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ABSTRACT

This project is to apply a telephone to be a home security system , besides it can be
used to \check the on-off condition of the doors and windows, and can control electrical
appliances'by talling from a remote telephone. It placees the house under constant
surveillance and will report any alarm/intrusion immediatly whenever a breach of security is

detected or a potential fire hazard is about to occur. The microcontroller MCS-51 is used to

contrdl the whole system to work as we need.
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CREAT PULSE FOR RECEIVE DATA

NO——» COMPLEMENT CLK2 PIN i

[RQ PIN = 0

YES
A 4

DATA OUT TO PORT

v
1 AND DATA WITH OFH
DATA = 0000XXXX

!

SET MT8880 TO READ STATUS REGISTER |

PUT P1 = #7FH

CREAT -PULSE FOR RECEIVE DATA I

SHORT BEEP 1 TIME

e‘ - «
7% 30 FLOWCHART ugmansiudeyeyrautnuzasinedwy

waulasdyoyautnuiufdnes 4 in (aegudy)
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RECEIVE KEY '
DECODE KEY SHORT BEEP 1 TIME |

NO
YES
A 4
RECEIVE KEY -* I

DECODE KEY

NO

YES

\ 4
RECEIVE KEY I

DECODE KEY
KEY = 3 NO
YES
\ 4

SHORT BEEP 2 TIMES

7117 31 FLOWCHART uansnnsasaadeusiarinuredfld amiacdmae 123
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START
R7 = #00H I
RECEIVE KEY l

DECODE KEY

NO——» CHECK ANOTHER DEVICES 'NO

YES

Y
RECEIVE KEY l

2
DECODE KEY I

KEY = 0 NG KEY = 1
YES YES

1 ' 1
AND #0FEH WITH DATA IN R7 I ‘ OR #01H WITH DATA IN R7 I
4
DISPLAY DATA TO EXTERNAL PORT DISPLAY DATA TO EXTERNAL PORT '

4

MOVE DATA TO R7 I MOVE DATA TO R7

SHORT BEEP 1 TIME SHORT BEEP 2 TIMES

77l 32 FLOWCHART ugaannspauaunndandln qunsallwig |
wnremg dnasnadgidin 2 AT
A7 1 Midengunaniliaiialdann dudanginsaid 1 Wina 1

d I}
At 2 Maauanatinsafliii d1 0 wunededla &1 1 wwnedudle



KEY = 0 YES" OFF DEVICE 1 '

N KEY = 1 Yes ON DEVICE 1

Y
KEY =2 Bs @YES OFF DEVICE 2
g KEY = 1 YES ON DEVICE 2

N

KEY 3\—YES YES-’ OFF DEVICE 3 '

o
b N KEY = 1 TES ON DEVICE 3
0

|

|

|

[

KEY = 4 YES KEY = 0 gYES»  OFF DEVICE 4 I

NO KEY =1 YES ON DEVICE 4

N

9

|

U7 33 FLOWCHART uamenisaauangnsallii 7 gunsal



YES" OFF DEVICE 1 I
NO KEY =1 Yes’{ ON DEVICE 1 I

YES YES" OFF DEVICE 2 '
NO KEY =1 YES‘\ ON DEVICE 2 I

[e]
|
KEY = 3 Yes KEY = 0_&¥ES"  OFF DEVICE 3 I
NO YES»{ ON DEVICE 3 '
NO
#Y‘ES YES»‘ OFF DEVICE 4 '
NO NO YES‘* ON DEVICE 4 I

717 33 FLOWCHART uamamsaauaugunsalliii 7 ginsal (da)
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DO EQU
Dl EQU
D2 EQU
D3 EQU
IRQ EQU
RDWR EQU
RSO EQU
CLK2 EQU
TONE EQU

RING EQU
INTO EQU
Cs EQU
SOUND EQU
RELAY EQU
WR8031 EQU
RD8031 EQU

ORG
AJMP

ORG
LIMP

ORG

START:
t CLR
MOV
MOV
MOV
MOVX

45

P1.0
Pl.1
P1.2
P1.3
Pl.4
P1.5
P1.6
P1.7

P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.6
P37

8000H &
START

8003H
INT_INTO

8040H

cs Ol :CS PIN CONNECTED TO VSS
R7,#00H

A, #00H
DPTR, #8000H
@DPTR, A

:DPTR = ADDRESS 8000H
;VALUE IN DPTR EQUAL OOH

sk gk ok ddddk ek kkkk*CHECK RING***kkkikhhhrkhhkhrhhhkhkhrikd

CLR
SETB
SETB
SETB
MOV

CHKH: JNB
INC
CJINE
SETB
SJMP

CHKZ:
JB
SJIJMP

INT_INTO:
CLR
RETI

RELAY

EA :SET ENABLE GLOBAL INTERRUPT
ITO :SET FALLING EDGE TYPE FOR INTO
EXO ; ENABLE EXTERNAL INTO

RO, #00H
RING,CHKH ; COUNT PULSE
RO

RO, #07H,CHKZ

RELAY

PASSWORD

RING,CHKZ
CHKH

RELAY



s dedkkkk Rk dkkhkkdkkk ek CHECK PASSWOR

PASSWORD:

CHKPWD: LCALL

CHKKEY: LCALL
LCALL
CINE

LCALL
LCALL
CJINE

LCALL
LCALL
CJINE

LCALL
SJMP

WSOUND:
SJMP

RSOUND:
f MOV

LCALL

RET

CHECK: LCALL
KEY1ST: LCALL
LCALL

WRCRA
PRERD
BEEPSS
A, #01H,WSOUND

PRERD
BEEPSS
A, #02H,WSOUND

PRERD
BEEPSS
A, #03H,WSOUND

RSOUND
CHECK

CHKKEY

R6,#02H
BEEP

WRCRA
PRERD
BEEPSS

A6

D***********************

;CHECK 1ST KEY PASSWORD

sCHECK VALUE EQUAL 1

:CHECK 2ND KEY PASSWORD

;s CHECK 3RD KEY PASSWORD

; TRY TO CHECK KEY AGAIN

:CREAT SHORT BEEP 2 TIMES

;***********************BEGINI************************

CHKCHAL1:
CJINE
. LIMP

CHKONOFF1:
LCALL
LCALL
CINE
LJIMP

CHKON1: CJNE
LJIMP

ONCHALL:
MOV
ORL
LCALL
LCALL
LCALL
SJTMP

OFFCHAL:

A, #01H,CHKCHAL2

CHKONOFF1

PRERD

BEEPSS

A, #0AH,CHKON1
OFFCHA1

A,#01H,KEY1lST
ONCHAL1

A,#01H
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

;ON CHANNEL 1

;OFF CHANNEL 1



MOV
ANL
LCALL
LCALL
SJIJMP

A, #OFEH
A,R7
STO_DPL
BEEPSS
KEY1ST

47

shkkdkhkkkkkkhhhhhkhkrkkkkk*END Lo kdkkdkkhhhhdhrrhrrhhhrrhrs
shkkkkkkkkhkhk kK kR AR E kX XBEGIN2**kkkkkkdhhkhhkhhhhrhdtx

CHKCHALZ2:
CJNE
LJMP

CHKONOFF2:
LCALL
LCALL
CJINE
LIMP

CHKON2: CJINE
LIMP

ONCHALZ2:
MOV
ORL
LCALL
LCALL
LCALL
SJTMP

OFFCHA2:
‘ MOV
ANL
LCALL
LCALL
SJMP

A, #02H,CHKCHAL3

CHKONOFF?2

PRERD

BEEPSS

A, #0AH,CHKON2
OFFCHA2

A,#01H,KEY1ST
ONCHAL2

A, #02H
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

A, #OFDH
A,R7

STO_DPL
BEEPSS
KEY1ST

;ON CHANNEL 2

;OFF CHANNEL 2

;***********************ENDz**************************
;***********************BEGIN3************************

CHKCHAL3:
CJINE
LJIMP

CHKONOFF3:
: LCALL
LCALL
CJINE
LJMP
CHKON3: CJNE
LJMP

ONCHAL3:

MOV

ORL
LCALL
LCALL

A, #03H,CHKCHAL4

CHKONOFF3

PRERD

BEEPSS

A, #0AH,CHKON3
OFFCHA3

A,#01H,KEY1ST
ONCHAL3

“A,#04H
A,R7
STO_DPL
BEEPSS

;ON CHANNEL 3



LCALL
LIJMP

OFFCHA3:
MOV
ANL
LCALL
LCALL
LJMP

A3

BEEPSS
KEY1ST

;OFF CHANNEL 3
A, #0FBH
A,R7
STO_DPL
BEEPSS
KEY1ST

shdkhkhhhhhkhhkdkhkhhthkk*ENDI* kb hkdbkhhhhkhdhhhhhhhkddhshd
shkkkhkkhdhkdkhhhkhhhkdkdkkkkBEGIN4**x*kkhkhkkhkhhhkhhrkhhhikh

CHKCHALA4:
* CJINE
LIMP

CHKONOFF4 :
LCALL
LCALL
CINE
LJMP

CHKON4: CJNE
LJMP

JKEY1S8T:
LJMP
ONCHAILA4:
MOV
ORL
LCALL
LCALL
LCALL
LIMP

OFFCHA4 :
MOV
ANL
LCALL
* LCALL
LJMP

A,#04H,CHKCHALS5
CHKONOFF4

PRERD
BEEPSS
A, #0AH,CHKON4
OFFCHA4

A,#01H,JKEY1ST
ONCHAL4

KEY1ST
;ON CHANNEL 4

A, #08H

A,R7

STO_DPL

BEEPSS

BEEPSS

KEY1ST

:OFF CHANNEL 4
A, #0F7H
A,R7
STO_DPL
BEEPSS
KEY1ST

;***?*******************END4**************************
shkhkdkdkhkhhhkhkdhkhhhkkkhkrkkkd BEGINS***kkthhkhhkhhhkhhhhhkhkhtrtk

CHKCHALS:
CJINE
LIMP

CHKONOFFS5 :
LCALL
LCALL
CINE
LJIMP

CHKON5: CJNE
LIMP

A, #05H,CHKCHALG
CHKONOFFS

PRERD

BEEPSS

A, #0AH,CHKONS
OFFCHAS5

A,#01H,JKEY1ST
ONCHALS



ONCHALS5 :
MOV
ORL
LCALL
LCALL
LCALL
LIMP
¥
OFFCHAS:
MoV
ANL
LCALL
LCALL
LIMP
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A,#10H
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

A, #0EFH
A,R7

STO_DPL
BEEPSS
KEY1ST

;ON CHANNEL 5

;OFF CHANNEL 5

H ***********************ENDS**************************
;***********************BEGING************************

CHKCHALG6:
CJINE
LJMP

CHKONOFF6:
LCALL
LCALL
CJINE
LJMP

CHKON6: CJNE
LJIMP

ONCHALG6 :
MOV
ORL
LCALL
LCALL
LCALL
LJMP

OFFCHAG6 :
MOV
ANL
LCALL
LCALL
LJIMP

A,#06H,CHKCHAL7

CHKONOFF6

Y

PRERD

BEEPSS

A, #0AH,CHKON6
OFFCHA6

A,#01H,JKEY1ST

ONCHAL6

A, #20H
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

A, #ODFH
A,R7
STO_DPL
BEEPSS
KEY1ST

;ON CHANNEL 6

OFF CHANNEL 6

;****5******************END6**************************
PRIEKIRXKI KK IXXI XK I LRI XBEGINT * % F ke e dede sk ok e de e ok o b o

