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Special Project Title Home Control System
Name Mr.Thiti Smarnmitr
Department Applied Physics Faculty of Science
Program Applied Physics — Science and Industry Instrumentation
Academic Year 2005
Special Project Advisor Assoc.Prof. Wichit Sirichote
ABSTRACT

A device used for remote controlling appliances by DTMF coding has been designed and
built. The circuit is based on AVR MEGA16 8-bit microcontroller. The input front-end consists of
ring detector and DTMF encoder/decoder chip, MTB880. The firmware is devcloped using c
language. The output has 4-channel relays. The board has digital input for connecting the security
sensors, €.g. magnetic reed switch, or pyrometer sensor. When contacts are closed, the board will dial

to the predefined phone number to alert with different tone signals.
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T sunsuileiidoniuTagly Codevision Compiler Tl Compiler Az dm il

ATE0R AVR MEGAI6 anuiantliuuasilaiduns i ves ATMEGATS Tdiw

home.c
/***w*ir**irr****r*****w******w******t***ii*t**********x

This program was produced by the

CodeWizardaVR V1.24.8b Professional

Autoratic Progrem Generator

2 Copyright 1998-2006 Pavel Haiduc, HP InfoTech s.r.l.
http://www.hpinfotech.com

Project

Yersiocon

Date : 21/3/2C06

Author : FACG

Company : F4CG

Comments:

Chip type ¢ ATmegaléd
Program type : Application
Clock freguency 1 4.,0000C0 MH=z
Memory mocsl ¢ Small
Exlterral SRAM size : C

Cata Stack size : 256

k-Jr****w*i*******w*******&*i**xi*****x****ww**********/

zinclude <megalé.h>
finclude <delay.n>

// SPI Zunctions
#include <spi.h>

// Declare your global variakles here

char
cialnum[1l0]={0x88,0x90,0x98, 0xA0, OxAB, 0xB0, OxBS, 0xC0, 0xC8,0xD0},dazal =
0x00,data? = 0x030,data? = 0x00,datad = 0x00,flagl=0

,hunclear [1C]={0x8F, 0x97, 0x9F, OxA7, OxAF, 0xB7, OxBF, 0xC7, OxCF, CxD7V},
templ, dtmf, flag2=1, f_ag3=0,dialnunber, timerflag=C, flagd=0, flagb=0;

int tempZ=0,sec=C, i=0, counter=0,msec=0, chance=3;

fdefine b0 PORTD.
fcefine bl PORTD.
fdefine b2 PORTD.
#cdefine b3 PORTD.
#define irg FINB.
tdefine rw PORTB.
kdefine qgZ PORTB.
#define rsC FORTB.3
#define cs FORTR.Z
//¥define shldl FORTC.?2
//#define shld? ECRTC.1
//#define rck PORTC,3
#define led ZORTD.7
fidefine relayl PORTC.1
tdefine relay2 PORTIC.Z
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fdefine
fasfine
fdefine
$define
readB880
{

ial{)

f{aiain

— e
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bl
b2
3

Zf(dialn
b

bl
b2

b3 =

i {dialn

!
1

b0
bl
Dz

p3 =

4
if{dialn

{

}
ifidialn
{
b0
bl
bz

relay3 PORTC.
relayd PORTC.
relayS PORTC.
scur.d PORTC.O
)

~a

o~

0x78;

i
OO O O S — =

. o~

e wa

C = 1;
lay ms{10;};

RD &= 0OxB7;

\

tmcer == 1)

|
OO O
N me me

unkber =

Il
[RS]

o o= O

umber == 3}

[ R

H
i

umber 4)

I
O oo
e vl

~

arher == 1}

i
-
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b3 = 0;

}
ifidialnumper == 6)
{
b0 = Oy
bl = 2;
2 = 1;
B3 = 0;

1
if{dia_nunber ==

{

-]

B0 = 1;
bl = 1;
b2 = 1;
b3 = 0;
lf({dialnumkber == 8]
bC = 0y
bl = 0;
pZ2 = 0;
n3 = 1;
}
ifldialnumber == 9)
{
pd = 1;
bi = O;
bz = 0;
b3 = 1;
}
if!dialnumber == 10}
{
b0 = 0;
Bl = 1;
b2 = 0;
3 = 1;
!
if(dialnumkber == 11)
{
bC = 1;
bl = 1;
bz = 2;
b3 = 1;
;
ifidialnumber == 12}
{
pl = 0;
bi = 1;
b2 = 0;
p3 = 1;

i
t

write8880 (ckhar cialnumberl,char dialrnumber?)
{

JDED |= 3x78;

rsC = 1;

cs = 1;

g2 = 1;



o
~

rw =
b0 =
bl = 2;
b2 =
b3 =
cs = 0;

delay ms (10} ;
cg =
EO =
Lkl =
b2 = 0;

3 = 0;

cs = 03

delay ms{.0);

cs = 1

delay ms{1000);

DDRE |= 0x78;

dialaumber = dia:numberl;
aialf};

ral = 0;

cs = 03

de_ay ms (10}

cs = 1;

delay ms(230);

dialnumber = dialnumber?;
dial {);

cs = 03

delay ms{(10);

cs = _;

kO =
E1 =
k2 =
E3 =

—
~

i

;

Ot Ot

r
’

r

O D O Y

!
v
4

;

O oo O

I3

dtmfdecode ()

tengpl = 07
temgl |= PIND;
tenpl &= 0x78;
tengl >>= 25

cdtnf = templ;
}
soundon {)
{
for (i=0; 1<1000; i++;}
{
sound “= 1;

delay msi{l);

J



flagi = G;

)
!

soandoff {)
{
for (i=0; 1<200; i++)
{
sound "= 1;
delay ms{l);
}
flag3 = 0y
t
scundoass ()
{
For{i=0; 1i<400; i++)
{
souna °= 1;
delay_us(50C);
}
flag3 = 0;

soundlow(}
{
for {i=0; 1<150; i-+)
;
sound = _;
delay us(2000);

flagB = 0;

soundmed ]
for(i=0; 1<3C00; i+4)
{
sound *= 1;
delay us(5C0};
i
flag2 = 0;
I

sounchign ()}
{
foer(i=0; 1<600; i+-+)
{
scund "= 1;
delay us{250;};

