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RS-485

ABSTRACT

This project is produced for waming . It will infrom Code Number to pager

when something is wrong at home. Such as robbery when the owner is not there. All

system control by MCS-51. The microcontroller master controller receives signal

from the sensor. It will be sending the telephone number to the telephone line. After

that , the call is answer before is send the code number. The data will be recorded in

mefhd’ry and"it will not be lost even without AC current. The master controiler will

communicate with keypad(slaye) for function user interface for process and generate.

The communication of system by RS-485.
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ARIAILAL (Control Constructions)

1. laseaFraraalsunsuuniusssuen (Structure of Simple C Program)

void main{void)
{
Afa 1:

AR 2;

}
2. qu for (The for Loop)
for (j=0; j<9; j++)
ﬁ'lﬁ.'\l 1;

for (j=0; j<9; j++)
{
ﬁﬂﬁ.ﬁ 1;
ﬁo’lﬁlfq 2;

3. qu While
while (ch 1=x’)

AR 1;

while (y < 9)
{
R 1;
Anda 2;
}

while (getche() '="A’)

AR 3;

I quFnERE

/ auguunnda 1 AR

/1 g RIREY

/ augriunnndn 1 A

/1 Wi usauws
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while ((ch=geftche()) 1="A)  /f svunsndaldithuowls

fnda 4:

4. 9 do-while (The do while Loop)
do T
A 1;

while (ch I="°A);

do // guunng 1 A

AR 1;
AR 2 ;

while (x <= 10);

5. A4 if uas if-else (The if and if-else Statements)
if (x==10) /1 if IArEaRLa
Anda 1;

if (x < 5) J if Ttunndn 1 Arda

{
fnd"x! 1;
Anda 2:

if (ch=="c") If if-else

Anda 1;
else

ﬁ'lﬁ.’sl 2;
if (x <4) / nested ifs

if (y > 5)



13

ﬁ’lﬁ"ﬁ 1;

if (ch=="a) 11 fndia else-if
Andia 1:

else if (ch=="b")
ﬁ"lﬁ"x'l 2;

else if (ch=="c")

Anda 3;
if (x > 7) 11 else il if fiaisag
if (y < 10)
ﬂo'lﬁl'x! 1;
else
ﬁ'\ﬁl'q 2;
if (x > 5) Il else AN if AAUTN
{ // (braces are necessary)
if (y < 10)
Anda 1;
}
else
Anda 2;

6. A1da Break (The break Statement)
while (ch 1 = “X")
{
Anda 1
if ( count > MAX)
break; /l causes exit form loop

ﬂo'lﬁlil 2;
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7.-A1&a Continue (The continue Statement)
while (ch ! =*X’)
{
if (ch==SPACE)
continue;
Anda 1; // goto start of loop
ﬂ°'1i3'11 2;
}
8. A1 switch (The switch Statement)
switch(x) // integer switch
{
case 1;
pn'ntf’("x is 1)
- brez;k ;
case 2;
printf (“x is 2")
ﬁﬂﬁ.li;
break ;
default ;
printf(“x is anything élse”)
}
switch (ch)

{

case‘'a’:

/l character switch

case'b’:
printf (“ch is ‘a’ or ‘b’ ,”);
break;

case ‘c’:

printf (“chis ‘c’,");

// skip other loop statements
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pJuuuﬁdfﬁu (Function Formats)

1. Fardusssum (Simple Function)
void fun1 (void); // prototype

void main (void) // define main

{
puts(“\nMain program.”)
fun1(); // call function
}
void fun1 (void) // define function
{
puts(“\nFunction.”)f;  // body of function
}

2. gaA11a9eidunal (Retuming a Value from a Function)

int always4 (void); 1 Waridasauyy

void main(void) /1 frvaiariEis main (f

{
printf (“Value retumed is %d." always4 ();
}
int always4 (void) /! ﬁﬂuuﬂﬁqrﬁu
{
retumn (4), // 3R 4 NU
}

Y

3. dariuarfiowe b WiWendu (Passing Arguments to Fnction)

int sum (int, int); /1 Wandusiiuyy

void main (void)

{
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int x=2, y=3;
printf (“Sum of x and y is %d.",sum(x,y));
i Gan ¥ sum 0

}
/f Tstinuen r uaz s i
int sum (inta , int b) i1 Ursmaiariiumfauwiriimes
{
retum (a+b); / §afn 5 Rl&an 2+3 ndLl
]

4. nyWiwemimes HmefNawust (Passing Arguments Using Pointers)

int sumarray (int *); /f FuuuL

void main(void)

{
static int list[3] = {10,20,30}; /I invuaAn Wazise
printf (“Sum=%d.",sumarray(list));  / sinAnazied Wit
int summarray (int *ptr); /1 fimuanaridi
{

}

o
return (*(ptr)+*(ptr+1)+*(ptr+2)); /f gaA1 60 Fudumauan
// BeduTnasIsEnaL

o o af < v .
AlfnenLYays (Data-Eonstructions)
1. axist] (Arays)

void main (void) /1 fumasisel
{
int list[3]; Jf az1eel 1 A3l 3 g1
char table[4][3]; /f azigdl 2 AT 4 unauas 3 ARANL
list[2] = 44 /1 FniNauIinezisd

table[1][3] =‘c":
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// initializing arrays

intlista[3]={1,2,3, }
void man (void)

{
int list{2)[3]1 ={ {4,5.6},

{7,8,9} }

2. 4AN (Strings)

char name[30];

char welcomel ] = “Greetings! ™;

char welcome[ ] = “Greetings!”;

puts(welcome);

salute [2] =="¢’

char names [3][30] =
{*Jenvit","Piyada”,"Piyavi"};

char *name[30] =
{“Bird","Sam","Villy"};

puts(&names [2][0] );

3. wasniimas (Pointers)

/I PERIUANaENInST
int *int_pfr;

char *char_ptr

J1 finvuas Wisawlsiie Global

I/ azisgrindns
/1 AVUARIAFT
// FMUUARIKAT
/I ANTNFIRAIT
/1 fnesluass

/] QLITHUNIARAN
/] 81 INARAN

J gatamtaluasisd

/f wasniima s Wi int

J waenimes LN char

/f other variables used in example below

int numb;

int table[3] = {2, 4, 6 }; // array

// integer variable
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// using pointers

ptr = &numb:

*ptr = 10;

ptr = table;

printf (“%d",*ptr);
printf (* %d”,*(ptr+1));

4. Tarag$ W (Structures)

struct employee

{
intid;
float salary;

char name [40];

}

struct employee clerks;

struct employee staff,

18

/I fivuauaniasd inaeniinasd

/1 s 10 W numb

I fuauaniatsrasazisd Winatinas
// Rusuanfusnuaastse

// RUR AU InANsaaTagasLee

i1 Urznalanafwresdenystin

// employee

i1 anundniasuagulasainil

/1 ivun clerks Wusawlrsasdiaya

// 1/ struct employee

printf (“Clerk’s employee number is %d",clerks.id);

printf (“Clerk’s salary is %f",clerks,salary);

/l shorthand way to define a-sfructure variable

struct
{
intid
float salary;
char name [40];

} clerks;

/1 hidfaamsdalaseain

/1 s clerk iusiawlsravdiaysniln

/! struct
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5. gifiens (Unions)

. 4
union int_float i szmeagien annsogatena

{ [ WiasA9NAN float W78 int

int int_nur;

float float_num;

} union_var /1 frwmsiausgilen
union_var. int_num; /1 $anedauls int_num (2 lust)
union_bar. Float_num; /I $ratisiauls float_num (4 Tus)

flanniiunag (Operators)

1. A iun1TiatAtin (Arithmetic Operators)

Aating

__fudnyal AaANliuMS
+ Addition
- Subtraction
* Multiplication
/ Division
% Remainder

atb
a-b
a*b
a/b
a%b

[ v
2. faAuNTIRNTLLAZAARS (Increment and Decrement Operators)

fyanunl pasuliums faaging

++ increment a++or++a
. Decrement a--or--a

3. satiuntsulFauiisy (Relational Operators)

fryanual Aastiuns AaBeing

< Less than a<b

> Greater than a>b

<= Less than or equal a<=b

>= Greaterthanorequal a>=b

038498
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duanual AR UG fqaeing
== Equal a==b
= Not equal al=b

4. Finmtilunsnsen (Logical Operators)

__frydnwn] fasiums Aa8Ling
&& AND a<b && c>d
>> OR a<bllc>d
! NOT ! (a<b)

5. fagiiunisiinlod (Bitwise Operators)

_dysnual Aasuiiums Aaaeing

& AND a &b
1 Inclusive OR alb
~ Exclusive OR a”b
~ Complement ~a

>> Right shift a>>2
<< Left shift b<<3

6. AamlnITNIUUAAT (Assignment operators)

dyansnl AaANuMs AEEiNg
= Equal a=b
+= Addition” a+=b
-= Subtraction a-=b
= Multiplication a*=b
/= Division al=b
%= Remainder a%=b
&= Bitwise AND a&=b

1= Bitwise inclusive OR al=b

~= Bitwise exclusive OR a *=b
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fuanunl Aasiumg faBti
<<= Left shift a<<=2
>>= Right shift a>>=3

result = (expression) ? value 1

7. fasutiuniridaule (Conditional Operator)