CHKCHAL7:
CJINE
LJMP

£

CHKONOFF7:
LCALL
LCALL
CJNE

A,#07H,CHKCHALS

CHKONOFF7

PRERD
BEEPSS
A, #0AH,CHKON7



LJMP

CHKON7: CJNE
LJMP

JJIKEY1ST:
LJMP

ONCHAL7:
MOV
ORL
LCALL
LCALL
LCALL
LJIMP

OFFCHA7:
MOV
ANL
LCALL
LCALL
LIMP

50

OFFCHA7

A,#01H,JJKEY1lST
ONCHAL7

KEY1ST

;ON CHANNEL 7
A,#40H
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

;OFF CHANNEL 7
A, #OBFH
A,R7
STO_DPL
BEEPSS
KEY1ST

;***********************END?**************************
;***********************BEGINB************************

CHKCHALS:
£ CJINE
LJIMP

CHKCHALS:
£ LJMP

CHKONOFF8:
LCALL
LCALL
CJINE
LJIMP

CHKON8: CJNE
LJMP

ONCHALS:
MOV
ORL
LCALL
LCALL
LCALL
LJMP

OFFCHAS:
MoV
ANL
LCALL
LCALL
LJMP

A, #08H,CHKCHAL9
CHKONOFFS8

KEY1ST

PRERD

BEEPSS
A,#0AH,CHKONS
OFFCHAS

A,#01H,JJKEY1lST
ONCHALS8

;ON ALL CHANNEL
A, #OFFH
A,R7
STO_DPL
BEEPSS
BEEPSS
KEY1ST

;OFF ALL CHANNEL
A, #80H

A,R7

STO_DPL

BEEPSS

KEY1ST



b1

;**“*********************END8**************************

STO_DPL: ;STROGE VALUE TO R7 AND DISPLAY TO
MoV R7,A ;OUTPUT PORT
MoV DPTR, #8000H
MOVX @DPTR, A
RET
WRCRA: MOV P1,#54H ;SET TO MODE RX
ACALI, CLOCK ;CREAT PULSE FOR RECEIVE DATA
RET
PRERD: MOV Pl,#3FH ;SET 8880 TO READ FROM RX
WAITDA: JB IRQ,CKGEN ;CHECK DTMF IN (IRQ=0 WHEN DTMF IN
SETB CLK2 ;TRQ=0 SET CLK2 HIGH
MoV A,P1 ;READ DATA
ANL A,#O0FH :DATA=0000XXXX
MOV Pl,#7FH ;IRQ PIN TO HIGH
ACALL  CLOCK
RET
CKGEN: CPL CLK2
SJIMP WAITDA
CLOCK: ;PULSE 1 mSEC AT CLK2 PIN
MOV R3,#01H
CLR CLK2
. LCALL DELY
SETB CLK2
LCALL DELY
CLR CLK2
RET
DELY: MoV RO, #02H
DL1: MoV R1,#0ESH
DL2: DJINZ R1,DL2
DJINZ RO,DL1 ;DELAY 1mSEC
DJINZ R3,DELY ;DELAY (R3) mSEC
RET
BEEPSS: MOV “Re6, #01H ;CREAT SHORT BEEP 1 TIME
LCALL - BEEE
RET
BEEP: MOV R4, #0AH
PL1: DJINZ R4 ,PULSE ;CREAT PULSE 10 PULSE = 10 mSEC
CLR SOUND
MoV R5,#0FAH
LCALL  DELY - ;DELAY 250 mSEC
DJINZ R6 ,PULSE
RET
PULSE: SETB SOUND ;PULSE 4 mSEC AT SOUND PIN
MOV R3,#02H . S
LCALL  DELY
CLR SOUND
MOV R3,#02H

LCALL DELY
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SJIMP PL1

END
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3.MOTOROLA SEMICONDUCTOR Data Sheet, MOTOROLA
TELECOMMUNICATION DEVICE DATA

4. MOTOROLA MEMORY DATA , MOTOROLA INC. , 1989
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1s02.cMos MT8880C/MT8880C-
Integrated DTMF Transceive

m&ﬁﬁ‘kv R ‘"”&w\t&;ﬁ&k -i"
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Features . . T
_ Ordering Information
e Complete DTMF transmitter/receiver MT8880CE/CE-1 20 Pin Plastic DIP
o Central office quality MT8880CC/CC-1 20 Pin Ceramic DIF
e Low power consumption MTB880CS/CS-1 20 Pin SOIC.
o Microprocessor port MT8880CP/CP-1 28 Pin Plastic LCC
-40°C to + 85°C |

e Adjustable guard time
e Automatic tone burst mode
based upon the industry standard MTs .

e Call progress mode oo
monolithic DTMF receiver, the transmitter utili... ¢
switched capacitor D/A tonverter for low distoi. .

high accuracy DTMF signalling. Internal cour - rs

Applications
provide a burst mode such that tone bursts ca- be
e Credit card systems transmitted with precise timing. A call prog- :ss
o Paging systems filter can be selected allowing a microprocessc. .o
analyze call progress tones. A stanc..:

microprocessor bus is provided and is direth
compatible with 6800 series microprocessors. ‘i«
MTB880C-1 is functionaily identical to the MT8S

e Repeater systems/mobile radio

~

e Interconnect dialers

e Personal computers
except for the performance of the receiver sect-un,
which is enhanced to accept and reject lower sic .~

Description 1
P levels.

The MT8880C/C-1 is a monolithic OTMF transceiver
with call progress filter. 1t is fabricated in Mitel's
1S02-CMOS technology, which provides low power
dissipation and high reliability. The DTMF receiver is

- e .

PIANEY 4| 0o
7 ha ROW AND poa] TRANSMI DATA Ot
TONE - 1 CONVERTERS COLUMN REGISTER BUFFER D1
COUNTERS 02
. STATUS -H 03
TONE BURSY CONTROL REGISTER INTERRUPT
GATING CCT. LOGK ~ LOGIC .
L = = RQ/CP
IN+ 1A | CONTROL
IN ¥ T%Nl‘ 7] HiIGH GROUP REGSTER
' ALTER FILTER DIGITAL . A P2
Gs { ALGORITHM W
AND CODE =
towcrour K CONVERTER REGISTER conoL a
osc1 [ oscruiator FILTER s
CIRCUIT T - W
osa
CONTROL RECEIVE DATA RSO
BIAS STLERING REGISTER
GRCUIT LOGK
i o
Voo Vaw Vis Est $tGY
Figure 1- Functional Block Diagram
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PR
, GS IN- VOD ESt
NC IN+ SUGt
we 1 20 voo
n- g2 19 p sueT NC NC .
Gs O3 18 P ESt VRef ) NC
vRet 4 17po3 V$S - NC
vss 45 16 P D2 0sC1 50!
oscy A6 15 p 01 0sc2 [ b2
osa 4?7 v NC 5 D1
TONE s 13 P RQ/CP NC 3 DO
gw J°9 np ¢ B
s 10 11 D RSO
1ONE_GS NC RQ/CP N
RW RSO @2
20 PIN CERDIP/PLASTIC DIP;SOIC 28 PINPLCC
Figure2- Pin Connections
Pin Description
Pin#| Name Description
1 IN+ |Non-inverting op-amp input.
2 IN— Inverting op-amp input.
d differential amplifier for connection

3 GS Gain Select. Gives access to output of fronten

of feedback resistor.

t mid-rail (see Fig. 13).

oltage output, nominally Vpp/2 is.used to bias inputs a

4 Vget |ReferenceV
5 Vs Ground input (OV).
6 0SsC1 | DTMF clock‘oscillator input.
7 0sC2 | Clock output. A 3.579545 MHz crystal connected between 05C1 and OSC2 completes the
internal oscillator circuit. Leave open circuit when OSC1 is clock input.
8 TONE | Tone output (DTMF or single tone).
direction of data transfer to and from the MPU and the

9 R/W | Read Write input. Controls the

transceiver registers. TTL compatible.

10 I3 Chip Select, TTLinput (C5= 0o select the chip).

ecode table. TTL compatible.

1 RSO | Register Selectinput. See register d

12 P2 System Clock input. TTL compatble. N.B.

@2 clock input need not be active when the

device is not being accessed.

