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' Le TCM5089

Le TCM5089 permet I'encodage des 12 ou 16 paires des
fréquences vocales DTMF. Sa facilité de mise en ceuvre,
associée au SSI202P, en fait un produit intéressant pour
les applications en télécommande. Il peut recevoir une ten-
sion d’alimentation allant de 3 & 10 V, sa consommation en
veille vaut 100 nA. Les fréquences sont générées a l'aide
d'un quartz standard de 3,58 MHz. Pour garder la simpli-
cité de mise en ceuvre il s'agit de prévoir un clavier ma-
tricé. Le TCM5089 dispose d'un systeme interne lui per-
mettant de neutraliser la sortie dans le cas ou I'utilisateur
appuie simultanément sur deux touches. La sortie DTMF
sur la broche 16 ne dispose pas d’'un niveau suffisant pour
attaquer une ligne téléphonique ou un systeme de télé-
commande. Pour parer cet inconvénient, un amplificateur
TBAB820 ou LM386 fera trés bien I'affaire, cependant un ré-
glage du gain s'impose.

1ANG 3

~oL.2 RANGEE |

MUTE
ouTPUT

RANG 1
RANG 2
RANG 3
RANG &

osc
out

T

9SC IN

GENERATEUR TONE
] stnusoioat ” cuTPUT
0SC IN $— Y(F haute )

e

0sC ouT

TONE iNwiBIT

TORE iNAIBIT

SINGLE TGHE NmiBIT

MUTE OUT
TOKE QUT
£.0 vers ampli

pEITY] (

INHIBIT

E}‘E} : | e
EE}E}{;}. —_—

[uNuNEiE

pp——|
J:amuu

N N D B e —
==



Toie

N HARRIS CD22202, CD22203

iP) semicoNDUCTOR

pril 1993 5V Low Power DTMF Recelver
l Features Description ,
o Cantral Office Quallty ‘ The.CD22202 and CD22203 complete dual-tone muttiple

frequency (DTMF) receivers detect a selectable group of 12

l :+ No Front End Band Splitting Hltershequlmd . ot-16-standard digits. No front-end pre-filtering is needed.

¢ Single, Low Tolerancse, 5V SU;:;pIy The only externally required oomponentis ;m an inexpensive
T T 3579515MH2TV “colorburst* crystal r frequency refer- |

| « Detects Either 12 or 16 Standard DTMF Digits _ ence) and a bias resistor. Extremely high system density Is !
« Uses Inexpensive 3.579545MHz Crystal for Reference * POSSQ‘O through the use of the dodg“  of a crystal con- |
o N X 922203 tl)etmebases'

| * Excellent SP“Ch Immunity ot al reoeivers Thisisa mlo&ﬁlk: integrated circuit |
Coded 2-01-8 pmhq,_n only. [equxres a s!ngle low lo{emnce power l

Synchronous of Handshaka Intarface . ThESCD22202" and: CD22203 Briplcy: ﬁiw the-art circuit i

* Three State Outputs technology to combine the digital and analog_ functions on |
« Excellent lmch:l}p |rﬁmunlty B " thd‘samé CMOS chip using a standard digital semiconductor |

a process. The analog input is preprocessed by 60Hz reject I
. p oo i and band splitting filters and then hard limited to provide
Orde”ng Information AGC. Eight Bandpass filters detect the individual tones. The

PART TEMPERATURE digital post processor times the tone durations and provides
the correctly coded digital outputs. Outputs interface directly
NUMBER RANGE PACKAGE
- - to standard CMOS circuitry and are tri-state enabled to facil-
CD22202E 0°C to +70°C | 18 Lead Plastic DIP itate bus oriented architectures.
CD22203E 0°C to +70°C 18 Lead Plastic DIP
Pinout Functional Diagram
CD22202, CD22203
(PDIP) 6 ED-203
"y Q E ALTERS 15 -
7 — C
ot 1] 18] 02 ANALOG IN —] Q5
., y o 14
HEX/BT8 (2] 17] 04 Ega w . [E==B
w > HIGH B/P <
en (3] 16] os X[ 7| mueEns &3 |— nexsm
Vo
IN1633 E E} CLRDV a3 |,
5 13 <9 p—ot
Voo [5] 14] ov AT o =
ED (203 ONLY), [s: EATB 8 o 18
NC (202) XEN | CHIP 09
vss [7] 12] xin cLOCKS B |7
XIN ga -
xen [8] 1] xout — =
ANALOG IN [9] o] Vss 5 < A
— 9 W
° VOLTAGE - 13 en
1 REG.REF.
XouT
[s T |7 [ 4
oy INIS33

Vss
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FIGURE 6. CD22203 DTMF RECEIVER WITH GUARD ﬂME CIRCUIT TO PROVIDE EXCEPTIONAL TALK-OFF PERFORMANCE

Operating and Handling Considerations

Handling

All inputs and outputs of CMOS devices have a network for
electrostatic protection during handling. Recommended han-
diing practices 'for CMOS - devices are described In
ICAN-6525: "Guide to- Better Handling and..Operation of
CMOS Intégrated Circuits”.

