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REMOTE CONTROIL BY DTMF

MR. KRIT TUNGSUNUNTHAM

ABSTACT

THIS PROJECT IS AN INTERESTING PROJECT BECAUSE IT IS DEVELOPED
FROM THE PARTS AS BELOW:- ; -

1) CAN BE USE TO CONTROL ELECTRICAL EQUIPMENT BY REMOTE CONTROL

~ _ AT 6-8 CHANNEL.

= "o

N

~
2) SINGLE USER™WHEN YOU ADD OTHER CIRCUIT.
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R

. Features

Complete DTMF receiver
Low power consumption
Internal gain setting amplifer
Adjustable guard time
Central Office Quality

Applications

e Paging systems

e Repeater systems/mobile radio

e Credit card systems d

e Remote Control

e Personal Computers ' .o .

Description

The MTB8870 is a complete DTMF ‘receiver
integrating bath the bandsplit filter and digital
decoder functions, fabricated in Mitel’s double poly
1SO2-CMOS technology. The filter section uses
switched capacitor techniques for high andlow
group filters; the decoder uses digital counting

I T
e rae 2R

PN IAWAPRET e
Tt it A,
XY S I I AN

1s02-cmos MT8870 -
Jntegrated DTMF Receiver

M ¥

N A PR P O LT M A
TR TS,

Nt A sl
ISSUE 2

Pin Connections

9161-002-031-NA January 1985

=

ine O]t ] voo
w [ 2 17 1] swer

Gs (] 3 16 {J esT

vrere (] & 15 O swo

e 6 s 14 [J Qs

- i €] s 13 a3
oscr (] 7 12 [1 Q2

oser ] s 1 {1 Q.

usy L} 9 10 105

*connett Ly VIS

Ordering Information

MT88708E 18 PIN PLASTIC
MT88708C 18 PIN CERDIP

-

techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential
input amplifier, clock oscillator and latched 3-state
bus interface. ’

E B VCI).D T“—T vss VREF
-BIAS
CRCUIT VREF ‘
s BUFFER
™
l l CHIP
cHIp 8IAS HIGH GROUP T ||
POWER FILTER
N+ DIAL DIGITAL CODE
. ZERO CROSSING DETECTION CONVERTER
IN- TONE . DETECTORS
- ALGORITHM AND LATCH
. FILTER .

Gs B LOW GROUP _D_
FILTER ' "
—{>3——"“’ TOALL ST STEERING

~ CHIP :
CLOCKS ~ &1 tocic
AN~
§ §
-1
. osct 0sQ2 SuGT (31 STO TOE

Figure 1, Functional Block Diagram
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MT8870 leZ-CMOS

AC Electrical Characte l'iSﬁCS' -Voltages are with respect to ground (Vss) unless otherwise stated

Characteristics | sym | Min | Typt | Max | Units | Test Conditions
1 Tone present detect time toe S 1 14 ms |seeFigure3 .
2 . Tone absent detect time.’ , toa 0.5 4 8.5 ms |see Figure 3
3 h:‘ Tone duration accept trec 40 ms.” | User-adjustable
4| ! | Tone duration reject tn—sc 20 ms | User adjustable
S| G |Interdigit'pause accept T to 40 ms | User adjustable
] Interdigit pause reject” " tpo 20 ms | User adjustable
7 Propagation delay (St to Q) i teq A 8! us |TOE=Vpp
8| o | Propagation delay (Stto SD) - “tpsio N 12 s | TOE=Voo
U - | 2
9| 1 |Output data setup (Qto 5tO) tasto 3.4 ps « [TOE=Vpo
V] L . RL=10KQ »
10, P tion delay (TOE t ENABLE SO ns . 3
I ropagation delay ( toQ ) tete . CL=50pF
1 propagation delay (TOE to Q DISABLE) | 'PT0 300 ns * | RL=10KQ
pagation delay ( 0Q ) ¢l =50 pf
16 Crystal /clock frequency fc |3.5759]3.5795{3.5831| MHz
27 IC Clock input rise time tuncL 110 |.ns |[Extclock
28| o | Clockinput fall time thect : 110 ns: | Ext.clock
29 i Clock input duty cycle v DCer | 40 S0 60 % | Ext.clock,
30 Capacitive load (0SC2) . Clo 30 pF |
fVpp #5V.Vss =0V Ta = 25° Cand f¢ = 3.579545 MHz, using test crcuit in Frgure 2
t Typical figures are a1 257C and are for design ad only nat guarantesd and not subjact to grocuction testing.
C . N : Voo SV
a
prme O— - o
=Q2
Input SR MT8870 .
IN + u voo (1—¢
IN- stGT I -
+—C] G g1 P—1T—"™
R2 e si0 J———O
—_ ———{] 1€ s p——CO
‘—'—————C 1IC Q3 aR————)
.-l 0osC1 Q2 —1—- NOTES:
x1 0} oscz Q [}ed—0 R1,R2 = 100kN 1%
¢——————(F vss roe [3— R3a 3000 1%
“ C1.C2 = 100 nf 5%
77 X1 =3.579545 MHz