13 | IRQ/CP |InterruptRequestto MPU (op
been selected and interrupt ena

signal representative of the inputsign

en drain output). Also, when call progress (CP) mode has
bled the IRQ/CP pin will output arectangular wave

al applied at the input op-amp. Th
{ the call progress filter. See Figure 8.

e input signal

must be within the bandwdth limits O

dance whenCS = 101 ®2is low.

ha-17| DO-D3 [Microprocessor D

ata Bus (TTL compatible). High impe
he digital aigorithm has detected a valid

18 ESt Early Steering output. Presents a fogic highoncet

tone pair (signal condition

). Any momentary loss 0

f signal condition will cause EStto

return to a logic low.

A voltage greater than Vig detected at

19 | SUGT [Steering Input/Guard Time output (bidirectional).
St causes the device to register the detect
voltage less than Vig frees the device to accepta
reset the external steering time-constant, ity state

St.

ed tone pair and update the output latch, A
new tone pair. The GT output acts to

is a function of ESt and the voltage on

20 Vpp |Positive power supply input (+5V typical).
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Functional Description

The MT8880C/C-1 Integrated DTMF Transceiver
architecture consists of a high performance DTMF
receiver with internal gain setting amplifier and a
DTMF generator which employs a burst counter
such that pretise 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 internal 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 (Vges) 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+
I iN
C R
Ry G$
vlt'
VOLTAGE GAIN
(AV)= Ry /Riy | MTB880C/C1

Figure 3- Single-Ended Input Configuration

Receiver Section

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 disl tone rejection. Each filter
output is followed by a8 single order switched
capaditor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain

cmemmaratam achirh are neavidad with hustaracic tn

Separation of the low

o—i }—WW'T—————I
IN+
a1 R1
IN-
o— F— A
Q R& RS
GS
R3 R2
vlf'
$
MT8880C/C-1
s ——t—

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF
R1=R4=RS5=100kQ
R2=60kQ,R3=37.5kQ
R3=(R2RS)'(R2+ RS)
VOLTAGE GAIN
(A, diff) =RS/RY .
INPUT iMPEDANCE .
(Zndiff)=2N R12+ {1/CR

1

Figure 4- Differential Input Configuration

detection of unwanted low-level gignals.
ors provide fall rail

ies of the imcoming

prevent
The outputs of the comparat

logic swings at the frequenc
DTMF signals.

Following the filter section is a decoder employing
digital counting techniques to determine“the
frequencies of theincoming tones and to verify that
they correspond to standard DTMF frequengses. A
complex averaging algorithm protects againstitone
simulation by extraneous signals such as voicewhile
providing tolerance to small frequency -demations
and variations. This averaging algorithm hasdeen
developed to ensure an opumum combination‘of
immunity to talk-off and tolerance to the psesence
of interfering frequencies (third tones)-ahdnoise.
when the detector recognizes the presenceiofatwo
valid tones (this i1s referred to as the ;Tgignal
condition® in some industry specificatiohsi~the
“Early Steering” (ESt) output will go to an.active
state. Any subsequent loss of signal condition- will
cause ESt 10 assume an inactive state.
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. '
Stezring Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven
by ESt. A logic high on ESt causes v, (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high)
for the validation period (tg1p), v reaches the
threshold (Vrg,) 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. 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 3 wide

variety of system requirements.

Voo
Voo
St/GY Ve
ESt R
'GYA = (H 1 ’) In (Vw/ Vu.’
MT8880C/C-1

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values

are chosen according to the formula:

trec = tppttGTP
Up=tpa+icra

The value of tpp is @ device parameter (see AC
Electrical Characterstics) and tggc 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 arrangements may be
used to select independently the guard times for
tone present (tgp) and tone absent (tg1a). 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.

tore = (RC1)In [Viop / Voo Vil

tora=(RIC1)In (Vpo/ Vig)

R,=(R1R2)’ (R1+R2)

Voo o l
C1
St/GT
R1 R2
ESt O

a) decreasing tGTP, (tGTP <tGTA)

torr = (RIC1) In Voo / (Voo Vi)

fcy‘- (RPC 7”/1 {Vw/ V"J

R,= (RIR2)/(R1+ R2)
Voo O I
(4]

StGT

R1 R

O

ESt

b} decreasing tGTA; (1GTP >tGTM‘ .



Is02-cMos MT8880C/MT8880C-1

Increasing tggc 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 tagc with a long tpo 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

inFigure 11,

Call Progress Filter

A call progress mode, using the MT8880C/C-1, can
be selected allowing the detection of various tones
_which idenufy 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 tngger can be analysed by a microprocessor
or counter arrangement to determine the nature of
the call progress tone being detected. Frequencies
which arein 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-
1is 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 3 DTMF
signal with fow 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 (fiow and
frign) are referred to as Low Group and High Group
tones. As seen from the table, the low group
frequences 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 amp-
litude rato (pre-emphasis) is 2B to compensate for

fow | Feen | D67 | D, [ D [ Dy | D,
697 | 1200 | 1+ [o ] o] o |1
697 | 1336 | 2 |6 [o |1 ]o
697 | 177 ] 3 [o o | 1]
770 | 1200 | 4 [o |1 [0 ]o0
770 | 336 | 5 | o [ 1| o |1
2770 | w7 | 6 [ o |1 |1 |0
852 | 1209 | 7 | o [ 1] 1]
852 | 1336 | 8 | 1 [o | oo
gs2 | 177 | 9 | 1 [o o |1
9a1 | 1336 | o |1 ]o |1 ]o
941 | 1209 | HEEERE
9a1 | a7 | # |1 |1 ]o]o
697 | 1633 | A | 1 | 1|0 |1
770 1633 B 1 1 1 0
Bs2 | 1633 | c |1 [ 1|1 [
9a1 | %633 | oD | o [o o[ o

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

3 = May Accept

28 -~

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

Figure 9 - Receiver Timing Diagram

The lookup table contains codes which are used by
the switched capacitor D/A converter 10 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 i$ 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 Figure 10
that the distortion products are very low in

amplitude.

T 11209 Kz

| S<aling Information

10 dB/Div

Start frequency = O Hz

Stop Frequency = 3400 Hz2
Matker Frequency = 697 Hz and




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 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
wransmitter 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
ume 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.

a non-standard burst pause

In applications where
de must be disabled

duration is required, burst mo

and the transmitter gated on and off by an extern
hardware or software timer,

Single Tone Generation

A single tone mode is available whereby individu:
tones from the low group or high group ¢an b
generated. This mode tan be used for DTMF tes
equipment applications, acknowledgement ton
generation and distortion measurements. Refer t
Control Register B descniption for details.

