Is02-cMmos MT8865
DTMF Filter

Features

e Provides DTMF high and low group filtering Pin Connections

e Hard-limiting on filter outputs

e 6 pole bandpass high and low group filters

e 40 dB (typ} Intergroup attenuation ~n o I sh voo

e Dial tone suppression L5 PHL ]2 15 [] 0sC1

e +5to +12Vsingle supply operation e miﬁ E Z }; Sécz

e Logical powerdown .- & vReF []5 12 ] NC

¢ Usesinexpensive 3.58 MHz crystal i Poyzg E g }(1, 'F’:T

¢ Wide dynamicrange 30dB ol vss (8 911 NC
Applications , _ o e
In DTMF Receivers For © w1 ~ Ordering Information -40°Cto +85°C

e End-to-endsignalling A

s Sontrolsystems e e MT8865XC 16 Pin Cerdip CIP

e Central Office  ° = R G MT8865XE 16 Pin Plastic DIP

¢ MobileRadio

e Keysystems . . o

e Toneto pulseconverters derived from an on-chip oscillator requiring only a

. L. = low cost TV crystal as external components. The

Description MTB8865 offers single supply operation over a wide

The Mitel MT8B65 contains both the high group supply voltage range and incorporates a logical
and low group filtering and comparator functions power down facility.

required to implement a Dual Tone Multi Frequency

tone receiver using a Mitet DTMF Digital Detector

(i.e., Mitel MT8860). Switched capacitor techniques

are used to implement the filters and the device is

fabricated using Mitel’s double poly 1502-CMOS

high density technology. The filter clocks are
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Fig. 1 Functional Block Diagram
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MT8865 1S02-CMOS

Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1| Vpp- Vss 15 v
2 | Voltage on any pin except 051, OSC2 Vee—0.3 Vpp +0.3 )
3| Max. Current atany pin i 10 mA
4 | Storage Temperature C Package Ts16 —65 + 150 °C
E Package Ts16 —65 +125 °C
5| Power Dissipation C Package” Po 850 mw
E Package” Pp 400 mw

*Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Pperate above 75°C at 16 mW / °C. All leads soldered to board.
Bperate above 25°C at 6.3 mW / °C. All leads soldered to board.

Recommended Operating Conditions - voltages are with respect to ground (V) unless otherwise stated.

Parameter Sym | Min | Typ: | Max | Units Test Conditions
1 DC Power Supply Voltage Voo | 4.75 13 v
2 Operating Temperature To —40 +85 °C

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

DC Electrical Characteristics- Voltages are with respect to ground {Vs), T4 =25°C, f_=3.579545 MHz unless otherwise

stated.
Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 Operating Supply Voltage Vpp | 4.75 \Y Vpp = 5V
Voo 13 V |Vpp = 12V
2 Operating Supply Current Ibp 1.2 3 mA | Vpp = 5V, PDWN = Vg
S lop 5 10 mA |Vpp = 12V, PDWN = Vgg
3 g Standby Supply Current lops 70 100 A | Vpp =5V, PDWN = Vpp
b Iops 300 | 500 | pA {Vpp = 12V,.PDWN = Vpp
4| L | Operating Power Consumption| Po 6 mW | Vpp = 5V, PDWN = Vs
y | Fig. 5(c) Po 60 mW | Vpp = 12V, PDWN = Vg
5 Standby Power Consumption Pg 0.5 mW | Vpp = 5V, PDWN = Vpp
C=15pF Ps 15 mW | Vpp = 12V, PDWN = Vpp
6 Low Level Input Voltage Vi 1.5 V \Vpp = 5V
I:l PDWN & OSC1 Vi 5 vV |vpp = 12v
7| P | High Levelinput Voltage Vin 35 \ Vpp = 5V
11J_ PDWN & OSC1 ViH 8.5 \ Vpp = 12V
8| g |Pull Down Sink Current hH 3 6 pA | Vpp = 5V
PDWN liH 12 24 BA | Vpp = 12V
9 Input Current 1 +25 rA | Vpp = 5V
OsC1 || +6 }JA VDD =12V
10 Low Level Qutput Voltage Vol 0.1 v Vpp = 5V, No Load
8 FL, FH, OSC2 VoL 0.1 vV | Vpp = 12V, No Load
11| T jHigh Level Output Voltage Vou 4.9 \ Vpp = 5V, No Lead
5 FL, FH, OsC2 Vou 11.9 \Y Vpp = 12V, No Load
12| 17 | Ouput Drive Current, FL, FH lou Q.2 mA {Vpp=5V, Vo, =04V
5 | NChannelSink loL Q.5 mA | Vpp=12V, Vo =1.2V

: Typical figures are at 25°C and are for design aid only: not guaranteed and notsubject to production testing
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IS02-cMm0os MT8865

DC Electrical Characteristics (Cont'd) - Voltages are with respect to ground (Vsg), Ta=25°C, f.=3.579545 MHz unless
otherwise stated.