:value 2 ;

frateald result = vallue1 usidamaszla result = value 2

8. Aamtiiunng (Precedence and Associativity of Operators)

Ayanval pasutiums AIDENY
Of1.-> Groups,membership  Left to right
-~1* & Unary Right to left
++ - - sizeof casts Unary Right to left
*1 % Multiplicative ‘Left to right
+ - Additive Left to right
<< >> Shift Left to right
<><=>= Relational Left to right
== I= Equality Left to right
& Bitwise AND Left to right
~ Bitwise excl OR Left to right
| Bitwise incl OR Left to right
&& Logical AND Left to right
I Logical OR Left to right
?: Conditional Right to left
=*=/=%=+=-=. Assignment Right to left

<<= >>= &= "= |=

Comma (Series)

Left to right
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2.3 DS5000
Tunsienilulularrauinsaisef MCS-51 uanevinuasduiaeilEn 80C31 il

(] ' - ] IJ o :J
Whiaeined wig et Afeanirnnarasrzundngs Aduthugeddwai
] Ld o [ [l ar - 4 o - 1
wicgamdrdminiullsunsuegluis Wudnigaannsaasinsimun ldbiie
, . . 4 . o
Frunsliens fleglumeznaideniy Aswef 8751 Tazimisaaruduiullmanii
) ] 2 4
111 EPROM aginneitu Rairanunsanin Port Milaginisianas CPU 1 4 Port llHanli
] - . o ] o o .
A NIANN (32 bit 1/0) N WFTLLMMIANAIRENNIN UAZERSINITONINIT Security Lock
. J o [1 o i [
bit teflasiunns Copy Wrunsuld@ndan uslumaimunuds nisudlallsunsuiagiuu
fia CPU annsom 1% Tasnnslusegastlhlaan smsfranissanudiuda i
o <2 ] z 4 o L o [ A' :
mafunniusunsulu asstlisanasin s sesnismimnnldsunsuinasouude  iaa
ro ' : J o : A [4
Tnehisuthuiissaniuiunsuisaslfioameannds uazdamudndievanisanlisunsy
v
. o 3 ' o - e o ]
wae 7 AR fao i cPy  Bisnansainmniufintusunsiléan vizemirninaziFand)
- [] J o :: AJ o ar
fianns “Ane Ae mslusunsnbidiitissaindnuaitndnnees CPU
- ANy e Yy o o Y
s mahiladilagminnlides insine  anag 1iunae dumeuuazina11e
e lfnaniauss tana1aldas hinausigy @stwiiasiden cPU Al
[ 4 J o a - ’.” " 1 ar
slFmilouiu uasindrdyAe Aeslinmiduld sauisdr ldaelummimnnaas e

@an’ld CPU 184131W Dallas semiconductor umi CPU 8751 Fw Aingnataiinas

DS5000 Soft Microcontroller

AnsniFiahl

1. Wuinwlularreuinzansfauia 8 bit nehulsznaudas NVRAM
(nonvolatile RAM) iWi#en 2 munm A 8K uaz 32K 31 NVRAM i
gnnsaimualitulifoniaaiud Tsuney (program memory)
wazAFaMiIEAIINATaYA (data memory)

2. fisaWiiunf Serial Bootstrap Loader aginehutiesasunis Download
Tusunsuigieanisasuidninerinunamaynsy

3. fi7aswmainielu 128 byte gwiufudmlsussdui lun g

U
4. gmnmaiuindayanes NVRAM Tl 10 1 drawunmeifmian

ety
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5. Hrzuuimnacudsendis (Security Lock) savgaryiuafnneudin e
tlaariunng Copy

6. ﬂw'nﬁlﬂuﬂmuuu Full-duplex,time/counter 2 channels URZ
Watchdog timer naiu

7. fina MU 1/0 bits

8. NMISAT IR EARIAIMIEUT 8051

PIofT] ¢ O vee .

" maC] 2 % {71 PooaDo
2] 3 38 171 P0.1-ADN
prar] 4 DS9000 o Firgrane
Paf] & 3 |} PO3ADS

. Pis[] e 36 {7) P0.4ADE
Ps] 2 34| P0SADS
] s 3 roeaps
st} 9 n EJ"W'.AD?

RO P30} 10 n L_]EAN.S}
no PN 30 {_|ALEPRG"
INTO¢ P32 12 29 [T} PsEN®
T P33(7] 13 28 [[|P27A16
10 P34l e 2 {7)P26AMe
T P36 16 26 [ZjP26AI3
WR* P38(7] 16 2 [ JP2.4w12
Ape P3I{1 17 4 [JP23AN
xTacz(7] 18 2 [71P22A10
xraLt ] 1o 2[ |P21A8
(CIWE 21 [1P2on8

Pin connections

PIN DESCRIPTION (\Denotes Condition Low)

Vce, GND Power Supply inputs.

P0.0-PO.7 Port 0:Bidirectional I/O: open drain.

ADO0.0 ADO.7 These pins also serve the funtion of Address/Data Bus:Bidirectional
P1.0-P1.7 Port 1: Bidirectional 1/O.

P2.0-P2.7 Port 2: Bidirectional 1/O.

A8-A15 These pins also serve the funtion of Address/Data Bus:Bidirectional
P3.0-P3.7 Port 3: Bidirectional 1/0.Each of the pins on Port 3 may be selected

to serve an alter funtion; as described below
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PIN DESCRIPTION (\Denotes Condition Low)

RD\ ;(P3.7) Expanded Data Memory Read Strobe: Output; active low

WR\ ;(P3.6) Expanded Data Memory Read Strobe: Output; active low

T0, T1 ;(P3.4,P3.5) Timer/Counter pins: Inputs; active high.

INTO\INT1\;(P3.2,P3.3)  External interrupt pins: Inputs: active low.

TXD ;(P3.1) Transmit Data: Output.

RXD ;(P3.0) Receive Data: Input.

RST Reset: Input; active high

ALE ;(PROGV) Address Latch Enable: Out put; active high (or program byte

enable : input; active low).

PSEN\ Program Store Enable: Output active low.

EA\ ;(VPP) External Access Enable: Input; active low (or VPP programming
voltage input).

XTAL1,XTAL2 Crystal inputs.

DS5000 Soft Microcontroller 113w 8 bit CMOS microcontrofler i NVRAM ngl
i EPROM Aldifutilsunsumes 8751 Sasunsaanslfazaonnda nenade
gnralusuns uazauluadlilisqin ua:ﬁqmmmLﬁui"nmiﬂgaﬂf‘iﬁdﬂﬂaﬂw Vee
aanuuga NVRAM metu Endiiilidenay 2 fu Ae u1m 8 Kbyte ua 32 Kbyte 34
gnanzaimalsidhs o Program memory U8Z/M7a Data memory #9304 Interal data
registers WAz Key configulation registers fiiluuun Nonvoiatile (Fayadamaguiaciian
W vee aanTUuda)

DS5000 finsinensluiarduiies sminimineuanazbitng (crash proof
operation) SulAun Power Fail Waming interrupt, Automatic Power Down, U8z Power On
Reset Saus=uLl Software Security & wifltlaaiunie Copy Tsunsu  nnehudnld
Software encryption ligic WatlaafunissmauasinsRauesumILIneF

doulansianaaniauaf 199 DS5000 uanamuiteAnududs dalscneuty
fingl 16 bit Counter/timers , Serial /O port i Full-duplex “%ammmv‘hﬂu‘lﬁ"}l"quuu
Asynchronous viie Synchronous, 32 bits Paraliel 1/0 uas Watchdog timer ffaanassia

wirgaruamehuRnEnludRiuan Embedded program/data RAM #unzavin i
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Tna M ¥dtycytunna Parallel /O 18 bit iiesiaiths Expanded Bus Amimiagausins
uan swiitasimefnieTunes DS5000 wiveanilu 2 dauAe Data Registers uaz Specal
Function registers, Data registers ﬁvamuﬂ 128 byte ?‘lu;ﬁ Bank registers (R0-R7) fn4
9n (32 byte) U Special Function registers saa CPU registers %ﬂ‘i’tﬁuﬁ’lﬂuua:

v
an12zsiN 7 A MFUNFAMNIIEAIIMA I Program WA Data memory

<8 . ) . - .
N N ¢ L[ i
vee  (OND Vee  GND Ny
Hugrem —ml““l\ Pig Mo /L';;()’ Progren Dals v ny Fud
.
Axyere - -————V ™Ml n N Vecly Daus Gu [4B) 310
[ DS$3000 D55000
ot M ST TR T e e
\} 5 #n vey
e L ¥\ — d 23 pat .
- %] . N
[ T FAVee R on. ! T4
Prgram J — | ALERROG T: fouly -ﬂ‘.’y“. —
< P2 Ak N .
Ceawol l ——l 26 R, j-_
- N 1] ] AST A/ v
e meee A XTALY " e e XTALY Y
F PYEN® - " PSENS
-t 1 Ffaton l
g ] P = e oo
I, l PanALT Y 1 ,[ SERWAL
Lt UMy LOADRS 1 UMl LUADING -

Program loading configulations

nasluaallsunsy
flaua=un DS5000 WHINITMARBLNITRINIIANTSLIL QTASININTS

tuanlusunsu AdeBananzm (application software) 89 NVRAM TusiaiwiBariau
Famsusatilsunmiiaznsinly 253
1. msluasalilsunsu wuueynsy  (serial program loading) 39
nstuanlilsunsy Tnsrinamameynsy RS-232  uusadniululas
AaNRImaF PC
2. nsiuaallsunsuuuum (parallel program load cycle) Fahasi
nrinanandtytyts Address UAs Data Tuuumiulageimwm /0