Distortion Calculations

The MT8880C/C-1 is capable of producing precis
tone bursts with minimal error in frequency (se:
Table 1). The internal summing amplifier «
followed by a first-order lowpass switched capacito
filter to minimize harmonic components ani
intermodulation products. The total harmor
distortion for a single tone can be calculated usir
Equation 1, which is the ratio of the total power ©
all the extraneous frequencies to the power of th
fundamental frequency cxpressed as a percentage
The Fourier components of the tone outpu
correspond 10 Va1.... Vnt 33 measured on the outpuy
waveform. The total harmonic distortion for a dua
tone can be calculated using Equation 2. Vi and V;

N

EXPLANATION OF EVENTS

UNTIL NEXT VALID TONE PAIR.
D) TONE #n+ 1 DETECTED, TONE DU
ACCEPTABLE DROPOUT OF TONE

3]
UNTILNEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
DTMF COMPOSITE INPUT SIGNAL .

TONE BURSTS DETECTED, TONE DURATION INVALID, RX D
D, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX D4 1A REGISTER.

A)
8) TONE #n DETECTE
Q) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, iNF

€)
END OF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, INFORMATIO

ATA REGISTER NOT UPDATEL

ORMATION IN RX LA TA REGISTER RETAINED

RATION VALID, TONE DECODED AND LATCHED IN R/ DATA REGISTER.
#n+ 3, TONE ABSENT DURATION INVALID, DATA RE17AINS UNCHANGED.

N INF/7 DATA REGISTER RETAINED

Ven

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

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

RXgRX,  4-BITDECODED DATAIN RECEIVE DATAREGISTER

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

b2 INDICATES THAT VALID DATA IS iN THE RECEIVE DATA REGISTER. THE BIT IS CLEAREL AFTER THE STATUS REGISTER IS
READ.

TRQUCP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATAREGISTER. THI INTERRUPT 15 CLEARED AFTER
THE STATUS REGISTER IS READ.

L1714 MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

tace MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

to MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS. ’

too MAXIMUM ALLOWABLE DRXOPOUT DURING VALID DTMF SIGNAL.

toe TIME TO DETECT VALID FREQUENCIES PRESENT.

toa TIME TO DETECT VALID EREQUENCIES ABSENT.

G GUARD TIME, TONE PRESENT.

LG GUARD TIME, TONE ABSENT. .

Finures 11 - Descrintion of Timing Events
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THO (%)= 100
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Equation 1. THD (%) For o Single Tone

VIV - V2 eV e

v,ln - ‘-v’nu + v"IMD

N VeV,

Equation 2. THD (%) For a Dual Tone

THO(%)= 109

L

LOUTPUTFREQUENCY /
:::3:_‘ (H2) %ERROR
!sPEClFIED] ACT'UAq
L1 ‘[ 697 ] 6991 I +0.30
L2 j 770 ] 766.2 1 -0.49
13 | 852 | 8174 [ s
L4 ] 941 ] 948.0 [ +0.74
| w1 [ 1209 ] 1215.9 1 +0.57
2 [ 1336 [ 13317 | 032
H3 ] 1477 ] 1471.9 [ 0.35
Ha [ 1633 | 1645.0 | +073

Table 1, Actual Frequencies Versus Standard
Requirements

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.

DTMF Clock Circuit

he internal clock circuit is completed with the
ddition of a standard television colour burst crystal
aving a resonant frequency of 3.579545 MHz. A
umber of MT8880C/C-1 devices can be connected
 shown in Figure 12 sdch that only one crystal is
qQuired, Alternatively, the 05C1 inputs on all

MTB880C/C-1 MT8880CC1 MT8880C/C-1
05C 052 05C1 03C2 + [Losc1 osc
3579545 30pF " 30pF
MMz

Figure 12 - Common Crystal Connection

devices can te driven from a TTL buffer with the
0OSC2 outputs left unconnected.

Microprocessor Interface

The MT8880C/C-1 employs a microprocessor
interface which allows Precise control of
transmitter and receiver functions, There are five
internal registers assocrated with the micro-
processor 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
deta'ls). Data can only be written to the transmit
register. Transceiver control is accomplished with
two Control Registers (CRA and CRB) which occupy
the same add-ess space. A write operation to CR8
<an 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. Asoftware 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, 4,5and 6 for
details concerning 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
4] 0 Write to Transmit —_
Data Register RSEL IRQ CP/DTMF TOUT
0 1 Read from Receive Table 3- CRA Bit Positions
Data Register
1 0 Write to Control
Register
b3 b2 b1 b0
1 1 Read from Status
Register CR | siD | TEST BURST

Table 2 - Internal Register Functions

Table 4- CRB Bit Positions

BIT

NAME

FUNCTION

DESCRIPTION

2 e

b0

TOUT

TONE OUTPUT

Alogic ‘1’ enables the tone output. This function can.be
implemented in either the burst mode or non-burst mede.

e

b1

CPIDTMF

MODE CONTROL

In DTMF mode (logic ‘0°) the device is capable of generating
and receiving Dual Tone Multi-Frequency signals. Wham the
CP (Call Progress) mode is selected (logic "1°) a 6th ardre
bandpass filter is enabled to allow call progress tones ta:le
detected. Call progresstones which are within the specified
bandwidth will be presented at the IRQ/CP pn n
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 DTMF 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
TRQ/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

Alogic ‘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 RegistearA.

Table S - Control Register A Description
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DESCRIPTION S |

BIT ] NANKE FUNCTION ]
bo BURST BURST MODE Alogic ‘0’ enables the burst mode. When this mode is
selected, data corresponding to the desired DTMF tone pair
canbe written to the Transmit Register resulting in a tone
! burst of a specific duration (see AC Characteristics).
‘ Subsequently, a pause of the same duration }s 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 notselected (logic ‘1) tone bursts of any desired

duration may be generated.

By enabling the test mode (logic '1°), the IRQ/CP pin will

present the delayed steering (inverted) signal from the

DTMEF receiver. Refer to Figure 9 (b3 waveform) for details

concerning the cutput waveform. DTMF mode must be
selected (CRAb1=0) before test mode can be

J~ j implemented.

A logic ‘0" will allow Dual Tone Multi-Frequency signals to *

be 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.

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

J Jlogic't'willseled column frequencies.

Table 6 - Control Register B Description

b1 TEST |} TEST MODE

b2 /D SINGLE 'DUAL TONE
GENERATION

LW

b3 C/R COLUMN ROW TONES

8IT , NAME ] STATUS FLAG SET STATUS FLAG CLEARED
0 IRQ Interrupt has occurred. Bit one Interruptis inactive. Cleared after
(b1) or bit two (b2) is set. Status Register is read.
Pause duration has terminated Cleared after Status Register is read
or when in non-burst mode.

REGISTER EMPTY and transmitter is ready for new
(BURST MODE ONLY) data.

RECEIVE DATA REGISTER Valjd dataisin the Receive Data
FULL Register.

