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REMOTE CORTROL AND VIDEO WIRE LESS

Abstract

Mr . NUTTAWONG CHAOWIANG 323508
Mr .PATTANASAK MEPWIE 323517

Mr.,SOMSAK FANGTASWAD 323531

ADD.PROF.KRIDSADAKRON KROMGRAN

ADVISOR

This thesis present sbout design and construction

wireless camera with remote control

The epplicetion of the project is intented to use

with camers in booloon or remote area that use to trafic

monitor,so the camera should itself or control from the

monitor site. In
constructed, The
constructed for
wireless remote

frequency (DTMF)

this thesis two part of project was-
first small UHF TV. transimtter is -
wireless camera,The secound the VHF
control is controled by Dual tone multi

so that if have multi-channel for control.
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R1 470
R2 47 K
R3 270
R4 56 X
R5 660
R6,R8 330
R7 3.3
R9,R10 390
VR1 100
VR2 10 K
1C TU 5
1C MC 1
1C 606K
Ci1,C4 220
c2 47
C3,C7 33
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C6,C10 180
Ce,C11 4.7
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R1 50 X
R2,R3 100 K
R4, R7 470 K
RS 2.2 K
R6, RO 1 X
R8 4 X
R10 3.8 X
R11 3 X
R12 220 K
C1,C3,C9,C11 10uF
C2,C6 47 uF
C5,Cg 4.7 uF
C7,C8,C10,C14 1EpF
C12,C15 7 pF
c1a 3 pF
C16,C18  100uF
C17,C18  0.01uF
Tr1,Tr2  A.103
Tr,Tr4 250458
ENCODER & DECODE
R1 100 IC MTE870
R2 1K 1C MVEOS87
R3,R4 100 K TTL 54/74154
RE,RE 830 Tr BC337
C1,02 100 pF
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% PLESSEY

7 Semiconductors

MiV5087

DTMF GENERATOR

The MV5087 is fabriczted using Plessey Semiconductors’
ISO-CWOS high density 1echnology and offers low power
angd.wide vollage operation. An inexpensive 358MHz TV
crystal completes the reference oscillator. From this
frequency are derived 8 different sinusoidal frequencies
which, when approprizlely mixed, provide Dual-Tone Multi-
Frequency (DTIF) tones.

Inputs are compatible with either a standard 2-0i-8, or
single contact (form A), keyboard. The keyboard entries
determine the correct division of the reference frequency by
the row and column counters.

D-to-A conversion, using R-2R ladder networks, results in
2 staircese approximation of 2 sinewave with low total
distortion.

Frequency and amplitude stability over operating voltage

end temperature renge are mzintained within industry DTMF -

specifications.

vor [ ~ [31ox1 o
. xwik [ » P SINGLL TONL ThHIBN
colwmK 1 [; 3 w[Jrow s
cotum 2 {Je sf)now 2
cowume 3 [Js 12(] ROW 3
vss [le » i ROW &
pscw 7 - o] wuTt
ost ot e o1 ColUmMN ¢
.

[DP16

Fig.1 Pin connections - top view

FEATURES .
E  Pin-for-Pin Replacement for MK5087 -
E  Low Standby Power
E  Minimum External Parts Count
E 35V 1o 10V Operation APPLICATIONS
E  2-0i-8 Keyboard or Calculator-Type Single Contact =
(Form A) Keyboard Ianﬂ DTMF Slgnallmg for
E  On-Chip Regu'ation of Output Tone E  Telephone ;ets
E  Mute and Transmitter Drivers On-Chip E  Mobile Radio
E  High Accuracy Tones Proviged by 358MHz E  Remote Control
Crysta! Oscillator E  Poinl-of-Sale and Banking Terminals -
E  Pin-Selectable inhibil of Single Tone Generation E  Process Control ’
e Ton
o
T
MV50E7
¥Ypp O—- Ypo Nt
KEYBOARD LOTIC
$INE b
conenl | converTes
¥Db
g'sco___ L4 S
VREF
gouit | , > —o S
o:‘co_ I~ SIHE o Yoo
ComeR CONVERTER
KEYBDARD LOGIC
=0 XMITR
o}
vgg O— 106K | -ouJ_lr
Al 2 3 ‘
Ne—————————
COLAN INPUITS

Fig.2 Funciiona! bloch disgrem
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MV5087

ABSOLUTE MAXIMUM RATINGS

MIN. MAX. MIN. MAX,
VDD - VSs -Q3v 10 5V Power cizsipation £50 mw/
Voltage on any pin Vgg - 0.3V | Vg + 0.3V | Derate 16 mW,*C z5ove 75°C
Current on any pin 10 mA (All teads scldered to PCB)
Operating temperature -40°C +85°C
Siorage temperature -65°C +150°C
DC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise staled):
Tams = +25°C, Voo = 3.5V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX UNITS .
s | Operating Supply Voliage Vop 35 10 v Rel.to Vgg
g 0.2 100 uA  [Voo= 3.5V | No Key Depressed
p [Standby Supply Current o lops 05 200 uA Vpp = 10V | All outputs Unloaded
1L 1.0 2.0 mA [Vop=-3.5V | One Key Depressed
Y | Operating Supply Current oo 50 | 100 | mA | Vpp=10V | All outputs Unioaded
t ISINGLETONE {INPUT HIGH VOLTAGE Vin 0.7Vop Voo \
N1 INHIBIT INPUT LOW VOLTAGE Vi 0 0.3Voo v
8 INPUT RESISTANCE Rin €0 K11
T{ROW 14 INPUT HIGH VOLTAGE Vin 0.9Veo v
s INPUT LOW VOLTAGE Vi 03Voo| V
COLUMN 14 | INPUT HIGH VOLTAGE Vi 0.7Vop, v
INPUT LOW VOLTAGE Vo 0.1Voo v
XMITR SOURCE CURRENT lon -15 |-25 mA |Voo= 3.5V Vou= 2.5V No
¢} 7 Keyboard
U -50 |-~ 100 mA | Voo = 10V.V,,, = 8V Entry
; LEAKAGE CURRENT s 01| 10 | UA |V, =10V,V,, =Ov|Revposare
3 = No
U MUTE SINK CURRENT T 05 mA |Voo= 3.5V Vo.= 0.5V Keyboard
T : 1.0 mA Vo =10V,Vy =05V Entry
s SOURCE CURRENT o -0.5 mA |Voo= 3.5V,Vou= 3.0V| Keyboard
-1.0 mA VDo = 10V,V°H =9.5V Entry
AC ELECTRICAL CHARACTERISTICS
Tesi conditions (uniess otherwise stated): \
Tamp = +25°C, Voo = 3.5V to 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX | UNITS
TONEOUT |ROWTONE Voa 320 | 400 | 500 | mv,,, | Single Tone
OUTFUT VOLTAGE R, = 1Ku
COLUMN TONE Voo | 400 | 500 | 830 | mV,,¢
OUTPUT VOLTAGE :
EXTERNAL LOAD R, 700 i Voo= 3.5V
IMPEDANCE 330 [i] Voo = 10V
QUTPUT DISTORTION -20 dB | Total oul-ol-band power relative to
sum of row and column
fundamental power
PRE EMPHASIS, High Band 1 dB
Tone Outpui Rise Time !, 3 B ms
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PIN FUNCTIONS

MV5087

PiN NAWE DESCRIPTICN

1 Ve Positive Powe: Supply

2 XMITR Emiiter output of a bipolar transistor whose colleclor is connecied to Vi, With
no keyboard mput this outpul rtemains atl V,,,, and & keyboard input changes the
output to z high impedance state. The state of Single Tone Inhibit input has no
eifect on XMITR outpul.

3,4,58 Coiumn 1-4 | These inpuls are held at Vgg by resistors Rc and sense a valid logic level (approx
¥z Vpo) when tied to & Row input. .