4 1 - -
prot Wnziusauuuil azwmiiauiunisilsunsufiaysanudn 8751H

microcontroller 114184
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nnstuanlilsunsuss DS5000 1 2 5] aznoinlTaadedldianoziin
RST ifluaedn 1" uaziim PSEN\ ihuaadn “0” -‘i'uﬂﬁrh"\éan'n:ﬁ'qﬁuﬁq
DS5000 WHanRAzFad e‘i'mﬁJm?TuaﬂTﬂ?unmuuu-nu'mu‘s'*ﬂn'n‘m?ﬁauﬂaﬁ
ODH (carriage retum character 7 baudrate 9600,2400,1200 172 300 HIMW
wamaynsuing Serial bootstrap loader) waimsiuaatsunsusie

fneuznssisanfanaf Auiuniaminnu Tunstusalusunnnieaedda
usnalimagl msisallsunsluuuummaii fussunsusadeuiazgen
wasuAs dais hiitiazaensiati ewiznnsiuaalisunsy uuuwnméﬁﬁmu
#dnendn mﬂum’l‘ﬂ?unmuuuwnmﬂ qzfimailgavhiuaf Serial bootstrap

loader aginetu Feaztaumstuaalulsunsildazaantiei

SERIAL BOOTSTRAP LOADER
mseallsunsuuuneynail aansoldonddite, G dszdninmgeussiiu

"S“ﬁﬁa:mni'lqﬁ dmfunisiuas Application software 3L NVRAM 1183 DS5000 N7
sasedasns aznsoinldlan imawefmiesnseynsuui Asynchronous Tan'ldl RS-232¢
Serial interface iaManlLsunsad DS5000 2asauysaifmiLmsiusalilrunsuuiu
aynsuaalinaugplaud Tnasnadtyynd Wasseilulazaanfiames PC fu
DS5000 nuwaimaynsy RE232c azldien 3 1fu wimi Aa RXD (receive), TXD

(transmit) uas GND (ground)

I3II3IIII 23333333
Predu=D amr ey

CINS ST

-]
il

MmUYy aiNey DS5000 Serial
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Serial bootstrap loader usaryiuafurrqagl DS5000 Withuaresile

gaelunsiuam Application program afiadaggLlued Intel hex format  Tnagunsain

nsluan uazdulilsunsuann DS5000 &  Intel hex format  #aannisutla  Source

program (assembly) 1ne’ld 8051 Assembler FafiAalWd HEX e Ardenes Serial

> [} v
loader {vauum 11 A8 sasialuil

E

N £ < c 4 »®» r x T g O

FUNCTION
Retur CRC-16 checksum of embedded RAM
Dump Intel Hex File
Fill Embedded RAM block with constant
Load 40-bit Encryption Key
Load Intel Hex File
Read MCON Register
Trace (Echo) incoming Intel Hex Data
Clear Security Lock
Verify Embedded RAM with incoming intel Hex
Write MCON Register
Set Security Lock

Aaunas ¥ Serial loader Nlularaaunamaf PC siasligavbiuafnag

AaansiaysuuLaynsy 19U Crosstalk

vite PROCOMM 1% uazilaifunldsenviuasag

' « A o - v e -~ . ]
nanufa WinaAs Enter iNeinnsAmmaiL BS5000 g Serial bootstrap loader tald

nusuAtasatl
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3.1 HARDWARE §1mil1 CENTRAL CONTROL UNIT

AR

1. earmdoenlszunans (CPU) usz COMMUNICATE WATCH DOG REAL TIME
"CLOCK

2. 2997 INPUT UNIT usz INPUT BUFFER

3. Na7 QUTPUT UNIT

4. 47 TELEPHONE INTERFACE

5. 9997 SUPPLY +12V, +5V

6. 2497 BATTERY, BUZZER, MAGNETIC SWITCH uaz PASSIVE INFRARED

SENSOR
7. dennmeilasWFenlusunsi MONITOR (ASM51,C51)

8. TsunsuaanuULINIRINNA (PROTEL PCB)

wisneileuazeringn

1. SCOPE

2. unssnsln

3. ﬁ")ui"Q/ﬁqnﬂ:ﬁQ,n:ﬁq

4. Faurlaeityoynns 232 1l 485
5. @1EFIRINAT

6. UHUWNITNAKET URT BOARD NAKDINAT

7. MULTIMETER

v
o

FUAAUNITNARDI
dunaun MaaaauLinaaniihi 5 gausail

1. INPUT
W 592947 INPUT UNIT usZ INPUT BUFFER 1di1ril CPU UNIT
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B naseadan PROGRAM SCAN INPUT
2. OUTPUT
B #29997 OUTPUT UNIT uas TELEPHONE INTERFACE 1¥riu CPU
UNIT
B naasaidisu PROGRAM SCAN OUTPUT
3. N7 PROGRAM iy CONFIG
B nageadiay PROGRAM
B FiaNATAREIAT
4. COMMUNICATE PROTOCAL
B 599997 COMMUNICATE it COMPUTER
B #ina7 COMMUNICATE 721499 CONTROL UNIT il SLAVE KEY
M (i PROGRAM Tumsiinsiafiasing
Fumaunizsan HARDWARE unz SOFTWARE fiaanui
1. $IUAT UNIT i ] idianu
2. MR8 PROGRAM fiauua sty MONITOR A1t FUNCTION fisiviua
3. ANULLINATIN BANULILILIUATENAT
4. NAKMINAKIELNAT UTTNALNAT
5. ldTsuns MONITOR NARBINITNNT
6. Usnlpaulaliinausiinvun

7. drsnaugasiamiuainaanntlin lpauds
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491 Central Control Unit

POWER MONITOR
WATCHDOG
(MAX1232)

l

RING TIP FOR HOOK

BLOCK DIAGRAM OF CENTRAL CONTROL UNIT
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3.1.1 maaa W (Power Supply) anusssulWnszusadu 220 VAC wienaiuus
AU 12 VDC uaz 5 VDC uazgauumssirgNanuunegs 12 voC  azlene
urasilalifusedidi AC uitunusiiTiusedis DC Maseaumsase T
{ael4 Diode tlaariu

urasuln 12 vbe Mg miuataneasrlugauaes Slave Key Fauum uaz

el Siren uzauuAWIN 5 VDC Az Waneliaeasly Central Unit o

P

3.1.2 _n1A Power Monitor WAz Watchdog Tumeil vialaudn Ae IC wef
MAX1232 iutinfiiiufanseasaussduusaduiiesndifiimuaazinnisga
dryeyrauli Reset CPU uazfiamauinu Switch Reset ilaiinnsna Reset flazea
dryeyraell Reset CPU uaz IC wafi qrfudeyryreuann CPU 1N 7 ATLIIAY
AR &1 CPU Ligadtyrynan Stobe 711 Stobe 184 IC (waf MAX1232 A2
yinli¥ MAX1232 gaftynynndlil Reset CPU tiigeann CPU vinuling 1 29
sau (lun7d@ew Software azfieminnisidisulilsunsuli Stobe LilvitAndaa
AR MUA  BazATMAsaLINMMNLIEY CPU IdgnAedn CPU i
un#)

3.1.3 N1A Magnetic Buffer mateanuuiagld OPAMP uuy Single Supply
Taelddoule umseanuuy  Winsasew sl 3 sxiu Taelisziu
ftytynnd Output ulaenuilu Digital Wi\a Interface MU CPU léazman Magnetic
Switch Whigunsafivnanail Switch wimén ilebifaumuimin fazitla
q9a7 saslumseanuuLnALl 3016 Voltage Devider 41s1usasu i Magnetic
Switch tileiinnsnuacsievise Shot axinlissAuusdsg ALl wiaoull
anideuly dlesglutnuussdaln@ne 1.6-3.1 Vot arWidtyains Output
sanunilu Low uazfuentmuseiunlng Ae aglugae 0-1.5 Volt uas 3.2-5
Volt a=Ii&eycunns Output aanu il Hight adalganiomlszanans

3.1.4 mAPIR Buffer mAtiasiliinsnizadiaiinia Magnetic Buffer Al
ansausifwdsanulunisesnuuy  wsgUnsal PIR (Passive Infrared Sensor)
ugrnsal ﬁ'limﬂqaﬁum?mgﬂu'lmmmﬁﬂq e’ Output 1uuvin Loop
Switch (Normal Close) Lﬂﬂﬁmmmq‘mwuﬁmqmﬁﬁuﬁ A2y Output 1lm