- Figure 2. Single Ended input Configuration’

-
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-~ MT8870 1s02-cMog

)
—
= o= fr e m———

fLow | FriGH | NO | TOE | Q4 | Q3 { Q2 | O
697 |1209 |1 [H |0 |0 [0 |1
697 {13362 |H [0_ (0 |1 {0
697 {1477 |3 |H {0 |0 |1 (1
770 {1209 |4 |H |0 |1 |0 |0
770 |1336 |5 |H |0 {1 {0 |1
4770 [1477]6, |H o |1 |1 o
852 {1209 (7. {H |0 |1 [v |1
852 (1336 |8 |H (1 [0 [0 |oO
852 (147719 M |1 o [o |1
941 113360, |H |1 o [1 o
940 | w2085 175 11 T WV Lt 1 \\(1d
941 1477 |# |1 |1 |1 |0 o
697 [1633|A |H  [1 {1 |0 |1
770 11633 (B |H {1 |1 |1 |0
852 11633 |C |H [1 |1 .|1 .1
941 11633{D |H {0 |0 |0 |o

S PY R Z Z 2

La LUGICLOW, H = LOGIC HIGH, Z = HIGHIMEDANCE
Figure 5. Functional Decode Table
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5416,/T416 .Hex Inverter Buffer/Driver with Open-Collector High-Voltage Qutput

' Schottky TTL High-Speed TTL Low-Powser Schottky TTL Standard TTL Low-Power TTL
.
Package Package Package R Package . Pac
Device Type Device Type Davice Type Device Type Daevice Type
YPe reTR]MIcH YPe reTewmleH Pe reTpImicH c[pTm]cA clp
TI SNS416 1D Wiy
AN SNT4IE 1 DIND
. FMS416/F MINIE (0D F (T
FAIRCHILD FCT¢16/FCINI_|OD|PD
MOTOROLA - - T T
b - DMS4IE JEINS] .
NS.C. OMI418 10ND
PHILIPS - F 321774055 | @
55416 FTiAD) Rt
SIGNETICS ‘ ’ N7416 FT{AD
SIEMENS FLRGIT [
FUJITSU
HITACHI [ HOT416 TIPT
MITSUBISHI I— T T ST
NEC =
TOSHIBA DS P
Electrical Characteristics SN5416/5N7416
sbsolute maximum ratings over operating {ree-air temperature range N
Suoply voitage. YOG v Coerating Iree-air {_Snsa -35C 10 15C |, R
Tnout voitage 5.8v temoeratwe cange | SNTE 6T 1o I0C Schematic (each gate)
Oft-state "uw-hvﬂ) voltage 18y Siorage temoerature range —45'C 10 150°C Vee
a0otied 10 Open-collector outouts
r ded cperating .
SNS416 SN7418 ouTPuT
IR NOM_ MAX | MIN_NOM__MAZ| |
Suooly voilage. VCC 45 s s.5(475 s s25] v
Mign-ievel dutout voltage. VoK 3] 51 v 3
Lowsigvel outoul currant, 10, 30 40 mA
Operating free-air leroaratwe, Ts —55 ., - 1251 0 = ] N
electrical characteristics over recommended operating [
free-air temperature range ] ano
PARAMETER TEST CONDITIONS t MIN TYP$ MAX jUNIT o+
| T 5
Vin Highdevel nput _voitage 2 v 16 CIRCUIT
Vi Low-ievel nput voitage 0.1 V
Vi input clamp voltage VOGEMIN, 1) = —12mA =-1.5] V
VEC=MIN, Vi =V max .
IoH Hign-ievel output current Vow=MAK 20| mA g
B VEC=MIN, Vip=a2v, B
: Low-tevel gy = 16mA -
voL v -
outpul voitage Veg=MIN,  Viys 2V, 0.1 .
. to =MAX :
Y foput current ai Yoo aMAX. Vi=5.5V 1] ma
ma smum nout_voltage . .
It Hign-ievel snput current VEE BMAX, V=24V 0| uA & T
Iy Low-eval input current Ve =MAX, V=08V ~1,6{ mA 4
3
toon  Supoty current Voo =MAX Total, outpuls Mgn 0 48§ mA 1
1ccL _ Swuooly current Tortat, outduls low 32 51| oA N
3
. Average per gate
! S v .t A
cC upply current vee=S$ (50% duty cyete) s.17 m;
Progagation delay tme,
vee= =25°C,
PLH g -to-mgh-ieve outout co= V.  Tamx'c S
Propagation detdy Lime,
. = A . .
IPHL ngn-to-low-lever outout Cy =150F L=l 15 3} ns :
. . . 1
- Pin Assignment (Top View) :
‘a
T
Jdc 6A 6T SA Sy 4 4 4
g fupiop 9L is H
T I T .;
D D -3
* 3
3
P P 3
" f . 3
1 Hatiptintiniinki &
TA 1Y 2A 23¥ 3A 3T GNO g
:“i:" logie: Resistor values shown are nominal a.nd - °"¢_

tFor conarons snown a3 MIN or MAX, use the approgriaie valu speciled uncer
AN Iypicat values are at Voo *SV, TaA=287C