Operating
Operating Voltage .
During “opération?néar'the maximum supply: vohagd Hmit, !

care should be taken to avoid or suppressipowdr Supply:

turn-on and tumoff transients, power supply ripple, or ground
noise; any of these conditions must not cause Vpg'- Vgs to
exceed the absolute maximum rating.

Input Signals

To prevent damage to the input protection circuit, input sig-
nals should never be greater than Vpp nor less than Vgs.
Input currents must not exceed 20mA even when the power
supply s off. ;

'AUngu(ii Inputs

A connéction must be provided at every input terminal. All -
unused input terminals mustibe connected to either Vpp or
Vss. whichever Is appropriate.- :

“Output Short Clrcults

Shorting of outputs t0.Vgp or Vgg may damage. CMOS
. devices by exceeding the' maximum device dissipation.



abovgj28kHz the simple RC filter shown below may be
\Used to band limit the incoming signal. The cut off
frequency is 3.9kHz.

ui'.u" ANALOG ’
Nolisy >——21N‘ C e o IN comoa .
SIGNAL M J_ - comml{:“:
cae e 53 = Iy
o.oqsupl .23k M-I

FIGURE 4. FILTER FOR USE IN EXTREME HIGH FREQUENCY
- INPUT NOISE ENVIRONMENT ©~ -

Noise will also be réduced by placing a groundéd trace -
around XIN' andXOUFcpkbm the circuit board'layott whert”
&*mportant to note" that-XOUT tis-not”

using a crystal-ft
intended to driveanaddiﬂonaldevice XIN may be driven
externally; In this cass, Yeave XOUT floating.

Timing Waveforms:
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\ I
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INPUT sl
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D4, D8 a0
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=
- 1
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ED®

* Early Detect output Is available only on the CD22203

FIGURE 5.

PARAMETERS [symBoL| miN | TYP | MAX | UNTs
Tone Time LT
For Detection l'on f_'; ‘_40, - -, {ms
For Refection ™~ |3 5= |==2 [ 7 - | 20 |: ms
Forotacton, || e |40 [ | - [ims
For Rejection .- |-y torry [ s i | - | 20 | ms
Detact Time |25 - |48 |ims
Rolcasa Ting {5 | pabngedssfogs i) ¢ - | 0 | ma
DataHod Time | #{ ty ™| %423 [40i| 6™ | ma
DV Cloar Time ' A4 [P 1YV 55 os0 | ] s
CLRDV Puisa Width | |-t~ [200 | = |+ =5/3na
EDDetect Tme _ix: | tip e | 37| - |-220 | Gims -
EDReleaseTime | 'tz [ "2 | - | 18 | .ms
Output Enable Tima : - | 200|300 | ns
Cy = 50pF, R = 1kQ
Output Disable Tima . - | 150|200 | ns
Cy = 35pF, R = 500Q
Output Rise Time . - | 200|300 ns
Cy = 50pF
Output Fall Time - - 160 | 25C ns
Cy = 50pF
Guard Time

Whenever the DTMF recgiver is continually monitoring a
voice channel containing distorted or musical voices or
tones, additional guard time may be added in order to
prevent false decoding. This may be done in software by
verifying that both ED and DV are present simultaneously for
about 55ms. An appropriate guard time should be selected
lo balance the fastest expected dialing speed against the
rejection of distorted or musical voices or tones (most
autodialers operate in the 65ms to 75ms range although a
few generate 50ms tones). A hardware guard time circuit is
shown in Figure 6. R3 and R4 should keep the voice
amplitude as low as practical, while R2 and RS adjust
delaction speed.



Functional Block Diagram
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i

Yoo Vss Vss

NOTE: Pin 6:. Early detect output on CD22203 only.

System Functions

Analog In

The Analog In pin accepts the analog input. It is internally
biased so that the input signal may be either AC or DC cou-
pled, as long as it does not exceed the positive supply volt-
age. Proper input coupling is illustrated below.

CD22202, CD22203
0.01pF

v
AUDIO ©—] Lo
INPUT
(+4dBm
MAXIMUM) 270kQ
ON CHIP
! )

10pF
]
ANALOG Y 1=
: IN
1500pF == 33 Ad00RT)
"—_:': = Vss
OPTIONAL
HIGH FREQUENCY
NOISE FILTER
(fe = 3.9kHz)

FIGURE 1. ANALOG IN

The CD22202 and CD22203 are designed to accept sinuso-
idal input waveforms, but will operate satisfactorily with any
input that has the correct fundamental frequency with har-
monics that are at least 20dB below the fundamental.

