Tone Dialer CMOS LS! LR4089B

LR4O 89 B Tone Dialer CMOS LSI

Il Description M Pin Connections

The LR4089B is a monolithic tone dialer LSI that
uses an inexpensive crystal refernce to provide
eight audio sinusoidal frequencies. Dual-Tone
Multi-Frequency signals are obtained by mixing
these frequencies. Voo [0 o 5] TONE
CD (7] [15) STI
M Features coL, ] D ROW,
1. Tone output: bipolar COL, (G 13 ROW,
2. Mute output: N-channel open-drain CoL, [G] i) ROW,
3. Uses either a standard 2-of-8 matrix keyboard GNlj ] 1 ROW,
or a single contact keyboard
4. Uses a 3.579545HMz color-burst crystal oscil- OSCi (7] Eﬂ
lator as a frequency refernce 05Cour ] [5]COL,
5. Direct telephone-line operation EE—
6. Standard Dual-Tone-Multi-Frequency (DTMF)
telephone dialing
7. Generates signal tones Top View
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 LSI LR4089B

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit Note
gupply voltagT Vob 62 | ¥ 1
Operating temperature ) Topr —30to +60 °C I
Storage t;mperature 0 7]“:& —55t0 +150 °C
Maximum power disgi;;afion Py 500 mW 2
. . Vini -0.3 \Y 3
Maximum pin voltage Vi Y v 1
Note 1: Referenced to GND.
Note 2: Ta=25T.
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 Vyp.
ll Recommended Operating Conditions
Parameter Symbol Ratings Unit
Supply voltage Vip 2.5t06.0 \
B Electrical Characteristics (Ta=—30 to +60C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
m[nput low voltagci o VinL o ) GND 0.3Vpp Y 1
Input higH voltage ViNH ) o 0.7Vpp 7 Voo \ 1
Input resistance R | Ta=25C ) 2 200 | kQ L2
TONE DISABLE input voltage Vi, B | GND | 03V | V '7
TONE output level T T Vaur | Von=3.410 3.6V, RL=10kQ 10 —70 | dBm | 3 11
Pre-emphasis o 2.4 2.7 3.0 dB 4
TONE output distorion | Vop=2.5t0 6.0V 1 —20 | dB 5
Output rise time IV ] 28 50 | ms 6.7
AKD output sink current e on | Vour=0.5V 500 T ua 8
AKD output off current Iakp Orr | Voun=5.0V h 1 2 uA
During operation | lyp | Vpp=3.5V S 20 | mA 9
Supply current Tp o " Gtandby | ks | Vop=6.0V o 3.0 uA 10
Tone input'g\;li(no key input) o L —80 dBm

Note 1: Applies to ROW and COL input pins.

Note 2: Applies to STI and CD input pins.

Note 3: Applies to low group single tone signals.

Note 4: Level ratio of high group tone signals to low group tone signals. o

Note 5: Unnecessary frequency component against basic tone signal total power (RMS) of ROW and COL.

Note 6: Rise time for tone output to reach 9% of maximum amplitude after key input.

Note 7: Characteristics of crystal resonator used: Rg=1008), L,,=9mH, Cyy=0.02pF. C,,=5pF, F=3.579545MHz.
Note 8: AKD output is an N-channel open drain output.

Note 9: In single key input, CD="1", STI="0".

Note 10 : During stand-by, CO="1", STI="0".
Note 11: 0dBm=0.775V. (See test circuit)
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Tone Dialer CMOS LSI

LR4089B

B Functional Description

The Sharp LR4089B is a monolithic integrated
circuit fabricated using the CMOS process.

The LR4089B 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 LR4089B was de-
signed specifically for integrated tone-dialer ap-
plications that require the following:
®  Fixed supply operation

Chip Disable input

Stable output tone level

An Any-Key-Down output

Negative-true keyboard input
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 sig s 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.

H 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. 1 Typical sine wave output — Row tones
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Fig. 2 Typical sine wave output — Column
tones

Il Pin Descriptions

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

Each keyboard input is standard CMOS with a
pull-up resistor to the Vpp supply. These inputs may
be controlled by a keyboard or by electronic
means. Open collector TTL or standard CMOS
logic may be used for electronic control.

The switch contacts used in the keyboards may
be void of precious metals, due to the CMOS net-
work’s ability to recognize resistance up to 1kQ as
a valid key closure.

With Single Tone Inhibit at Vpp, connection of
GND to a single column will cause the generation of
that column tone. Connection of GND to more than
one column will result in no tones being generated.
The application of GND to only a row pin or pins has
no effect on the circuit. There must always be at
least one column connected to GND for row tones to
be generated. If a single row tone is desired, it may
be generated by tying any two column pins and the
desired row pin to GND. Dual tones will be gener-
ated if a single row pin and a single column pin are
connected to GND.

Keyboard configuration and electronic input are
shown below.
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Fig. 3 Keyboard configuration
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Fig. 4 Electronic input
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Tone Dialer CMOS LSI

Chip Disable Input (Pin 2)

The Chip Disable input is used to disable tone
generation when the keyboard is used for functions
other than DTMF signaling. It is a pulled up to the
Voo supply. When tied to the GND supply, tones
are inhibited, but all other chip functions operate
normally.

Any-Key-Down Output (Pin 10)

The Any-Key-Down output is used to control re-
ceiver and/or transmitter switching and other de-
sired functions.

It switches to the GND supply when a keyboard
button is pushed; otherwise it is left open circuit.
The AKD output switches regardless of the state
of the Chip Inhibit and Single Tone Disable inputs.

Single Tone Inhibit (Pin 15)

The Single Tone Inhibit input is used to inhibit all
but dual tone generation. It is pulled down to the
GND supply and, when floating or tied to GND, any
input situation that would normally result in a single
tone will now result in no tone, with all other chip
functions operating normally. When forced to the
Vpp supply, single or dual tones may be generated
as described under Row and Column Inputs.

Oscillator (Pins 7 and 8)
The network contains an on-board inverter with

B Test Circuit

N Voo

LR4089B

sufficient loop-gain to provide oscillation when used
with a low-cost television color-burst crystal. The
inverter’s input is OSCyy (pin 7) and output is OSC-
our (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.

Table 1 DTMF output frequencies
Standard | LR4089B Tone Qutput | Standard
DTMF(Hz) Frequency Usinga  |Deviation(%)
3.579545MHz Crystal

f, 697 701.3 +0.62
f, 770 771.4 +0.19
f3 852 857.2 +0.61
fa 941 935.1 —0.63
fs 1209 1215.9 +0.57
fo 1336 1331.7 —0.32
f; 1477 1471.9 —0.35
fg 1633 1645.0 +0.73

Tone Output (Pin 16)

The Tone Output pin is connected internally in
the LR4089B 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.
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