4‘ al o ) 3 ar o . . & :
MNAT NUANHUT ARIENLNITNNIULIEY Magnetic Switch ANUU Tunsean
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L A9Ma9asiREaLN1A Magnetic Buffer Ididwiananiu
3.1.5 n1a Output 9214 Relay 5 VDC 2 Contrac Tun1ssinsiaan1a Telephone
Interface uaz 149 lunssinsia Siren 12 VDC
3.1.6 n1A Telephone Interface metidend IC e MITEL wef
MT8880C aavinutinii dan BCD aaniilu DTMF  dehléiasnatnsdnd uaziu
dtyryne DTMF aaninsdnn wlaenusu BCD wiagali CPU  usidmilu
Taseensil Wi lumsinseen FaningAnnueia A Serensnausinig
wlae BCD iflu DTMF  3an1minauaiin 7 CPU aréiA1aann Port e
luAnsiariu Registor g9 MT8880C wanldedliu DTMF daluiaane
sdwviusilunisinseansiasiinisiiadtytunos 8n 3 /9 Aa Dial Tone Detector
uaz Ring Back Tone Detector UAZ Busy Tone Detector lﬁmﬂum?ﬂ‘m%ﬂu
a"'lﬁu%un'lfl‘mﬂﬂn'?;auqﬂﬁ
3.1.7 mA Communication wiinilu 2 dauna
1. nsAmFiauLL Half Duplex 19 IC waf 75176 "‘Nlﬂummg'mm?ﬂﬂ
A7uLLeYNTH (RS485) e ldlunsissiaszudna  Central Control
Unit fuF9 Slave Key
2. nsAnsiRULL Full Duplex M IC wef MAX232  duthanasgiums
faansuunayns (RS232) el lunsimsiaszudna Central Control
Unit fiugia Computer 3419 luns Config s=1m FaaRasiaiuso
Computer n1saanULILI Address 189619 Slave Key arhimsaril Host
Computer dufluns Disable #a Slave Key ¥ Host Computer
Amsiariu Central Controt Unit laeimsa Faazgonlinig Config oL
Dl & e drlideasnsAssiei Host Computer  fignunsnld

Slave Key Config sruuldiguiu

FUNCTION lussunmin1siaanungieanisiiaas

1. Arm/Disarm - function ihguazeanansTuLIRaWE
2. Bypass Zone (n) - function NIFNNILULILI Zone
3. Chime On/Off - function nitla-Ta 1@enseAa

4. Changé Combo - function nTl@aunia (password)
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5. Entry/Exit Pre-Alarm - function n#(ila-a wisaaan 1h-eanann

FoUU
6. Error Tones - function mziila-lla deiliedinisne Key fn
WA
7. Exit Programming - function N13a8NaN Configuration TANFTLIL
8. Reset after telout - function N7 Reset F¥LLUAIRINNITINTREN
9. Setup - function N7 Setup Configuration

3.2 HARDWARE #1151 SLAVE KEY

faiidiaadasiTe

1. Nammiagnlszuaana (CPU) uaz Communicate Watch Dog Real Time Clock
2. NA7 Key Matrix

3. 2947 Display

4. 9347 Power Supply 12 VDC to 5 VDC

5. 2947 Output unit

6. wanniiaz ideulusunsy

7. Idsunsuesnuuyu PCB

Ry -
iAraalauaeLinsnl
1. Scope
. umagang v
THE re 5
. Vaufumaanzia , Az
. Fauaediyryans 232 1 485

ANIADNAT

. UWHUNATNARBIULAT Board NAKREN

o i RIE < S R

. Multimeter
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utiaiiu 4 dou Ae
1. KEY MATRIX
B siaq9as Key Matrix i CPU unit
A naaaidau Program
2. SCAN DISPLAY
M sianaas Scan Display 1L CPU unit
M yageuidieu Program Scan Display
3. COMMUNICATE PROTOCAL

M sian9as Communicate $5114979 Central Unit fill Stave Key

POWER MONITOR
WATCHDOG

el

! KEY MATRIX

LED
18 KEY

|
|
' - BUZZER

BLOCK DIAGRAM OF SLAVE KEYBOARD
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4. SCAN OUTPUT
B 59212947 Unit s 7 dindosiu
M ynaas9r9 Program Vst Motion #7a Function s
A
B 5anu1119995797 BEALLILILIUATENAT
B yasearinaraneas Urenauneas
W8T zunsu Monitor naassniminanalfnlpudlaussionag
ﬂ?:nau‘qm?ﬁu'luﬂ
3.2.1 p1A Power Supply 19 IC waf LM723C ynnsulamiusadi 12vDC e
Wi 2937 Slave Key Favun ilasanlunisseusedilifa Keyboard us
azFin Ferzaenvrsssielunirdeussi anailsrasnnalng dde 5 VDC a1a
yinWiusedumn vnl¥ CPU vnenifiamanalé dndis Sudenluniseanuunins
gausadi 12 vDC flu 5 VDC ﬁﬂmﬂw)qtﬁﬂuﬁﬂmm usIAUAN
322 1A Power Monitor Uz Watchdog Tumaiiialavdn Ao IC  wef
MAX1232 Haifithufanmaseussiuusduiiasndisvue asinisds
dtyryrnulal Reset CPU uazdamauiau Switch Reset ilafinnnm Reset Aazda
dtyeyraul Reset CPU uaz IC wefil arFudtyryrniann CPU v ] ALILIAY
#al3 & cpu higedtunynman Stobe 7137 Stobe 84 IC WaF MAX1232 84
drynyrash Reset CPU tileqann CPU viramdlinnt 1 swsen  (lunnsidiau
Software azfawimrdmdisunsl¥ Stobe ilAusaanatiit e e
JTATIAAALNTITNNIUIS CPU 'Lﬂnnﬂmmw CPU naang)
3.2.3MmnA ngmumgat ion RTFFAauULIL Half Duplex W IC wief 75176 Faiflu
mmg'\un'ndammuumnm (RS485) e W lumsAnsiesziding Central
Control Unit "LIA2 Slave Key
3.2.4 1A Output A= CPU 1ilt LED uaz Buffer a4 Tunsugmauan1minau
uastdenlunsnm Key
32.5 mAugams a=W LCD Tums Display Awind - fifieanisuame uazAtsing
1 #1§F1a7n Key A Function Aitua  1@and LCD 16 sadnms 1 usmin
3.2.6 n1A Key Metrix 1 Switch uuinasimlsasnu uaz1l4 Software Tun1smsas

#9LN1TNA Key WFRT Key
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3.3 SOFTWARE @31 SLAVE KEY

urisaanulu 2 dou Aa

1. s=iu BIOS

T R e

L

foow e st

M L.CD (WRITE LCD) ¥)n ] 2 msec.

B SCAN KEY (8An1ena KEY) read_key 9n ] 20 msec
B BUZZER (beep generate) N | 200 microsec.

M LED STATUS (usisaginus OUTPUT LED) nin <] 100 msec.

. 72AU MANAGE TASK

#2u INTERUPT

B INTERUPT SERIAL urtivgamilu 2 dau
1.8 (L DATA Afunudaifinda POINTER Tumsiu
2.dauda AN set AN Fais =0, tx_empty=1, txe =0

B INTERRUPT TIMERO 1i3i#in cnt_timer0-+ 1

4914 COMMUNICATION (RS 485)

B CHECK_RX #1794 Pointer nsfudn fidiaysvitanlan uaz Check Pack gn
flawitanlan dhgneies Pack in = 1

B CHECK_TX defiayaiu Datasend

B RX_MASTER 198191 Pack on Qnitesiul address u§ wifeinmuan

&4 Pack out =1
B ANS_MASTER Pack daysiiazdensu DataSend
B WRITE_LCD 1irfiaysTu LCD Buffer @ausamiiraa LCD
Manage Task
B Fun-Sub 100 ms
M Fan Scan 0

n ﬁ‘!ﬂn Checktime
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3.4 SOFTWARE #7511 CENTRAL CONTROL UNIT
wiveenilu 2 gau As
1. AU BIOS
B ilarfdunssoiad DTMF hy function Tunnsimsteifzaiul DTMF Tunnsel
Tone.

M Waridu Ser_led (x) MNFUAAIRAIUZAITNNTE CPU HnN LED LU
board CPU

M A funide KEY DTMF

M ariis check_action() Wi FUNCTION lugausasnismsaaseu INPUT uaz
daunsanisinsaan

B lariis check_armtime()iil FUNCTION Tuguaeai981189 ARM

B o check_wait () i FUNCTION whissiasman - Tneiaivin b watch
dog ¥ aunstaafiivuun |

M larfdu Senddata(x) 1thinns Pack data 1lw-Protocal ﬁdﬁiﬂ‘lﬂ'ﬁ aalu
memery ludow Buffer v89n176s 1thugd !

F5 H+ADD+data0+data1+data2+data3+datad +datab+data6+sum
2.30M1 MANAGE TASK

#4714 INTERUPT

B INTERUPT SERIAL utivasniii 2 dau

1. daufi1 1L DATA fiFusnudatiasdn POINTER Tunsi

2. dauda &1 Pointer gau lrininfugaum fasinmszdadinyalu
DataSend aanllufaudrgamn Srdaiavinfugaumns aziams set il
tx_busy =0 (m”‘ﬂu'?iq:ﬁq) , txe = 0 (Enable N1771)

B INTERRUPT TIMERO tiiiAi1 cnt_timer0+ 1

#7214 COMMUNICATION (RS 485 uar RS 232)

B CHECK_RX tflun1msaagen dratjlu Mode T dhag T Mode Setup 4
tﬁum?ﬁnviﬂvvh Computer uaz Slave Key {ae1lu Function ﬁﬁ:uﬂndouﬂﬂ?
#a1n Computer uaz Slave Key Tnerfiutlusiia At 204 aziflunsiissiaiu
Computer 31huna Hardware fidasten Switch 17 232 riauuda Hnllinae

[} ¥ e . 4
#4194 Computer fiaifirfiLl Central Control Unit 399214 ugaun1s Program
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Central Control Unit 514 Computer 3 Stat 483 Program q:qmﬂ'ﬁiﬂu”lﬂ
e 1 pdunerluns@ien Program Asanuz 1ol
fin Switch gnlan{inna 485 Function fanimemraasenutounnsi