Characteristics Sym | Min | Typt { Max | Units Test Conditions
13| o | Output Drive Current OSC2, loL 0.1 mA | Vpp=5V, VoL = .4V
U | NChannel Sink loL 0.25 mA [ Vpp=12V, Vg = 1.2V
14 ; Qutput Drive Current, FL, FH loH 0.2 mA | Vpp=5V, Vo = 4.6V
u | P Channel Source lox 0.5 mA | Vpp=12V, Vpy = 10.8V
15 E Output Drive Current, OSC2, lon 0.1 mA | Vpp=5V,Voy = 4.6V
P Channel Source loH 0.25 mA | Vpp=12V, Vgoy = 10.8V
16 Qutput Voltage, Vpet Vet 2.3 2.6 Y Vpp =5V, No Load
VRet 5.4 6.2 \'4 Vpp =12V, No Load
17 Qutput Resistance, Vget Ror 16 k@ |Vpp=5V
Rogr 8 kQ |Vpp=12Vv

* Typical figures are at 25°C and are for design aid only: notguaranteed and notsubject to production testing.

AC Electrical Characteristics - voitages are with respect to ground (Vsg), T, =25C ,f. = 3.579545, Vgp =4.75 - 13V.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
Dynamic Range 30 36 dB
2 Valid Input Signai Levels Vpp/2 | Vpp
(Each tone of composite signal) 27.9 883 mVrms|Vpp = 5V
67.0 2120 |mVrms|Vpp = 12V
3 T Input Impedance Z 10 MQ
4| L {Passband Ripple Av +03 ] X1.0| dB |[SeeNotel
5| T |{Low Group Lower Limit{ f,, 670 | 684 Hz
E {1dB Bandwidth UpperLimit] foy 958 990 Hz
6 R High Group Lower Limit| fqL 1162 | 1188 Hz
1dB Bandwidth Upper Limit| fyy 1660 | 1740 Hz
7 Intergroup Rejection 1R 1209| 34 45 dB 1209Hz - w.r.t. 770Hz
Low Group with High Tone IR 1a77] 36 40 ds 1477Hz - w.r.t. 770Hz
8 Intergroup Rejection IRH941 38 50 dB | 941Hz - w.r.t. 1336Hz
High Group with Low Tone IRH770| 36 40 dB | 770Hz - w.r.t. 1336Hz
9 Dial Tone Rejection DRiaqp] 40 60 dB | 440Hz - w.r.t. 770Hz
Low Group DRi3sg| 28 30 dB | 440Hz - w.r.t. 770Hz
10 Dial Tone Rejection DRuaag| 52 60 dB | 440Hz - w.r.t. 1336Hz
High Group DRy3sg| 50 55 dB | 350Hz - w.r.t. 1336Hz
1" FHT FLT Maximum Permissible RirT 250 kQ
Load CLFT 1000 pF
12| L | QutputRise Time FL, FH tTLHO o 150 ns | 10% to 90% Vpp
m | OutputFall Time  FL, FH tTHLO 60 100 ns
13 Crystal/Clock Freq. fc |3.5759|3.5795|3.5831] MHz
E 0SC1,08C 2
14| O | Clock Rise Time| tinc 110 ns
C | Input Fall Time| tyic 110 ns |See Note?2
K 1(osc1) Duty Cycle| DC¢; | 40 50 60 %
15 Clock Qutput OSC 2 Unbalanced load
Capacitive Load Cloc 30 pF |seeFig.5
16 Capacitance Any Input C 5 7.5 pF

Note 1. Passband ripple measured with respect to a passband gainof 0 dB t 1dB.
Note 2. 10% to 90% Vpp. Extarnally Applied Clock.
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MT8865 1s02-cMOS

PRECISE
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Fig. 2 - Typical Filter Characteristics

Pin Description

Pin # Name Description
1 FL Low Group Limiter Output.
2 FLT Test Output. Monitors low group filter output. Decouple to Vs with 680pF capacitor.
3 NC Not Connected.
4 INPUT | Tone Signal Input (single ended).
5 VRef Internal Reference. Can be used to biasinput via 2MQ resistor.
6 PDWN | Power Down Active High. Internal pull down transistor. A high levelsignal powers

down the device and inhibits the oscillator.

7 NC Not Connected.

8 Vss Negative (OV) Power Supply.

9 NC Not Connected.

10 FH High Group Limiter Output.

11 FHT Test Output. Monitors high group filter output. Decouple to Vss with 680pF
capacitor.

12 NC Not Connected.

13 NC Not Connected.

14 0s5C2 | Clock Output.

