Tone Dialer CMOS LSi LR4087B

(. LR4O 87B Tone Dialer CMOS LSI

Bl Description Bl Pin Connections

The LR4087B is a monolithic tone dialer LSI
which uses an inexpensive crystal reference to pro-
vide eight audio sinusoidal frequencies. Dual-Tone
Multi-Frequency signals are obtained by mixing

these frequencies. Voo ] o 6 TONE
XMTR (2] 15] STT

CcoL, (3] 4] ROW,

B Features COL, [1] 13 ROW,

1. Tone output: bipolar COL; [5] 12) ROW,

2. Mute output: complementary GND [g] 1} ROW,

3. Uses either a standard 2-of-8 matrix keyboard 0SCix [10) MUTE

or a single contact keyboard 0SCour [B] 5] coL,

4. Uses a 3.579545MHz color-burst crystal oscil-
lator as a frequency reference

5. Direct telephone-line operation

6. Standard Dual-Tone-Multi-Frequency (DTMF) .
telephone dialing Top View

7. Generates signal tones

8. On-chip regulation of dual and single tone am-
plitudes

9. 16-pin dual-in-line package
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Tone Dialer CMOS LS| LR4087B

Bl Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply voltage Voo ~0.3t0 +6.2 \Y 1
Operating temperature Topr —30to +60 °C
Storage temperature Tsta —55to +150 °C
Power dissipation Pp 500 mW 2
Maximum pin voltage Vin 0.3 v 3
Vine +0.3 v 4

Note 1 : Referenced to GND.

Note 2 : Ta=25TC.

Note 3 : The maximum applicable voltage on any pin with respect to GND.
Note 4 : The maximum applicable voltage on any pin with respect to V.

M Recommended Operating Conditions

Parameter Symbol Rating Unit
Supply voltage Voo 2.51t06.0 \'%
B Electrical Characteristics (Ta=—30to +60T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
. Vi 0.7Vpp Voo v
T ; 1
STI input voltage Vi 0.0 0.3Vpp v
. Vine 0.7Vpp Vop \'
= 2
COL input voltage Vi, 0.0 0.1Vpp v
S Ving 0.9Vpp Vop \
ROW input voltage Vies 0.0 0.3Vpp \' 3
ROW TONE| Vor 150 230 330 | mVime
i RL=1kQ 4
Output voltage COLTONE| Vo | v 190 | 200 | 420 | mVo.,
XMTR output current, ) _ — _ e
no key input lox | Vop=3.5V, Voux=2.5V 15 25 mA 6
XMTR output current, v — PV —
during key input IxLeak | Vop=6.0V, Vour=0V 0.1 10.0 MA 6
MUTE output current, _ _
no key input [OL V[)[) 3.5V. V(JL 0.5V 0.5 2.0 mA 7
MUTE output current, _ — r 9
during key input IOH VDD_BS_Y;_VOH_BO\’ 0.5 2.0 mA 7
1531 V[)[):2.5V 0.1 50 }LA
C 5
Standby current et Von=6.0V 05 100 A
Iomt | Von=2.5V 0.7 1.5 mA
ing ¢ 59
Operating current lop | Vop=6.0V 3.0 6.0 mA
Input resistance Rin 20 450 kQ 1,4
Tone output (no key input) —80 dBm
Output rise time t, 3.0 5.0 ms 8,9
Pre-emphasis 1.0 2.0 3.0 dB 10
Tone output distortion 2.5V=Vpp=6.0V —-20 dB 11
Note 1 : Applies to STI pin. Note 7: Applies to MUTE output pin.
Note 2 : Applies to COL input pin. Note 8: Rise time for tone output to reach 90% of maximum amplitude after key input.
Note 3 : Applies to ROW input pin. Note 9: Characteristics of crystal resonator used: Rs=100Q, L,,=96mH, Cy=0.02pF,
Note 4 : Ta=25°C. Cn=5pF, {=3.579545MHz.
Note 5: All output pins open. Note 10: Level ratio of high group tone to low group tone.

Note 6 : Applies to XMTR output pin. Note 11: Unnecessary frequency components against total power of basic tone signal:
of ROW and COL.
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LR4087B

B Functional Description

The Sharp LR4087B is a monolithic integrated
circuit fabricated using the CMOS process.

The LR4087B uses an inexpensive crystal refer-
ence oscillator to provide eight different audio sinu-
soidal frequencies, which are mixed to provide
tones suitable for  dual-tone-multi-frequency
(DTMF) telephone dialing.

The LR4087B was designed specifically for inte-
grated tone-dialer applications that require the fol-
lowing:

+ Wide-supply operation with regulated output

« Opposite-polarity logic outputs (one with a
push-pull output and one with an open emitter
output)

» Single contact static inputs

+ Single tone inhibit operation

Keyboard entries select the ratios needed to di-
vide the 3.57945MHz oscillator reference in order
to obtain the required audio frequencies. These
digital signals are then processed by a conventional
R-2R ladder network. The tone output is a stair-
step approximation of a sine wave, and requires lit-
tle or no filtering for low-distortion applications.
The on-chip operational amplifier, that provides the
current-to-voltage transformation for D/A conver-
sion, also sums the high and low group signals to
obtain the required dual tone. The accuracy of this
type of tone generator is such that no frequency
adjustment is needed to meet standard DTMF spe-
cifications.

B Output Waveforms

The row and column output waveforms are
shown in Figures 1 and 2. These waveforms are
digitally synthesized using on-chip D/A converters.
Distortion measurements of these unfiltered wave-
forms shows a typical distortion of 7% or less.

