSWD
MOV 37H#01H ;KEEP PASSWD
MOV 38H#01H ;KEEP PASSWD
MOV 39H#01H ;KEEP PASSWD
MOV 3AH#01H ;KEEP PASSWD
MOV 3BH#01H ;KEEP PASSWD
MOV 3CH,#01H ;KEEP PASSWD
MOV 3DH#01H ;KEEP PASSWD
MOV 3EH#01H ;KEEP PASSWD
MOV 3FH#01H ;KEEP PASSWD
MOV 40H#01H
MOV 41H#01H
MOV 42H#01H
MOV 43H,#01H
MOV 70H,#00H
MOV  71H,#00H
MOV 72H,#00H
MOV 73H#00H
MOV ~ 74H#00H
START: CLR P15

CLR PSW.3
MOV SP#10H
MOV A#FH
MOV P1A

RING: MOV R7#02H
RINGS: JB P3.2$
;CHECK RINGING 3 TIMES
JNB  P3.2,$
;CHECK RINGING 3 TIMES
DINZ R7,RINGS
PICKUP: SETB P1.6
;PICK UP TELEPHONE
ACALL DELAYS
ACALL DELAYS
MOV R4,#03H

CATCH: ACALL DELAYS

ACALL DELAYS

ACALL TONE ;MAKE VOICE 1
TIMES

ACALL PRESS

CHECK: JB  P1.3,CATCHS

JB  P14,CATCHS

JNB  P1.2,RECEIVE1 ;TO LEAVE
MESSAGE

JNB  P1.1,LISTEN1 ;TOLISTEN
MESSAGE

SIMP  SYSTEM ;TO CHANGE
PASSWD
RECEIVET:  JNB P1.1,CATCHS

AJMP  RECEIVED
LISTEN1:  AJMP LISTEN
CATCHS: DINZ R4,CATCH
START1: AJMP  MAINW

; MODE CHANGE PASSWORD

SYSTEM: MOV R2#03H

SYSS: ACALL DELAYS
ACALL DELAYS
MOV R7#04H

SYSSSSS:  ACALL TONE
DINZ R7,8YSSSSS

;MAKE VOICE 4 TIMES

ACALL WHO
SYSSS:  CINE A#00H,SYS

AIMP  QQQ
SYS: DINZ R2,8YSS

AJMP  MAINW

e LOOKING FOR SOMEONE WHO

WANT TO CHANGE

WHO: ACALL PRESS
MOV AP1
ANL  A#EH
RR A
MOV R4A
DELAY
DEC A
JNZ  TWOUP
MOV RO#30H
MOV R1#70H
AJMP PP
TWOUP: DEC A
JNZ  THREEUP
MOV -~ RO,#34H
MOV R1#71H
AJMP PP
THREEUP: DEC A
JNZ  FOUR
MOV RO#38H
MOV R1,#72H
AIMP PP
FOUR: DEC A
JNZ SYSSSS
MOV RO#3CH
MOV - R1,#73H

;KEEP NUMBER OF

jrress = MOVE DATA TO BUFFER

PP: MOV 50H,@R0
" INC RO
MOV, 51H,@R0
INC RO
MOV 52H,@RO
INC RO
MOV  53H,@RO
MOV  74H,@R1
SYSSSS: - RET

e CHECK OLD PASSWORD PART

]

QQQ: DEC RO
DEC RO
DEC RO

MOV R2#03H
QQQQ: MOV R3,#04H
ACALL DELAYS
ACALL DELAYS
MOV R73#02H
QQ: ACALL TONE
DINZ R7,QQ

ACALL PRESS
VALUE1

MOV AP1

ANL  A#IEH

RR A

DEC R3

CINE A50H,WRONG

;RECEIVED



ACALL PRESS
VALUE 2

;RECEIVED

MOV AP1

ANL A#EH

RR A

DEC R3

CJNE A51HWRONG

ACALL PRESS
VALUE 3

;RECEIVED

MOV AP1

ANL A#EH

RR A

DEC R3

CJNE A52H,WRONG

ACALL PRESS
VALUE 4

;RECEIVED

MOV AP1

ANL  A#IEH

RR A

DEC R3

CJINE A53H,QQ0QQ

SIMP NEWPASS
WRONG: ACALL PRESS

DINZ R3,WRONG

QQQQQ: DINZ R2,QQQQ
MAINW: ACALL DELAYS

ACALL DELAYS

MOV  R7#05H
MAINWW: ACALL TONE

DINZ R7,MAINWW
SUREW: AJMP START

e GET 18T TIME NEW PASSWORD

MOV R2#03H
NEWPASS:  ACALL DELAYS
ACALL DELAYS
RR: MOV R7#03H
RRRRR: ACALL TONE ;MAKE
VOICE 1 TIMES
DJINZ R7,RRRRR
MOV R3#04H
MOV  R1#46H