1

!
flag3 = C;
1

soundalarm/{;
{
if{flag3 == 1)
{
for{i=0; 1<10C00; 1++)
{

sound = 1;



delay ms(l};

flag3 = 0;
flagh = 2;

password()

{

flagh = 0;

reenter:
if ({charce == Q)
{
de_ay ms (100);
soundhich(};
delay ms(50);
soundmed () ;
delay_ms (50} ;
sounalow () ;
chance = 3;
flagd = 1;
gote endpass;
h
while{!ira);
delay ms(2:50);
while{irqg);
dtmfcecode () ;
if{domf != 1)
{
soundalow () ;
chance = chance
Jcto reenter;
}
scundhigh{};

wnile(lirqg);
delay ms(230];
while({irg);
dtmfdeccde !} ;
if{ctmf != 2}
{

soundiow{);
chance = chance
goTo reenter;
i

soundhigh{);

while{!lirqg);
delay ms (230}
walle(irag);
dtmfdeccace{};
if(dtnf !'= 3
sound_owi(};
chance = chance
goto reenter;



}
soundhigh () ;

while(lirg);
aelay ms{250);
while(irq);
dtmfdecode ()

f{dtmf != 4)

{
soundlow ()7
chance = charnce -1;
gotc reenter;

delay ms (10
scundlow
delay ms{
scundmed () ;
delay msi{:Q);
soundhlgh()
delay ms (30
soundlow
delay ms
soundmed |
delay ms |
soundnig
endpass:

[

/rwritel3Zbiz ()

{
sh>dl
sh_dz
rck = 25
spi{datal);
spil(cataZ);
spi{data3);
spi{datad);
shldl
shldz =
rcs = 05

L |
[Er—

]
[
~.

}*".’

// External Interrupt ( service rcoutine
irterrupt [ZXT_INTO] vold ext intO_isr(void]
{
tempZ =
led 0

delay ms{430};
led = 1
if{temp2 =

i

tempZ + 1;

™

5)

o

temp?Z
flagl
flagZz =
relaybh =
led ~= 1;

r

il

o

r
’
i

r



void main{veid)
{

// Declare your .ocal variaples here

// Inpat/Cutput Ports initializazion

// Port A initialization

// Func7=0ut Funcé=Cut FuncS=Cut Funcd=0Cuc
Tuncl=0ut Func0=0ut

Tunc3=0urt

FuncZ=0ut.

// State7=0 Statef=0 Stata5=0 Stated=0 State3=C StateZ=C Statel=0]

Statel=0
FPORTA=0x00;
DDRA=0xFF;

// Port B initialization

/4 Funci=0ut Funcb=In FuncS=0ut Funcd=0ut
Func_=In Funcl=In

// State7=0 Stateb6=T State=0 Stated=( Statel
Statel=T

PORTB=0xFD;

CDRB=CxFD;

// Port C initialization
// Func?=In Funcé=In Funchb=In Funcd=In Func3=
Funcl=In

=T

/7 Statel=T Stateé=T Stateb=T Stated=T State3=T

Statel=T
FORTC=0x40;
DDRC=0xBF;

// Port D initizlization

// FPunc?=In Funcé=In Funch=In Funcd=In Func3=
TunczC=In

// State7=T State6=T Stateb=T" S:tated=T Statel
Statel=T

PORTD=CxB0;

DDRC=0xF8;

// Timer/Counter C Initialization
// Clock source: System Clock

// Clock walue: 4000,.000 kHz

// Mode: Normal top=FFh

// 0CC cutput: Disconnected
TCCRO=0x0C0;

TCNTC=0xCO0;

CCRO=0x0C;

// Timer/Counter 1 initializaticn
// Clock source: System Clock

// Clock value: Tirer 1 Stopped
// Mocde: Normal top=FFEFFh

/7 CClA ocutput: Discon.

// CC1B ocutput: Discorn.

// Noise Canceler: Off

Furci=In

Statez=T

Funcz=1In

Statez=T

FurcZ2=In

StateZ=T

Func2=In

Statel=T

Func_ =1In

Statel="T

Funcl=In

Statel=T



// Input Capture on Falling Ed
// Timer 1 Overflow Interrupt:
// Input Capture Iaterrupt: Of
// Compare A Match Interrupt:
// Compare B Match Interrupt:
TCCRIA=0x00;

TCCR1IB=Cx00;

TCNT1H=Cx00;

TCRT1.=0x=00;

ICR1H=0x00;

ICRIL=0x03;

OCRZAH=0x00;

OCRIAL=0x00;

CCR1IBH=0x00;

QCR1BL=0x0C;

// Timer/Counter Z initializat
/¢ Clock source: System Clock
/¢ Clock walus: Timer 2 Stoppe
// Mode: Normal top=FFh

// OCZ output: Disconnectad
ASSE=0xC0;

TCCRZ=0x00;

TCNTZ2=0x00;

// Exrernal Irterrupt(s] initi
// INTC: Cn

// INTC Mode: Low level

/4 TNT1: Off

//OINT2: OZf

GICR|=0x40;

MCUCR=0x00;

MCUCSR=0x00;

GTFR=0x4C;

e
OfZ
f
Cff

Ofsf

icn

d

alization

// Timer{s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

// Analog Comparator inizializ
// Analog Comparator: Off

// Bnalog Comparator Input Cao
ACER=0x80;

STICR=Cx0Q0;

// SPI initializaticn

// SPI Type: Master

// 8PI Clock Raze: 250.000 <Hz
// 321 Clock Phase: Cycle Half

/ Clock Pcelarity: Low
/Y Data Order: MSB First
SPCR=(Cx51;

SPSR=0x00;

L Uy s
oy
= o

2

// Glokal enable interrupts
gasm "sel™)

while (1)
{
while(flag?2)

ation

ture by Timer/Ccunter 1:



{
1T (PINC.& == J)
{

delay ms (250} ;
1
i

relays = 1;
Write8880{1,6);
flagl = 1;
flagz = 0;
flags = 1;

led = 0;

}
delay ms (2ZC0);
readigs0{};
templ = 0;
temp? = 0;
delay ms (200,
PORTD |= 0x78;
DDRD &= 0Ox87;
if{flag3 == 1}
goto skippass;
password(};
if({flagd ==
goto wrongpa
skippass:

while (! fiagl)
{
led = 0y
}
while{flagl)
{
led = 1;