5421,/7421

- 21 -

Dual 4-Input F-‘.ositive-AND Gate

59

Schottky TTL JHigh-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Package . Package . Package . Package
Device Type Device Type Device Type Device Type Device Type
YPe re TP MIcH YPe [eTP MIcH e ETrIM[cH YPe T TP [MICH YPe rcTPMIcF
SNSIH2I JOF |- [w2isnseLs2l 40 W
TL SNT4H21 JOINGY SNLS2! M N
MF $4H217F M3 H21| DD F | resasat /ey L] [
FARCHLD FC Ta4H2l/F C3H2t [OC|PE FOrast RS2 LALT )
MC3t11 L FO
MOTOROLA MCIBH LOPDL  (FUL SNMLS2y o
DMSaH2! 1QINTA OM$4L. 521 i3
RS.C OM74H21 JOND DMLS2I ‘1
RRUPS NT4H2! [ NI4LS2! gy N1422 v
SQETICS S54H21 FOIAD] W]
ST4H21 FOAD] NTaLS 21 A NTA21 a1
SEMENS =
:FURTSY MBEIE M| uLS2) [
HTACH - MO 7L S2I =0
< NITSUBISHI MSILS21 P
;'EC uPB6 0D{CLD)
! BA 1 1034214 P
+ _Electrical Characteristics SN54LS21/SN74LS21
abselute maximum ratings over opersting free-aw temparature range
S oo, Ve ™ Cpwatmg Wewes | _SNSIN Z35¢ e . v R
| s =enage v temoaratrg range | enran 0c W We
S vl S SV Sunage temosrpund 1ange -45C 19 180T /] 2
s — i —
SNSALS2 SNTALSZI e L
S ] NOM____MAK | N NOM ___ WAX Schematics (each gate)
|t wome. Voo X s .33 | ans s . v >
el T ~400 w0 | -
25T et sarent, iy ¢ ] A
| 3>y vvesa ameeire, o —53 ) 0 n £ ! vee
T IR %0 s8
electrical characteristics over recommended operating -
e _free-air temperature range
b PARAMETER TEST CONDITIONS t  [MIN TYP § MAX [UNIT 3
» H wAUTS QUTPUT
M" wout_voltage 2 v A 2 .
I~ Lowlersl vout_voltage I s { .Li )
- freut ch = - 400 amn ul‘l
F\M .
o D _vaitage zcc:s:: :;--I:\I/M LSV o - 1.1 GNO
| Hehioval cutput voitage Cop W HH A 21 34 v ”
T ——— lon=Max H21 CIRCUIT
. -
A Lowdevst output voltage VECo=MIN, Vi =V max, 0.28 0.¢ v
IQL-MIA
by 1on cureat o
= monmum ingut voitage VECg=MAX. Vi=Tv 6.t | ma
1S Ko ot seren [ VogmhAR, Vg2 |k
Ao input current VoomMAX, Vi 0.4V ~0.4] mA - &
;'":%!M ourrent & | Voo =MAX, ~20 —100 | ma .
221 Suomty ourrent :""‘”""'“ Vo o aax O UBULS Pgh 122,41 mA
.
:W cc Totl, outputs low 2.2 a4l mA
lea
WK Suoy current ;. |Average per gate
Vi -
ce=sv {50%duty cycte) oL oA "“k‘rs
~a :me dolay Time, . i~
~ avel_outgut [Veo=Sv. Ta=2'C. L B ¢ ¢
1 e Prasacaton deiay time, CL=ISPE, R =2l 0 x o Lad
ns
—Erowdensl_ouious *EEE
Pin Assignments (Top View)
® @ 1S3l CIRCUIT
A/
cc .
"c NC 28 2a 2V ' 10 IC 18 GND 2zY 20 2¢
12 ] 1w T 7} 1] (e} {51 o]
T T '] l
Lo 1
|
== .
I —
N ] r' i
; Srerarererorr
1A 1Y NC Voo NC 2A 28
\
pasitive logic @ Resiztor values shown are nomnal and in ohms.
‘e, Y=ABCO NC=Ho internal cannechon .
g Tt 8
— *cal “"h"""\. 23 MINor MAX, use the vawes fied under operstng
oy S Lear Vog=sv, Tamzc,

one
. Ulut shauld be shorted at a tme, and flor SNSAH'ana SNTAH' draton of ocutput short Circuit should not axceed one second.