15 0osC1 Clock Input. 3.579545 MHz crystal connected between this pin and 052 completes
the internal oscillator circuit.

16 vDD Positive Power Supply.
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1Is02-cMmos MT8865

Functional Description

The MTBBA5 separates the high group and low
group components of the dual tone signal and
limits the resulting pair of sine waves, to produce
square waves having the same frequencies as the
individual input tones. These limited low group
and high group tones appear at the FL and FH
outputs respectively. To implement a complete
DTMF receiver the FL and FH outputs are connected
to the FL and FH inputs of the DTMF Digital Decoder
(MT8860). See Fig. 3.

Separation of the low group and high group tones
is achieved by applying the dual tone signal
simultaneously to the inputs of two sixth order
switched capacitor bandpass filters, the bandwidths

r

of which correspond to the bands enclosing the low
group and high group tones. The frequency
characteristic of each filter (see Fig. 2) also
incorporates a notch at 440Hz to provide dial tone
rejection. Each filter output is followed by a single
order switched capacitor section which operates as
an interpolator smoothing the signals prior to
limiting. The limiting functions are performed by
high gain comparators which are provided with
hysteresis to prevent detection of unwanted low
level signals and neoise. The comparator outputs are
buffered to drive the FL and FH output pins and
detector device inputs. The MT8865 has a single
ended input allowing connection either to a PCM
decoder, radio receiver (Fig. 3) or via a differential
buffer to a telephone line {Fig. 4). The signal input
(Pin 4) should be biased at Vpp/2. With the input

+5v
Voo NOTE:
FOR DEVICE POWER SUPPLY 5.25V SEE
f Voo osc2 voo 4 MT5860 DATA SHEET
D :;_J L 0sc1 T [ RL=2.0MQ C3=690pF
FLT 0S¢t X4 % RS =300K ) C4=680pF
. O osc2 3 d ESt [0 a3=5Kf} Xt=3.579545MHz
t R C1=10nF C5=0.33pF
INPUT — "["—E INPUT MT8865 [ E FH MTBBB“ . i 2 c2=0 Inl.lF B
VREF m| —1 st f3
A1 i TYPICAL PERFORMANCE
= FHT [ —{]L2 FL c2
J Dynamic Range 30dB
ca~ (O ML L Lta H Twist +70dB
Vss - Ar —{]La Ver }L ACC. S/N Ratio 14d8
1 10e vss[ TREC (MT8860A) 28to 35ms
Trec (MT8860X) 26 to 30ms
Guard Time 20ms
+ Max. Invalid Tone Duration 20ms
tryy - 51:) Min. Interdigit Pause 30ms
T W Max. Acceptable Dropout  20ms
Fig.3- Connection Diagram for Single-Ended Input Receiver Using the MT8860 (5V Operation)
DIFFERENTIAL INPUT AMPLIFIER -
CymL2 Vo T
Ra=Rq
R3=A2 A5
]1—— c At Rs I 1
2+ 85 e o—t}————-——-—’\,—-ﬂ—N— FL Yoo [
VOLTAGE GAIN — I os€1 :_’—Jd
= R ' 798 I
(AY ditf) F? 2 VoD C o0sc2 MY
LE] e [ 8860
INPUT IMPEDANCE Vl/ MT8865 - >
{Zinditt} = 2V mz"‘ﬂb_! C2 Rs V5§ YREF L
w RING o— . . o= FHT
3= 5 —. -
TYPICAL VALUES O FH 2
C,=C,=10nF - Vg5 =] Le,
C3 = C,, = 688 5
Ry =R,y=20
Re=100k0 hTe8 N V— vss _
R, =60k : 1
R3=37.5k®
Ay gt = — 6dB
Znqifs =400k Q (@650 Hz}
33 F
Fig. 4 - Circuit for Connection to a Telephone Line
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MT8865 1s02-CcMOS

capacitively coupled, this is achieved by connecting
the signal input to Vpes (Pin 5) via a 2MQ resistor.

FLT and FHT allow the filter outputs to be
monitored prior to limiting, and should each be
decoupled to Vs by 680pF capacitors.

The MT8865 and its companion, the MT8860 DTMF
decoder, can share a crystal by cascading the
oscillator output (0OSC2) to the adjacent device
oscillator input (OSC1). The recommended circuit is
shown in Figure 5.

i >
C =33 pF
osc1| Lo 0sC1
mresss | [ MT8860
To additional 8865’s and 886Q's
1 o0sc2 0sC2
0sC1 0sC1
MT8860 MTB8865
0sC2 {f 0sC2
C = 33pF

Fig. 5 - Cascaded Oscillator Configuration
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