Cleared after Status Register is
read.

b1 /TRANSMIT DATA
b2

Claarad unan the datartinn nfa

>3 I DECAVED 3TEERING Setupon the valid detection of
.
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R1,R2=100kQ 1%
R3=374k Q1%
R&=33kQ10%
R =10k Q(min)
C1=100nFS % * Microprocessor based systems can inject undesiable noise into
C2=100nfS % the supply tails. The performance of the M18880 can be optimized
by keeping noise on the supply rads to a mnimum. The detouplmg
(3=100nF10% ° capacitor (C3) should be connected close to the device and groun ,
Ca=10nF 10 % loops should be avoided.
X-tal=3.579545 MHz
- Figure 13- Application Circuit (Single-Ended Input)
sSovD< SovDC
MMD6150 '
or equivalent 24kM}
TEST POINT (or equiv ) TEST POINT e,
8
130 pF 20 o
MMD?7000 P
{or equn alent)
_Test load for IRQ/CP pin

Test load for DO-D3 pins
>
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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:

Description Control Data
CS RSO R:W b3 b2 b1 bO
1) Read Status Register 0 1 1 X X X X
2) Write to Control Register 0 1 0 0 0 0 0
3) Write to Control Register 0 1 0 0 0 0 0
4) Write to Control Register 0 1 0 1 0 0 0
5) Write to Control Register 0 1. 0 0 0 0 0
EXAMPLE 2: Transmit DTMF tones of 50 ms burst;50 ms pause and Receive DTMF Tones #
Description . a
CS RSO R/W b3 b2 bt b0
1) Write to Control Register A 0 1 0 1 1 0 LI
(tone out, DTMF, IRQ, Select Control Register B) : i
2) Write to Control Register B 0 1 0 0 0 0 0
(burst mode) .
3) Write to Transmit Data Register 0 o -0 0 1 1 1
(send a digit 7)
------------------------------------- wait for an interrupt or poll Status REGISIEr -«--r--uremremmmcmmmeerreonnnem e ncneesnen
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 ...
Write 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, inwhich 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
' o o0 0 o 1 o

Write to Transmit Data Register

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT 8E SET UNTIL 100 ms { 22 ms) AFTER THE DATA IS WRHTIN 70 YHE‘
‘,

TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (¢ & ms),
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Absolute Maximum Ratings* _
, . Parameter Symbol Min Max- 11U

1] Power supply voltage Vpp-Vss Voo Ttx . “. i

2} Voltage on any pin Vi Vgs~0.3 VD;’,,,IJ_O@ ; |

3] Current atany pin (Except Vpp ang Vss) 10 _‘Y-..,f "

4} Storage temperature’ Ts -65 +150 ; -_‘,;‘-‘

5{ Package power dissipation Po 1000 |- m
T

*Exceeding these values may cause permanent damage. Functional operat:on under these conditions is not imphed.

Recom mended Operating Condit ions - Voltages are with respect to ground (Vgg) unless othe rwise stated.

Parameter Sym Min ] Typ: Max Units Test Con%iﬁvnr
1] Positive power supply Voo 4.75 5.00 5.25 Vv AR
2} Operating temperature To -40 +85 °C e
3 Crystal clock frequency J fcux | 3.575965 | 3.579545 | 3.583124 | MHz S -

* Typucal figures are a1 25 °C and for des:gn a:d only. not guaranteed and not subject 1o production testing

DC Electrical Characteristics’. vgs=0v
Characteristics Sym | Min | Typ* | Max | Units Test Conditions—-
1] s [Operating supply voitage Voo | 475 | 50 | 5.25 v LI
2 g Operating supply current Ibp 7.0 1 mA -
3 Power consumption Pc 525 | mw —
4| , |[Highlevelinputvoltage Vivo | 3.5 1" SN
N | (OSCY)
S S Low level input voltage Viio 1.5 " - e
1 [(0SCY)
$ |Steering threshold voltage Vige | 22 | 23 | 25 V. |Vpp=5V - S
Low level output voltage No load . e
o (0SC2) | Voio 0.1 \% '
8| u |[Highlevel output voltage No load
T (05C2) VOHO 4.9 v VDD =5V
9 3 Output leakage current
1 [(IRQ) loz 1 10 HA [Von=24V :
10| 3 [Vgeroutput voltage Veet | 24 | 25 | 2.6 No load, Vpp = 5V
11 VRet OUtput resistance RoR 13 kQ ' -
12 ? Low level input voltage ViL 0.8 \'4
13| 9 [Highlevelinputvoltage Viw | 2.0 v
14 : Input leakage current hz 10 HA | ViN=VsstoVpp
]
15 | pata | SOUTCE current lon | -14 | -66 mA [ Vou=2.4V NN
16| Bus [Sink current ot 2.0 4.0 mA | Vo =04V —_—
17 .f:; Source current lon | 0.5 | -3.0 mA [Von=46V
18 { g1/ | Sink current lot 2 4 mA |Vo =04V ’
19 ‘“3’ Sink current loy 4 16 mA | Vo =04V

T Characterstics are over recommended opetating conditions uniess otherwise stated.

' Typicalfigures are a1 25 °C, Vpp = 5V and for design aid only. not guaranteed and not subject to production testing.
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Electrical Characteristics

oL
—

Ga!.."f Se:ting Amph'ﬁer - Voltages a-e with respect to ground (Vs) unless otherwise stated, Vg = 0V, Vpo= SV, To = 25°C,

Characteristics ] Sym | Min | Typt ] Max | Units Test Conditions

1 [thputleakage current | i 100 nA Vgs<Vin=Vpp . ™~

2 [Inputresistance { Rin 10 MQ b

3 lrr»put offsetvoltage ? Vos 25 mv _
4 | Power supply rejection I?PSRR 60 ds 1 kHz

5 | Common mode rejection . CMRR 60 dB 0.75Vs Vi <425V
6 { DCopen loop voltage gain i Avor 65 dB =
7 | Unity gain bandwidth i BW 1.5 MHz ) .

8 | Outputvoltage swing ! Vo 45 Vop R =100k to Vsg°

9 [Allowsable capacitive load (GS) | 100 pF
10 | Allowable resistive load (GS) . Ry 50 kQ
N ] Common mode range Vem 3.0 Voo No Load

* Typical figures are at 25°C and for desigr a 2 2nly' notguaranteed and not subject 10 production testing.

MT8880C-1 AC Electrical Characteristics’. Voltages are with respect to ground (V) unless otherwise stated.