A aian
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4 o 3 ' a v A
(AR5 tay 1, UTsian  auanagaasd wi 16-17
] Qo o y . w 8
AR IC TTL , UT¥M %Laﬂgtﬂﬂﬁ e, Wi 56 uar 59
a o - - v 13 y « v od'
LennaudnLaad  diamsatind uTtn %Lagtﬂﬁh ”ie atm 81, win
v ¢ - vd. 2
100 99, JLmAauInsa AN 13 Wi 31-32
h g -}, vdl
100 Y9, Flmasulnsa avvum 14 wir 39-40
v -4 ud’
100 a9, Flimasulvia atum 15 wi1 62-64

v ¢ = ud’ v
100 709, sLmaaulnsa 2 16 v L1-543
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Features

Complete DTMF receiver
Low powér consumption
Internal gain setting amplifer
Adjustable guard time
Central Office Quality

Applications

Paging %ystems

Repeater systems/mobile rad:o

Credit card systems

Remote Control

Personal Computers - | \

e 0 0 00

Description

The MT8870 is a complete DTMF receiver

integrating both the bandsplit filter and digital
decoder functions, fabricated in Mitel’s double poly
1S02-CMOS technology. The filter section uses
switched capacitor techniques for high and fow
group filters; the decoder uses digital counting

Is02-cMOs MT8870
Integrated DTMF Receiver

3k
EoAl AR

a*«“m S

9161-002-031-NA ISSUE 2 lanuary 1985
Pin Connections
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iNe (171 Lls B voo
w ]2 17 [0 swer

GS E 3 16 |J esT

VREF 4. 15 PJswo

. et 4 s 18 {J Qa
. e s 1300as
osar [ 7 12 ] Q2

o ] 8 1t 11 Q.

vsy L] 9 10 }J 10e

Teonnet t VSS
o L4

Ordering Information , .

MT88708E 18 PIN PLASTIC
MT88708C 18 PIN CERDIP

-

techniques to detect and decode all 16 DTMF tone-
‘pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential
input amplifier, ¢clock oscillator and latched 3-state
bus interface. !

v5ss VREF

TONE L3 DETECTORS
FILTER

LOW GROUP |
FILTER

ToAW
T cHp
cLacks

AN N

vDoO T‘—‘T : v F s '
. \ ' ’ -~y RN
8IAS =
CIRCUIT VREF
BUFFER
l l CHIP :
CHIP 8laS HIGH GROUP || | |
POWER FILTER ..U-

1A
DIAL - ZERO CROSSING DETECTION CONVERTER

]
'V
I |

l

Q1

*DIGITAL coDe I Q2

ALGORITHM AND LATCH

- . I Q3
ST STEERING. ! !
GT LOGIC T

i {

L] .
. osct osc2 SUGT

ESt STD TOE

Figure 1. Functional Block Diagram . 357
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' MT8870-1502-cMOs

: - . +
Absolute Maximum Ratings' s;* ) .
Parameter.> Symbol Min . Max Units
1| Powersupply voltage Vpp-Vsss . ' . ] 6 v
2| Voltageonany pin. Ves-0.3 Vpp +0.3 v
: 3| Current at any pin - 10 mA-
: 4] Operating temperature - - -40 +85 -°C.
' §].Storage temperature -65 +150 *C
T OE 71000 ¢ mw

6 | Package power dissipation

- Ex:eequ these values may cause permanent damaqe Functional operation under these mndmons isnotimplied.
Derate above 75 °Cat 16 mw/ °CAll leads soldered to board. .

' DC Electrical Characteristics

- - S Characteristics ... | Sym | Min | Typ* | Max | Units Test anditions."
Operating supply.voltage 4,75 S.OV . 5.25 v -
i . . ..
Operating supply current loo 30 | 90 | mA | | TR
Power consumption - Po 1S .45 mW | f=3.58MHz; Vpp =5V .
.I'High level-input Vi | 3.5 Vv L
Low level input voltage N 1.5 v
,'| Input..leakage current 1 it L 0.1 #A | Vin=VssorVpp
| Pull up (source) current | o 75} 15 rA | TOE (pin 10) =
inputimpedance (IN+,IN=) - | Ry | _. | 10 | __ MQ [@1kHz .
Steering threshold voltage Vit 22 (Z-jv v o - FF -
Low level output Voltage Vo |7 |- 0.03 | V" |Noload -
',8 High level output voitage Vou { 4.97 ) V.  |Noload
12, ; Qutput low {sink) current oo, | .1 2.5 mA | Vour=0.4v
"13] y | Qutput high (source) current lon 0.4 0.8 mA {Voyr=4.6V’°
14 ; Vpget OUtput voltage Vgei 2.4 2.8 V |Noload
15 VRet QUtput resistance Roa 10 T KQ

. 3 Typical frgures are at 25°C and are for design and"only not guaranteed and not subject o production’ temng
" Voo =5vi S" Vss = OV. Voltages are with respect to gr0und (Vgs) unless otherwise stated