6 Veg Negative Power Supply (OV)

7.8 OsSC in, On-chip inverier completes the oscillator when a 3,578545 MHz crystal is

OSC Out connecied to these pins. OSC In is the inverter input and OSC Out is the output.

10 Mute This CMOS Output switches 10 Vg with no keyboard inpul and 1o Vo with 2
keyboard input. This oulput is unafiecied by the state of Single Tone inhibil.

11,12,13,14 4 Row 1-4 These inpuls are held al Vyp, by resisiors Ry and sense a valid logic level (Approx

. /2 Vpp) when tied 1o a column inpul.

15 Sinole Tone | This input has & pull-up resisior 10 Vp; and when left unconnecied or tied to Vpp,

inhibit single or dual fones may be generated. When V¢ is applied dual {ones only are

penerated and no input combinations will cause generation of a single tone.

16 Tone Out Emitter output of & bipolar NPN transistor whose collector is tied 1o Vi, Input to

4 this transistor is {rom an op-amp which mixes, and regulates the outlput level of,

the row and column iones. v

ROW AND COLUMN INPUTS

These inpuls are compatible with the siandard 2-0i-8
keyboard, single contact (form A) keyboard and electronic
inpul. Figures 3 and 4 show these input configurations, and
Fig. 5 shows the internal structure of these inputs.

When operating with a keyboard, dual tones ere generated
when any single button is pushed. Single tones are
penerated when more than one button is pushed in any row

“or column. No tones are generated when diagonally-

positioned buttons are simultaneously pressed.

An electronic input to a single column generates that
single column tone. Inputs to multiple columns generates no
tone. An electronic inpul to e single row generates no tone
2nd a single row tone may be generated only by activating 2
columns and the desired row.

0

cot 4 \&
CLASS & KEYEUARD

: Ao ROV

7 0% E D1WF KEYBOLRD

ROW

Fig.5 Keyboard configureiion

o,

Ve 20w
gm e mmn e 1 J

Fic 4 Electionic input

Voo
Re
= Row input
ROW STATIC sensingt cirgun
INPUY PROTECTION
Column put
COLUMI S1RNUC sensing cicun
INPUT PROTECTION
R
Vi

Fig.5 Row and column inputs
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MV5087

OUTPUT FREQUENCY

Table 1 shows the output frequency deviaucn irom the
standard DTMF frequencies when a 3.58MHz crystal 1s used
as the relerence.

The row and column output wavelorms are digitally '
synthesised using R-2R D-to-A converters (see Fig.6),
resulting in a ‘'staircase’.approximation to a sinewave. An op- Row |
amp mixes these tones to produce a dual-ione waveform. :
Single tone distorlion is typically betier than 7% and all |
distortion components of the mixed dual-tore should be - =
30dB relative 1o the strongest fundamental (column tone). b

Column
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1336
1477

1633

Standarc DIVF

Tone Dutput
Frequency Using
1.579545 M2
Crystal

7012

Mre

© Devietion
F:om Slancarg

R TIT7T Ty R I T 5 O O A
v T T T T T . RN
our v i v [} y - [
A t . L . b
+— T T T v 0 +
1 T T T T T
- f T T
) N i T s PRI
ERi K & 1 1 ¢ (Al ) P I
3 7T 3 < T T TR G 7
pur T T LT [ WL R
1 § 10 [ i Tt T T
B Y v T ki . B 1
v I V. + 1
.2 » T T T T
o~ PR T 7 ¥
H H K i f T T T
1 L T D \ [ -
9 : I T (0 T n
Vour - i ] i ML )
i T 1 [ T -
T S 7 1 v T T
¥ L} ’ ) T
q T
T 3 < K
- T
CRFELA]
T v v . H
5 + T
PR F 1
b) A v 1 1
3] A .
[R1 3 [ | Il i
il A H i 1]
_.-l

Fig.6 Typical sipewave output (2) Row tones (b} Column tones

DISTCRTION MEASUREMENTS

THD for the single tone is defined by:

funcamental

Where V21— Vet are the Fourier components of the waveform.

THD for the dua!'tone is defined by:

100V V3 4 V2 + VZ + —VZ) %

100 (v V3 4 Via=Vig + Vic + Vi Vi + Viw)

V Véow + Vo,

where Vrow is the row fundamental emplituce
Vcou is the column fundamental amplitude
V2r — Vn= are the Fourier component amplitudes of the row frequencies

Vac — Vac are the Fourier component amplitudes of the column frequencies

Vuse is the sum of all intermodutation components.
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$h My 1AL

XMITR
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i
f

|

] ] '3
| DO O e,
| DO B
L .

Vis MUTE

Fig.7 Connection disgram
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&) PLESSEY

=~ Semiconductors

MV5089

) DTMF GENERATOR

The MV5088 is fabricated using Plessey Semiconductors’
1SO-CMOS high density technology and offers low power
and wide voltage operation. An inexpensive 3.58MHz TV voo ] A .
crystal completes the reference osgillator. From this el e Tone out
frequency are derived 8 different sinusoidal frequencies . ToNE Drs2aiE [z 15[ SINGLE TONE wriBT
\;/rr:g:,e :::l;e?Danﬁ;o)ptgit:g mixed, ‘provnde Dual-Tone Multi- ot wprewT
Inputs are compatible with a standard 2-0f-8 active-low cowwwn 7 [Je w[)Row 2
keyboard and the keyboard entries determine the correct oo [s w[iow3
division of the reference frequency by the row and column _
counters. D-{o-A conversion, using R-2R ladder networks, vafls np#owd
results in a ‘staircase’ approximation of a sinewave with low osc i 7 o] anv xev oown
total distortion. —_—
. Frequency stability over operating voltage and usc out s W A
temperature range are maintained within industry DTMF DP1§
standards.
Fig.1 Pin connections - top view
FEATURES
- { Pin-for-Pin Replacemeql for MK5089 APPLICATIONS
B Low Standby Power ~ I
B Minimum Extemal Pars Count DTMF Signalling for
B 275V 10 10V Operation E Telephone Peg
B 2-0i-8 Keyboard'Input B Mobile Radio
B High Accuracy Tones Provided by 358MHz E  Remote Control
Crystal Oscillator B Point of Szle and Banking Terminals .
E  Pin-Selectable Inhibit of Single Tone Generation B Process Control,
ROW PUTS S S
ey 0 SINGLE TONE
1 ? 3 4 \ INHIBI
A )
%
—
3
Vo O— " Vi3 AAAA
Vo
XEYBOARD LOGIC
SINE oA
oreren |t convinten v
Row (]
08¢ o - countes ||
B Vo
STONE
Coomien out
0sC, SIng Vio
™ wave va
COUNTER COmERTER
KEYBOARD LOGIC
kT — Gt
V55 0 s KEYBOARD LOGIC ~e——rq FL_,_—o B!
R Vas
12 h] ]
COLUMN INmUTS
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ABSOLUTE MAXIMUM RATINGS