Crystal Osclllator

The CD22202 and CD22203 contain an on-board inverter
with sufficient gain to provide oscillation when connected to
a low cost television “color-burst” (3.579545MHz) crystal.
The crystal oscillator is enabled by tying XEN high. The crys-
tal is connected between XIN and XOUT. A 1MQ resistor is
also connected between these pins in this mode. ATB is a
clock frequency output. Other CD22202 and CD22203
devices may use the same frequency reference by tying their
ATB pins to the ATB output of a crystal connected device.
XIN and XEN of the auxiliary devices must then be tied high
and low, respectively. Up to ten devices may be run from a
single crystal connected CD22202 and CD22203 as shown
in Figure 2.



3.579545MHz
__{D}___
™
xin YY1 xour Voo
12 1
]
ATB . CD22202/22203 XEN
XIN CONNECTED TO Vpg
12
D22202/222 XEN
R |
| r—a

UP TO 10 DEVICES
FIGURE 2. CRYSTAL OSCILLATOR
HEX/B28

This pin selects the format of the digital output code. When
HEX/B28 is tied high, the output is hexadecimal. When tied
low, the output is binary coded-2-of-8. The following table
describes the two output codes.

TABLE 1. OUTPUT CODES

HEXADECIMAL BINARY CODED 2-OF-8

DIGIT D8 D4 D2 D1 D8 D4 D2 D1

1 o]l o] o 1 0 ol o] o

2 0 0 1 0 0 0 0 1

3 0 0 1 1 0 0 1 0

4 0 1 0 0 0 1 0 0

5 0 1 o 1 1 0 1 0 1

6 0 1 1 0 0 1 1 0

7 0 1 1 1 1 0 0 0

8 1 lofloflof 1 ]o]of1

9 100 o | 41 |0 1| 0-

B IPRY (K33 T e o I IO N SO KO R ) (R W 0 Bl R |

» re ﬁ&‘ 3.’00 b BRI =gt g
CON I T O O I N
A et ofie0s |l o Oonlaed udt dondisd -
B DA an e 115 100 | U0t it Yot ritis
C'Q"'f ﬂ}:% ﬁt!l;n :\'1.11 u1.> \_\.11-4 }tooq :.b:":r. “I‘,T'"
JLSRTAR Do Ao e B I S I R PR A e O

ED

This pin, on the CD22203 only, indicates the presence of fre-

quencies which are likely to be DTMF digits, but have not yet
been verified by a DV signal. It Is comparable to a “button-
down” output, and It Is useful as an EARLY DETECT signal to
interrupt a microprocessor for digit storage and validation.

3 --n‘?fu—-:"‘-;,l
DV and CLRDV 7..:
DV signals a detection by going high after a valid tone pair s
sensed and decoded at the output pins D1, D2, D4, and D8.

DV remains high until a valid pause occurs or CLRDV is
raised high, whichever is sooner. This handshake can save
microprocessor time.

DTMF Dlaling Matrix

CcoLo coL 1 COoL 2 CcOoL 3
1209Hz 1336Hz 1477Hz 1633Hz
et
ot 5]
satts 5]
A 3 N ) I 1) o]

NOTE: Column 3 s for special applications and is not normally used
In telephone dialing.
IN1633

When tied high, this pin inhibits detection of tone pairs con-
taining the 1633Hz component. For detection of all 16 stan- -
dard digits, IN1633 must be tied low.

N/C Pin
This pin has no intemal connection and should be left floating.
Digltal Inputs and Outputs

All digital inputs and outputs of the DTMF recelvers are rep-
resented by the schematic below. Only the “analog in" pin is
different, and is described above. Care must be exercised
not to exceed the voltage or current ratings on these pins as
listed in the “maximum ratings” section.

Voo

Vge

FIGURE 3. ;dGﬂM INPUTS AND OUTPUTS

Input Filter

The CD22202 and CD22203 will tolerate total Input nolse of
a maximum of 12dB below the lowest amplitude tong. For
most telephone applications, the combination ,of the high
frequency ‘attenuation of the telephone line and internal
band limiting make special circuitry at the input to these
receivers unnecessary. However, noise near the 56kHz
internal sampling, frequency will be aliased, (folded back)
into the audio spectrum, so if excessive noise is present



Absolute Maximum Ratings

DC Supply Voltage (Vpp)(Referenced to Vgg Terminal) .. ... .. +7V
Power Dissipation

Ty = +25°C (Derate above Ty = +25°C at 625mW/C. ... .. 65mW
Input Voltage Range :

All Inputs Except Analogin.............. (Vpp +0.5V) 1o -0.5V
Analog In Voltage Range ............. (Vpp +0.5V) to (Vpp -10V)
DC Currentinto any Inputor OQutput . . ...cvviiviinnnenen.. +20mA
Junction Temperature . ... oever e eneeeeneennnnnn +175°C
Junction Temperature (Plastic Packages). .............. +150°C
Lead Temperature (Soldering 10Sec.). .. vvvevvinenvnn. +300°C

Operating Conditions

Operating Temperatura RANQ8 .. oo vvvveveeenne. 0°C to +70°C
Storage Temperature Range. ..........cocennn. -65°C to +150°C

NOTE: Unused Inputs must ba connected lo Vpg of Vsg 8s appropriate.

