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Features &/ v

O CMOS:Process for Low Power Operation
m] OQér s Directly from Telephone Lines with
glm\;ile Interface
rovides a Tone Signal that Shifts Between Two
Predetermined Frequencies at Approximately 16Hz
to Closely Simulate the Effects of the Telephone
Bell
O Push-Pull Output Stage Allows Direct Drive, Elimi-
nating Gapacitive Coupling and Provides Increased
Power Output

$2561/S2561A

O Auto Mode Allows Amplitude Sequencing such that
the Tone Amplitude increases in Each of the First
Three Rings and Thereafter Continues at the Maxi-
mum Level

O Single Frequency Tone Capability

General Description

The S2561 Tone Ringer is a CMOS integrated circuit
that is intended as a replacement for the mechanical
telephone bell. It can be powered directly from the
telephone lines with minimum interface and can drive a

O S0mW Output Drive Capability at 10V

: speaker to produce sound effects closely simulating
Operating Voltage

the telephone bell.
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Absolute Maximum Ratings:

Supply Voltage +120V*
Operating Temperature Range 0°Cto +70°C
Storage Temperature Range —-40°Cto +125°C
Voltage at any Pin Vgg —0.3Vto Vpp +0.3V
Lead Temperature (Soldering, 10sec) 300°C

*This device incorporates a 12V internal zener diode across the VDD to VSS pins. Do NOT connect a low impedance power supply directly
across the device unless the supply voltage can be maintained below 12V or current limited to <25mA.

Electrical Characteristics: _
Specifications apply over the operating temperature and 3.5V<Vpp to Vgg <12.0V unless otherwise specified.

Symbol Parameter Min. Max. Units | Conditions

Vos Operating Voltage {Vpp to Vss) 8.0 12.0 v Ringing, THC pin open

Vps Operating Voltage 42 v ‘“‘Auto’’ mode, non-ringing

Ips Operating Current 500 pA Non-ringing, Vpp =10V, THC pin open, DI pin open or Vgg

Output Drive
loHe Output Source Current 5 mA Vpp =10V, Vgyr=28.75V
(OUTy, OUT; outputs)

Dutput Sink Current

loLe (OUTy, OUT outputs) 5 mA | Vpp=10V, Vgyr=0.75V
loHM Output Source Current (Outy output) 2 mA | Vpp=10V, Voyr=8.75V
loLm Output Sink Gurrent (OUTyy output) 2 mA | Vpp=10V, Voyr=0.75V
lont Output Source Current (QUT| output) 1 mA Vpp= 10V, Vgyr=8.75V
loLL Output Sink Current (OUT, output) 1 mA | Vpp=10V, Vgyr=0.75V
CMDS te CMOS
V4 Input Logic **1°" Level 0.7Vpp | Vpp+0.3 v All inputs
YiL Input Logic 0" Level | Vss-0.3| 0.3Vpp v | Allinputs
VoHR Output Logic “*1"" Level (Rate output) 0.9 Vpp v Ig = 10uA (Source)
VLR Output Logic ““0"" Level (Rate output) 0.5 v lg=10uA (Sink}
Output Leakage Current 1 uA Vpp =10V, Vgyr=0V
Voz (OUTy;. QUT)y outputs in high 1 pA | Vpp=10V, Vgur =10V
impedance state)
Cin input Capacitance 7.5 pf Any pin
Afo/fo Oscillator Frequency Deviation -5 +5 % Fixed RC component values 1MQ < Ryj, Rij< 5MQ;

100kQ< Ry, Rim< 750kQ; 150pF < Grg, Cio< 3000pF; 330pF
recommended value of Crg and Cyg, supply voitage varied from
gV + 2V (over temperature and unit-unit variations)

Output Load Impedance Connected Across Tone Frequency Range = 300Hz to 3400Hz

Rioao | oyry and 0UTG 6oo 2

s L Leakage Current, Viy=Vpp of Vgg 100 nA Any input, except DI pin Vpp= 10V
V4 POE Threshold Voitage 6.5 8 v

vy internal Zener Voltage iAl 13 v 17 =5mA

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off
before the power supply Is turned off (Vgg <V, € Vgp as a maximum limit). This rule will prevent over-dissipation and possible damage of
the input-protection diode when the device power supply is grounded.
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Functional Description

The §2561 is a CMOS device capable of simulating the
effects of the telephone bell. This is achieved by pro-
ducing a tone that shifts between two predetermined
frequencies (512 and 640Hz) with a frequency ratio of
5:4 at a 16Hz rate.