XXX: ACALL PRESS

MOV AP1
ANL A#EH
RR A
MOV @R1A
INC R1
DINZ R3,XXX
e CONFIRM NEW PASSWORD

CONFIRM:  ACALL DELAYS

ACALL DELAYS

MOV  R7#02H
SS: ACALL TONE

DJNZ R7,SS ;MAKE VOICE 2
TIMES

MOV R3#04H ;VALUE 1

ACALL PRESS

MOV AP1

ANL  A#EH

RR A

DEC R3

CJNE - A46H,NOTMATCH

ACALL PRESS

MOV AP1

ANL  A#EH

RR A

DEC R3

CINE  A47HNOTMATCH

ACALL PRESS

MOV AP1

ANL  A#EH

RR A

DEC R3

CINE  A48HNOTMATCH

ACALL PRESS

MOV AP1

ANL  A#EH
RR A

DEC R3

CINE AA49HEE
AJMP  CHANGE

NOTMATCH: ~ ACALL PRESS

EE:

DINZ R5,NOTMATCH

DINZ R2,NEWPASS
AJMP  MAINW

CHANGE: MOV ~@R0,46H

T

INC RO

MOV ~ @ROATH

INC RO

MOV  @RO48H

INC RO

MOV @RO,49H
ACALL DELAYS
ACALL DELAYS
ACALL TONE

:MAKE VOICE 1 TIMES

BBBBB: AJMP -~ START

» SRk AR A A AR e R R ARk Rk
1

ek

DELAY HALF SECOND

ok

DELAYS: ~ SETB PSW.3

MOV R5,#0FFH

AAAA: MOV RG6,#0F4H
BBBB: JB  P1.0,BBBBB

DJINZ R6,BBBB
NOP AB

NOP AB

DINZ R5,AAAA
CLR  PSW.3
RET

SRR R AR R R IR RIRAFR R AR IR

AAERAR S RIARA

CHECK PORT 1.0

PRESS:  SETB PSW3

MOV R5#0F8H

Cccccee: MOV R6,#0C8H
CCcc: MOV R7#0C8H
CCC: JB  P1.0,RETURN

DINZ R7,CCC
DINZ R6,CCCC
DINZ R5,CCCCC
AJMP  START

RETURN: CLR PSW3

JB P10,
RET

© MODE LISTEN

LISTEN: MOV~ R2#03H

ACALL DELAYS



ACALL DELAYS
MOV  R7#03H
uu: ACALL TONE
DJINZ R7,UU ;MAKE VOICE 3
TIMES
uuuuuu: ACALL WHO
CJINE  A#00H,UUUUU
AJMP  PAASS
Uuuuu: DINZ R2,UluuuU
AJMP  MAINW

PAASS: ACALL DELAYS
ACALL DELAYS

DEC RO

DEC RO

DEC RO

MOV R2#03H
Uuuu: ACALL TONE

MOV  R3,#04H

ACALL PRESS

DEC R3

MOV AP1

ANL A#EH

RR A

CJINE A50H,MISS

ACALL PRESS

DEC R3

MOV APt

ANL  A#IEH

RR A

CJINE A51HMISS

ACALL PRESS

DEC R3

MOV AP1

ANL A#EH

RR A

CJINE A52HMISS

ACALL PRESS

DEC R3
MOV  AP1
ANL A#EH
RR A
CJNE A53H,CANT
AJMP VOICE
MISS:  ACALL PRESS
DINZ R3MISS
CANT:  DINZ R2,UUUU
AJMP  MAINW
jeresesseesns) |GTEN THE MESSAGE
VOICE:  ACALL DELAYS
ACALL DELAYS
ACALL TONE
ACALL TONE
MOV  74H,@R1
MOV  A#00H
CINE AT4HLLL
AJMP  MAINW