MV5083

) 1
| min. L owax | WIN. MAX.
VDD - VSS -0V E 105V Fower gdissipehion 850 mw
\Viohage on zny pin Veg - 03V V - 03V | Derate 16 mW#~C ebove 75°C
Current on ahy pin 10 mA’ (Ali leads soldered to PCB)
Operating temperature -40°C - 85°C
Storage temperzture -65°C +150°C
DC ELECTRICAL CHARACTERISTICS '
Test conditions (unless otherwise stated):
Tamb = +25°C, Voo = 3V 10 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX | UNITS
s | Operating Supply \)oitage Voo 2.75 10 v Ref. 10 Vgs
. :;' ’ 02 | 100 uA | Vop= 3V | NoKey Depressed
p [Standby Supply Current fpps 05 200 uA Vpp =10V | All outpuls Unloaded
i', 1.0 20 mA | Vpp =" 3V | One Key Depressed
Operating Supply Current oo 50 | 100 mA | Vop=10V | Altoutputs Unloadeg
} |SINGLE TONE {INPUT HIGH VOLTAGE Vin 0.7Vop Vop Vv ’
N INHIBIT, INPUT LOW VOLTAGE Vi ] 0.3Voo A
S TONE DISABLE |INPUT RESISTANCE Rin 60 K}
T ROW 14 INPUT RIGH VOLTAGE Vi |0.7Vop Voo Y
S|COLUMN14  [INPUTLOW VOLTAGE Ve | © 03Voo| V
(o] 0.5 mA VDD = 3V, VOL = 0.5V
Ul ANYKEY [SINKCURRENT loy 1.0 mA | Vpp= 10V, Vo = 0.5V
T DOWN LEAKAGE CURRENT lez 1 vA | Vpp=3V
P
U :
1T
S
AC ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise staled):
Tamp= 4+25°C, Voo = 3V {0 10V
CHARACTERISTICS SYMBOL | MIN | TYP | MAX UNITS
TONE OUT OUTPUT LEVEL, BsOwW Vout 10 | -8 -7 g8m |V, .= 3v.Single Tone. R = 100K}
PRE EMPHASIS, High Band 24 27 3.0 dB
OUTPUT DISTORTION (Duz! Tone) _20 | OB | Total outsl-bsnd powes relative 1G
sum of row and column :
{undamenta! power
Tone Output Rise Time t, 3 5 ms | Time for wavelformioreach 90%
of magnitude of either frequency
{rom innial key stroke
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MV5088

PIN FUNCTIONS

PIN NAME DESCRIPTION
1 Voo Positive Power Supply

2 TONE DISABLE | This input has an internal pull-up resistor 1o Vgp. When connected to Vss no
tones are generated by any key depression allowing the keyboard to be used
for purposes other than DTMF signalling.

3459 COLUMN 14 These CMOS inputs are held at Vpg by an internal pull-up resistor
and are activated by the application of Vss.

6 Vss Negative Power Supply (OV) )

78 OSCIN, OSC OUT| On-<hip inverier completes the oscillator when a 3,58 MHz Crystal is
connected to these pins. OSC IN is the inverter input and OSC OUT
is the output.

10 Any Key Down This is an NMOS transistor output which switches to Vss while any key
is depressed. Otherwise this output is high impedance. Switching is
independent of Tone Disable and Single Tone Inhibit.

11,12,13,14 Row 14 As Column 14 inputs.
15 Single Tone This input has a pull-down resistor to V. When left Unconnected or
Inhibit tied to Vg, dual tones may be generated, but keyboard input com-
binations resuiting in single tone generation are inhibited. When'V,,
is applied single or dual tones may be generated.

16 Tone Out Emitter output of a bipolar NPN transistor whose collector is tied to Voo .
Input to this transistor is from an op-amp which mixes the Row and Column
tones.

ROW AND COLUMN INPUTS

These inputs are compatible with the standard 2-of-8
keyboard or with an electronic input. Figures 3 and 4 show
these input configurations and Fig.5 shows the internal chip
structure of these inputs.

When operating with a keyboard, dual tones are generated
when any single button is pushed.

With Single Tone Inhibit at Veo, connection of Vss to a
single column causes the generation of that Column tone.
Connection of Vss to more than one Column will result in no
Column tones being generated. Connection of Vss to Rows
only generates no tone - a Column must be connected to Vss.

A single Row tone oply may be generated by connecting 2
columns, and the desired row, t0 Vss

OUTPUT TONE LEVEL

The output tone level of the MV5088 is proportional to the
apptlied DC supply voltage.

A regulated supply will normally be used which may be
designed to provide stability over the temperature range.

Fig.4 Electronic input

el [ ——— T}
"5}0——{

et ——

3

S

Rz

Row input
W STATIC sensing carcunt
INPUT PROTECTION
tﬁLUMV
INPUT

Cotumn input
STATIC SEASING Circun
PROTECTION
% a: ' N
Vi

Fig.3 2 of 8 DTMF keyboard
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MV5089
OUTPUT FREQUENCY
Standard DTMF Tone Output ‘a Deviation
Table 1 shows the output {requency deviation from the (Ha) Frequency Using  From Standsrd
standard DTMF irequencies when a 3.58MHz crystal is used 3'5709;"’;::“’
2s the reference. N _
The row and column output waveforms are digitally 1, 697 7003 4062
synthesised using R-2R D-to-A converlers (see Fig.6) 10 1714 V019
resulting in staircase approximations to a sinewave. An 0p- Row| ’ Iéow
amp mixes these tones to produce a dual-tone waveform. t, 852 857.2 +061]C1OP
Single tone distortion is typically better than 7% and all L gt 8381 - 063
distortion components of the mixed dual-tone should be - ) ’ -
30dB relative to the strongest fundamental (column tone). 1, 1209 1215.8 oo..'ﬂ
1, 1336 13317 -0.
Cotomn| * 032 1iigh
1, wn uns -0.35 | Grovp
Lt, 1833 1645.0 +0.73]
Table 1 Output frequency deviation
T T
Vour : 1
1 v
T T
L
t
:
a)
t
Vo
e T
1
2 1l
1
-

Fig.6 Typical sinewave output (a) Row tones (b) Column tones

DISTORTION MEASUREMENTS

THD for the single tone is defined by:

100( J V2 + Vi + Vi + V3 )%
v

fundamenta!

Where Vai— Vwt are the Fourier components of the waveform.

THD for the dual tone Is defined by: .

100 (V' VZ, + V2~ Vi + V3 + Vi = VI + Vig)

v Véow + Viou

where Vrow is the row fundamental amplitude
Vcou is the column {fundamental amplitude
Vzr — Ve are the Fourier component amplitudes of the row frequencies
Va¢ — Vac are the Fourier component amplitudes of the column frequencies
Vo is the sum of all inlermodulation components.
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I' r SIGUL TONT A1

3 98 MH2 XTAL

)

1

TONE DISABLE
TORE OUTPUT

Vss

6§ 10
S B
Vss Vis ngsv

Fig.7 connection diagram
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MV88

70

DTMF RECEIVER WITH HIGH AND LOW GROUP FILTER OUTPUTS

The MV8870 is a complete DTMF receiver integrating both
the bandspiit filter and digita! decoder functions, 1abricated
on Plessey Semiconductors’ double-poly CMOS

A\
technology. The filler section uses switched capacitor we [
techniques for high- and low- group filters and dial-tone w-[2
rejection; the decoder uses digital counting techniques to
detect and decode all 16 DTMF tone-pzirs into a 4-bit code. os 3
Exterrial component. countis minimised by on-chip va ﬂ Ty,
provision of 2 differential input amplifier, clock oscillator and - - MVBET0
latched 3-state bus interface. & sulls
FEATURES T d \ ety
B~ Complete DTMF Receiver — )t b4
B Ceniral Office Ouamy osca f1®
B Lower Power Consumption " - e i
B Adjusteble Acquisition and Release Times N\ : )
APPLICATIONS NI ¥ N
B - PABX R g 0 Not to scale - .- DG18, HP28
B -Céhﬁal Office ) = Fig.1 Pin connections (fop view):
B Key Systems \ ; }
E  Mobile Radio ¢ -
E Remole Control
E FRemote Datz Entry
PDWN Voo  Vss VREF FHT FH  SEL

- _rowil} =2 VooUNPRY, DWW ¢ WA (ONr
I Tsnu) Tﬂa (28) Ts(u) 4a(s)] (&) {s)

)

POWER 8IAS
DOWN CIRCUIT
| 1
CHIP  CHIP CHIP
| POWER BIAS REF
| HIGH
— GROUP —
] FILTER
DUAL ZERO DIGITAL coﬁezonsrsn
TONE  {— CROSSING DETECTION AND
FILTER DETECTORS ALGORITHM LATCH
LowW
—{ Group r— —
FILTER |
——aTO ALL * 1
CHIP CLOCKS -
STEERING
I LOGIC
l lv (12) Leay dez2) 17 ey 115(25) __335_(2_5)_

osC1 osc2 FLT FL SVGT

ESt

StD

Fig.2 Function block dizagram {pin numbers in brakcets reler 10 HP package)

TOE

—_

1 (17)|
Q1

Qa
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MvV8870

ABSOLUTE MAXIMUM RATINGS (NOTE 1)

Parameter Min. Max. Unit
Power supply voltage Voo - Vss 6 \
Voltage on any pin Vss-03 | Voo +0.3 \
Current at any pin 10 mA
Operating temperature -40 +85 °C
Storage temperature -65 +150 °C
Package power dissipation 1000 mw
(Note 2)

NOTES

Exceeding these ratings may cause permanent damage. Functional operation under these conditions is nol implied.
2. Derate above 75°C al 16mW/°C. Al! leads soldered 10 board.