Tone Generation: The output tone is derived from a tone
oscillator that uses a 3 pin R-C oscillator design consis-
ting of one capacitor and two resistors. The oscillator
frequency is divided alternately by 4 or 5 at the shift
rate. Thus, with the oscillator adjusted for 5120Hz, a
tone signal is produced that alternates between 512Hz
and 640Hz at the shift rate. The shift rate is derived from
another 3 pin R-C oscillator which is adjusted fora nom-
inal frequency of 5120Hz. It is divided down to 16Hz
which is used to produce the shift in the tone fre-
quency. It should be noted that in the special case
where both oscillators are adjusted for 5120Hz, it is
only necessary to have one external R-C network for
one oscillator with the other oscillator driven from it.
The oscillators are designed such that for fixed R-C
component values an accuracy of +5% can be obtain-
ed over the operating supply voltage, temperature and
unit-unit variations. See Table 2 for component and fre-
quency selections. In the single frequency mode, acti-
vated by connecting the SFS input to Vgg only the
higher frequency continuous tone is produced by using
a fixed divider ratio of 4 and by disabling the shift
operation.

Ring Signal Detection: In the following description it is
assumed that both the tone and rate oscillators are ad-
justed for a frequency of 5120Hz. Ringing signal (nomi-
nally 42 to 105 VAC, 20Hz, 2 sec on/4 sec off duty cycle}
applied by the central office between the telephone line
pair is capacitively coupled to the tone ringer circuitry
as shown in Figure 2. Power for the device is derived
from the ringing signal itself by rectification (diodes D1
thru D4) and zener diode clamping (Z,). The signal is
also applied to the EN input after limiting and clamping
by a resistor (Ry) and internal diodes to Vpp and Vgg
supplies. Internally the signal is first squared up and
then processed thru a 2ms filter followed by a dial pulse
reject filter. The 2ns fiiter is a two-stage register clock-
ed by a 512Hz signal derived from the rate oscillator by
a divide by 10 circuit. The squared ring signal (typically
asquare wave) is applied to the D input of the first stage
and also to reset inputs of both stages. This provides
for rejection of spurious noise spikes. Signals exceed-
ing a duration of 2ms only can pass through the filter.
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The dial pulse reject filter is clocked at 8Hz derived
from the rate oscillator by divide by 640 circuit. This cir-
cuit is designed to pass any signal that has at least two
transitions in a given 125ms time period. This insures
that signals below BHz will be rejected with certainty.
Signals over 16Hz will be passed with certainty and be-
tween 8Hz and 16Hz there is a region of uncertainty. By
adjusting the rate oscillator to a different frequency the
break points of 10Hz and 20Hz the rate oscillator can be
adjusted to 6400Hz. Of course this also increases the
tone shift rate to 20Hz. The action of the dial pulse re-
ject filter minimizes the dial puise interference during
dialing although it does not completely eliminate it due
to the rather large region of uncertainty associated with
this type of discrimination circuitry. The dial pulse filter
also has the characteristic that an input signal is not
detected unless its duration exceeds 125ms. This in-
sures that the tone ringer will not respond to momen-
tary bursts of ringing less than 125 milliseconds in dur-
ation (Ref. 1).

In logic interface applications, the 2ms filter and the
dial pulse reject filter can be inhibited by wiring the Det.
INHIBIT pin to Vpp. This allows the tone ringer to be
enabled by a logic ‘1’ level applied at the “ENABLE” in-
put without the necessity of a 20Hz ring signal.

Voltage Sensing: The S2561 contains a voltage sensing
circuit that enables the output stage and the rate and
tone oscillators, only when the supply voltage exceeds
a predetermined value. Typical value of this threshold is
7.3 volts. This prduces two benefits. First, it insures
that the audible intensity of the output tone is fairly
constant throughout the ringing period; and secondly,
it insures proper circuit operation during the “auto”
mode operation by reducing the power consumption to
a minimum when the supply voltage drops below 7.3
volts. This extends the supply voltage decay time
beyond 4 seconds (off period of the ring signal) with an
adequate filter capacitor and insures the proper func-
tioning of the “amplitude sequencing” counter. It is
important to note that the operating supply voltage
should be well above the threshold value during the
ringing period and that the filter capacitor should be
large enough so that the ripple on the supply voltage
does not fall below the threshold value. A supply
voltage of 10 to 12 volts is recommended.

In applications where the tone ringer is continuously
powered and below the threshold level, the internal
threshold can be bypassed by connecting the THC pin
to Vpp. The internal threshold can also be reduced by
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connecting an external zener diode between the THC
and Vpp pins.