CAUTION: Stressas above thass listed in “Absolute Maximum Ratings® may cause permanent damage (o the device. This is a stress only rating and opera:icn
of the device at these or any other conditions above thoss indicated in the operational sections of this specification is not imphed.

Electrical Specifications 0°C < T, £ +70°C, Vpp = 5V £10%

PARAMETERS TEST CONDITIONS MIN TYP MAX UNITS
Frequency Detect Bandwidth £(1.5 + 2Hz) 2.3 3.5 % of f,
Amplitude for Detection Each Tone -32 - -2 dBm Referenced to 60002
Minimum Acceptable Twist Twist = high tone -10 - +10 a8
low tone
60Hz Tolerance - - 0.8 Vaus
Dial Tone Tolerance “Precise” Dlal Tone - - 0 dB Referenced to Lower
Amplitude Tone
Talk Off MITEL Tape #CM7291 - 2 - Hits
Digital Outputs (except XOUT) | “0” Level, 400pA Load 0 - 0.5 A
“1" Level, 200pA Load Vpp -0.5 - Voo \Y
Digital Inputs “0° Level 0 - 0.3Vpp A
“1" Level 0.7Voo - Voo v
Supply Current Tp =+25°C - 10 16 mA
Nolsa Tolerance MITEL Tape #CM7291 - - -12 d8 Referenced to Lowest
, o (Nota 1) - Ampliide tong. . .
Input Impedanca;s-tu: - Voo 2V 2'(Vpo =10) " -2 100kQ//15pF 300iQ- -
NOTE: ) D

1. Bandvac*t: Wited (3kHz) Gausslan nolsa.
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EN SAVOIR 2LUS
SUR LE 551 202

1. Géneralités (fig. 9)

Le systeme de chiffrage par impul-
sions a pour ainsi dire totalement
disparu pour laisser la place a la
DTMF (Dual Tone Multi Frequency).
Il s’agit d'un procédé consistant,
pour un chiffre donné, a superpo-
ser deux fréquences sinusoidales
de la gamme musicale. Le tableau
de la figure 9 indique les fré-
quences retenues. Il s'agit d'une
normalisation au niveau internatio-
nal. '

Le SSI 202 est un circuit intégré spé-
cifique dont le rdle consiste a dé-
coder les signaux DTMF pour resti-
tuer en sortie une indication binaire
sur 4 bits. Il est alimenté sous un
potentiel de 5V.

. 9. Fonctionnement

L'entrée IN 1633

Sil'onrelie cette entrée & I'état haut,
il se produit la neutralisation de la
détection de la colonne corres-
pondant & 1633 Hz; il s'agit des
touches A, B, C et D non dispo-
nibles généralement sur un clavier
téléphonique classique.

Les signaux d'entrée

Les signaux analogiques & décoder
sont & présenter sur I'entrée « ANA-
LOG IN». Si la composante conti-
nue du signal est inférieure 3 5V, le
couplage peut étre direct. Dans le
cas contraire, il y a lieu d'intercaler
une capacité de couplage de
0,47 UF & 1pF. Lamplitude des si-
gnaux doit étre comprise entre — 32
et — 9dB, ce qui cdrrespond a des
valeurs créte de quelque dixiemes
de volt. L'impédance de cette en-
trée est de 100k2.

La base de temps i

La chronométrie interne est entiere-
ment gérée par un quartz exterme
de 3,579545MHz. Ce quartz est a
relier aux broches X et Xour avec
une résistance de 1MQ montée en
parallele.