DC ELECTRICAL CHARACTERISTICS
Tes! conditions (unless otherwise stated):
Vob = +5V, Vss = 0V, Tems = +25°C

1.

i

Characleristic .. 5 -Symbol Wi V;)I;e. o Unit Condltions
Operating supply voltage Voo 475 5.25 \Y
Operating supply current loo 2 3.0 7 mA
‘Power consumption = Po 15 35 mwW f = 3.579MHz
Low level input voltage Vu 1.5 \Y i
High level input voltage Vi 35 \
Input leakage current tfln 0.1 LA Vin = Vss or Voo
Pull up source current - lIso 75 15.0 LA TOE = 0V
Input impedance (IN+ & IN-) R 10 MR At 1kHz
Steering threshold voltage Vist 22 235 25 \
Low level output voltage Vou 0.03 Vv No load
High level output voltage Vor 497 \ No load
Output low (sink) current lou 1.0 2.5 mA Vour = 0.4V
Output high (source) current lon 0.4 0.8 mA Vour = 46V
Output voltage (Veer pin) VRer 24 27 \ No load
Output resistance (Vrer pin) Ron ' 10 KO

OPERATING CHARACTERISTICS, GAIN SETTING AMPLIFIER
Test conditions (unless otherwise stated):
Vob = +5V, Vss = 0V, Tems = +25°C
Characteristic Symbol : walle Unit Conditions
. 2 Min. Typ. Max.
input leakage current I =+100 nA Vss < Vin< Voo
Input resistance Rin 10 MO
input offset voltage Vos +25 mvV
. Power supply rejection PSRR 60 dB 1kHz

Common mode rejection CMRR 60 dB Vin= VRer 1.3V
DC open loop voltage gain Avor 65 dB
Open loop unity gain bandwidth fe 1.5 MHz
Output voltage swing Vo 45 vV p-p Re 2 100kQtoVss
Tolerable capacitive load (GS) Ci 100 pF
Tolerable resistive load (GS) R 50 kQ
Common mode range Vem 3.0 V p-p No load
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MVv8870

AC CHARACTERISTICS
Test conditions (unless otherwise stated):
Voo = 45V, Ves = 0V, Tams = +25°C, fcux = 3.579545MHz, using test circuit of Fig.3.

Value
i H
Characteristic Symbol i Tvp. ey Unit Notes
. -29 dBm |1,.23568
- _— Min.
I\’a"? (mpug 5'9“3'f 275 | mVRMS| 123569
evel (each tone o
composite signal) Max. 1 dBm 123569
883 mVRMS
. . Positive 10 dB 2369
Twist accept limit -
) Negative 10 dB 2359
Freq. deviation accept limit +15% | Nom. | 2359
+2Hz
Freq. deviation reject limit +3.5% Nom. | 235
Third tone {olerance -16 dB 2345910
Noise tolerance T 12 dB 234579,10
Dial tone tolerance +18 daB 234,588,10
LT nt detection ti o 5 1 14 ms - T
. Tone prese! 'r .lme tor Refer 10 Fig5
Tone absent detection time toa 05 4 85 ms
Tone duration accept trec 1/ 40 ms
"“Tone duration reject tREC .20 ms | (User adjustable)
— P g Refer to ‘Guard
Interdigit pause accept tin 40 ms Time Adjustment’
Interdigit pause reject too 20 ms - ’
Propagation delay (St to Q) teo 8 11 ps
Propagation delay (St to StD) tesio 12 ps TOE = Vop
.- -~ Output data set up (Q to StD) s tosio 34 - s
; Enable trTe { 50 60 ns RL =10k
Propagation delay (TOE to Q
pag y (T ) Disable tFio 300 ns Cu = 50pF
Crystal/clock frequency fok 35759 | 3.5795 3.581 MHz
Clock output (OSC2) Capacitive] Cio 30 pF
load

NOTES
1. dBm = decibels above or below a reference power of 1mW into 8 600 ohm load.
2. Digit sequence consists of all 16 DTMF tones.

3. Tone duration = 40ms. Tone pause = 40ms.

4. Nomina! DTMF frequencies are used.

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

6. Tone pair is deviated by £1.5% 22Hz.

7. Bandwidth limited (0 to 3kHz) Gaussian Noise.

8. The precise dia! fone frequencies are 350Hz and 440Hz +2%.

9. For an error rale of betier than 1 in 10,000.

10. Reference to lowest level frequency component in DTMF signal.
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Mv8as70

INPUT CONFIGURATION

The input arrangement of the MV8870 provides a
differential inpul operational amplifier as well as a bias
source (Vrer) which is used 1o bias the inputs at mid-rail.

Provision is made for connection of a feedback register to
the op-amp output (GS) for adjustment of gain.

In a single-ended conliguration the input pins are
connected as shown in Fig.3 with the op-amp connected for
unity gain and Vrer biasing the input at 1/2 Voo, Fig.4 shows
the ditferential configuration, which permits t(we adjustment
of gain with the feedback resistor Rs.

(IR

SV

f—ot

TTT T TTT T

C1q R{
——
——

cy M

— — |
DIFFERENTIAL INPUT AMPLIFIER "~
Ci=Ci=10nF -~ . .
Ri.= R4-= R1 = 100kQ}.- -~ Allresistors 1%
R2 = 60k R3 = 37.5kN _All capacitors 5%

Ry = (2 BT )

P Rrm) - S
-VOLTAGE GAIN (Av gitf) = g—; LS
“INPUTIMPEDANCE ~ = - : -

—-(ZINditf) -= 23/R12 + {1 \2.
J 1 chi

Fig.3.Single ended input configuration

Fig.4 Differential input configuration

EVENTS | B |

A
REC+] |

c

ba— tREC —on] }a— INTERDIGIT -]
7 . PAUSE tip

jo| E | Foo G |
== |=—TONE DROPOUT 1D0

TONE & n

0

Est rl n

I 1GTP

P = —i I"—ﬂ;A

| RN 740!