. -
’ Is02-cM0s MT8870
Operating Characteristics' -voitages are with respecnoground (VSS) unless otherwise stated. . " T
Gain Settlng Amplifier - . . . ol
" Characteristics Sym | Min | Typ$ | Max |Units |  TestConditions' -| ™ ’
1} Input leakage current In 100 nA | VesS Vin SVpp : A
2 | Input resistance . Rin 10 mMQ -
3| Input offset voltage - Vos - 25 mv _
4 | Power suply rejection : PSRR 60 d8 | 1KHz
5| Common mode rejection CMRR 60 d8 [-3.0¢4= ViysS3.0v ¢
6 | DC open loop voltage gain Avor | 65 |, ds I
7 | Open loop unity gain __ \ - . -
bandwidth . . fc | 1 LS | MHz tn .o l
8| Output voltageswing - | Vo~ 45 Vo | RUZ100KQto Vss ™~ .
9 | Maximum capacitive load (GS) | C, - 100 “ | pF b .
10 | Maximum resistive load (GS) Ry - ‘50 3 KQ L - SRR
11+ Common mode range Vem 3.0 Vpp | No Load - - E
N > v : N

FUpp =5V, Vss = GV. Ta=25"C f - :
Typn:al flgures are at 25°C arid are for design aid only ot gu.»rameed and not subxect to pruducuon testmg

B g . J— . e

AC Electrical Characteristics® -valtages are with respect to ground (Vss) unleis otherwrse stated

« |  -Characteristics Sym Min | Typ' Max | -Units *| " . ~Notes i
s | validinputsignal levels AT IL (7 G\ |85 1,2,3:5.6,9
1 :—. (.eagh tone of composite” | . L 275 . Sl mVgas o] 1,2,3,5,6.9 f
n |signall R 2 .. | . [.+v ] dBm- [1,23569 =+ i].
o A\ : | 883 | mvems |1.2.3569 -
2 ¢ Positive twist accept . ) 10 W . d8 - -]2,3,69 . .
3| o | Negative twistaccept - | - - | - - 10 L T dB"|2,3.69 - 1
4 g Freq. deviation accept £ 15% & 2Hz . Nom. 23,59
S 'r Freq. deviation reject’ T e35% A Nom. 2,359 -~ 5
6 c; Third tone tolerance . -16 ’ d8 2,3,4,59,10°} o
7| M. | Noise tolerance S —— s ~dg- - |{2,3,4,57,910. - -} - -
8| ~ |Dial tone tolerance ' +22 a8 .123458911 f .77
tVpp =5V, Vs =0, Ta =25°Cand fc=3.579545 MHz using test arcust shown in Figure 2 L T e T
! ; ¥ S A
NOTES _ . L. .

l.dém« decibels above or below a reference power of | mwW mto 4 600 ohm load.
2. Digit sequence consists of all OTMF tones . .
3. Tone duration = 40 ms, tone pause = 40 ms. ’ ’ 3
4, signal condition consists of nominal DTMF trequencies
S. Both tones in composite signal have an equal amphtude.
6. Tone paw 1s deviated by " 175%, & 2Hz. 8
7 Bandwidth hauited (3JKHZ ) Gaussian noise. . H
8. The precse dial tone frequencies are (350 Hzand 440 Fiz) £ 2%y Ce ’ﬁ
9. For an error rate of better than 1 in 10,000 : :
10 Referenced tolowest level frequency compannent in DTMF wignal
11, Referenced to the mimmum valid accept level.

> - e
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MT8870 1502-CMOs

.

AC Electrical Characteristics” -voltages are with respect to ground (Vss)untess otherwise stated

) Characteristics Sym | Min |- Typt | Max | Units | Test Conditions
1 Tone present detect time tor °S 11 14 ms |seeFigure3. .
2 . Tone absent detect time.’ . toa | Q.S 4 85 | ms |seeFigure3
3 & Tone duration accept trec 40 ms. | User-adjustable
4| | |Toneduration reject - -~ trec | 20 | ms | Useradjustable
S| G |interdigit'pause accept tio 40 ms | User adjustable
6| Interdigit pause reject™ “too | -20 ms | User adjustable
7 Propagation delay (Stto Q) e y 8‘ 1 us | TOE =_VI?D o
8| o |Propagation delay (St to 5tD) tosin ©2 pus | TOE=Vpo .
U T B -~ - pu
9] T | Output data set up (Q to 5tO) tQsio 3.4 us - | TOE=Vop
v : . : RL=10KQ ..
10 Propagation delay (TOE to Q ENABLE) | .t SC ns . ¥z
T |Propagat y( Q YA BN  levasopr
" | propaqatidn defay (T ISAB tet0 300 ns | RL=10KQ
1 ‘fopagyuo'r_\ f.fejxy (TOE o Q DISABLE) | 2 o sopF
. e g . s k. - - 4
16 Crystal fclock frequency fc  [3.57593.5795[3.5831[ MHz | . :
27 f Clock input rise time tLHCL 110 . ns ]Ext clock
28| o | dock input fall time thicL . 110 ns- | Ext.clock
29 g Clock input duty cycle - OCc. | 40 S0 60 % | Ext.clock .
30 Capacitive load (0SC2) . Cuo 30 pF | -
Typp =SV, Vg5 =0V Ta =25°Cand 'C' 3.579545 MHz, using test gircuitin Figure 2. S et e ---;::'- Y K B .
tr /pwal higures are at2S C .)nd are tar des-qn ad cmly nor quarame»d and not wb-e:rtoprodumon testing. A -
v Voo YV - C—
otmr O—1 .
C2
Input : R1 MT8870
—C] v+ L vOD (1—e
- —C] IN- stGT R3
+— 65 est P o .
ot o —— - - —_— e e Rz . L‘C VREF - _.@-. J__.__o d
——— < Qs p—r1r—"00
- Qi p——CO
osCi oz ——0O NOTES:
XV 0] osc2 o p——Q R1,R2 = 100kR 1%
- ) ‘Ch.C2=100nF 5%
777 X1 = 3.579545 MHz