La base de temps est opérationnel-

1208Hz 1336Hz 1477Hz 1633Hz

607Hz—>[1]
770Hz—>[ 4] (6]
852Hz—>{ 7 [9]
satiz—>[*] [0o] [#] [o]

LES FREQUENCES DTME
[
HEX/B28=1 || HEX/B28=0
D8|D4{D2{D1||D8{D4{D2|D1
1llojofofi1]fo]ojofo
2{lojo|1fofjfojojo]1
3{lojoj1]1|{ojol1]o
41lof1]ojoffol1]o]jo
s5{lof1]of1{fol1]o]1
eilof1]1]olfolt1}1]0O
7ilol1l1]1|l1lojo]o
gll1]o]lo]ojl1]ojo]1 ANALOG.
ol 1olol1{[1]o]1]0 INPUT
ofl1fol1]off1]1]o]1 D1, D2
*|l1]of1j1]{1f1(0]0 D4, D8
#ll1l1)ojolf1l1l1]0
All111]of1{jojo}1]! oV
Bll1]1|1]ofjof1{1]1
IERERERER BRI RA R oL
DifoJofojolj 1111 RDV
TABLEAU DE DECODAGE

S5O, LE FONCTIONNEMINT DU
Mgy ss1208P.

soumise & un état haut. Si I'on relie
cette entrée 8 un état bas, la base
- de temps est neutralisée.

La sortie ATB peut étre utilisée pour
reporter la base de temps vers
d'autres circuits SSI 202, qui n'au-
ront plus besoin d'étre équipés de
quartz. Dans cette configuration,
les SSI ainsi pilotés auront :

— leur entrée X reliée & un état
haut;

— leur entrée Xen reliée @ un état
bas H

__ leur broche ATB (qui devient
ainsi une entrée) reliée a la sortie
ATB du circuit «piloté».

Le décodage

Suivant que l'entrée HEX/B28 est
soumise a un état haut ou a un état
bas, le circuit intégré génere deux
types de décodage repris dans le
tableau de la figure 9.

Pause
P
25ms —_—L-
35ms — P>+«

7us =+ »>+—t€—5ms

180ns
i | |

200ns — 1<
LE FONCTIONNEMENT

Les sorties Dy, Dg, D4, Ds et I'en-
trée « EN»

Le décodage évoqué ci-dessus
n'est opérationnel que si l'entrée
«EN» est reliee a I'état haut. Si cet-
te entrée est reliée 3 I'état bas, les
sorties Dy sont découplées de la
structure interne du circuit intégré.
Le controle du décodage

Si le décodage est reconnu va-
lable, la sortie DV passe 3 I'état
haut. Cette sortie repasse & I'état
bas si les signaux d'entrée cessent
avec un retard mis en évidence par
les graphes de la figure 9.

Il existe un second moyen de faire
passer DV & I'état bas, aprés déco-
dage d'un signal reconnu comme
conforme : ce moyen consiste 3
soumette, méme trés brievement,
I'entrée CLR DV & un état haut. Dans
ce cas, la sortie DV passe 3 |"état
bas, méme sil'entrée « ANALOG IN
» n'a pas encore détecté de pause
et continue de recevoir le signal
analogique & décoder.

S

Qe 4 condition que I'entrée Xen soit

2) sélection binaire/hexadécimal, 8 1 : hexadécimal, a
sorties a haute impédance — 4) validation de la colonn
de la base de temps si état haut — 9) entrée DTMF — 1)
temps — 13) sortie de la base de temos — 14) contréle du décodage, si
se & zéro de la sortie 14 en la soumettant 8 un etat haut.

BROCHAGES DU SSI202P

0 : binaite — 3) validation des sorties & I'état haut, 3 0 :
e 1633 Hz, touches A B CD, si état bas - 8) validation
cortie de la base de temps — 12) entrée de la base de
CK, elle passe a I'état haut — 15) mi-

73 FLECTROMIQUE PRATIQUE 187 |
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“7'3;2’;_’ | TCM50894 |

TONEENCODER |,

features

Fixed-Supply voltage operation

Minimal standby power requirement

Use of inexpensive television color burst

crystal (3.579545 MHz) to provide highly ac- vOD (v ) TONE OQUTPUT
cura}e and stable tones TONE iNIBIT %I%%TF TONE
Minimum . external parts required coL 1 ROW 1
Total Harmonic Distortion complies with in- coL 2 ROW 2
dustry standards —

ry s \ B TCM5089A AR
Dual-tone and single-tone capability VSS (V) ROW 4
Single Tone Inhibit selects DTMF only OSCILLATOR MUTE
el Ty i ' INPUT ouTPUT 5
Tone Inhibit capability to allow keyboard to OSCILLATOR = ~,!
be used for non-DTMF functions QUTBUT |

Any key depressed control capability !
: FIGURE 1 - PIN CONFIGURATION .
Device power delivered directlv from the tele-

phone lines or small batteries (e.g., 9 Volts)
due to CMOS low power circuitry

Electronic input capability
PEP 3 processing available

Designed to be interchangeable
with Mostek MK5089

general description

The TCM5089A 1s specifically designed for the dual-tone telephone dialling system It is a monolithic integra-
ted circuit using the CMOS technology.

In addition to fixed supply voltage operation, the Tone Encoder provides negative-true keyboard input,
tone inhibit input, stable output tone level, any key depressed feature as well as a single lone inhibil

pin.