/i soundalarm(};

1)
£3;

wnile(!lirg)
soundalarm!{; ;
if{flag5 == 1}
password{);
ifi(flagd == 1}
goTo Wrongpass;

delay ms (250} ;
while {(irqg)
dtmfdecode () ;
led = 0;

if{domf == 1)
{
delay ms(250);

relayl "= 1;
if(relayl == 1}
soundor: ()



if{relayl

souncoif (),

}

if{dtmf == 2)

{

delay ms(250);
1;

relays

if(relayZ
soundon{};
iff{relayz == ()

soundoff () ;

}

Lf{ctm

{

3)

delay m={250);
relay3d ~= 1;
ifi{relay3

soandon (

Vi

if{relay3

soundoff{);

Lfi{dtnf

1

oy

£

delay msi(2:0);
relayd "=
ifirelayd
scundcn () ;
ifi{relayd

scundoff {);

}

if{dtmf
{

Wrongpass:

l .

’
= 13

13)

delay ms{250);

flag3 =
flagl =

relays =

templ =
temp? =

flagze =
dtmf = 0;
led = 1;

b3 =
b2 =
bl =
bC =
o5 =
flagd
flagh =
}

2
r

r

[ B lie T oo T o

o=

if({dimf
{

G;
0;

o
0

e e e

O N

?

3)

delay ms{25C);

wnile{l);



{

led "= 1;

daelay ms{1000);
1

}

dtmfdecode!} ;
while{irg)

{

dumfdecode () ;

t



MITEL

MT8888C/MT8888C-1

Integrated DTMF Transceiver
with Intel Micro Interface

Features

+ Central office quality DTMF transmitter/receiver
» Low power consumption

» High speed Intel micro interface

* Adjustable guard time

+ Automatic tone burst mode

+ Call progress tone detection to -30dBm

Applications

+ Credit card systems

« Paging systems

+ Repeater systems/mobile radio
« Interconnect dialers

+ Personal computers

Description

The MTB8888C is a monolithic DTMF transceiver with
call progress filter, It is fabricated in CMOS
technology offering low power consumption and high
reliability.

ISSUE 2 May 1995

Crdering Information

MTB8888CE/CE-1
MT8888CC/CC-1
MTB8888CS/CS-1
MTB8888CN/CN-1

20 Pin Plastic DIP
20 Pin Ceramic DIP
20 Pin S0IC

24 Pin 330CP

-40°C to +85°C

The receiver section is based upon the industry
standard MTB870 DTMF receiver while the
transmitter utilizes a switched capacitor D/A
converter for low distortion, high accuracy DTMF
signalling. Internal counters provide a burst mode
such that tone bursts can be transmitted with precise
timing. A call progress filter can be selected allowing
a microprocessor to analyze call progress tones.

The MTBB88C utilizes an Intel micro interface, which
allows the device fo be connected to a number of
popular microcontrollers with minimal external logic.
The MT8888C-1 is functionally identical to the
MTB888C except the receiver is enhanced to accept
lower level signals, and also has a specified low
signal rejection level.

Data — Do
D/A Rowand L) Transmit Data BUS | o4
TONE -+ Converlers Column Register g
Countars uffer
D2
Status — D3
Tone Burst Control Register Inlerrgpt
Gating Cct. Logic Logic o
m = [RQICP
IN+ h Dial Control
Tane | - Register
IN- Filter High Graup Digital A . - =
liter Algorithm
G -
G and Code Control o . Cs
| | Low Group Convertar Ragister Contral -
OSC1 1  oscilator Filter B entrot— —
o - R/W
Circuit I
0SC2 — . RSO
Contro! - _ -
Bias Logic Steering Reéew‘etData
Circuit Lagic agistar
| ! I | [
1 ! | | 4
Voo Vret Vss ESt StGT

Figure 1 - Functional Block Diagram
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vt Y 20bvoo N+ ] 1 U b voo
IN-[] 2 19 stGT IN-[] 2 2317 syaT
Gs[]a 18_IESt gs[] 3 22[ ] est
vRef[ ] 4 171D3 vRef[_] 4 2101 o3
vss[] 5 16] ID2 vas[] 5 201 ] o2
osc1[] s 15]1D1 osc1] e 1901 o1
osc2(] 7 14[Jpo oscz( 7 18] oo
TONE[] & 13 ]IRG/CP NCL] 8 170 NC
RWI([T 9 12[0RrD NC[] 9 16[] NC_
cs[f1o0 11[JRS0 TONE[]10 15 ] IRQ/CP
RAw 111 1417 RD
csl]12 13 rso
20 PIN CERDIP/PLASTIC DIF/SOIC 24 PIN SSOP

Pin Description

Figure 2 - Pin Connections

Pin #

20 | 24 Name Description

1 1 IN+ |Non-inverting op-amp input.

2 2 IN-  |Inverting op-amp input.

3 3 GS |Gain Select. Gives access to output of front end differential amplifier far connection of
feedback resistor.

4 4 VRrat |Reference Voltage output (Vop/2).

5 5 Vgg |Ground {(0V).

6 6 | OSC1 |Oscillator input. This pin can also be driven directly by an external clock.

7 7 | OSC2 |Oscillator output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes
the internal oscillator circuit. Leave open circuit when OSC1 is driven externally.

B 10 | TONE {Output from internal DTMF transmitter.

9 M WR  |Write microprocessor input.  TTL compatible.

10 | 12 cs Chip Select input. Active Low. This signal must be qualified externally by address latch
enable (ALE) signal, see Figure 12.

11 | 13 | RSO0 Register Select input. Refer to Table 3 for bit interpretation. TTL compatible.

12 | 14 RD [Read microprocessor input. TTL compatible.

13 | 15 IRQ/ |Interrupt Request/Call Progress (open drain) output. In interrupt mode, this output goes

CP ilow when a valid DTMF tone burst has been transmitted or received. In call progress mode,
this pin wilt output a rectangular signal representative of the input signal applied at the input
op-amp. The input signal must be within the bandwidth limits of the call progress filter, see
Figure 8.

14- | 18- | DO-D3 |Microprocessor Data Bus. High impedance when CS=1orRD=1.