Figure 2. Single Ended Input Configuration’



Pin Description

Is02-cMos MT8870

‘Description

Pin# | Name )
1 IN+ | Non-inverting op-amp input.
IN- Inverting op-amp input.
GS Gain select. Gives access to output of-Iront end differential amplifier for connection
of feedback resistor. : - .
4 Vgees Reference voltage output, nominally Vpp/2 is used to bias inputs at mid-rail (seg .
Fig.2). .
5 IC Internal connection. Must be tied to Vss!
6 IC Internal connection. Must be.tied to Vss.
7 0sSCt | Clockinput. - -
8 05C2 | Clock output. A 3.5795 MHz crystal connected between OSC1 and OSC2 completes |
the internal oscillator circuit.: . . A
9 Vs * | Negative power supply input.,
10 TOE 3- state output enable (input). Logic high enables the outputs Q1-Q4. Internal pell .
. up. - ) AN ! :
11-14 Q1-Q4 | 3-state data outputs. When enabled by TOE, provide the code corresponding to the
last valid tone-pair received (see Fig. S). / ' ' KX
@ StD Delayed steering output.Presents a logic high when a received tone-pair has been .
registered and the output latch updated; returns.to logic low when the voltage on
SUGt falls belom 25y 3 ‘ . . f Lo
as’ _ESt Early steering oUTPUL. Presents a logic high once the digital algorithm has detected a
: - valid tone pair (signal condition). Any momentary loss of signal condition will cause .
) T | ESt to return to a logiclow. o ‘ K
g SUGT | Steering input/quard time output (bi-directional). Avoltage greater thanVrg,
detectad at St causes the device to registar the detected tone pair and update the
output latch. A voltage less than Vg, frees the device lo accept a new tone pair. The
GT output acts toreset the external steering time-constant; its state is a function of
ESt and the voltage on St. =
(Ta; Vpp | Positive power supply input.

I - - T P o =

b m e,

e
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I502-cMOs MT8870

Pin Description )
Pin4 | Name ’ o Description

1 IN+ | Non-inverting op-amp input.
IN- Inverting op-amp input.
GS - | Gain select. Gives access to output of front end differential amplifier lof connection . -
of feedback resistor. : - '
4 Vrer Reference voltage output, nominally Vop/2 is used to bias inputs at mid-rail (seg -
Fig.2). . .
S IC Internal cannection. Must be tied to Vss.
6 IC internal connection. Must be tied to Vss.
7 0sC1 | Clock input. )
8 0sCc2 Clock output. A 3.5795 MHz crystal connec_ted between OSC1 and OSG2 completes |
the internal oscillator circuit. T N -
Vss | Negative power supply input. - -
10 TOE 3- state output enable (input). Logic high enables the outputs Q1-Q4. internal pall | .
up. . ae . . . -
o 11-14 Q1-Q4 | 3-state data outputs. When enabled by TOE, provide the code corresponding to the
last valid tone-pair received (see Fig. S). : Al 3
@ StD Delayed steering output.Presents a logic tugh when a received tone-pair has been
registered and the output latch updated; returns.to logic low when the voltage on
SUGt falls belovg Vrs?-, z,ry. 3 = i N . e
as’ ESt Early steering oulpat. 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 logiclow. . 4 M, X e
g - SUGT |Steeringinput/quard time output (bi-directional). A voltage greater than Vrs, A

detectad at St causes the device to register the detected tone pair and update'the
output latch, A voltage less than Vg frees the device lo accept a new tone pair. The
GT output acts to reset the external steering time-constant; its state is a function of
ESt and the voltage on St. %

(8; Voo | Positive power supply input.