An inexpensive TV crystal is used to generate eight different audio sinusoidal frequencies

The lones suitable for dual-tone multi-frequency (DTMF) telephone dialling are digitally synthesized on
the chip The conventional R-2R ladder network 1s used to provide on-chip digital to analog conversion
The current-to-vcltage transformation for D-to-A converter 1s accomplished by th2 same cperational ampi
fier which sums up the - low-group » and « high-group » signals

The waveforms generated in the manner described above nave very low Total Harmonmic Distortion Mored.
ver. the frequency stability of this Tone Encoder complies with standard OTMF specifications withou! Newi
for any frequency adjustments.

bsolute maximum ratings?

a
DC supply voltage Vg -105V

Pin vollage relalive ¢ V-, f(except oin 10) -030V

Pin ,-olta(:ze relative 1 v . iexceot oin 101 -030Vv )
Mday ~um package prwer ~apadihiy — 1150 mW 31_23;(:
Coetaura ammient lemps s s 30Clo -7C C

50Clo -i52 C

T ATDRAL MBI S



etectrical characteristics at 25°C free-air temperature

[:ARAMETER'CONDITIONS SYMBOL MIN. TYP, MAX. UNITS COMMENTS {
fvoltage Supply Vin 3.0 10.0 Vv .
Input “low” Viy 3 Voo v
»—Ia)u! “high” 7 Voo Voo v ;
Input Resistor (pull up) Rin 20 100 kOhms l
Tone [nhibil Ves .3 Voo v 1 &
Tone Output Vo -10.0 -7.0 dBm 2

High Band Pre-Emphasis 24 2.7 3 dB 3
Qutput Distortion D -20 dB 3.4

Tone Output Rise Time liuse 2.8 5.0 msec 5,6

Sink Curréent to Vss IAkD 500 nA

(any key depres’s_ed) @ 5V

Any key depressed lakoL 2.0 uA

off leakage (t.".5 V

Operating Supply lop 2.0 mA 7
Current at Vpp = 3.5V

Standby Supply e 200.0 A 8
Current at Vpp = 10V

Output Tone VKD -80 dBm

No key depressed. RL = 10kOhms

comments :

1 When Tone Inhibit is tied to Vss supply (logic “0"), tones are inhibited. However, other chip functions

remain unchanged.

2 « Low-group » frequencies,

RL = 10 kOhms

single-tone,

34 V < Vgp < 36 V,

-0 dBm .775 V,

load

resistor

3 3.4V < Vpp < 10.0 V for any dual-tone, R, = 10 kOhms.

4 Distortion measurements are in terms of the total out-of-band power relative to the total RMS column and
row fundamental power.

S Time required for a valid keystroke with no bounce to cause the wave to travel from minimum to 90 °o
of the final value of either frequency

6 Crystal parameters are the following . F = 3.579545 MHz = 02 %, Rs = 100 Ohms. C,
Cn =5pf, Ciy = 0.02 pf, and Ly = 96 mH, V5 = 3.4 V.

18 pi.

7 Outputs are unloaded and only one key is depressed.

8 No keys are depressed. Tone Inhibit = logical 1 and Single Tone Inhibit = logical 0.

design specification

Two voice frequency signals are linearly added to create the dual-tone signal. One frequency 1s selected
from a « low-group » and the other from a « high-group » of frequencies. The « low-group » consists of

. . . . « - 0 » (0]

The number eniry 1s accomplished by a keyboard arranged in a row, column formal. In order tb select
one appropnate row and one appropriaie column, a push button corresponding to a digit 1s pushed. One
of the « high-group » frequencies 1s selected by the active column input and one of the « low-group »

frequencies i1s selected by the aclive row in
‘ed by put The highest « high-group » frequency of 1633 Hen
not used in standarc dual-tone implementation ? Q ! £

The Total Harmonic and Intermodulation Oistortions of the dual-lone should be less than 10 ° at the

IGED one [e ninals ] e “equel Cy loe ance s _.| 0 /0 IC]V5089 f
(0]

oo oan T ) The uthlgh-groip » 10« low-group » signal amplitude ratio should be 2.7 + 3 dB. The
ntioned specifications hold over the safe operaling temperature range for eith

i a er short lo r

long ioop telephone application 2 e



STANDARD | OUTPUT %
FREQ. DTMF TONE ERROR
fi (Ry) 697 701.3 +0.62
f2 (R2) 770 771.4 +0.19
fs (Ra) 852 857.2 +0.61
fa (Ra) 941 935.1 -0.63

STANDARD | OUTPUT %
FREQ. DTMF TONE ERROR
15 4Cs) 1209 1215.9 +0.57
g (G 1336 1331.7 -0.32
2 (Cal 1477 1471.9 -0.35
fo (Cd) 1633 1645 +0.73

TABLE 1 - COMPARISON OF STANDARD VERSUS ACTUAL TONES GENERATED BY TCM5089A USING F = 3.579545 MHz
+ .02 % CRYSTAL OSCILLATOR.