GTA

TONE #n +1

TONE
£n +1

SVGT ~L ~1

a— tPQ

DATA

e

OUTPUTS
©1-04 A

— V. ),___._< DECODED TONE $n - 1
DECODED TONE n — 1 DECODED TONE #n, HIGH IMPEDANGE

S0
OUTPUT

—*l [—tesw
_..i |——|p~rg —_— “tPTD

L

TOE

and validated,

A Short tone bursts detected; tone durations invalid. B. Tone #n detected; tone duration valid, decoded 1o outputs. C. End of tone #n
detected and validated. D. 3-state outputs disabled (high impedance). E. Tone { #n + 1) detected; tone duration valid, decoded to
outputs. F. 3-state outputs enabled, acceptable drop-out of tone (4n + 1) does not register ai outputs. G. End of tone (#n <+ 1) detected

) E—

Fig.5 Tinung diagram
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PIN DESCRIPTIONS

Mv8870

Pin N o ot
HP DG ame escription
1 1 N + -inverting i . . ) )
N Non |r1ver‘1|ng nput Connections 1o the front-end ditferential amplifier
2 2 IN- inverting input
3 3 GS Gain select. Gives access 10 output of front-end ditferential amplifier for connections of
feedback resistor.
5 4 Vrer Reference voltage output, nominally Vooz. May be used to bias the inputs at mid-rail (see
application diagram).
7 5 SEL Logic 1" or ‘0" selects one of two truth tables (see Table 1).
10 6 "Pown Power down active high, internal pulldown resistor. A high level signal powers down and
inhibits the oscillator. .
12 7 OSC1 Clock input 3.578545MHz crystal connected between these pins
13 8 0SC2 | Clock output completes internal oscillator.
14 9 Vss Negalive power supply, normally connected o 0V.
16 10 TOE 3-state output enable (input). Logic high enables the outputs Q1 - O4. Internal puli-up.
17 11 Q1 - = .
18 12 Q2 3-state data outputs. When enabled by TOE, provide the code corresponging to the last valid
19 13 Q3 tone-pair received (see Table 1). -
. 20 14 Q4 L e e - H. . e e
25 15 [._StD | Delayed steering output presents a logic high when a received tone-pair has been registered
and the output high latch updated: returns to logic low when the voltage on St/GT falls below
! V1si, ¢ )
26 16 ESt Early steering output, Presents a logic high immediately when the digital algorithm detects a
recognisable tone-pair {signal conditions). Any momentary loss of signal condition will cause
. ESt to return to a logic low. X
27 17 St/GT Steering input/guard time output (bidirectional). A voltage greater than Vs detected at St
causes the devicé 1o register the detected tone-pair and update the output iatch. A voltage fess
than Vrs: frees the device 1o accept a new tone-pair. The GT output acts to resetl the external
steering time-constant; its state is a function of ESt and the voltage on St (see Table 1).
28 18 Voo Positive power supply.
8 - FHT High group sine wave filter output.
21 - FLT Low group sine wave filter output.
9 - FH High group square wave filter output.
22 - FL Low group square wave filter output.

FUNCTIONAL DESCRIPTION

The MVB870 monolithic DTMF receiver offers small size,
low power consumption and high performance. Its
architecture consists of a bandsplit’ filter section, which
separates the high and low tones of a received pair, followed
by a digital counting section which verifies thefrequency and
duration of the received tones before passing the
corresponding code to the output bus,

Filter Section

Separation of the low-group and high-group tones is
achieved by applying the dual-tone signal to the inputs of
two sixth-order switched-capacitor bandpass filters, the
bandwidths of which correspond to the bands enclosing the
low-group and high-group tones {see Fig.6).

The filler section also incorporates notches at 350Kz and
440Hz for exceptional diai-tone rejection. Each filter output
is followed by a single-order swiiched capacitor section to
smooth the signals prior to limiting.

Limiting is performed by high-gain comparators which are
provided with hysteresis to prevent detection of unwanted
low-level signals and noise: the outputs of the comparators

provide full-rail logic swings at the frequenices of the
incoming tones.

For testing and monitoring, the high and low group filter
outputs (FHT, FLT, FH and FL) are available on pins 8,21, 9
and 22 respectively (HP package only).

Decoder Section

The decoder uses digital counting techniques to
determine the frequencies of the limited tones and to verify
that they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals, such as voice, while
providing tolerance to small frequency deviations and
variations. The averaging algorithm has been developed to
ensure an optimum combination of immunity to 'tatk-ofi and
tolerance to the presence of interfering signals (‘third tones’)
and noise. When the detector recognises the simulianeous
presence of two valid tones (referred 1o as ‘signal condition’
in some industry specifications). it raises the ‘Early Steering’
flag (ESt). Any subsequent loss of signal condition will cause
ESt to fall.
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/AW,
; PRECISE
\ [' DIAL TONES
10 3 X = 350Hz
~ X Y = 440Hz
o
g 20 / / \ DTMF TONES
s ] | A= 697Hz
Z 30 f B = 770Hz
£ L\ C = 852Hz
) i\ E = 22000
o = Z
“ 77 [N 7N F = 1336Hz
i G= 1477Hz
50 ~ AN / ! i H= 1633Hz
0 t1 T t x>
Xy ABC DK E F G H
FREQUENCY (Hz)
Fig.6 Typical tilter characteristic
Frow FricH KEY TOE SEL Qa4 Qs Q2 o3}
697 1209 1 H L 0 0 0 1
697 1336 g H - g #1 0 0 1 ]
897 1477 3 H L 0, 0 1 1
770 1209 4 H L 0 1 0 0
770 1336 5 H L 0 1 0 1
770 1477 6 H L 0 1 1 o
852 1209 7 H L 0 1 1 1
852 1336 8 H L 1 0 0 0
852 1477 ] H L 1 0 ‘0 1
941 1336 0 - H L 1 0 1 0
941 1209 * H ID 1 0 1 1
941 1477 # H L 1 1 0 0
697 1633 A H L 1 1 0 1
770 1633 B H L 1 1 1 0
852 1633 - c H L 1 1 1 1
941 1633 D H L 0 0 0 ]
697 1209 1 H H 0 0 0 1
697 1336 2 H H 0 0 1 ]
697 1477 3 H H 0 0 1 1
770 1209 4 H H 0 1 0 0
770 1336 5 H H 0 1 0 1
770 1477 6 H H 0 1 1 0
852 1209 7 H H 0 1 1 1
852 1336 8 H H 1 0 0 0
852 1477 9 H H 1 0 0 1
841 1336 0 R H 0 0 0 0
941 1209 * H H 1 0 1 0
941 1477 # H H 1 0 1 1
697 1633 A H H 1 1 0 0
770 1633 B H H 1 1 0 1
852 1633 c H H 1 1 1 0
a4 1633 D H H 1 1 1 1
ANY L ANY z z z z
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= Logic low, H = Logic high, Z = High impedance

Table 1 Functiona! decode table




MV8870

STEERING CIRCUIT

Before registration of a decoded tone-pair. the recever
checks for a valid signal duration (referred 1o as ‘character

VoD
recognition condition’). This check is performed by an
external RC time constant driven by ESt. A logic high on ESt
c
vC

causes Vc (see Fig.7) to rise as the capacitor discharges.

Provided signal-condition is maintained (ESt remains high)
for the validation period (161r), Vcreaches the threshold (V1) vYpo
of the steering logic to register the tone pair, latching its
corresponding 4-bit code (see Table 1) into the output latch. SUGT
At this point, the GT output is activated and drives Vcio Voo.

GT continues to drive high as long as ESt remains high, ESt
Finally, after a short delay to allow the output latch 10 settle,
the ‘delayed steering’ output flag, StD, goes high, signalling
that a received tone pair has been registed. The contents of
the output latch are made avaitable on the 4-bit output bus by
raising the 3-state contro! input (TOE) to a logic high. The 16TA = (RC) In ( VDD )
steering circuit works in reverse to validate the interdigit VTSt

pause between signals. Thus, as well as rejecting signals 100 VDD
short to be considered valid, the receiver will tolerate signal teTPp = (RC) In -—-——————)
“interruptions (‘'drop-out') too short to be considered a valid AVDD — VTst

pulse. The facility, together with the capability of selecting
the steering time~constants externally, allows the designerio
tallor performance to meet a wide variety of system
requirements. Fig.7 Basic steering circuit

R
§1D p———————

Guard Time Adjustments

Inmany situations not requiring independent selection of
receive and pause, the simple steering circuit of Fig.7 is

applicable. Component values are chosen according o the vop v
foliowing formulae: l 1GTA = (R1C) In ( V‘?SE:
c

trRec = tor + tgrp \2 )
tgTP = (Rp C) In (—-——VDD EDVTSt)
tio = Toa + tGTa

Ap = (R?Z-FR:R'I )

The value of tor is a parameter of the device (see AC
Characteristics) and trec is the minimum signal duration to
be recognised by the receiver. A value for C of 0.1uF is
recommended for most applications, leaving R to be selected (&) Decreasing 1GTP (!GTP < 1GTA)
by the designer. For example, a suitable value of R for 2 trec of
40ms would be 300kQ.