‘ [ Characteristics Sym T Min Typ | Max Units Notes® 3

]Varid input signal levels -31 dém 1.23.5.6.9
i (gach tone of composite 21.8 mVrms | 1.2.3,5,6,9 "
)[z signal) +1 dBm 1,2,3,5,6,9 3

869 mVems | 1,2.3.5,6,9 -

2 Input Signal Level Reject -37 dBm |1,2,3,5.6.9 !

: 109 | mVams | 1.2.3.5.6,9

ng the test circuit shown in Figure 13

" Character:sucs are over recommended temae-ature and at V0= 5V, usi

MT8880C AC Electrical Characteristics". Voltages are with respect to ground (Vo) unless othe ~wise stated.
] L Characteristics Sym Min ] Typ: | Max | Units Notes"
] ] _ -29 dBm [1.23.569
1| 5 each tone of ramponte 275 | mVews [123569
jsignal) +1 dBm 1,2,3,5,6,9
869 | mVams |1.2.3.5.6.9

" Characterstycs are over recommended ope-atng conditions (unless otherwise stated) using the test circuit shown in Figure 13 .

AC Electrical Characteristics'- . Stages-are with respect to ground (Vyg) unless otherwise stated fe = 3.579545 MHz

| I Characteristics Sym Min Typ' | Max | Units Notes®
1 Positive twist accept 8 dB 23,69
2 Negative twist accept 8 dB 2,369
3 Freq. deviation accept 21.5% 1 2Hz 2359
4] R [Freq. deviation reject +3.5% 2,35
S Third tone tolerance -16 dB 2,3,4,59,10
6 Noise tolerance -12 dB 23.4,529.10
? Dial tone tolerance 22 dB  [23.458911 ;
tCharactenistics are over recommended 0pe 311ng conditions unless otherwise stated. ’ -
'Typical figures are at 25°C, Voo = 5V, and &~ dengn a:d only. not guaranteed and not subject to production testing
*See “Notes® following AC Electncal Characte-stics Tables '
o .
<}
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_rectrical Cha racteristics’ (CODt‘d)-VoItages are with respect to ground (Vi) unless otherwise stated . N
’. Characteristics Sym | Min | Typ* | Max | Units Notoff..m
28 f Data hold time (write) tonw | 10 ns » 35___:
29 Input Capacitance (data bus) Cin 5 pF —
m Output Capacitance (IRQ/CP) Cour 5 pF ——.
31 o Crystal/clock frequency fc  [3.5759]3.5795[3.5831| MHz . .
32| T IClock input rise time tieL 110 ns | Ext. clock o
33 '?' Clock input duty cycle thict 110 ns | Ext. clock
34| ¢ [Clock input duty cycle DCc | 40 50 60 % |[Ext.clock _
35 y'E Capacitive load (05C2) Co 30 pF N
perature & power supply voltages. e

Timing is over recommended tem
' Typical figures are 41 25°C and for des;
* The data bus output butfers are no lo
» N . .

See Figure 6 regarding guard time adjustment.

NOTES: 1)dBm = decibels above o1 below a
-2) Digit sequence consists of all 16 DTMF tones.
3) Tone duration = 40 ms. Tone pause = 40 ms.
4) Nominal DTMF frequencies are used.

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

6) The tone pair is deviated by * 15% *2 haz.
7) Bandwidth limited (3 kHz) Gaussian noise.

8) The precise dia! tone frequencies are 350 and 440 Hz (t2%).

9) For an error rate of less than 1 10,000.

10} Referenced 1o the lowes: amplitude tone in the DTMF signal.

11} Referenced to the minimum valid accept level.
12) For guard time calculation purposes.

reference power of 1 mW into a 600 ohm load.

gn aid only: not guaranteed and not subject to production testing.
nger sourcing or sinking curient by ty,
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Features
lmb.l';l.re_p’l‘:::cemem for Mostek MK 5087 L Auxiliary switchirg functions on-chip
® Qperating voltage range: 3.5 10 100 Volis 8 Mute driver on c'h?p
® Uses TV crystal siandard (358 MHz) 10 derive 3% ® Minimum erterna! parts count
f-equencies thus providing very hgh accuracy anc ® Myitiple key entry pin-selectable 10 either single tone
stabihty or no 1uene

= On-chip regulation of duat and s:ngle 1one armolitules

General Description

The UMO5087 is a8 monolithic CMQS integest2d £7C. rance  §~ale coantact siatic keyboatd inputs: single tone
desiored for Dual- Tone-Mutn-Frequency (DT:AF), e e rratit (STIY option; wide supply voltage operation with
phione dialing. requiated  Lutput And the UMP5087 provides good

rortarmance lor law output tone distortiont THD. <

" The UMOS087 was dasigned specifizatty tor the pe' e -20yB
Pin Configuration Block Diagram ) !
rnneG i
U IO i
r = ey i
v N TONE o a ity e e .
oo [} 6 [J ot it :

L

xmtr [ ] 2 w ]8T i N
a E 3 1e '.-—- ~ | et e e
oumtialT{convintie ve
c2 [ 2 i
3 E t
| vse n[]m T e B e ¥ )
= Erml=an | -
osci E 7 16 :, MUTE : : l { I .
i

ca | 0 I Rrdem
oscol: 3 of l o .

UM95087
12

OJod
3 3
i

M
o 1O OUY

BRI )

[IRIRI N Y1

- . '3




@UMC . UM95087 -

Absolute Maximum Ratings*® . *Comments

DC Supply Voltage (Vpg = Vgg) .. .. —0.3V10+10.0V Siresses above those listed under ““Absolute Maximum

Operating Temperature {Top) . ... ... —~30°C 10 +60°C Ratings™ may cause’ permanent damage to the device. This

Storage Temperawure (Terg). ... .. .. —-55°C 10 +150°C is a stress rating only and functional! operation of the device

Applied Voltage On Any Pin | 2% these or sny other conditions above those indicated in
Vg oon e EERRE Vgg —0.3< V| € Vpp +0.3 the operational sections of this specification is not implied.

Power Dissipationa125°C .. .............. 500 m\v

--Electrical-Characteristics .
(Specification apply over the operating temperature and 3.5V € Vg 10 Vg < 10.0V unless otherwise specified.)

Parameter Symbol Min. Typ. Max. i Units Conditions
Operating Voltage Voo 35 00 |V
Standby Current oo 0.25 100 F pA | Vpp =35V | Al outputs unicaded.
g1 .
Oscillator not running.
'op 0.5 290 , uA Vpp = 10.0V
| 70 v, = b
Operating Current ‘oo P o A 1 Vpp =35V | ap outpuls unicaded, *
I o - Osciliator running
oo 5.0 1/ R mA | Vpp = 10.0V
Row Tone Output Va 317 400 | 524 nVrms .
3.5V < Vgp < 100V, Ry = 1KQ, ©25°C
Column Tone Output Ve 3% 500 235 T.Vems
Tone Output External 620 l f Voo " 3.5v
Load Impedance Ry ]
230 : Q | Vpp =100V
1
lomx -5 -25 mA | Vpg = 3.5V, Voux = 25V, No key entry
XMTR Output L .
Current Tomx ~5) =100 mA Voo * 10.0V, Voux 8.0V, No key entry
loux 0.1 199 pA | Vpp = 10.0V, Vg x = 0.0V, With key entry
I 05 20 i mA | Vpp ®= 3.5V -
Q-7 ! . . Voum = 0.5V, No key entty
W § 10 | a0 | ~A | Vgp =100V
Mute Output Current ™ ! :
lowm -05 (-20 | mA Vpp = 3.5V, Voum = 3.0V, With key entry;
“Tomm -1.0 ~-4.0 o mA Voo = 10.0V, Vo = 9.5V, With key entry
ST1 Input Resistance R - 20 100 v | @25°C
Tone Output Rise
Time t, . 3.0 50 ms
¥
Column.1o Row 10120 30 48
Pre-Emphasis .
Tone Output
Distcrtion’ T.H.D. -20 JB
Input High Voltage Vin 0.7 Vpp Voo \Y% -
input Low Voltage Vi Vgs 0.3Vpp
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Table 1: Comparisons of Specified vs Actual Tone Frequencies Generated by UM95087