17 | 21 TTL compatible.

18 | 22 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.

19 | 23 | 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 fatch. A voltage
less than Vg, frees the device to accept a new tane pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the voltage on St.

20 | 24 Vpp |Positive power supply {5V typ.).

8,9 NC |No Connection.
16,17

492




MT8888C/MT8888C-1

Functional Description

The MT8888C/MT8888C-1 Integrated DTMF

Transceiver consists of a high performance DTMF O— F—~Ann

receiver with an internal gain setting amplifier and a c1 R [N+
DTMF generator which employs a burst counter to

synthesize precise tone bursts and pauses. A call T
progress mode_c_:an be selected so that frequencies o— —AAA .

within the specified passband can be detected. The cp R4 RS

Intel micro interface allows microcontrollers, such as

the 8080, 80C31/51 and 8085, to access the GS

MT8888C/MTB8888C-1 internal registers.

R3 R2

Input Configuration VRt
MT8888C/
MT8838C-1

The input arrangement of the MT8888C/MT8888C-1

provides a differential-input operational amplifier as DIFFERENTIAL INPUT AMPLIFIER

well as a bias source (Vger), which is used to bias the e S AL,

inputs at Vpp/2. Provision is made for connection of R2 = B0K{2, R3 = 37.5 k§?

a feedback resistor to the op-amp output (GS) for R3 = (R2ZR5)/(R2 + R5)

gain adjustment. In a single-ended configuraticn, the VOLTAGE GAIN

input pins are connected as shown in Figure 3. (Ay diff) - R5/R1

INPUT IMPEDANCE

. . Z)ydiff) = 2V R1? + (1/wC)?
Figure 4 shows the necessary connections for a (@i (1)

differential input configuration.

) ) Figure 4 - Differential Input Configuration
Receiver Section

Separation of the low and high group tones is

achieved by applying the DTMF signal to the inputs F F peT | o D D D
of two sixth-order switched capacitor bandpass ki e : 2 ! :
filters, the bandwidths of which correspond to the low 697 1209 9 0 0 0 1
and high group frequencies (see Table 1). These
filters incorporate notches at 350 Hz and 440 Hz for 637 1336 2 0 0 ! 0
exceptional dial tone rejection. Each filter output is 697 1477 3 0 0 1 1
followed by a single order switched capacitor filter
section, which smooths the signals prior to limiting. 70 1209 4 0 ! 0 0
Limiting is performed by high-gain comparators 770 1336 5 0 1 0 1
which are provided with hysteresis to prevent 1 o
detection of unwanted low-level signals. The outputs 770 1477 6 0 !
of the comparators provide full rail logic swings at 852 1209 7 0 1 1 1
the frequencies of the incoming DTMF signals.
852 1336 8 1 0 0 0
852 1477 g 1 0 0 1
IN+
941 1336 0 1 0 3 0
L
o N 941 | 1209 . 1o 1|1
c Rin
941 1477 # 1 1 0 0
Rr GS 697 1633 A 1 1 0 1
770 1633 B 1 1 1 o
v af
Rl WTsasscy 852 1633 c 1 1 1 1
VOLTAGE GAIN | MTasssc 941 | 1633 D (0|0 |o0]oO
iAy) = Rp /Ry
0= LOGIC LOW, 1= LOGIC HIGH
Figure 3 - Single-Ended Input Configuration Table 1. Functional Encode/Decode Table
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Following the filter section is a decoder employing
digital counting technigques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against lone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum 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.

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 externat RC time constant driven by
ESt. A logic high on ESt causes v, {see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tg7p). v reaches the threshold
(Vrsi) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the Receive Data Register. At this point the GT
output is activated and drives v, to Vpp. GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. 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 (drop out) 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.

Voo
MT8888C/
MT8888C-1
—_
Voo B
SVGT Yo
ESt f——AAA——

R1

tgra = (R1C1) in (Vo / Vs

tgrp = (RIC1) in [Vpp / (Vop-Yrsill

Figure 5 - Basic Steering Circuit

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the following inequalities
(see Figure 7).

trec 2 tpPmax*tGTPmax = tDAmIn
tRiEC = tDPmIn"'tGTPmin - tDAmax
tID z tDAma;c*'tGT.iﬂumax - tDPmin
tpo < tpaminttaTamin - toPmax

The value of top is a device parameter (see AC
Electrical Characteristics) and tgrge is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most

tarp = (RpC1) In [Mpp 7 (Vop-Virsll]

tgra = (R1C1) In (VppVrs:)
) Zﬁ

=(R1R2}/ (R1 + R2)
a) decreasing tGTR; ({GTP < tGTA)

tore = (R1C1) In Vop / (Vop-Vrsy)]

0O tora = (RyC1) In (VppVysy)
) E

Rp = {R1R2}/ (R1 + R2)
Figure 6 - Guard Time Adjustment

b) decreasing tGTA; (tGTP > tGTA)




MT8888C/MT8888C-1

applications, leaving R1 to be selected hy the
designer. Different steering arrangements may be
used to select independent tone present (ts1p) and
tone absent (tg7a) guard times. This may be
necessary to meet system specifications which place
both accept and reject limits on tone duration and
interdigital pause. Guard time adjustment also allows
the designer to tailor system parameters such as talk
off and noise immunity.

Increasing trgc improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short trec with a long tng 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 6. The receiver timing is shown in
Figure 7 with a description of the events in Figure 9,

Call Progress Filter

A call progress mode, using the MT8888C/
MTB8888C-1, can be selected allowing the detection
of various tones, which identify the progress of a
telephone call on the network. The call progress
tone input and DTMF input are common, however,
call progress tones can only be detected when CP

mode has been selected. DTMF signals cannot be
detected if CP mode has been selected (see Table
7). Figure 8 indicates the useful detect bandwidth of
the call progress filter, Frequencies presented to the
input, which are within the ‘accept’ bandwidth limits
of the filter, are hard-limited by a high gain
comparator with the IRQ/CP pin serving as the
output. The squarewave output obtained from the
schmitt trigger can be analyzed by a microprocessor
or counter arrangement to determine the nature of
the cail progress tone being detected. Freguencies
which are in the 'reject’ area will not be detected and
consequently the IRQ/CP pin will remain low.