Ditferent steering arrangements may be used to select
independently the guard times for tone-present (terP} and vpD v
tone-absent (t64). This may be necessary to meet system l 1gTA = (Rp C) In { 20D )
specification which place both accept and reject limits on c VTSt

both tone duration and interdigital pause. . —RIC) I VDD )
Guard time adjustment also allows the designer to tailor SYGT o0 GTP = (R1C) In ( VDD — VTSt

system parameters such as talk-off and noise immunity.

Increasing trec improves talk-off performance, since it Ry Rz > R

reduces the probability that tones simulated by speech will Rp = (ﬁz R )

maintain signal condition for iong enough to be registered. Est

On the otherhand, a relatively short trec with a long tbowould

be appropriate for extremely noisy environments where fast (b) Decreasing 1GTA (1GTP > 1GTA)

acquisition time and immunity to drop-outs would be
requirements. Design information for guard time adjustment

is shown in Fig.8. Fig.8 Guard time adjustment
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Semiconductors

PRELIMINARY INFORMATION

MiV8870-1

DTMF RECEIVER

The MV8870-1 is a complete DTMF receiver integrating
both the bandsplit filter and digital decoder functions,
fabricated in Plessey Semiconductors’ double-poly CMOS
technology. The filter section uses switched capacitor

. techniques for high and low group filters; the decoder uses

digital counting techniques 1o detett and decode all 16
DTMF tone pairs into a 4-bit code.

External component count is minimised by on-chip
provision of a differential input amplifier, clock oscillator and
latched 3-state bus interface.

FEATURES :
Complete DTMF Receiver

Low Power Consumption

Internal Gain Setting Amplifier
Adjustable Guard Time

Central Office Quality
APPLICATIONS ¢ It
Receiver Systemns for BT or CEPT Speci'ﬁcations
Paging Syslems

Repeater Systems/Mobile Radio
Credit Card Systems ]
Remote Control

w+ [
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Fig.1 Pin connections - top view

STONF — &1 ]
BIAS |
CIRCUIT l
CHIP  CHIP I
] POWER BIAS
| HIGH A I
—i GROUP — &
| FILTER |
N I 2502
+
] DUAL ZERO DIGITAL COmvERER
H TONE  |—dp CROSSING DETECTION AND )
Ne : 2 FILTER DETECTORS ALGORITHM LATCH {} 3503
Ia LOwW ul
Gs 1 GROUP — —1 Q4
l FILTER |
I —e-TO ALL “ i l
l CHIP CLOCKS |
STEERING
| LOGIC l
| 7 | o 21_5__ e Lw 1°_ _J

ESt

Fic.2 Functional block diagram
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MV8870-1

FUNCTIONAL DESCRIPTION

The MVB870- 1 monolithic DTMF 1eceiver offers smallsize.
low power consumption and high performance. Is
architecture consists of a bandsplit filter section, which
separates the high and low tone groups. followed by a digitat
counting section which verifies the frequency and duration
of the received tones before passing the corresponding code
to the output bus.

Filter Section

Separation of the low-group angd high-group tones is
achieved by applying the DTMF signal to the inputs of two
sixth-order switched capacitor bandpass filters, the
bandvs(idths of which correspond to the low and high-group
frequencies. The filter section also incorporates notches at
350 and 440Hz for exceptional dial tone rejection (see Fig.3)
Each filter is followed by a single order switched capacitor
filter section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators which are
provided with hysteresis to prevent detection of unwanted
low-level signals. The outputs of the comparators provide full

-

Xy ABC D

supply 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 verify that they correspond to
standard DTMF frequencies. A complex averaging algorithm
protects against tone 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 1o the presence of interfering
frequencies (third tones) and noise. When the detector
recognises the presence of two valid tones (this is referred to
as the ‘Signal Condition' in some industry specifications) the
‘Early Steering’ output (ESt) will 8o to an active state. Any
subsequent loss of signal condition will cause the ESt pinto
go fo its inactive state (see Fig.5).

PRECISE
% N DIAL TONES

N/ N B

Y = 440MHz

N ot
o Gl
~}
=
Vi
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= 770Hz
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N
7

s

= 1336Hz
= 1477Hz
= 1633Hz
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IOoTYMoOw>»

[
o

200 400 600 800 1000 “1200 1400 1600 1B0OO 2000

FREQUENCY (Hz)

Fig.3 Filter response

Steering Circuit

Before registration of a2 decoded {one-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 the voltage at the SUGT pin (Vsue1) to rise as the
capacitor discharges (see Figs.4 and 5).

Provided signal condition is maintained (ESt remains
high) for the validation period (teT?), Vsi61 reaches the
threshold (V7st) of the steering logic which allows i to
register the tone pair and strobe the corresponding 4-bit
code into the output latch (see Table 1). At this point the
SUGTpin is activated as an output and drives Vst611o Voo
(see Fig.5).

SU/GT continues to drive high as long as ESt remains high.
After & short delay to allow the outpul latch to settle, the
delayed steering output pin (StD) goes high to indicate that
the code for a new received tpne-pair is available. The
contents of the output laich are output onto the output bus
(Q1to O«pins) when the three-state output enable pin (TOE)
is high.

The steering circuit works in reverse to validate the
interdigit pause between signials. Thus as well as rejecting
signals oo short to be considered valic. the receiver will
tolerate signal interruptions (drop-out) 100 shor to be
considered a valid pause. This facihty. together with the
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capability of selecting the steering time constants externally,
allows the designer 1o tailor performance to meet a wide
variety of system requirements.

VDD

MV8870-1 c_l
vop |18

SVGT

ESt

1
sobs——

tgTA = (RC) In (\Y_?S? )

Vpp
t =(RC) In (—2L
GTP = (RC) (VDD = Vig )

Fig.4 Basic steering circuit




MV8870-1

c F
VIN TONE N II\-——'TL N+ £ N+ fp———
@ LTl T LT T L
suGT — ——— VT8t M | — —
] L
Q1- 06 DECODED TONE N - 1 [ ronven J————]  7omEN 41

TOE I__I
SRS
Explanation of Events

A. Tone bursts detected, but tone duration invalid and output laich unchanged.

B. Tone N detected, tone duration valid, output latch updated and new data signalled by StD.

C. End of tone N detected, tone absent duration valid, but outpul latch not updated until next valid tone.

D. Outputs switched to high impedance.

E. Tone N -+ 1 detected, tone duration valid, tone decoded, output latch updated (although outputs are currently high
impedance) and new data signalled by StD.

F. Acceptable dropout of tone N -+ 1, tone absent duration invalid, StD and output latch unchanged.

G. Endoftone N -+ 1detected, tone absent duration valid, StD goes low but outpul latch not updated until next validtone.

Fig.5 Timing diagram

FLow FrigK KEY TOE Q« Qs Q2 [e]]
697 1208 1 H 0 0 0 1
697 1336 2 H 0 (4] 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
770 1477 6 H 0 1 1 0
852 1209 7 H 0 1 1 1
852 1336 8 H 1 0 0 0
852 1477 9 H 1 (o] 0 1
941 1209 0 H 1 0 1 0
941 1336 * H 1 0 1 1
941 1477 # H 1 1 0 0
697 1633 A H 1 1 0 1
770 1633 B H 1 1 1 0
852 1633 [} H 1 1 1 1
941 1633 D H 0 0 0 0
- - Any L Z 2z z 4

Table 1 Functional decode
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MV8870-1

APPLICATIONS

A simple application circuit is shown in Fig.6. This has a
symmelric guard time circuit, 2 single-ended analog input
and a dedicated crystal oscillator.