Fayafirudnaniu F5 viads duflu F5 azredaysdn 3 Byte Saulrznevtidae

F5 Address DataKey Sum i1 Sum gnsiaq asvimatiudieyalusinwniane

Memory lugaun84 Address 184 Slave Key Yy

M cHECK_TX aziilunis check flag tx_busy 6y 0 usnssmFarRaze
u& Check Pointer gavviariudauvna swvinfuiselii drhivinudalildier
i Mode setup 1i78 Mode Insaan Az Set txe=1 (Disable N1751) uas
ti=1 (tvi']ﬁmﬁun'm?:uﬁumqn'\?m INTIZARZLIAIANIT Interrupt Serial mNi":)
WA tx_busy = 1 (Meaalsidna)

Manage Task

B intial Ram 1hun77 load AW Program 13 1in 18U Memory

M check_time funisataaasudn timer0 = 25 vitads drfasinnsizen
Check TX() f1AsL 25 uda azvinn2en Check_mx() uial timer0 = 0 1y
N1% Reset time

B check_slave(x) iumaitAuasdiayaludiuses Slave Key Vi

M mng_slave(x) (hunninAn State 199 Key uAfzFaNMINsIAen Menu
194 Key slave 1iaghu State s uazvinmu State Vi aundnasiing
e State Wiaviutiaesiall Sausias Stave Key usinzsa azil Buffer
mMaiuuineeTedsiaie , state , key , time slave T89R91EN

anli1 Tu Manage Task TudaunsiFen GaamuanduAe Check_Slave(x)

mng_slave(x) , check_time()
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NARBINIT LT

FUNCTION USER INTERFACT

4.1 MODE SETUP

4.1.1 N7 Setup 21Ut Computer

. -3 4 - ar O L] d # o .
dlavinmsidausindllgesinunis RS 232 Magjlusia Central Control Unit

naRt Alt 204 o Password 98 Computer a2 function W Setup #ail

0 Setpu Password

1 PABX Num

2 PABX telephone
3 Pager Number
4 Pager Massage
5 Delay entry

6 Delay exit

7 Time of Siren
8 Total of Dial

9 Bypass Zone

10 Test telephone
11 Test Siren

12 Exit Program

o4

1 function 71 setup password 184 User Usznau
1 3 - o

FatfLaT 4 Uan

linssaAsingEanTad PABX tssuiniusiant]
11 fim 9 1A

e
huwefinsAwvinaziFan Pager
. 4

hasfuneiaeAtes Pager
umiasiniariazdaaantunn Pager
thunrsmingiaamma&aan DisArm Usznaumassin
IR 2 nan mitenduduni

dunisudsanamaiain Am Usznaugassinlgy 2

- . o f
uan wdagithdun
d .

(thatag M Siren A3
unnzszyauu Tel aanianum
dlunisilrunsuAtTunisaniiu Zone hiuuy 4
udn f1az Bypass Zone ¥ bit Wi 0

it function Tunimedagenu Mode telephone
i function NA#AL on/off siren

28NA1NNT Program Vi3 nARALT ESC

4.1.2 N7 Setup T2UL HM slave key

d‘ q - - o [] 4 L o
dlairausindlldasirwnia RS 485 Neglusia Central Control Unit uda

N7 Setup HYW computer

. - 4 .
naRt Setup ANNAIE Password 48 LCD 1 Salve Key azWHidanns Setup Tamilauiy
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0 Setpu Password

1 PABX Num
2 PABX telephone
3 Pager Number
4 Pager Massage
5 Delay entry
6 Delay exit
7 Time of Siren
8 Total of Dial
9 Bypass Zone
* Exit program
4.2 MODE RUN
4.2.1 Bypass Zone on/off

4.2.2 Arm/DisArm
4.2.3 Siren off
4.2.4 Setup

40

(s function 1viFelild A1 Bypass i Program 14
1 Memory

(fu function atflu Mode flaariu wia Mode 1Unf
(lu function off Siren

(fhs function fign s Setup ssuLl

Tusnusi Run wiiiaa LCD 184 Slave a=usmasn s Zone 1 Zone hnalni 9l

gousithu “o” 1 Zone lwuiiming azuaassodnmg “1”
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\fiaidhg MODE ARM
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#1UA Zone

Abypass&
nf on—p yp J
Zolne

Q_—.

\siaudhg MODE DISARM

Insaan

no
count dail tel =0

si.e,.o.;‘j
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4.4 apluan1mAKes
nammased Wuiimelalussiuvil annranas Tel aandnhuiR s dienia
rd'a - P ' ar ar . %
wansafifindnd sanunsofaseiudldludneni Real time 16 &winsa Program 721
LN Computer ez Slav- <ey dgndias Taszuuiiir-ziflu Prototype aATuszdy
P
Uil

45 tluuinwyuszuuamudly
¢£. [ k73 r-ll 3 ar 1 as L4
1. iftesanszaznanluniminsauingd Wensaasaunisines el usild
wangauiy Tone DTME Tuda uazlévingaurasnnmmsaa Ring Wudadan fai Tunas
- z ] Yo O ar 1 by £ 73 ] al .
yimnnsrunidaell aaimisdnariifulennamsielunisden Program monitor Tusay
fifnafatlan
2 sonAeslunTg Let out 1 §RNAIA Voice fignunsa Program ®enlAld A
gunrovinisuusuu@saieusanlddes ihasinmimunudaniidaadalian
3. flywriFeeane a1nsia Key s Central Control Unit 1l A1NENIT938"E
wagdmrinlinaseud 15 Wa Tamn Spec tfiazanalifia 1.2 Km. Sililinaseudy
a oy ] . ol ]
111 1.2.Kgg, sxiiatlyulunadiasia (Communicate) urali
4. tlgwiieans Tel out 1u Ae Faalk DTMF dauunda 50 msec b uaziiu
d09 9 50 msec 3wl sruuTnsAwiDeazaaseyld fdanaaindriianaiadym
It
5. N7 Program H1 Computer 11azi@iti Program Aot Visual Basic for

o

. <4 4 = 2 = 3 v 3 ¢:l’ = L

Windows W3 Program 2 fisnunsa Wi anmdiudrldazanndil iseannegdn
g ludousuRg udadalus Central Control Unit usibildiinng Show ArAsE
Wnea N Program daiunisimuinug Port com fasAsgIU RS 232 aguda n1s

W ludauuilsia animidbisnnmin

6. Tuszuu’W Back up warin nedamindaliléivinTudourasnisanda Battery
o o . ol e Xy
virailinsmsaseurzalWaed Battery Aahazimunsia ludauiinag
7. (i38999nT2UL Program monitor @eudiasntm C Aainli Hex files Himua
gy fésmunsie e Program 1N Row gnauLiifnaui eisnisuwia Partition T

Dallas Wigluaiiean1s Program
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8. 11199470 Soure Code lunjunn AchilianRuasluil usld Copy ldueiu Disk

ag@mumnds riitfyuiiaaiu C Complier Winsta 1. AaTiain A1ia dau Asm

Compliler 1 Asm51 il

Ju'm
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@MITEI:

1IS0%-cMOS MT8880C/MT8880C-1

Integrated DTMF Transceiver

Features

* Complete DTMF transmitter/receiver
* Central office quality

* Low power consumption
* Microprocessor port

s Adjustable guard time

* Automatic tone burst mode
* Call progress mode

Applications

* Credit card systems
* Paging systems

* Repeater systems/mobile radio.
* Interconnect dialers
e Personal computers

Description

ISSUE 2 May 1995

Ordering Information

MT8880CE/CE-1 20 Pin Plastic DIP

MT8880CC/CC-1 20 Pin Ceramic DIP

MT8880CS/CS-1 20 Pin SOIC

MT8880CN/CN-1 24 Pin SSOP

MT8880CP/CP-1 28 Pin Plastic LCC
-40°C to +85°C

The MT8880C/C-1 is a monolithic DTMF transceiver
with call progress filter. It is fabricated in Mitel's
ISO2-CMOS technology, which provides low power
dissipation and high reliability. The DTMF receiver is

based upon the industry standard MT8870
monolithic DTMF receiver; the transmitter utilizes a
switched capacitor D/A converter for low distortion,
high accuracy DTMF signalling. Intemal counters
provide a burst mode such that tone bursts can be
transmitted with precise timing. A call progress filtes
can be selected allowing a microprocessor Ic
analyze call progress tones. A standarc
microprocessor bus is provided and is directly
compatible with 6800 series microprocessors. The
MT8880C-1 is functionally identical to the MT8880C
except for the performance of the receiver section,
which is enhanced to accept and reject lower signa
levels.