LEVEL 4
(dBrm)

| | L,
0 250 500 750
FREQUENCY (Hz)

May Accapt

Accept

Figure 8 - Call Progress Response

EVENTS | A | = | ¢ | o |} E | -
tREG —ln: — — frec — — o — _p: too :‘_.
‘ I I | TONE TONE
Vin I | TONE #n e s
1
e =¥ s
es: [T . L] I
ey, TP e—r—
! —d N
SYGT I T V1
-1 -1 G —t I ! I
L PStRx
RXg-RX DECQDED TONE # {n-1) X #n X #(n+1)

4 b
b3 | I

Read

b2 _I
M

Status
Register

{RQICP

L]

L

Figure 7 - Receiver Timing Diagram
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EXPLANATION OF EVENTS

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.

RXg-RXg

VALID DTMF SIGNAL.

REGISTER IS READ.

A} TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.

B} TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

C) END OF TONE #n DETECTED, TONE ABSENT DURATION WALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR,

8] TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

E} ACCEPTABLE DROPQUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.

F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION [N RX DATA REGISTER

ESt EARLY STEERING OUTPUT. INCICATES DETECTION OF VALID TONE FREQUENCIES.

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

4-BIT DECODED DATA IN RECEIVE DATA REGISTER

b3 DELAYED STEERING, INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

[R&YCP  INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER, THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

trec MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID,

trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

to MINIMUM TIME BETWEEN VALID SEQGUENTIAL DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VAL!D FREQUENCIES PRESENT.

toa TIME TO DETECT VALID FREQUENCIES ABSENT.

taTe GUARD TIME, TONE PRESENT.

taTa GUARD TIME, TONE ABSENT.

Figure 9 - Description of Timing Events

DTMF Generator

The DTMF transmitter employed in the MT8888C/
MT8888C-1 is capable of generating all sixieen
standard DTMF tone pairs with low distertion and
high accuracy. All frequencies are derived from an
external 3.579545 MHz crystal. The sinusoidal
waveforms for the individual tones are digitally
synthesized using row and column programmable
dividers and switched capacitor D/A converters. The
row and column tenes are mixed and filtered
providing a DTMF signal with low total harmonic
distortion and high accuracy. To specify a DTMF
signal, data conforming to the encoding format
shown in Table 1 must be written to the transmit Data
Register. Note that this is the same as the receiver
output code. The individual tones which are
generated (f oy and fgn) are referred to as Low
Group and High Group tones. As seen from the
table, the low group frequencies are 697, 770, 852
and 941 Hz. The high group frequencies are 1208,
1336, 1477 and 1633 Hz. Typically, the high group to
jow group amplitude ratio (twist) is 2 dB to com-
pensate for high group attenuation on long loops.

The period of each tone censists of 32 equal time
segments. The period of a tone is controlled by
varying the length of these time segments. During
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write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length,
which will ultimately determine the frequency cof the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
of time segments is fixed at 32, however, by varying
the segment length as described above the
frequency can also be varied. The divider output
clocks another counter, which addresses the
sinewave lookup ROM.

The lockup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to preduce row  and
column tones, which are then mixed using a low
noise summing amplifier. The oescillator described
needs no “start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
incorporated and serves to attenuate distorlion
products above 8 kHz. It can be seen from Figure 8
that the distortion products are very low in amplitude.
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Scallng Infarmation

10 dB/Div

Starl Frequency = 0 Hz

Stop Frequency = 3400 Hz
Marker Frequency = 687 Hz and
1206 Hz

Figure 10 - Spectrum Plot

Burst Mode

In certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined either by the particular
application or by any cne of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms, which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, the burst/pause
duration is doubled to 102 ms +2 ms. Note that when
CP mode and Burst mode have been seiected,
DTMF tones may be transmitted only and not
received. In applications where a non-standard
burst/pause time is desirable, a software timing loop
or external timer can be used to provide the timing
pulses when the burst mode is disabled by enabling
and disabling the transmitter.

Single Tone Generation

A single tone mode is available whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

?ﬁ;{YF OUTPUT FREQUENCY (Hz) %ERROR
SPECIFIED ACTUAL
L1 697 6881 +0.30
L2 770 766.2 -0.49
L3 852 847 4 -0.54
L4 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 1331.7 -0.32
H3 1477 1471.9 -0.35
H4 1633 1645.0 +0.73

Table 2. Actual Frequencies Versus Standard
Requirements

Distortion Calculations

The MT8888C/MT8888C-1 is capable of producing
precise tone bursts with minimal error in frequency
(see Table 2). The internal summing amplifier is
followed by a first-order lowpass switched capacitor
fiter to minimize harmonic components and
intermodulation products. The total harmonic
distortion for a single tone can be calculated using
Equation 1, which is the ratio of the total power of all
the extraneous frequencies to the power of the
fundamental frequency expressed as a percentage.

2 2 2 2z
\/ Vot Vit Vgt Vo

Viundamental

Equation 1. THD (%) For a Single Tone

THD (%) = 100
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The Fourier components of the tone output
correspond to Va4.... Vy as measured on the output
waveform. The total harmonic distortion for a dual
tone can be calculated using Equation 2. V| and Vy
correspond to the low group amplitude and high
group amplitude, respectively and V2,5 is the sum
of all the intermodulation components. The internal
switched-capacitor filter following the D/A converter
keeps distortion products down to a very low level as
shown in Figure 10.

2 2 2 2
Mo+ Vo + L Vo + Vot

2 2 2
Vot Vo + Vap

y VALV

Equation 2. THD (%) For a Dual Tone

THD (%) = 100

DTMF Clock Circuit

The internal clock circuit is completed with the
addition of a standard television colour burst crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Rescnance Mode: Parallel

Load Capacitance: 18pF

Maximum Series Resistance:150 ohms
Maximum Drive Level: 2mw

a.g. CTS Knights MP036S
Toyocom TQC-203-A-9S5

A number of MT8888C/MT8888C-1 devices can be
connected as shown in Figure 11 such that only one
crystal is required. Alternatively, the OSC1 inputs on
all devices can be driven from a TTL buffer with the
0S5C2 outputs left unconnected.