Guard Time Adjustment

In many situations not requiring selection of tone duration
and interdigit pause, the simple sleering circuit shown in
Fig.6 is applicable. Component values are chosen according
1o the formula (see Figs.4, 7 and 8):

trec = top + teTe
11 = tpa -+ 1GTa

The value of tor-is a device parameter (see Dynamic
Characteristics) and trec is the minimum signal duration to
be recognised by the receiver. Likewise tpa is a device
parameter and tiois the minimum time taken to recognise an
interdigit pause. A value for C of 0.1uF is recommended for
most applications, leaving R to be selected by the designer.

Different steering arrangements may be used 1o select
independently the guard times for tone present (1cv) and
1one absent (167a). This may be necessary to meel system
specifications which place both accept and reject limits on

both tone duration and interdigit pause. Guard time
adjustment also allows the designer o tailor system
parameters such as talk-off and noise immunity. Increasing
{rec improves talk-off performance since it reduces the
probability that tones simulated by speech will maintain
signal conditions long enough 1o be registered. Alternatively
a relatively short tsec with a long tip would be appropriate for
extremely noisy environments where fast acquisition titne
and immunity 1o tone drop-outs are required. Design
information for guard time adjustment is shown in
Figs.7 and 8.

Ditferential Input Configuration

The input arrangement of the MV8870-1 provides a
differential input op. amp. and a bias source (Vrer) 10 bias the
inputs at mid-rail. The gain may be adjusted through a
feedback resistor from the op. amp. output (GS). In a single-
ended configuration the input pins are connected as shown
in Fig.6 where the op. amp. is connected to give unity gain
and the Vrer pin biases the input at Voo/2.

Fig.9 shows the differential configuration. In this circuit
gain is adjusted through the feedback resistor RS.

MV8870-1

—

C2

VoD
¢ ,—1[IN+
DTME L 2N
INPUT ISR1 ! R2 7 N
l—={] GS
L2411 vrer

NC
NC
osc1
osc2
vss

vpb
SYGT
ESt
s
Qs
Q3
Q2
Q1
TOE

F?%%T%F%%

1l

R1,R2 = 100kQ = 1%
R3 = 300kQ % 1%
C1,C2 =0.1pF £+ 5%

X = 3.579545MHz = 0.1%
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voD
MV8870-1
- - C
voo[p& ! ]
17
3—————v
SUGT =
Est P—{’G
R

stb P‘S__z___.

%
tgTaA=[RpC)In v?—;
Vpp
tGTP =(R1 C) In "VD' 'D__VT_S't
_ R1 R2
Re= ®+tm:

Fig.7 Guard time adjustment (lctp< 1GTA}

(5] R1
~
_.l

C1 3]

DIFFERENTIAL INPUT AMPLIFIER
C1 =C1 = 10nF

R1 = R4 = R1 = 100k) All resistors 1%

R2 = 60k R3 = 37.5kN All capacitors £5%
_{ _R2Rs

Rs = ( R2 + Rs)

VOLTAGE GAIN (Av dif)) = 52
INPUT IMPEDANCE

(ZIngit!) = 24/R12 + 132
ch;

VoD

MV8g70-1 l
c

VDD 3“_
SUGT 3“—

est 3—{“

sip [ f——————

= Vob
tGTA =(R1C)in VTSl

_ VbDb
tete =RPOM  Gor s
R2 R1

Rp = R2 +R1

Fig.8 Guard time adjustment (tcre > {614)

Fig.9 Differential input configuration

Crystal Oscillator

““The internal clock circuit is completed with the addition ot
an external 3.78MHz crystal which is normally connected as
shown in Fig.6. However, it is possible to configure several
MVBB70-1 devices to use only a single oscillator crystal. The
devices are chained together with the oscillator output of the
first device in the chain capacitively coupled to the oscillator
input of the second device and so on down the chain. The
details are shown in Fig.10. Precision balancing capacitors
are not required as problems of unbalanced loading arenota
concern.

Receiver System for British Telecom
Specification POR 1151

The circuit shown in Fig.11 illustrates the use of the
MV8870-1 in a typical receiver system. The BT specification
defines the non-operate level as input signals below
-34dBm. This is obtained by choosing R1 and R2 to give 3dB
of attenuation so that an input of -34dBm corresponds to
-37dBm at the op. amp. outpt pin (GS). The tolerances on R3
and C2 give a tolerance on guard time of 6%. For better
performance the non-symmetric guard time circuit shown in
Fig.12 is recommended.
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MV8870-1 MV8870-1
~ 7 CRYSTAL o
osc1f—=) Fdosces
= o] s
osc2® josc2
C = 30pF TO OSC1 OF
CRYSTAL = 3.57845MHz NEXT Mv8870-1

Fig.10 Oscillator circuit

Vpp

MV8870-1 J-c;

vop :
17
SYGT [~
Est[iE]
st ff—vF——o
14
oy j—————o
13 DECODED
a3} —°_"ouTPUT
epi—
13
opil—— &

Toe 1%

R3

R1 ="102kQ + 1%

Rz = 71.5k0 + 1%

R3 = 390kN +%

C1,C2 = 0.1pF £ 5%

X = 3.579545MHz + 0.1%

Fig.11 Single ended input conliguration for BT or CEPT spec
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MV8870-1 l

- C
vDbD 31_5_

SUGT 317———-—

ESt Hs

st ———————

VDD

Vst

. Vpbp
VDD — VTSt

tGTA =(R1C)In

tGTp = (Rp C) In

R1 R2

Rp m TR2

R1 = 368k0 % 1%
R2 = 22MQ % %
C =0.1uF £ 5%

Fig 72 Non-symmetric guard time circuit




PIN DESCRIPTIONS

MvV8870-1

Symbol

Pin No.

Pin name and description

IN -,
IN~
GS

Vrer
(ic)
0sC1

0sC2

Vss
TOE

“Q1- Qa

StD

ESt

SVGT

Voo

1.2

3

5.6

10

11-14

15

16

17

18

In Plus and Minus (Vollage Inputs). These are respectively the non-inverting and inverting
inputs 1o the front-end op. amp. The DTMF input is applied 1o these pins in normal operation.

Gain Select (Voltage Output). This pin is connected 1o the oulput of the front-end op. amp. A
feedback resistor between this pin and the inverting input (IN-} controls the front-end gain.

Reference Voltage {(Voltage Outpul). This pin outputs a voltage which is hal-way between the
power supply voltages (Vss and Vop). It can be used to bias the input signal.

(Internal Connection). These pins should be tied 10 the ground (Vss).

Oscillator 1 (Digital Input). This is the input to the inverter of the oscillator circuit. There is an
internal biasing resistor between this pin and the inverter output (OSC2). A 3.579545MH2z
crystal is normally connected externally between the two pins 1o complete the oscillator circuit.

Oscillator 2 (Digilal Output). This is the output of the inverier of the oscillator circuit. Thereis an
internal biasing resistor between this pin and the inverter input (OSC1). A 3.579545MHMz crystal
is normally connected externally between the two pins to complete the oscillator circuit.

Negative Supply (Power Input). Thisisthe negative power supply forthe device. Itis normally OV.

Three-State Output Enable (Digital Inpul with Pull-up). If this pin is high then the decoder
oulputs (Q110 Q4) are enabled. H it is low then the outputs go into their high mpedance state.
There is an internal pull-up at this pin.

Q110 Qs (Three-State Ouiputs). When the TOE pin is high these pins output the code in the
output latch which corresponds to the last valid tone-pair detected. They go into their high
impedance state when the TOE pin is low.