V()H
ﬁwr—b Voo iV
‘M\_—‘ L TI— 1 KEY
wv;{)
L AA ! G 0ePRESSED
ROW 1 Ra, (ALL 4) v
2 ROW 55
3 DECODER ——] Voo
4 LOW SINE
WAVE GENARATOR =
(Sinrer
UNTE
0sC. o
ouT 4
Vool T
OSC IN HIGH A OUTPOUT
NTER
cou o HIGH SINE WAVE J Vss
COL 1 , NERATOR
2 COLUMN TONE INRIBIT
3 OECODER |  Vuveo ToNE N
3 -
R, (ALL 4) SINGLE TONE
—AVA INHIBIT
W
—AA Voo
Vss
FIGURE 3-BLOCK DIAGRAM OF TCM5089A
oscillator

Oscillation is provided by means of an inexpensive TV crystal and an on-board inverter with sufficient
loop-gain. »The inverter's input and output are pin 7 and 8 respectively. The crystal frequency is 3.579545
MHz and it does not vary more than = 002 % Any deviation of the crystal would affect the tone oulput
frequency

keyboard interface

The TCM5C3%.

CLinpatible

hgures 4 anz 3 Tr- siicironic

ply as TCRIS0E0A -
CMOS wiih puli-up +
up to 1 kOhms as a

oren collector TTL can e

with keyDoer D s well as eleclronic inpuis A - 2vboard Jiaaram

inouts gre snownn hqure 6 The standarg G S onerated Mt ne same s -
v US2C fOr electroniC contrdr Tne: - eyhOErd INPUIS ar2 Sidhds s
esislors (o the supply voltage Vi, CMOS circuits are capable of realizing resistance
valid key closure . therefore. the precious metals used 1 <eyboard swilch contac!s car

s Shoywe".

be saved

In order to generate a particular column tone, the column is connected 1o Vgg and the single tone inhibit
IS tied to Vpp No tones will result if more than one column is connected 1o VSS When one or more
rows are connected to Vgs, no tones are generated. In order to generate a parucular row tone. the row
IS connected 1o Vgs along with any two column pins. The generation of dual-tones reguired connection
of a single row and a single column to Vss.



output waveforms

Typical stairstep approximation of row and column s;-
nusoidal outputs are shown in figures 7 and 8 On-
chip counters as well as D-to-A converters are used
lo synthesize these sine waveforms whose lypical dis-
torion 1s less than 7 % The row and colum frequen-
cies are mixed by means of the on-chip operational
amphfier A typical spectral analysis of the resulling
cuai-tone waveform will indicate that ail harmcnic and
niermadeiaten distorions will be - 30 d3 down whan
reterenced {0 the strongest column tlone tundamental

Pin 15 1s used to inhibit the generation of single to-
nes. This pin 1s capable of pulling down to Vgg supply
voltage. The dual or the single tones are generated

2-0l-8 OTMF KEYBOARD (DPST)
Al A COLUMN
A A AOW
FIGURE 4 - KEYBOARD DIAGRAM single tone inhibit
C2§ - - MECHANICAL
LINKAGE

1 *O> R4

COMMON
CONNECT TO Vys

FIGURE 5 - PUSH BUTTON TELEPHONE KEYBOARD

ROW
Voo
Vss
COLUMN
ek S— r—— Voo
Vs

FIGURE 6 - ELECTRONIC INPUTS

A relalively simple melhod ol distortion measurement uses a Spectrum Analyzer lo relate the harmonics

lo the fundamental lrequency wavelorm

The Tone Encoder spectrum indicates the harmonics and intermodulation distortion at least 30dB down relative
to the column tone Another for distortion measurement of the dual-tone waveforms is lo compare the total po-
wer in the fundamental frequencies with the total power in the varius harmonics plus intermodulation on a Si-

as described under keyboard Interface when this pin
is connected 1o Vpp supply voltage. When this pin is
pulled down to Vgg or left floaling, all chip functions
remain unchanged except for the single tone opera-
tion which results in no tone at this voltage level.

distortion considerations

The following formula is used to calculate the Total
Harmonic Distortion of a single row or a single co-
lumn.

VIV 4 VP 4 V7 + V2ot + V7

THD = * 100 %

Ve

Where V,, is the second harmonic of the fundamental
frequency waveform and so on

The dual-tone Total Harmonic Distortion 1s given by
the following formula :

\/V?;n ' V?Jll £ V’r.n [ V";c ' V’nc y V?w()
THD - < 100 %

V V7 V’rc_

Where Vg and Vec are the row and column funda-
mental frequency waveforms, V,, and V,c. elc. are
the corresponding harmonics.