MT8888C/ MT3888C/ MTB888C/
MT8888C-1 MT8888C-1 MTB8388C-1
0SC1 0QsC2 0SC1 0OsCcz2 0sSC1 0scz

i

3.579545 MHz

Figure 11 - Common Crystal Connection

Microprocessor Interface

The MT8888C/MTB888C-1 incorporates an Intel
microprocessor interface which is compatible with
fast versions {16 MHz) of the 80C51. No wait cycles
need to be inserted.
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Figures 17 and 18 are the timing diagrams for the
Intel 8031, 8051 and 8085 (5 MHz} microcontrollers.
By NANDing the address latch enable (ALE} output
with the high-byte address (P2) decode output, CS is
generated. Figure 12 summarizes the connection of
these Intel processors to the MT8888C/MT8888C-1
transceiver.

The microprocessor interface provides access to five
internal registers. The read-only Receive Data
Register contains the decoded output of the last
valid DTMF digit received. Data entered into the
write-only Transmit Data Register will determine
which tone pair is to be generated (see Table 1 for
coding details). Transceiver control is accomplished
with two control registers {see Tables 6 and 7), CRA
and CRB, which have the same address. A write
operation to CRB is executed by first setting the
most significant bit (b3) in CRA. The following write
operation to the same address will then be directed
to CRB, and subsequent write cycles will be directed
back to CRA. The read-only status register indicates
the current transceiver state (see Table 8).

A software reset must be included at the beginning
of all programs to initialize the control registers upon
power-up or power reset (see Figure 17). Refer to
Tables 4-7 for bit descriptions of the two control
registers.

The multiplexed IRQ/CF pin can be programmed to
generate an interrupt upon validation of DTMF
signals or when the transmitter is ready for more
data (burst mode only). Alternatively, this pin can be
configured to provide a squarewave output of the call
progress signal. The IRQ/CP pin is an cpen drain
output and requires an external pull-up resistor (see
Figure 13).

RS0 WR RD FUNCTION
0 W] 1 Write to Transmit
Data Register
0 1 4] Read from Receive
Data Register
1 0 1 Write to Cantrol Register
1 1 0 Read from Status Reqgister
Tahle 3. Internal Register Functions

h3 b2 b1 b0
RSEL IRQ CP/DTMF TOUT

Table 4. CRA Bit Positions

b3 b2 b1 b0
C/R S/b TEST BURST
ENABLE

Table 5. CRB Bit Positions
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BIT

NAME

DESCRIPTION

b0

TOUT

Tone Output Contrel. A logic high enables the tone cutput; a logic low turns the tone output
off. This bit controls all transmit tone functions.

b1

CP/DTMF

Call Progress or DTMF Mode Select. A logic high enables the receive call progress mode;
a logic low enables DTMF mode. In DTMF mode the device is capable of receiving and
transmitting DTMF signals. In CP mode a rectangular wave representation of the received
tone signal will be present on the IRQ/CP output pin if IRQ has been enabled (control
register A, b2=1). In order to be detected, CP signals must be within the bandwidth
specified in the AC Electrical Characteristics for Call Progress.

Note: DTMF signals cannct be detected when CP mode is selected.

b2

IRQ

Interrupt Enable. A fogic high enables the interrupt functicn; a logic low de-activates the
interrupt function. When IRQ is enabled and DTMF mode is selected (control register A,
bi=0), the IRQ/CP output pin will go low when either 1) a valid DTMF signal has been
received for a valid guard time duration, or 2) the transmitter is ready for more data {burst
mode only).

b3

RSEL

Register Select. A logic high selects control register B for the next write cycle to the control
register address. After writing to control register B, the following control register write cycle
will be directed to control register A.

Table 6. Control Register A Description

BIT

NAME

DESCRIPTION

b0

BURST

Burst Mode Select. A logic high de-activates burst mode; a logic low enables burst mode.
When activated, the digital code representing a DTMF signal (see Table 1) can be written
to the transmit register, which will result in a transmit DTMF tone burst and pause of equal
durations (typically 51 msec.). Following the pause, the status register will be updated (b1 -
Transmit Data Register Empty), and an interrupt will occur if the interrupt mode has been
enabled.

When CP mode (control register A, b1) is enabled the normal tone burst and pause
durations are extended from a typical duratfion of 81 msec to 102 msec.

When BURST is high (de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, b0).

b1

TEST

Test Mode Control. A logic high enables the test mode; a logic low de-activates the test
mode. When TEST is enabled and DTMF mode is selected (control register A, b1=0), the
signal present on the IRQ/CP pin will be analogous to the state of the DELAYED
STEERING bit of the status register {see Figure 7, signal b3}.

b2

sSiD

Single or Dual Tone Generation. A logic high selects the single tone output. a logic low
selects the dual tone {DTMF) output. The single tone generation function requires further
selection of either the row or column tones {low or high group) through the C/R bit {control
register B, b3).

b3

CIR

Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This function is used in conjunction with the S/D bit (control register B,
b2).

Table 7. Control Register B Description
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BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRGQ Interrupt has occurred. Bit one interrupt is inactive. Cleared after
(b1} or bit two (b2) is set. Status Register is read.
b1 | TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
{(BURST MODE ONLY) data.
b2 | RECEIVE DATA REGISTER | Valid data is in the Receive Data Cleared after Status Register is
FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of Cleared upon the detection of a
the absence of a DTMF signal. valid DTMF signal.
Table 8. Status Register Description
1
3333?3335 MTBB86C/MTEBBBC-1
AB-A15 cs
A8 RS0
& D0-D3
RD RD
WR WR
Figure 12 - MTB888C Interface Connections for Various Intel Micros
nVDD
MT8866C/MTA88BC-1 3
|-
1 Ry g veo i +—71F
DTMF/CP o —
mput O e i~ SuGT é re /J7
—{1 cs ESt p
R2 —{ vRef b3 [} RS -
X-tal Qvss b2 >
-1a
/77 EDI—E 0SC1 b1 >
0sG2 oo [ - oup
— cH
gmgm 7 1 Tone IRaQ/cP [ i or uC
N —L]WR RC [ >
L |—-|: = rso [ -
-
Notes: ——
R1, R2 = 100 k€2 1%
R3=374 Q1% —
R4 = 3.3 kil 10%
R, i 10k (rrlln.] * Microprocessor based systems can inject undesirable noise into the supply ralls.
1 B 100 nF 5;’“ The performance of tha MTB888C/MTBBBBC-1 can be oplimized by keeping
C2=100nF 5% noise on the supply rails to a minimum. The decoupling capacitor (C3) should be
23 T 1%0522222’0;“4 connected close to the device and ground Joops should be aveided.
-tal = 3. z
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Figure 13 - Application Circuit {(Single-Ended Input)
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TEST POINT

5.0vDC

MMDB150 {(or
aquivalent) 2.4 kQ

130 pF

MMD7200 {or
equivalent}

Test load for D0-D3 pins

TEST POINT

,

5.0vDC

I ki

100 pF

Test load for IRQ/CP pin

Figure 14 - Test Circuits

INITIALIZATION PROCEDURE
A software reset must be included at the beginning of all programs to initialize the control registers after

power up.The initialization procedure should be implemented 100ms after power up.