Delayed Steering (Digital Output). This pin follows the ESt and SUV/GT pins. 1t goes high to
indicate that a new tone-pair has been detected and the corresponding code has been loaded
into the output latch. 1t goes low to indicate that a new tone-pair is expected.

Early Steering (Digital Output). This pin goes high when the digital detection algorithm decides
that there is a valid DTMF input. it goes low as soon as the algorithm decides that there is no
valid DTMF input.

In normal use this pin is used 1o drive an external guard time circuit which in turn drives the
SVGT pin.

Steering/Guard Time (Voltage Inpul/Digitat Output). This pin follows the ESt pin. When ESt pin
changes state this pin acts as an input and monitors the voltage developed here by the ESt pin
acting through the external guard time circuit.

When the voltage reaches the internally generated Vts:level then this pin acts as an output and
pulls itself {ully to the state of the ESt pin. When this pin goes fully high a new code is loaded into
the output fatch and the StD pin goes high. When this pin goes fully low the device prepares
itself for 2 new tone-pair and the StD pin goes low.:

Positive Supply (Power input). This is the positive power supply for the device. It is normally 5V.

ELECTRICAL CHARACTERISTICS
Test Conditions (see Fig.13) - Voltages are with respect to ground (Vss)

Symbol Value Uni
Parameter ymbo! Wi, Tye. (1) Max. nits
Positive supply voltage (Voo pin) Voo 4.75 5 5.25 \
Ambient temperature Tamy -40 +85 °C
Op. amp. output capacitive load (GS pin) Cout 100 pF
Op. amp. output resistive load (GS pin) Rout 50 kQ
Input high voltage (OSC1 and TOE pins) ViH 35 Voo \
Input low voltage (OSC1 and TOE pins) Vi 0 1.5 v
Oscillator frequency (OSC1 and OSC2 pins) fo 3.5759 3.579545 3.5831 MHz
Oscillator input rise time (OSC1 pin) tor 110 ns
Oscillator input high time (OSC1 pin) ton 110 170 ns
Oscillator input fall time (OSC1 pin) {or 110 ns
Oscillator input low time (OSC1 pin) tou 110 170 ns
Oscillator output load (OSC2 pin) Cro ; 30 pF
NOTE
T Typicel igues are fo design only They are not guargnieed and not subjeci 10 produchion testing.
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Static Characteristics - Voltages are with respect to ground (Vss)

Fig.13 Timing - external oscillator input

NOTE
Typical higures are for design aid only. They ate not guaranteed and not subject to production testing.

1.

Dynamic Characleristics: Input Op. Amp. - Voltages are with respect to ground (Vss)

Value
Characteristic Symbol - 2 Units Conditions
Min. Typ. (1) Max.
Power dissipation Po 15 37 mw
Supply current (Voo pin) oo 3.0 7.0 mA
Reference voltage (Vrer pin) VRer 24 28 \Y
Reference output resistance RRer 10 k2
(Vrer pin) )
Input leakage current h \ 100 "nA | 0K Veng Vo
(OSCH, IN+ and IN- pins) . R
internal pull-up current Ieu, 75 15 A D Ve Voo
(TOE pin) £ ) -
.Outguf low sink current fo 1 25 " mA 0.4V < VPN Voo
(OSC2, Q1- Q4, SID,
ESt and St/GT pins)
Output high source current lom 0.4 0.8 mA OV Ve 4.6V
{OSC2, Q1- 4, SID, s
"ESt and St/GT pins)
Steering threshold voltage Vst 22 . 25 v !
(St/GT pin)
Pin capacitance Ce 7 15 pF Pin to supplies

Value
Characteristic Symbol - 7 Units Conditions
Min. Typ. (1) Max.

Input impedance Ry 10 MQ 1kHz

(IN+ and IN- pins)
input offset voltage Vos 25 mV

(IN+ and IN-~ pins)
Power supply rejection PSRR 60 dB TkHz
Common mode range Vem 3.0 V p-p | Noload
Common mode rejection CMRR 60 dB
DC open loop voltage gain AvoL 65 dB
Open loop unit gain fc 1.5 MHz
bandwidth
Output voltage swing(GS pin) Vo V p-p Routto Vss 2z 100k

4.5

NOTE
Typical figures are for design & only The, ate not guzranieed enc not subjec! 1o production lesting

1
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Dynamic Characteristics: Deteclor - Vollages are with respect to ground (Vss)

MVE870-1

Value e
Characteristic Symbol - Units . Conditions
i Min. Typ. (13) Max

Valid input leve! (GS pin) Vi 61.7 2458 mV p-p | 123569

Pw -31 1 dBm
Invalid input feve! (GS pin) Vi 30.8 mV p-p | 123568

Pa -37 dBm
Acceptable positive {wist Tar 6 10 oB 23689
Acceptable negative twist Tan 6 10 dB 2369
Acceptable frequency Ara | ~(1.5% +2Hz) (1.5 % +2Hz) 2359
deviation
Frequency deviation - AFRL -5% -3.5% 2359
rejected as too low
Frequency deviation - AFrH 35% 5% 2359
rejected as too high
Third tone tolerance P -185 dB | 2345912

" Npise tolerance™ Pt = -12° = dB 2,3,4,57.8,10 :

Dial tone tolerance Porr _ 22 dB 234,589,111
Tong present detect time tor 5 11 14 ms -
“Tone absent detect time’ toa 05 4 85 . ms

NOTES

WENo AW

10. Relerenced to lowest 1requency component in DTMF sxgnal.
11. Relerenced 10 the minimum valid input level.

12. Referenced 1o Fig.11. Input DTMF Tone Leve! at -25dBm (-28dBm at GS pin). Interference Frequency Range is 480 to 3400Hz.

dBm = decibels above or below a reference power of 1mW into a 600 Ohm load.
Digit sequence consists of ail DTMF tones.
Tone duration = 40ms, tone pause = 40ms.
Signal condition consists of nominal DTMF frequencies.
Both tone in composile signal have equal amplitudes.
Tone pair is deviated by 2 (1.5% + 2Hz).
Bandwidih fimited {3kHz) Gaussian Noise.
The precise dial tone ﬁequenc;es are (350Hz and 440Hz) :2%
For an error rale of better than 1 in 10.000. &

13 Typccal figures are for design aid only. They are nol guaranteed and nol subject 1o production testing.

/

tpo

/1

Vst

SIGT
4.6V

01-4
0.4v
46V

StD
0.4v

tosio

Fig.14 Timing - decoded data
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Dyr'xa'mic Characleristics: Decoder (see Figs.14 and 15) - Voltages are with respect {o ground Vss)

Val
Characteristic Symbol - e Units Conditions
Min. Typ. (1) Max. :
Propagation delay teo 8 11 us TOE pin high
(St/GT to Q)
Propagation delay {PsID 12 us N
(St/GT to StD)
Output data set-up time tosio 34 us TOE pin high
{(Q to StD)
Enable propagation delay Tere 50 ns RL = 10k (pulidown)
(TOE 10'Q) Ct = 50pF
Disable propagation delay tero 300 ¢ ns RL = 10kQ2 {pulidown)
. {TOE to Q) Cv = 50pF
NOTE

3. Typica! figures are for design aid only. They

are not guaranieed and not subject fo production testing.

35V :
TOE .
1.5V,
EE
tpTE B 1pTD
46V
Q1-4
0.4v

¥

ABSOLUTE MAXIMUM RATINGS

Fig.15 Timing - output enable and disable

Voltages are with respect to the negative power supply (Vss)

Exceeding these ratings miay cause permanent damage.
Functional operation under these conditions is not implied.

Positive supply voltage (pin 18), Voo
Voltage on any pin (other than
supplies), Vmax

Current at any pin (othér than
supplies), max

Storage temperature, Tste

Package power dissipation, Poiss

-
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(39

-0.3V to Voo +0.3V

10mA

-65°C to +150°C

1000mw