V‘ﬁ.w-, denotes the total intermodulation distortion

Viac Vi) v (Vi e (Ve (Vi w0

gnal Analyser. The TCMS5089A provides an output disiortion of —20 dB maximum

Moreover, when the cevice 1s operated belween 3 Volls and 3 5 Volls, some clipping occurs al the outpul

wavelorm causing the distortion in this voltage range lo exceed -20dB maximum

any key depressed

Pin 10 1s used lor electronic control of the transmiller and’or the receiver swilching as well as other func-
tons This pin acls ke an open-circuit. However. when a keyboard button 1s pushed. the pin swilches

10 Vgs

The status of the icne inhibil and the single lone nhibit does not alfect the cutput at pin 10

i
1
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Vss 2 of 8 KEYBOARD Vss Vss
FIGURE 10 - TYPICAL HOOK-UP CONFIGURATION
DEVICE HIGH-PASS LOW-PASS RMS
gg:TER 96dB/OCTAVE 12dB/OCTAVE CONVERTER
DISTORTION MEASUREMENT
T
85\[’)'5(:; HIGH PASS LOW PASS _{.‘ — | FV RMS §
o FILTER FILTER j LCONVERTER CONVERTER

FREQUENCY TEST

FIGURE 11 - DEVICE.TEST CIRCUITS
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FONCTIONNEMENT
(fig. 2, 3 etd)

1. Les fréquences
générées

Les tableaux de la figure 3 re-
prennent les huit fréquences de
base générées par le circuit inté-
gré : quatre fréquences (Fy & Fg4)
-pour les rangées et quatre fré-
“quences (Cq a C4) pour les colon-
nes. Le dernier tableau indique,
pour chaque chiffre, la combinai-
son adoptée par le systéme
" DTMF, de deux fréquences de
base. On notera que la fréquence
la plus élevée et propre a la co-
lonne 4 n’est pas utilisée dans le
systeme de chiffrage DTMF.
Les signaux générés ont une al-
lure sinusoidale. Les deux fré-.

quences sont additionnées point

* par point pour former un signal
de sortie du type de celui qui est
représenté en figure 6.

quence pilote tres élevée de plus
de 3 MHz. Il en résulte la généra-
tion de valeurs numériques fina-
les qui sont légérement différen-
tes des valeurs standards. Les
spécifications définies par la télé-
phonie imposent ‘une tolérance
maximale de + 1 %. On notera
que cette tolérance est large-
ment respectée par le

- TCM 5089. Les mémes spécifi-'

cations limitent & 10 % les distor-
sions et exigent un niveau sonore
de 2,7 + 3 dB. Le circuit intro-
duit une distorsion. inférieure &
7 %. . ‘

2. Oscillateur

La fréquence pilote est obtenue &
partir d'un quartz monté entre les
broches 7 et 8 du circuit intégré.
[l s’agit d'un quartz de
3,579 545 MHz, qui est une va-
leur trés courante, utilisée no-

+V
|

Les valeurs des fréquences de
base sont obtenues par des divi- -
sions successives d'une fré--

tamment en télévision" couleyr.
Bien -entendu, ‘il est également
possible de piloter-le circuit inté-
gré a partir d'une base de temps
extérieure. Dans ce cas, le signal
devra étre introduit par ['intermé-
diaire de la broche n° 7, |a bro-
che n° 8 restant inutilisée.

3.Le clévier (fig. 4)

Le TCM 5089 peut &tre com-
mandé par un clavier téléphoni-

-que comportant quatre rangées
- de -trois colonnes, & savoir les

chiffres de O & 9, I'astérisque (¥)
et la diése (#), soit douze tou-
ches. Une touche donnée de
rang « i» et de colonne « j » doit
réaliser, si on la sollicite, un dou-
ble contact, reliant simultané-
ment le rang «i» et la colonne
«j»aun commun, lui-méme re-
lié au « moins ». La résistance de
contact peut aller jusqu’a 1 k. Si
on veut utiliser un clavier non mo--
tricé et & contacts simples com-

ﬂ__[—. +V
VYWV _— 10
V. CLAVIER ) MUTE
—MA H OUTPUT
" i 4
RANG 1 SR
RANG 2 :; II ECODAG
RANG 3 £ SRANGEES &
* RANG 4 ¢ %
0sc
ouT
b TONE
OUTPUT
0SC IN ¢
CcoL 1
coL 2 TONE INHIBIT
coL 3
COL 4 ] V. CLAVIER
— MWW Bl s ——
SINGLE TONE
— e — INHIBIT
e — VYV W |
— MW — —> «;V 7

N° 153 ELECTRONIQUE PRATIQUE 1 11