LLL: CLR P34
CLR P35
CLR P33
SETB P15
ACALL DELAYT
CLR P15
SIMP  TTTT

NOTYOU: MOV R7#0FOH

NOTTTT: ACALL DELAYS
DJNZ  R7,NOTTTT

TITT: DINZ  R4NOTYOU

SETB P3.5 ;SET PORT TO
LISTEN SOUND

jrrmmes st COUNT TIMING LISTEN
LL: MOV R2#0F9H
PPP: MOV  R3#0C8H

NOP AB

NOP AB

NOP AB

NOP AB

NOP AB
NN: JB P1.0,NNN

NOP AB

NOP AB

NOP AB

NOP AB

NOP AB

DINZ R3,NN

DINZ R2,PPP

DINZ 74,LL

EENDING: MOV @R1,#00H

ENDING: ~ CLR P34
CLR P35
SETB P1.5
ACALL DELAYT
ACALL DELAYT
CLR P15
ACALL DELAYT
ACALL DELAYT
SETB P1.5
ACALL DELAYT
ACALL DELAYT
CLR P15
ACALL DELAYT
ACALL DELAYT
AJMP - MAINW2

NNN: MoV AP1
ANL  A#EH
RR A
CINE A#00H,ENDING
AJMP EENDING

MAINW2:  ACALL DELAYS
ACALL DELAYS
MOV R7#05H
MAINWW2:  ACALL TONE
DINZ R7,MAINWW2
CLR P16
SETB P1.5
ACALL DELAYT
CLR P15
ACALL DELAYT
SETB P1.5
ACALL DELAYT
CLR P15
ACALL DELAYT
MOV R7#0C8H
2772: MOV R6#C8H
277 MOV  R5#0C8H
DINZ R5,$
DINZ R6,ZZZ
DINZ R6,ZZZZ
SETB P1.5
ACALL DELAYT
CLR P15
ACALL DELAYT
SUREW2: AJMP START

; MODE LEAVE THE MESSAGE

RECEIVED: MOV R24#03H
ACALL DELAYS
ACALL DELAYS



MOV R7#02H ;SET PORT TO
RECEIVE MODE
1I: ACALL TONE

DJNZ R7,lI ;MAKE VOICE 2
TIMES
i ACALL WHO

CJNE  A#O00H, 1t

AJMP CON
1H: DINZ R2,1ll

AJMP  MAINW

y et CHECK THE LAST POSITION
RECORD
CON: MOV 74H,@RO

MOV A#OFOH

CINE A74H,1it

AJMP  MAINW

1 CLR P34
CLR P35
SETB P3.3
SETB P1.5
ACALL DELAYT
CLR P15
ACALL DELAYT

SIMP  JJJJ

NOYOU: MOV R7#0FOH

NOTJJJ: ACALL DELAYS
DJNZ R7,NOTJJJ

JJJJ: DINZ R4,NOYOU

JU: ACALL DELAYR
DINZ 74H,JJ

yrre s SET PORT FOR RECORD
JUd: SETB P3.5

SETB P34

ACALL TONE

jrrmssrCOUNT TIMIMG RECORD
KK: INC  74H

ACALL DELAYR

NOP AB

NOP AB

NOP  AB

NOP AB

NOP AB

NOP AB

NOP AB

CJINE A74HKK

FULL. MOV SP#0H
ACALL TONE
CLR P35
CLR P34
SETB P15
ACALL DELAYT
CLR P15
ACALL DELAYT
SETB P15
ACALL DELAYT
CLR P15
ACALL DELAYT
MOV  @R1,74H
AIMP  MAINW2

DELAYR: MOV R3#0A7H
RO: MOV R2#0BBH
RRR: NOP AB

NOP AB

NOP AB

NOP AB

NOP ' AB

JB. P1.0,FULL

DJINZ R2,RRR

NOP AB

NOP AB
NOP AB
DINZ R3,RO
NOP AB
NOP AB
NOP AB
NOP AB
RET

; MAKE TONE PATH

TONE:

AA:

BB:

DELAY:

SETB PSW.3
MOV R5#0FFH
SETB P17
ACALL DELAY
CLR P17
ACALL DELAY
DINZ RS5,AA
MOV R5#0FFH
CLR P17
ACALL DELAY
ACALL DELAY
ACALL DELAY
ACALL DELAY
ACALL DELAY
ACALL DELAY
DINZ R5,BB
CLR PSW.3
RET

MOV R6,#0AAH
DINZ R6,$
RET

jremmsstDELAY OF SETTING PLAY TAPE

DELAYT:

AAAAA:

END

SETB PSW.3
MQV  R6,#0FFH
MOV R5#0FFH
DINZ R5,$
DINZ R6,AAAAA
CLR PSW.3
RET
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