R
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ESt
> M= iGTa T
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: "’: N-TA50 - HIGH IMPEDANCE . .
Q1.Qs DECOODED TONE # (n-1) ;X§ s >—_@
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S0 . : i e tPTE
! : M -y T G .-
TOE 3 \ ="K p :
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g . 2\ .
| Expranamion or events ” A\ e - .
“ A) TONEBURSTSDETECTED, TONE DURATION INVALID, OUTPUTS NOTUPDATED | oy 3 v
8) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS f .
'U EMD OF TONE bn DETECTED. TONE ARSENT DURATION VALID, QUTMIIS REMAIN L;\\'CNFD Ul‘l rLL NEXT VALID TONE h
© D} QUTPLITS SWIFCHED TO HIGH IMPEDANCE STATE - 3 : -
€) . TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH
IMPEDANCE) . - - .
F) * ACCEPTABLE DROPOUT OF TONE #n+ 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCED
G) _END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE
EXPLANATION ORSYMBOLS
Vin (OTMF COMPOSITE INPUT SIGNAL . -
ESt - EARLY STEERING QUTPUT. INDICATES DECTECTION OF VALID TONE FREQUENCIES.

TONE TONE
.. TONE #n © Mnel #aet

*top < -+ ~-tpa

StGT STEERING INPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,

Q1-Qq 4-BITDECODED TONEOUTPUT -

StD DELAYED STEERING OUTPUT. INDIETES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED
GUARD TIME THUS CONSISTUTING A VALID SIGNAL. . -

TOE  TONE OUTPUT ENABLE (INPUT). ALOW LEVEL SHIFTS Q1-Q4 TO ITS HIGH IMPEDANCE STATE.

tREC  MAXIMUM DTMF SIGNAL OURATION NOT DETECTED AS VALD.

tec  MINIMUM OTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

o MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

“ top ~— TIME TO DETECT THE PRESENCE OF VALID OTMF SIGNALS

'oa FIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS

tgrp  GUARD TIME. TONE PRESENT

tGra  GUARD TIME, TONE ABSENT i

Figure 3. Timing Diagram



Functional Description

The MT8870 monolithic DTMF receiver -.offers small -
size, low power consumption and high
performance. Its architecture consists of a bandsplit
filter section, which seperates the high and low
group tones, followed by a digital counting. section
which verifies the frequency and duration of the
received tones before passing the corresponding
code to the output bus. .
R

Filter Section

Seperation of the low-group and high group tones
is achieved by applying the DTMF signal to the
inputs of twa sixth-order switched capacitor band
pass filters, the band-widths of which correspond to
the low and high group frequertcies. The filter
section also incorporates notches at 350 and 440 Hz
for exceptional dial tone rejection {see Fig. 4). Each
filter output is followed by a single order switched
capacitar filter section which smoaths the signals
prior to limiting. Limiting is perfornied by high-gain
- comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings at the frequencies of the incoming
DTMF signals.

‘Decoder Section *

Following the filter section is a decoder employing

digital counting techniques to determine the
frequencies of the incoming tones and to veri fy that
they carrespond to standard DTMF frequencies. A
complex averaging algorithm protects against tone .

H1592-CMOs MT8870

simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations.
and variations. This averaging algorithm has been;
developed to ensure an optimum combination of

immunity to talk-off and tolerance to the presence;

of interfering frequencies (third tones) and noise..,
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal:

" condition” in-some industry specifications) the
_"Early Steering” (ESt) output will go to*an active.’

state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see “Steering
Circuit™). )

Steering Circuit

Before registration of a decoded tone pair, the
ceceiver 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, {se€:Fig. 6] to
rise as the capacitor discharges.’ * a
Provided signal condition is maintained {(ESt.
remains high) for the validation period {tgTe)e Ve
reaches the threshold (Vysy) of the steering togic to’
register the tone pair, latching its corresponing-4-bit
code (see Fig. S} into the output tatch. Atthis point’
the GT output is activated and drives. v, to.VDD. GT

_continues to drive high as long as €St rensains-high.

Finally, after a short delay to allow the output latch
to settle, the delayed steering output flag (51D}
goes high, signalling that a received tone pair has
been registered. The contents of the output .latch
are made available on the 4-bit output bus by
raising the three state control input (TOE) to a logic
high. The steering circuit works in reverse to

0 : ;
- - /7 o Bt PRECISE
. Ve I, DIAL TONES
. ' 4
: 10 : \ g '\A X = 350 Hz
—em e / Y 1 Ya880Hz
I ]\ OTMF TONES
0 | - \ A=697Hz
ATTENUATION . ‘ BaT770Hz
{d8) C=825Hz
10k I . - \ 0-9241 Hz
€= 1209 Hz
I \ ] Fe=1336Hz
- - Ga=187THz
a0 . l . H=1633Hz
l_ ~ rd ad ] .
\‘

su -

FREQUENCY (H2)

Figure 4, Filter Response
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- values are <hosen accordmg to the formula:

Y -

FLow | FHIGH NOt TOE 04- .‘03 | X
697 {12091 |H |0 |0 O |1

697 |1336|2 |H |0 |0 |1 |0

697 {1477(3 |H [0 [0 [1 |1

770 [1209 {4 [H |0 |1 |0-7]0
770 [1336(5 |H |0 [1 .0 |1

770 | 1477 |6+ |H O 1. {1 |0
852 [ 1209 (7. |H (0 |1 |1 |1

852 {13368 |H 1.0 |0 |oO-
852 [1477 |9, |H |1 0 |0 |1,
941 {13360, |H |1 (0. [1 .|O

941 {1209 % "|H |1 Jo i |1
‘1941 {1477 |# |H |1 |1 0. {0
697 [1633|A {H |1 |1 |0 |1

770 |1633 |8 |H |1 {1 {1 .|o .
852 {1633 |C |H |1 [1.]1 .]1

941 [1633D_‘|H.__[0__[0 ..[0-|0

-7 - Jany L™ {2 Z Z Z

Figure 5. Functional Decode Table

L= LUGICLOW. H = L’OGIC HIGH, Z » HIGHIMEDANCE

%)
L.c
vOoD A N
GGl Ve
A
st T
S0 -
tGTA = (RC) In (Vpp / VTse)
MT8870 -
1GTP = (RE) In VO / (VOO-VTSH)]

Figure 6. 8asic Steering Circuit

validate the interdigit pause between signals.
Thus,-as well -as rejecting signals'too short too be
considered valid, the receiver will tolerate signal
interruptions- (drap out) too short to be considered
a valid pause. This facility, -together with the

- capability of ielecting the steering time constants

externally, allows the designer to tailor
performance to meet 3 wude variety of system

’ requrrements e -

. * B

Guard Tlme Ad;ustment .
In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Fig. 6 is applicable. Component

- - .

N | taec—topttaw TR L
o= tDA +tgta | -

el e~

= The value of typ i5 2 device parameter (gee table)

and tpee is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 uf is
recommended for most appllcatuons, leaving R to be
selected by the designer. -

Different steering, arrangements may be used to
select independantly the guard timés for tone.

" present (tgre) and tone apsent {tgra). 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. Increasing trgc
improves talk-off performance since it reduces the
probability that tones simulated by speech will

“maintain signal condition long enough to be

registered. Alternatively, a relatively short tpec with'
a long tgg would be appropriate for extremely
nousy envtronments where fast aqunsmon time and
immunity to tone drop-outs are requ:red Des:gn
information for guard time adjustment is shown in
Figure 7 )
Differential Input Configuration iV
e

k3

* The jnput afrangement of the MT8870 provides a
differential-input operational amplifier as.well as a
bias source{Vges) which is used to bias (g,e inputs’ a;
mid-rail. Provision is made for connection of a
feedback resistor to the ap-amp output {GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Fig. 2 with
the op-amp connected for unity gain and Vet
biasing the input at }Vpp. Fig. 8 shows the
differential configuration, which permits the

B ]
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H

1GTP = (RpC1) In [VOD /{VDD-VTSR)]

GTA ={R1C1) In{Vpg /V5e)

:Rp«(RIR2)/(R1 « R2).
v o

p sl
SIGT -
Rl R2 - i
€St : y 8 .

-apdecreasing tGTP; (\GTP<IGTA)

tGTP =(R1C1) In (VDD 7 (VDD-VTSt)]

tGTA = (RpCl) In{VDD ! VrSE)" *

o0 O Rp = (R1R2} /(R1 +R2)
. (<]
SWGT
R1 2
ESt

b) decreasing tGTA; (1GTP>1GTA)

MT8370

DIFFERENTIAL INPUT AMPLIFIER
Cy =C, «"1OnF
Ry =Rg = Rg = 100K
" Ry = 60K, Ry = 37 SKN2
Rys RaRs byl A4 % W
R24+Rs

All cesistors are & 1% tolerence
All capacitors are £ 5% tolerence.

VOLTAGE GAW (Ay diff)= 23
1) R1

INPUT IMPEDENCE

gl
-2 2hf e
{Zinoir) CIR e

’

figure 8. Differential Input Configuration

_Figure 7. Guard Time Adjustment

adjustment of gain with the feedback resistor fis.
Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.58 MHz crystal and is
normally connected as shown in Figure 2 (Single
Ended Input Configuration). However, it is possible
to configure several MT8870 devices employing
only a single oscillator crystal. The oscillator output
of the first device in the chain is coupled through a
30 pF capacitor to the oscillator input (OSC1) of the
next .device. Subsequent devices are connected in a
similar fashion. Refer to Fig. 9 for details, The
problems associated with unbalanced loading are
not a concern with the arrangement shown, e;
precision balancing capacitors are not required.

.- . .

To OsCl of
next 8870 -

7 Xtal
osct osc2
D .
osc2 __T_.H.__ osct
¢
Ce 0k
- Xtol = 1 S8 MKH2

Figure 9. Oscillater Connection