Row and Dala — Do
D/A ow e{ Transmit Data
TONE = Column : Bus —D1
Converters Counters Register Buffer b2
Status — D3
Tone Burst Control Register Interrupt
Gating Cct. Logic 1 Logic - RGP
L o
IN+ + Dial Comrol
] Yone | on Register
IN: Fitter nggil(ir:)up Dlgijal A - o2
GS Algorithm |
] Low Group Converter Register Control
OSCt — 1 osciltator Filter B - RAW
oscz —H Circuit J o
Control 3 . -
Bias Logic Steering Ao gcter
Circuit Logic g
X Y X H 1
| IR | ] ]
Vop VRet Vss ESt SVGT

Figure 1 - Functional Block Diagram
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MT8880C/MT8880C-1

ISO?-CMOS

o 5 =
- 8922838
nooonnn
INe ] 1 d 20 ]vbD IN+[] 1 24{] vDD (toa-oro
IN-[] 2 19[]svGT iN-L] 2 23[] svGT NCd s . 250 NC
Gs[] 3 18| JEst Ggs(] 3 21 Est VRefd 6 241 NC
VRef[] 4 171 1p3 VRef[ ] 4 21 % D3 vssd7 23fp NC
vssi}s 16{ ]D2 vss(] 5 20{ 1 p2 0sc1ds8 221 b3
osci[] e 150]D1 oscil]se 19% D1 0sc20]9 21p D2
osca2(] 7 14 ]po_ oscz[] 7 18] Do Nc 10 208 D1
TONE[] 8 130irarce Ncl] s 17| NC NCOM mewonro PP DO
AWL] 9 1202 Nc] o 16[J NC_ NOZwoho©
cs[J1o 11[Rrso TONE[]10 15[ iRa/cp 1pagagspanapn
RW[] 11 14[] @2 S2I8328 6
csl]q2 131 mso o& IB
c
20 PIN CERDIP/PLASTIC DIP/SOIC 24 PIN SSQP 28 PINPLCC
Figure 2 - Pin Connections
Pin Description
Pin #
20|24 |28 Name Description
111 1] IN+ |Non-inverting op-amp input.
212 |2] IN- [Inverting op-amp input.
3 )3 )4 | GS |Galn Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.
4 | 4| 6 | Vper [Reference Voltage output, nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 13).
55| 7] Vgg |Ground input (OV).
6 } 6 | 8 |OSC1|DTMF clock/oscillator input.
7 {7 | 9 |OSC2|Clock output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes the
3 intemal oscillator circuit. Leave open circuit when OSC1 is clock input.
8 | 10| 12 | TONE [Tone output (DTMF or single tone).
9 | 11| 13| RW |Read/Write input. Controls the direction of data transfer to and from the MPU and the
transceiver registers. TTL compatible.
10[12[14| CS [Chip Select, TTL input (CS=0 to select the chip).
11 13| 15| RSO [Register Select input. See register decode table. TTL compatible.
12114117 | @2 |System Clock input. TTL compatible. N.B. &2 clock input need not be active when the
device is not being accessed.
13]15|18| IRQ/ (Interrupt Request to MPU (open drain qutput). Also, when call progress (CP) mode has
CP |been selected and interrupt enabled the IRQ/CP pin will output a rectangular wave signal
ntative 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.
14-118-[19-|DO-D3|Microprocessor Data Bus (TTL compatible). High impedance when CS = 1 or ®2 is low.
17121122
1822126 | 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 |27 | SVGT [Steering Input/Guard Time output (bidirectional). A voltage greater than Vg, detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vg, frees the device to accept a new tone pair. The GT output acts to reset the
extemal steering time-constant; its state is a function of ESt and the voltage on St.
20|24 |28 | Vpp |Positive power supply input (+5V typical).
89 (35| NC |No Connection.
16. | 10,
17 11,
16,
23-
25
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, Functional Description

The MT8880C/C-1 Integrated DTMF Transceiver
architecture consists of a high perfformance DTMF
receiver with internal gain setting amplifier and a
‘DTMF generator which employs a burst counter such
that precise tone bursts and pauses can be
synthesized. A call progress mode can be selected
such that frequencies within the specified passband
can be detected. A standard microprocessor
interface allows access to an intemal status register,
two control registers and two data registers.

Input Configuration

The input arrangement of the MT8880C/C-1 provides
a differential-input operational amplifier as well as a
bias source (Vres) which is used to bias the inputs at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

IN+
IN-
c Ry
Re GS
VRet
VOLTAGE GAIN MT8880C/C-1
(Av) = Re /Ry ‘

Figure 3 - Single-Ended Input Configuration

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Fig. 7). These filters
also incorporate notches at 350 Hz and 440 Hz for
exceptional dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators

c1 R1 IN+
IN-
Oo— A
c2 R4 RS
GS
>
R3 R2
Vhet
MT8880C/C-1
DIFFERENTIAL INPUT AMPLIFIER
C1=C2=100F

R1=R4=R5= 100 kQ

R2 = 60kQ2, R3 = 37.5kQ
R3 = (R2R5)/(R2 + R5)
VOLTAGE GAIN

(Ay diff) = R5/R1

INPUT IMPEDANCE
(Zudiff) = 2V R12 + (1/0CP

Figure 4 - Differential input Configuration

which are provided with hysteresis to preve
detection of unwanted low-leve! signais. Tke cutput
of the comparators provide full rail logic swings
the frequencies of the incoming DTMF signals.

Foliowing the filter section is a decoder employin
digital counting techniques to determine th
frequencies of the incoming tones and to verify tha
they correspond to standard DTMF frequencies.
complex averaging algorithm protects against ton
simulation by extraneous signals such as voice whil
providing tolerance to small frequency deviation
and variations. This averaging algorithm has bee
developed to ensure an optimum combination o
immunity to talk-off and tolerance to the presence o
interfering frequencies (third tones) and noise. Whe
the detector recognizes the presence of two vali
tones (this is referred to as the “signal condition” i
some industry specifications) the “Early Steering
(ESt) output will go to an active state. An
subsequent loss of signal condition will cause ESt t
assume an inactive state.
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Steering Circuit

2

Before registration of a decoded tone pair, the
receivér checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgTp), v reaches the threshold
(Vrsy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Figure 7)
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.
Fmally, after a short delay to aliow 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 taijlor
performance to meet a wide variety of system
requirements.

Voo
Voo |
SYGT Ve
ESt
R1
toa = (R1C1) In (Vpp/ Vrsy)
; lgrp = (R1CT) In [Vipp / (Vop-Vrsd]

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the formula:

tpec = topttgre
tio=tpatlGra

The value of tpp is a device parameter (see AC
Electrical Characteristics) and tgec is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 pF is recommended for most
applications, leaving R1 to be selected by the
designer. Different steering arangements may be
used to select independently the guard times for tone
present (tgTp) and tone absent (tgya). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity.

grp=(RpCT) In [Vpp/ (Vpo- Vrsy]

tara = (R1CT) In (Vpp/Vrsy)
DD
1 c1
T
R1 R2

Rp=(RIR2)/(RT + R2)
a) decreasing tGTP; ({GTP < tGTA)

tgTp =(R1C1) in Vpp/ (Voo Vrsy
lgra = (ROCT) In (Vpp/Vrsy)

Ap=(R1R2)/(R1 + R2)
oo O

SVGT

c1

ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 5 - Basic Steering Circuit

Figure 6 - Guard Time Adjustment
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Increasing tpec 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. Altematively, a relatively
short tgec with a long tpg would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 9 with a description of the events in Figure 11.

Call Progress Filter

A call progress mode, using the MT8880C/C-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 5). 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 call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the IRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in the MT8880C/C-
1 is capable of generating all sixteen standard DTMF
tone pairs with low distortion 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 tones
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 Figure 7 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_ow and fygy) 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
1209, 1336, 1477 and 1633 Hz. Typically, the high
group to low group amplitude ratio (pre-emphasis) is
2dB to compensate for high group attenuation on
fong loops.

Frow Fign DIGT | D3 | D, | Dy | Do
697 | 1209 1 o]lo o1
697 | 1336 | 2 o|lol| 1t]o
697 | 1477 3 oo 1|1
770 | 1209 | 4 ol 1|{o0o]o
770 | 1336 5 o| 1] o] 1
770 | 1477 6 ol 1]1]o0
852 | 1209 7 o | 1] 1] 1
852 | 1336 8 1]lo}ofo
852 | 1477 9 1{0]o0]|1
941 | 1336 0 tjo]t]o
941 | 1209 . 10| 1|1
941 | 1477 # 1|11]0]o0
697 | 1633 | A 111 )01
770 | 1633 B 1{1]1]o0o
852 | 1633 | C 11111
941 | 1633 | D olo]o]o

0= LOGIC LOW, 1= LOGIC HIGH
Figure 7 - Functional Encode/Decode Table

LEVEL
(dBm) A

| | 1,
250 500 750
FREQUENCY (Hz)

0
- -

= May Accept
] =Acoept

Figure 8 - Call Progress Response

The period of each tone consists of 32 equal time
segments. The period of a tone is controlled by
varying the length of these time segments. During
write operations to the Transmit Data Register the <
bit data on the bus is latched and converted to 2 of ¢
coding for use by the programmable divider circuitry
This code is used to specify a time segment lengtt
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset puise
is issued and the counter starts again. The numbe

4-3
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EVENTS | A | s | ¢ | o | € | =

o b e e e o -
“ Tonein ove | T L—

o=t N o _
ESt | I_] ﬂ aTp ‘__I e
" ¥ tora
* D . U N
SVGT ‘A A r ! l TSt
o —J] l‘__ tpsnx u
RX-RX3 DECODED TONE # (n-1) x #n x #(n+1)
—  tpgys
b3
" l [ 1]
|
Frsad 1 1
Status
Register l
—_— | .
IRQ/CP
LI L

Figure 9 - Recelver Timing Diagram

of time segments is fixed at 32, however, by varying
the segment length as described above the tone
output signal frequency will be varied. The divider
output clocks another counter which addresses the
sinewave lookup ROM.