Output Frequency (Hz)
Active thput . % Error® .
| Specified Actusl

R1 607 699.1 © 4030

R2 - 770 766.2 . —0.49

R3 ; 852 8474 —-0.54
1 T TTRw , W7 e480 +0.74

a , 1.209 12159 +0.57

c2 i 1.336 13317 -0.32

c3 l 1477 14719 -0.35

ca ! 1.633 1.645.0 +0.73

« % Errge oet not inchuse 0521507 3%t

Row 2 tone output Column & tone ocutput
NERRER 1 TR i | SABRAE
RSEEEE I T ] '=i.-‘T
tetae | | T ] AL NN 1
EEREEE] [ | I i g
N = FRE To T .
g as ] o ST FR PN SE NI 1
sty { 1 ]1" v l}“"]'!' !
NI T A MEHIEE TN R |
RS s ITMNEETEEEET I I N
F Vs 2%
BE ! S SEAE) T I (U B
oot e T Y &
RStk PEIEEL ST AN TV LT ~
. TN R T {1y
17 [ Tpiger . tlit T
| Rl PR T
[EENERA N [HEH I TR R 1 ~
TIME - 447 pa/div. TIME - 18 us/div. .
_ Fig 1: Sing'e Tone Output Waveform
.
Crystal Specification
A standard television color burst crystal is specified 1o have Frequency: 3.58 MHz £0.02% .
much tighter tolerance than necessary for tone generation Rg < 10082, Ly = 96mH, C,, = 0.25pF, Cyy = 5pF, -
application. By relaxing the tolerance specification is as CL = 18pF ’

follows:
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Fig 2a: Typical Input Operating Conditions for Pins 3, &,
5, and 9 with Voltage Reference Vgg @ 25°C.

L . COLUMNS

ROWS

Fig 3: Electronic Input

Pin Description
Keyboard {R1, R2, R3, R4, C1, C2, C3, C4)

The UMO50B7 features inputs compatible with the standard
2Z0!-8 keyboard, the inexpensive single-coniact (Form A}
keyboard, and electronic input {ag shown in Fig. 3). The

inputs are siauc (as shown in Fig. 4} i.e. there is no noise )

generation as occurs with scanned or Cynamic inpuls.
When operating with 3 keyboard, nE)rmaI operation is for
dual tone generalion when any single bytton is pushed,
and single 1one operation when two or more butions in the
same row or column are pushed. Activation of diagonal
buttons will result in no tong being ¢nerated.”

When the inputs 1o the UM35037 are elecironically acti-
vated, input 1o 8 single row and column will result in that
dua! tone digil’s being generated. Input to a single column
will result in that column tone being generated. lnput 10

1

10 % -8 -7 -6 -5 —4 -3 =2 -1
| D]

L]
TYPICAL ROW
PERFORMANCE

-0 €

-

Z

£

— ~800 &

)

(%]

[

g0 &

R R

- 800

INPUT VOLTS

Fig 2b: Typical Input Operating Conditions for Ping 11,
12, 13, & 14 with Voltage Reference Vpp, @ 25°C.

Ve
SCw INPUT
f SENSING CIFCUIT
R
AoV STATIC yd
INPUT PROTECTION
Ve
COLUMN INPY
R SENSING Ci12TUtT
3 Ve
coLumy STATIC
INPUT PROTECTION —D—

Fig 4: Row and Column Inputs

multiple columns will result in no tone being geneszied.
Activaion of 8 single row is rot sensed by the interral
circuii of the UM35087. if 2 single row tone is des™ed,
two columns must be activated along with the desired row

Oscillator {OSCI, OSCO)

The UMO5087 contains an on-chip inverter with sufficient
loop-gain to provide oscillation when workin.g with 3 iow
cost television color-burst crystal. The circuit is designed
10 work with a crystal cut to 3.58 MHz 10 give the
{requencies in Table 1. The oscillaior is disabled whenever
a key board input is not sensed. -
Any crystal frequency deviation from 3570745 MHz
will be reflecited in the tone output frequency. Most
crystals do not vary more than £ 02%.
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XMTR Switch (XMTR)

This pin is connected to the emitter of an on-chip bipolar
transistor whose collector is connected 16 Vpg. With no
keyboard input this transistor is turned on and pulls this
pin up 10 within Vge of the Vg supply. When 3 key-
board entry is sensed, this outpul goes open circuit (high
impedance). The XMTR switch output switches regardless
of the state of the ST1 pin input.

Mute Output (MUTE)

The MUTE output is 3 convenuonal CMOS gate that pulls
10 Vgg veith no keyboard input and pulis to Vpp supply
when a keyboard entry is sensed. This output is used 10

cortrol auniliary svaiching funclions ihat are required- 1o
actuaie Lpon keyboard input. The MUTE output switches
regarciess of the stete of ETi pin input.

Single Tone Inhibit (§T1)

The 571 input is used to inhibit the generation of other

UMB5087 Tone Generator Interface Circuit

than dual tones It has a pullup to the Vpp 2nd when
left tloating - - 1-.J 10 Vpp. single or dual tones may be
generated. Whun forced to the Vgs. 8ny input situation
that would normally result in a single tone will now
result in no tone, with all other chip functions operai.ng

normally,

Tone Out (TONE OUT)

The TONE OUT is connected internally in the UM35087
10 the emitter of an NPN transistor is the on-chip npre »
tional amplifier which mires the row and column romes
together. The row and tolumn output wavelorms are
shown in Fig 2a, Fig 2b. These waveforms are digitally-
cyninesizead ‘using on-cRip U .9 A converiers. For the
UM35087 dual tone waveform, T.H.D. is — 2008 maximum.

Power (V5 V)

These are the power supply inputs The UMI5087 is
designed 1o operaie from 3.5 10 10.0 volts.
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