Description: Control Data
RSO WR RD b3 b2 bl bO
1) Read Status Register 1 1 0 X X X X
2) Write to Control Register 1 0 1 0 0 0 0
3) Write to Control Register 1 0 1 0 0 0 0
4) Write to Control Register 1 0 1 1 0 0 0
5) Write to Control Register 1 0 1 0 0 0 0
6) Read Status Register 1 1 0 X X X X
TYPICAL CONTROL SEQUENCE FOR BURST MODE APPLICATIONS
Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.
Sequence: - .
RS0 WR RD b3 b2 b1 Dbo
1) Write to Control Register A 1 0 1 1 1 0 1
(tone out, DTMF, IRQ, Select Control Register B}
2) Write to Control Register B 1 0 1 0 0 0 0
(burst mode)
3) Write to Transmit Data Register 0 0 1 0 1 1 1
(send a digit 7)
4) Wait for an interrupt or poll Status Register
5} Read the Status Register 1 1 0 X X X X
-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 1 0 1 0 1
{send a digit 5)
-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 0 1 0 X X X X
-if both bits are set...
Read the Receive Data Register 0 1 0 X X X X
Write to Transmit Data Register 0 0 1 0 1 0 1

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (£2 ms) AFTER THE DATA IS
WRITTEN TQ THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (1 4 ms).

Figure 15 - Application Notes
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vsg Voo 6 \
2 | Voltage on any pin V| Vgg-0.3 Vppt+0.3 \
3 | Current at any pin (Except Vpp ang Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
5 | Package power dissipation Pp 1000 mw

* Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - voliages are with respact to ground (Vgg) unless otherwise stated.

Parameter Sym Min Typ? Max Units Test Conditions
1 | Positive power supply Vap 4.75 5.00 5.25 vV
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency foek | 3.575965 | 3.579545 | 3.583124 | MHz

1 Typical figures are at 25 °C and far design aid only; not guaranteed and not subject to production testing.

DC Electrical Characteristics’ . vgg=ov.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 s Operating supply voltage Vpp | 4.75 5.0 5.25 v
2 U Operating supply current I5%5) 7.0 11 mA
3 ? [ Power consumption Pc 57.8 | mW
4 | High level input voltage Vino 3.5 vV Note 9*

N | {OSCH)
5 E Low level input voltage Vio 1.5 A Note 9*

7 | (OSCY)

S | Steering threshold voltage Vst 2.2 2.3 2.5 A Vpp=5V

Low level output voltage No load
{0SC2) VoLo 0.1 vV Note 9*

8 S High leve! output voltage No load

T | {O8C2) Vono | 4.9 Vv Note 9*
9 E Qutput leakage current

T | IRQ) loz 1 10 WA | V=24V
10 | ® | Vet output voltage Vier | 24 | 25 | 28 V| No load, Vpp=5V
11 Vref CUtPUL resistance Ror 1.3 kQ
12 D | Low level input valtage Vi 0.8 Y
13 ; High level input voltage ViH 2.0 A
14| | Input leakage current Iz 10 uh | ViN=Vsgta Vpp

a

t
15 | pata | Source current lon -1.4 -6.6 mA | Vou=2.4V
16 | Bus | Sink current loL 20 | 4.0 mA | Vg =0.4V
17 | ESt | Source current loH -0.5 | -3.0 mA | Vgu=4.6V
18 | ey | Sink current oL | 2 4 mA | V=04V
18 |2(§" Sink current loL 4 16 mA | Vo =0.4V

t Characteristics are over recemmended operaling cenditions unless othenwise stated.

t Typical figures are at 25 °C, Vpp =5V and for design aid anly: not guaranteed and not subject to production testing.
* See "Nctes” following AC Electrical Characteristics Tables.
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Electrical Characteristics
Gain Setting Amplifier - Voltages are with respect to ground (Vgg) unless otherwise stated, Vgg= 0V, V=5V, Tp=25%C.

Characteristics Sym Min | Typ? | Max | Units Test Conditions
1 | Input leakage current I 1100 nA Vgg £ Viy £ Vpp
2 | Input resistance RiN 10 MG
3 | Input offset voltage Vos 25 my
4 | Power supply rejection PSRR 60 dB 1 kHz
5§ | Common mode rejection CMRR B0 dB 0.75 <V £4.25V
6 | DC open loop voltage gain AvoL 65 dB
7 | Unity gain bandwidth BwW 1.5 MHz
8 | Output voltage swing Vo 4.5 Vop R 2100 k2 to Vgg
8 | Allowable capacitive load (GS) CL 100 pF
10 | Allowable resistive load (GS) Ry 50 ({9
11 | Common mode range Vem 3.0 Vp No Load

t Typical figures are at 25°C and far design aid only: not guaranteed and not subject 1o preduction testing.

MT8888C-1 AC Electrical Characteristics' - Voltages ara with respect to ground {Vgg) unless otherwise stated.

Characteristics Sym Min Typ Max Units Notes*
1 Valid input signal levels -31 +1 dBm 1,2,3,56
{each tone of composite
R | signal) 218 869 MVgus | 1,2.35,6
2 X Input Signal Level Reject -37 dBm 1,2,3586
10.9 mVRMS 1,2,3,5,6

1 Character

islics are over recommended temperature and at V=5V, using the test circuit shown in Figure 13.