The on-chip operational amplifier of the LR4087B
mixes the row and column tones to form a dual-
tone waveform. Spectral analysis of this waveform
shows harmonic and intermodulation distortion
components to be typically —30dB with respect to
the strongest fundamental (column) tone.
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Fig. 2 Typical sine wave output—Column
tones

M Distortion Measurement

Total Harmonic Distortion for a single tone is
given by the following expression.

THD = (‘/Vgi + v%;f + Vi[ V.::f ) x 100%

Yfundmental

where vy ... vy are the various Fourier compo-
nents of the waveform being measured.

Total Harmonic Distortion for the dual tone case is
defined by:

> = ) x100%
\/ Viow + Veol
where v,,, is the row fundamental amplitude,
Vo 1S the column fundamental amplitude,
Vor ... vy are the amplitudes of all the
Fourier components of the column frequen-
cies, and
vimp 1S the sum of all the intermodulation
components,

A commonly used method of dual tone distortion
measurement is the comparison of the total power
of the unwanted components with the total power
of the two fundamentals. For the LR4087B dual
tone waveform, THD is —20dB maximum.
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A simpler measurement may be made directly
from the screen of a spectrum analyzer by relating
any component to one of the fundamentals.

The LR4087B dual tone spectrum shows that indi-
vidual harmonic and IMD components are typically
at least —30dB with respect to the column tone.

M Pin Descriptions

ROW and Column Inputs (Pins 11, 12, 13, 14
and Pins 3, 4, 5, 9)

The LR4087B inputs are compatible with stan-
dard 2-of-8 keyboards, inexpensive single contact
keyboards, and electronic input. Fig. 3 shows how
to connect to the two keyboard types, and Fig. 4
shows the waveforms for electronic input. The in-
puts are static, i.e., noise generation does not
occur as with scanned or dynamic inputs.

The internal structure of the LR4087B inputs is
shown in Fig. 5. Ry; and Cg; pull in opposite direc-
tions and hold their respective input sensing cir-
cuits off. When one or more row or column inputs
are tied together however, the input sensing cir-
cuits detect the “1/2 level” and deliver a logic sig-
nal to the internal circuitry of the LR4087B, there-
by causing the proper tone or tones to be gener-
ated.
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Single Contact Keyboard
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Fig. 3 Keyboard configuration
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Fig. 4 Electronic input
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When used with a keyboard, normal operation is
for dual-tone generation when any single button is
pushed, and single-tone generation when one or
more buttons in the same row or column is pushed.
Activation of diagonal buttons will result in no
tones being generaed.

When the inputs to the LR4087B are electroni-
cally activated, per Fig. 4, input to a particular row
and column pair will result in the generation of that
digit’s dual tone. Input to a single column will
generate that column tone. Input to multiple col-
umns will result in no tone being generated.
Activation of a single row is not sensed by the in-
ternal circuitry of the LR4087B. If a single row
tone is desired, two columns must be activated
along with the desired row.

XMTR Switch (Pin 2)

This pin is connected to the emitter of an on-chip
bipolar transistor whose collector is connected to
Vpp- With no keyboard input, this transistor is
turned on and pulls pin 2 up to the Vpp supply.

When a keyboard entry is sensed, this output
goes open circuit (high impedance). The XMTR
switch output switches regardless of the state of the
SINGLE TONE INHIBIT input.

Mute Output (Pin 10)

The Mute Output is a conventional CMOS gate
that pulls to GND with no keyboard input and pulls
to the Vpp supply when a keyboard entry is sensed.
This output is used to control auxiliary switching
functions that are required to actuate upon
keyboard input. The mute output switches regard-
less of the state of the SINGLE TONE INHIBIT
mnput.

SINGLE TONE INHIBIT Input (Pin 15)

The Single Tone Inhibit input is used to inhibit
the generation of tones other than dual tones. It is
pulled up to the Vpp supply. When left floating or
tied to Vpp, single or dual-tones may be generated
as described in the paragraph under row-column in-
puts. When forced to the GND supply, any input
situation that would normally result in a single tone
will now result in no tone, with all other chip func-
tions operating normally.
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LR40878B
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Fig. 5 Row and column inputs

Oscillator (Pins 7 and 8)

The network contains an on-board inverter with
sufficient loop-gain to provide oscillation when used
with a low-cost television color-burst crystal. The
inverter’s input is OSCy (pin 7) and output is
OSCoyr (pin 8). The circuit, designed to work with
a 3.579545MHz crystal, produces the frequencies
shown in Table 1.

Crystal frequency deviations will be reflected in
the tone output frequency.

Tone Qutput (Pin 16)

The Tone Output pin is connected internally in
the LR4087B to the emitter of an NPN transistor
whose collector is tied to Vpp.

The on-chip operational amplifier, which mixes
the row and column tones together and provides
output level regulation, supplies the input to this
transistor.

Table 1
LR4087B Tone Output .
5 Standard Deviat
Stande:;([iz?TMF Frequency Using a an ar(%)ewa ion
3.579545MHz Crystal
f 697 701.3 +0.62
[ 770 771.4 +0.19
f3 852 857.2 +0.61
fs 941 935.1 —0.63
fs 1209 1215.9 +0.57
fs 1336 1331.7 —0.32
f7 1477 1471.9 -0.35
fs 1633 1645.0 +0.73
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B Test Circuit
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Bl System Configuration Example

1N4004
14X
Hook

switch > NV, '_L/
m IN752
(5.6V)

Telephone line

[l
1
Sty o]
A-type keyboardim.
1
(9

[-]
0sC
MH: THour e

T —
0.005

____________________ ~

2N6660

Type 2500
XMTR Speech

network

2N2222

33kQ2  2300k0
2N2907

207

Ilﬁll