The lookup 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 produce row and

column tones which are then mixed using a low
noise summing amplifier. The oscillator 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 distortion
products above 8 kHz. It can be seen from Eigure 10
that the distortion products are very low in amplitude.

f R

Scaling information

10 dB/Div

Start Frequency =0 Hz

Stop Frequency = 3400 Hz
Marker Frequency = 697 Hz and
1209 Hz

Figure 10 - Spectrum Plot
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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 one 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 msx1 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, a second burst/
pause time of 102 ms 2 ms is available. This
extended interval is useful when precise tone bursts
of longer than 51 ms duration and 51 ms pause are
desired. Note that when CP mode and Burst mode
have been selected, DTMF tones may be transmitted
only and not received.

In applications where a non-standard burst/pause
duration is required, burst mode must be disabled

and the transmitter gated on and off by an extemna
hardware or software timer.

Single Tone Generation

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

Distortion Calculations

The MT8880C/C-1 is capable of producing precis
tone bursts with minimal emor in frequency (se
Table 1). The internal summing amplifier is followe
by a first-order lowpass switched capacitor filter t:
minimize harmonic components and intermodulatio!
products. The total harmonic distortion for a sing/
tone can be calculated using Equation 1, which is the
ratio of the total power of all the extraneou:
frequencies to the power of the fundamenta
frequency expressed as a percentage. The Fourie
components of the tone output correspond to Voy...
V. as measured on the output waveform. The tota
harmonic distortion for a dual tone can be calculated

EXPLANATION OF EVENTS

VALID DTMF SIGNAL.

REGISTER IS READ.

TP GUARD TIME, TONE PRESENT.
tacta  GUARD TIME, TONE ABSENT.

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 VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.

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

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

F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

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

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

RXg-RX34-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

IRQ/CP 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.

Yo MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VALID FREQUENCIES PRESENT.

1pa TIME TO DETECT VALID FREQUENCIES ABSENT,

Figure 11 - Description of Timing Events

4-3!
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\/ sz + Wm"" VZ“ + eonn Vzr‘

vmmiametlal

THD(%)= 100

Equation 1. THD (%) For a Single Tone

V2, + Vo ... V2, + Vo +
2+ Va o+ Vo

Vzaﬂ +.. Van + Vzw

\' V2|_+ VZH

Equation 2. THD (%) For a Dual Tone

THD (%) = 100

A OUTPUT FREQUENCY
mc}""}'.rE (H2) %ERROR
SPECIIED ACTUAL
L1 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 8474 -0.54
L4 941 948.0 +0.74
H1 1209 12159 +0.57
ﬁz 1336 1331.7 -0.32
H3 1477 14719 -0.35
H4 1633 1645.0 +0.73
Table 1. Actual Frequencies Versus Standard
Requirements

using Equation 2. V{_and Vy correspond to the iow
group, amplitude and high group amplitude,
respectively, and V2o is the sum of all the
intermodulation components. The internal switched-
capacitor filter foliowing the D/A converter keeps
distortion products down to a very low level as
shown in Figure 10.

DTMF Clock Circuit

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

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

Load Capacitance: 18pF

4-40

Maximum Series Resistance:150 ohms

Maximum Drive Level: 2mw
e.g. CTS Knights MP036S
Toyocom TQC-203-A-9S

A number of MT8880C/C-1 devices can be
connected as shown in Figure 12 such that only one
crystal is required. Alternatively, the OSC1 inputs on
all devices can be driven from a TTL buffer with the

- OSC2 outputs left unconnected.

MT8880C/C-1 MT8880C/C-1 MTB880C/C-1
0S8C1 0SC2 0SC1 0SC2 0SC1 0SC2
3.579545 MHz

Figure 12 - Common Crystal Connection
Microprocessor Interface

The MTB8880C/C-1 employs a microprocessor
interface which allows precise control of transmitter
and receiver functions. There are five internal
registers associated with the microprocessor
interface which can be subdivided into three:
categories, i.e., data transfer, transceiver control and
transceiver status. There are two registers
associated with data transfer operations.

The Receive Data Register contains the output code
of the last valid DTMF tone pair to be decoded and is
a read only register. The data entered in the Transmit
Data Register will determine which tone pair is to be
generated (see Figure 7 for coding details). Data can
only be written to the transmit register. Transceiver
control is accomplished with two Control Registers
{CRA and CRB) which occupy the same address
space. A write operation to CRB can be executed by
setting the appropriate bit in CRA. The following
write operation to the same address will then be
directed to CRB and subsequent write cycles will
then be directed back to CRA. A software reset must
be included at the beginning of all programs to
initialize the control and status registers after power
up or power reset (see Figure 16). Refer to Tables 3,
4, 5 and 6 for details conceming the Control
Registers. The IRQ/CP pin can be programmed such
that it will provide an interrupt request signal upon
validation of DTMF signals or when the transmitter is
ready for more data (Burst mode only). The IRQ/CP
pin is configured as an open drain output device and
as such requires a pull-up resistor (see Figure 13).
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RSO R/W FUNCTION b3 b2 b1 b0
0 0 Write to Transmit e
Data Register RSEL IRQ CP/DTMF TOUT
0 ] Read from Receive Table 3. CRA Bit Positions
Data Register
1 0 Wirite to Control S—
Register b3 b2 b1 b0
1 1 Read from Status — — -
Register C/R S/D TEST BURST
Table 2. Internal Reglster Functions Table 4. CRB BIit Positions |
BIT NAME FUNCTION DESCRIPTION
bo TOUT TONE OUTPUT A logic ‘1’ enables the tone output. This function can be
implemented in either the burst mode or non-burst mode.
b1 CP/DTMF MODE CONTROL In DTMF mode (logic ‘0") the device is capable of generating
and receiving Dual Tone Multi-Frequency signals. When the
CP (Call Progress) mode is selected (logic ‘1’) a 6th order
bandpass filter is enabled to allow call progress tones to be
detected. Call progress tones which are within the specified
bandwidth will be presented at the IRQ/CP pin in
rectangular wave format if the IRQ bit has been enabled
(b2=1). Also, when the CP mode and BURST mode have both
been selected, the transmitter will issue DTMF signals with a
burst and pause of 102 ms (typ) duration. This signal duration
is twice that obtained from the DTMF transmitter if DTMF
mode had been selected. Note that DTME signals_cannot be
decoded when the CP mode of operation has been selected.
b2 IRQ INTERRUPT ENABLE | A logic ‘1’ enables the INTERRUPT mode. When this mode is
active and the DTMF mode has been selected (b1=0) the IRQY
CP pin will pull to a logic '0’ condition when either 1) a valid
DTMF signal has been received and has been present for the
guard time duration or 2) the transmitter is ready for more data
(BURST mode only).
b3 RSEL REGISTER SELECT | A logic ‘1’ selects Control Register B on the next Write cycle to
the Control Register address. Subsequent Write cycles to the
Control Register are directed back to Control Register A.

Table 5. Control Register A Description
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BIT NAME FUNCTION DESCRIPTION
b0 BURST BURST MODE A logic ‘0’ enables the burst mode. When this mode is
selected, data corresponding to the desired DTMF tone pair
can be written to the Transmit Register resuiting in a tone
burst of a specific duration (see AC Characteristics).
Subsequently, a pause of the same duration is induced.
immediately following the pause, the Status Register is
updated indicating that the Transmit Register is ready for
further instructions and an interrupt will be generated if the
interrupt mode has been enabled. Additionally, if call
progress (CP) mode has been enabled, the burst and pause
| duration is increased by a factor of two. When the burst
mode is not selected (logic ‘1’) tone bursts of any desired
duration may be generated.
b1} TEST TEST MODE By enabling the test mode (logic'1’), the IRQ/CP pin will
present the delayed steering (inverted) signal from the DTMF
receiver. Refer to Figure 9 (b3 waveform) for details
conceming the output waveform. DTMF mode must be
selected (CRA b1=0) before test mode can be implemented.
b2 |, sSD SINGLE /DUAL TONE A logic ‘0’ will allow Dual Tone Multi-Frequency signals to be
GENERATION produced. If single tone generation is enabled (logic ‘1’),
either row or column tones (low group or high group) can be
generated depending on the state of b3 in Control Register
) B.
b3 CR COLUMN/ROW TONES | When used in conjunction with b2 (above) the transmitter
can be made to generate single row or single column
frequencies. A logic ‘0’ will select row frequencies and a logic
‘1’ will select column frequencies.
Table 6. Control Register B Description
BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bitone (b1) | Interrupt is inactive. Cleared after
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 Valid data is in the Receive Data Cleared after Status Register is
REGISTER FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of the | Cleared upon the detection of a
absence of a DTMF signal. valid DTMF signal.