MT8888C AC Electrical Characteristics’- Voltages are with respect to ground (Vgg) unless otharwise stated.

Characteristics Sym Min Typt | Max Units Notes*
R Valid input signal levels -29 +1 dBm 1,2,3,56
1 (each tone of composite
X Signal} 27.5 869 mVRMS 1,2,3,5,6

1 Characteristics are over recommended operating conditions {unless ctherwise statad} using the test circuit shown in Figure 13.

AC Electrical Characteristics’ - Voltages are with respect to ground {Vgg) uniess otherwise stated. f;=3.579545 MHz

Characteristics Sym Min Ty|;:i Max Units Notes*
1 Positive twist accept 8 dB 2,369
2 Negative twist accept 8 dB 2,3,6,9
3 Freq. deviation accept +1.5%t 2Hz 2,35
4 )R( Freq. deviation reject +3.5% 2,3,5
5 Third tone tolerance -16 dB 2,34,59,10
6 Noise tolerance -12 dB 2,3,4,57,910
7 Dial tone tolerance 22 dB 234589

1 Characteristics are over recommended operating conditions unlass otherwise statad.
T Typical figures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.

* *See “Notes"” following AC Electrical Characteristics Tables.
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AC Electrical Characteristics'- Call Progress - voltagas ars with respect to ground (Vgg), unless otherwise stated.

Characteristics Sym Min | Typ* | Max | Units Conditions
1 | Accept Bandwidth fa 310 500 Hz @ -25 dBm,
Note 9
2 | Lower freq. (REJECT) fLlr 290 Hz @ -25 dBm
3 | Upper freq. (REJECT) fHR 540 Hz @ -25dBm
4 | Call progress tone detect level (total -30 dBm
power)

t Characteristics are over recommended operating conditions unless ctherwise stated
t Typical figures are at 25°C, Vgp=5V, and for design aid cnly: not guaranteed and not subject ta praduction testing

AC Electrical Characteristics’™- DTMF Reception = Typical DTMF tone accept and reject requirements. Actual
values are user selectable as per Figures 5,6 and 7.

Characteristics Sym Min | Typt | Max | Units Conditions
1 | Minimum tone accept duration tree 40 ms
2 | Maximum tone reject duration trRER 20 ms
3 | Minimum interdigit pause duration tp 40 ms
4 | Maximum tone drop-cut duration top 20 ms

1 Characteristics are over recommended opserating conditions unless otherwise stated
t Typical figures are at 25°C, Vp=5V, and for design aid only: not guaranteed and not subject to production testing

AC Electrical Characteristics’ - Voltages are with respect to ground (Vgg), unless otherwise stated.

Characteristics Sym Min Typ? Max | Units Conditions
1 | T |Tone present detect time top 3 11 14 ms Note 11
2 (ra Tene absent detect time tha 0.5 4 8.5 ms  |Note 11
3 | © |Delay Sttob3 tostb3 13 us |See Figure 7
4 r‘q Delay St to RXg-RX3 tpsirx 8 us |See Figure 7
5 Tone burst duration tesT 50 52 ms |DTMF mode
6 Tone pause duration tps 50 52 ms |DTMF mode
7 Tone burst duration (extended) tesTE 100 104 ms |Call Progress mode
8 | T |Tone pause duration (extended) tpse 100 104 ms |Call Progress mode
9 g High group output level ViouT -6.1 2.1 dBm (R =10kQ
10 | ¥ |Low group output level Viour | -8.1 4.1 | dBm [R =10k
11 3 Pre-emphasis dBp 0 2 3 dB  |R_ =10k
12 | T [Qutput distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
13 Ry =10k{2
14 Frequency deviation fo 0.7 1.6 % |fg=3.579545 MHz
15 Cutput load resistance Rir 10 50 k{2
16 Crystal/clock frequency fe 3.5759 | 3.5795 | 3.5831 | MHz
17 )T( Clock input rise and fall time toLRF 110 ns |Ext. clock
18 'C Clock input duty cycle DCrL 40 §0 60 % [Ext. clock
19 Capacitive load {(OSC2) CLo 30 pF

+ Timing is over recommended temperature & power supply voltages.
1 Typical figures are at 25°C and for design aid only: not guaranteed and not subject to preduction tasting.
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AC Electrical Characteristics’- MPU Interface - voltages are with respect to ground (Vgg), unless otherwise stated.

Characteristics Sym Min | Typ* | Max | Units Conditions
1 | RD/WR clock frequency fove 4.0 MHz | Figure 16
2 | RD/WR cycle period tove 250 ns Figure 16
3 | RD/WR rise and fall time tr, tF 20 ns Figure 16
4 | Address setup time tas 23 ns Figures 17 & 18
5 | Address hold time taH 26 ns Figures 17 & 18
6 | Data hold time {read) tonr 22 ns Figures 17 & 18
7 | RD to valid data delay (read) toor 100 ns | Figures 17 & 18
8 | RD, WR pulse width low towL 150 ns | Figures 16, 17 & 18
9 | RD, WR pulse width high trwH 100 ns | Figures 16, 17 & 18
10 | Data setup time (write} tpsw 45 ns Figures 17 & 18
11 | Data hold time (write) toHw 10 ns Figures 17 & 18
12 | Input Capacitance (data bus} Cin 5 pF
13 | Output Capacitance (IRQ/CP) Cout 5 pF

1 Characteristics are over recommended operating conditions unlass otherwise stated
$ Typical figures are at 25°C, Ypp=5V, and for design aid only: not guaranteed and not subject to production testing

NOTES: 1) dBm=decibels above or below a reference power of 1 mW intc a §00 ohm load.
2) Digit sequence consists of all 16 DTMF icnes.

3) Tone duration=40 ms. Tone pause=40 ms.
4) Nominal DTMF frequencies are used.

5) Bath tones in the composite signal have an equal amplitude.

6) The tone pair is deviated by £ 1.5%12 Hz.
7) Bandwidth limited (3 kHz) Gaussian noise.
8) The precise dial tone frequencies are 350 and 440 Hz {(12%).

9) Guaranteed by design and characterization. Not subject to production testing.

10} Referenced to the lowest amplitude tone in the DTMF signal.
11) For guard time calculation purposes.
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Figure 18 - 8031/8051/8085 Write Timing Diagram
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