4-42

Table 7. Status Register Description
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Voo
- 1
¢ e voo [ *+—iF
ormrce O SYGT
INPUT I I g g I R4 /77
: —{]cs ESt <
R L-1: VRet 03 [—= —
— ] vss D2 [}~ >
/77 —"]I_‘E osc1 b1 >
——-] oscz oo [} —
— J— - 4 TouP
oTME H, —— {Qone  IROCP[F > or uC
UTPUT c4 __
Ry 1w [} —
I—E cs Rrso [} >
»
i
Notes:
R1, R2 = 100 kQ 1% ) o ) o
R3=374Q 1% * Microprocessor based systems can inject undesirable noise into
R4 = 3.3kQ 10% the supply rails. The performance of the MT8880 can be optimized
Py . by keeping noise on the supply rails to a minimum. The decoupling
R =10k Q (min.) capacitor (C3) should be connected close to the device and ground
C1=100nF 5% loops should be avoided.
C2 =100 nF 5%
C3 =100 nF 10%*
C4 =10 nF 10%
X-tal = 3.579545 MHz
Figure 13 - Application Circuit (Single-Ended Input) BN
J sovoc 5.0 VDC
MMD6150 4kD
TESTPOINT (7 equivalent) & 2 TEST POINT 3ka
r
130 pF 70 pF
MMD7000
(or equivalent)
Test load for DO-D3 pins Test load tor IRQ/CP pin

Figure 14 - Test Circuit
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’ +5V
6802 3.3k MT8880C/C-1

iRQ [+ IRQ
RSO

Address ‘ —
Peripheral decode DO——‘ cs

VMA

RW >} RW
E »{ ©2
Da'ahﬂ m—— DlData

Figure 15 - MT8880C/C-1 to 6802 Interface

EXAMPLE 1: 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
CS RS0 RW b3 b2 bl bO
1) Read Status Register 0 1 1 X X X X
2) Write to Control Register 0 1 0 0 0 0 ]
3) Write to Control Register 0 1 0 0 0 0 0
4) Wirite to Control Register 0 1 0 1 0 0 0
5) Wirite to Control Register 0 1 0 0 0 0 0
6) Read Status Register 0 1 1 X X X X
EXAMPLE 2: Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones
Desgription
CS RS0 RW b3 b2 bl  bo
1) Wirite to Control Register A 0 1 0 1 1 0 1
(tone out, DTMF, IRQ, Select Control Register B)
2) Write to Control Register B 0 1 0 0 0 0 0
{burst mode)
3) Write to Transmit Data Register 0 0 0 0 1 1 1
(send a digit 7)
wait for an interrupt or poll Status Register
4) Read the Status Register 0 1 1 X X X X
-if bit 1 is set, the Tx is ready for the next tone, in which case...
Wirite to Transmit Register 0 0 0 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 0 1 X X X X
-if both bits are set...
Read the Receive Data Register 0 0 1 X X X X
Write to Transmit Data Register 0 0 0 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 TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (+ 4 ms).

Figure 16 - Application Hints

4-44
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Absolute Maximum Ratings*
Parameter Symbol Min Max Units ]
1 | Power supply voltage Vpp-Vss Vpp 6 v
2 | Voltage on any pin Vi Vgg-0.3 Vppt0.3 v
3 | Curmrent at any pin (Except Vpp and Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
5 | Package power dissipation Pp 1000 mw |
* Exceeding these values may cause permanent damage. Funclional operation under these conditions is not implied.
Recommended Operating Conditions - votiages are with respect to ground (Vgg) unless otherwise stated. ,
Parameter Sym Min Typ Max Units | Test Conditions
1 | Positive power supply Voo | 4.75 5.00 525 v |
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fok | 3.575965 | 3.579545 | 3.583124 | MHz ]
1 Typical figures are at 26 °C and for design aid only: not guaramieed and not subject to production testing.
DC Electrical Characteristics -vgg-ov.
Characteristics Sym | Min | Typ* | Max | Units | Test Conditions
1| ¢ | Openating supply voitage Voo | 475 | 50 | 525 | V |
2 U | Operating supply current Ipp 70 11 mA
3 P [ Power consumption Pc "| 578 | mW
4 | | | High level input voltage Vo | 35 v |
N (OSC1)
5 S Low level input voltage Vio 1.5 v
T+ | (osc1)
6 | S | Steering threshold voltage Vigt | 22 | 23 | 25 V | Vpp=5V
7 Low level output voltage No load
o (0SC2) ‘ Voo 0.1 v
8 u High level output voltage No load
T | (0SC2) VoHo | 4.9 V | Vpp=5V
9 E Output leakage current 4
T | (IRQ) loz 1 10 | pA | Vou=24V
10 | S [ Vgetoutput voitage VRet | 24 | 25 | 26 V | Noload, Vpp=5V
11 VRet output resistance Ronr. 13 kQ
12 D | Low level input voltage ViL 0.8 v
13| 4 | High levelinput voltage Vi | 20 v
14 : Input leakage curmrent iz 10 pA | Vin=Vss to Vpp
a
I
15 | pam | SoUrce cument lon | -1.4 | 66 mA | Vou=2.4V -
16 | Bus | Sink cumrent oo | 20 | 40 mA | Vg =0.4V
17 | ESt | Source cumrent low | 05 | 30 mA | Vou=4.6V
18 ;;g, Sink cument loL 2 4 mA | Vo =0.4V
19 f?g/r Sink cumrent oL | 4 | 16 mA | Vo=0.4V

1 Characleristics are over recommended operating conditions uniess otherwise stated.
1 Typical figures are at 25 °C, Vpp =5V and for design akd only: not guaranteed and not subject to production testing.
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ISO?-CMOS MT8880C/MT8880C-1

AC Electrical Characteristics' - Call Progress - Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics Sym | Min | Typt | Max Units Notes*
1 | Lower freq. (ACCEPT) fia 320 Hz @ -25dBm
2 | Upper freq. (ACCEPT) fua 510 Hz @ -25 dBm
3 | Lower freq. (REJECT) flr 290 Hz @ -25dBm
4 | Upper freq. (REJECT) fur 540 Hz @ -25 dBm
5 | Call progress tone detect level -30 dBm
(total power)
1 Characteristics are over recommended operating conditions unless otherwise stated
1 Typical figures are at 25°C, Vpp = SV, and for design aid only: not guaranteed and not subject to production testing
* See “Notes” AC Electrical Characteristics Tables
AC Electrical Characteristics! - voitages are with respect 1o ground (V) unless otherwise stated.
Characteristics Sym | Min | Typ* | Max | Units Conditions
1 ‘Tone present detect time top 3 1 14 ms |Note 12
2 Tone absent detect time tba 05 4 8.5 ms |Note 12
3 Tone duration accept tRec 40 ms |User adjustable"
4 | p |Tone duration reject tREc 20 ms [User adjustable®
5 | X |interdigit pause accept to 40 | ms |User adjustable®
6 Interdigit pause reject too 20 ms |User adjustable®
7 Delay St to b3 thsis 13 us
8 Delay St to RXy-RX3 tpsiax 8 us
9 Tone burst duration tasT 50 52 ms [DTMF mode
10 | 1 |Tone pause duration tpg 50 52 ms |DTMF mode
11 | X {Tone burst duration (extended) taste | 100 104 | ms |Call Progress mode
12 Tone pause duration (extended) tpse 100 104 ms [Call Progress mode
13 High group output level Vuour | -61 2.1 | dBm |R =10kQ
14 g Low group output level Vioyr | -81 4.1 | dBm [R =10kQ
15 | N |Pre-emphasis dBp 2 3 dB |R =10kQ
16 ) Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
o R =10kQ
17 ¥ Frequency deviation fo 0.7 | £15 % |fc=8.579545 MHz
18 Output load resistance Ry 10 50 kQ
19 ®2 cycle period tcve 250 ns
20 h;: @2 high puise width tcH 115 ns
21 | Y [®2 low pulse width toL 110 ns
22 'L ®2 rise and fall time tr tr 25 ns
23 | T |Address, R/W hold time tAHtawH | 26 ns
24 E Address, R/W setup time (before ®2) | tastaws | 23 ns
25 i Data hold time (read) toHR 22 ns |*
26 g ®2 to valid data delay (read) tooR 100 | ns {200 pF load
27 Data setup time (write) tosw 45 ns
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k

AC électncal Characteristics! (Cont‘d) - vottages are with respect o ground (Vgs) unless otherwise stated.

Characteristics Sym | Min | Typt | Max | Units Notes*

28 Data hold time (write) toHw 10 ns
29 , Input Capacitance (data bus) CiN 5 pF
30 Output Capacitance (IRQ/CP) Cout 5 pF
31 | o | Crystal/clock frequency fc 3.5759 [ 3.5795 | 3.5831 | MHz
32 | w | Clock input rise time tHoL 10 | ns | Extclock
33 | F | Clock input duty cycle - 110 ns | Ext. clock
34 ‘L? Clock input duty cycle DCcL | 40 50 60 % | Ext. clock
35 | K | Capacitive load (OSC2) Cio 30 pF

t is over recommended temperature & power supply vollages.

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

_; The data bus output buffers are no longer sourcing or sinking current by fpu.

See Figure 6 regarding guard time adjustment.

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

2) Digit sequence consists of all 16 DTMF tones.
I 3) Tone duration=40 ms. Tone pause=40 ms.
4) Nominal DTMF frequencies are used.
§) Both tones in the composite signal have an equal amplitude.
6) The tone pair is deviated by +1.5%+2 Hz.
7) Bandwidth mited (3 kHz) Gaussian noise.
a} The precise dial tone frequencies are 350 and 440 Hz (£2%).
9) For an error rate of less 1 in 10,000.
10) Referenced to the lowest amplitude tone in the DTMF signal.
11) Referenced to the minimum valid accept level.
12) For guard time calculation purposes.

£

4-48




ISO°-CMOS NI T8006UL/M 1 600UL~ 1

2

4\5.

I

Figure 17 - ®2 Puise

y/ \
o / X
s 'oor _ lan
N\ /] .
Y/ \\
ASC —  lpws tawH
_// l N\
AW toHR
Valid
DATA BUS Data
Figure 18 - MPU Read Cycle
/ g \ /—
o2 N
o s - taH
N /
4 N\
-« WS
R N

Figure 19 - MPU Write Cycle



MT8880C/MT8880C-1 1S02-CMOS

NOTES:
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