Auto Mode: In the “auto” mode, activated by wiring the
“auto/manual” input to Vgg, an amplitude sequencing
of the output tone can be achieved. Resistors R, and
Ry are inserted in series with the Out, and Outy out-
puts, respectively, and paralieled with the Outy output
(Figure 1). Load is connected across Outy and Outc
pins. Ry is chosen to be higher than Ry. In this manner
the first ring is of the lowest amplitude, second ring is
of medium amplitude and the third and consecutive

$2561/S2561A

rings thereafter are at maximum amplitude. For the pro-
per functioning of the “amplitude sequencing” counter
the device must have at least 4.2 volts across it
throughout the ring sequence. The filter capacitor is so
chosen that the supply voltage will not drop below 4.0
volts during the off period. At the end of a ring se-
quence when the off period substantially exceeds the 4
second duration, the counter will be reset. This will in-
sure that the amplitude sequencing will start correctly
beginning a new ring sequence. The counter is held in
reset during the “manual” mode operation. This pro-
duces a maximum ring amplitude at all times. '

Figure 1-A. Output Stage Connected for
Auto Mode Operation
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Output Stage: The output stage is of push-pull type con-
sisting of buffers L, M, H and C. The load is connected
across pins Outy and Outg (Figure 2). During ringing,
the Outy and Outg outputs are out of phase with each
other and pulse at the tone rate. During a non-ringing
state, all outputs are forced to a known level such as
ground which insures that there is no DC component in
the load. Thus, direct coupling can be used for driving
the load. The major benefit of the push-pull arrange-
ment is increased power output. Four times as much
power can be delivered to the load for the same opera-

S$2561/S2561A

ring and in the “high impedance” state at all other
times. Buffer H is active beginning the third ring. In the
“manual” mode buffers H, L and C are active at all
times while buffer M is in a high impedance state. The
output buffers are so designed that they can source or
sink SmA at a Vpp of 10 volts without appreciable
voltage drop. Care has been taken to make them sym-
metrical in both source and sink configurations. Diode
clamping is provided on all outputs to limit the voltage
spikes assoclated with transformer drive in both direc-
tions Vpp and Vgg.
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ting voltage. Buffers M and H are three-state. In the
“auto” mode buffer M is active only during the second

Table 1. $2561 (S2561A) PinfFunction Descriptions

Normal protection circuits are present on all inputs.

Pin Number Funetion
Pawer (Vpp*, Vsg*) 18, 9 These are the power supply pins. The device is designed to operate over
(8,4) the range of 3.5 t0 12.0 volts. A range of 10 to 12 volts is recommended
for the telephone application.

Ring Enahle (EN*, EN)

10, 11, (5) | These pins are for the 20Hz ring enable input. Thﬂ can atso be used for
DC fevel enabling by wiring the DI pin to Vpp. EN is available for the
$2561 only.

Auto/Manual (A/M) 8 ““Auto’’ mode for amplitude sequencing is implemented by wiring this
pin to Vgs. “'Manual” mode results when connected te Vpp. The
amplitude sequencing counter is held in reset during the '‘manual’’
mode.

Outputs (Out,, Outy, Outy, Outg)

13, 14, 15, | These are the push-pull outputs. Load is directly connected across Outy
(7, 6) and Outg outputs. In the *‘auto’’ mode, resistors R_ and Ry can be in-
serted in series with the Out; and Outy outputs for amplitude sequenc-

ing (see Figure 1).

Oscillators

Rate Ogcillator | . 2,3, 4, These pins are provided to connect external resistors RRj, RRy and cap-

(OSCRj , 0SCRm, 0SCRg) (1,2, 3) acitor CRq to form an R-C oscillator with a nominal frequency of 5120Hz.
See Table 2 for components selection.

Tone Oscillator 56,7 These pins are provided to connect external resistors RTj, RTmy and

(0SCTj, 0SCTm, 0SCTg) capacitor CTo to form an R-C oscillator from which the tone signal is
derived. With the oscillator adjusted to 512Hz and 640Hz results. See
Table 2 for components selection.

Threshold Control (THC) 17 The internal threshold voltage is brought out 1o this pin for modification
in non-telephone applications. it should be left apen for telephone appi-
cations. For power supplies less than 9V connect to Voo-
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Table 1. (Continued)
Pin Number Function
Detector Inhibit (D) 16 When this pin is connected to Vpp, the dial puise reject filter is disabled

Single Frequency Select (SFS)

to allow DG leve! enabling of the tone ringer. This pin should be hard-
wired to Vgg in normal telephone-type applications.

When this pin is connected to Vgs, only a single frequency continuous
tone is produced as long as the tane ringer is enabled. In normal appli-
cations this pin should be hardwired 1o Vpp.

*Pinouts of 8 pin $2561A package.

Table 2. Selection Chart for Oscillator Components and Output Frequencies

Tone/Rate OsciNater Oscillator Components

Frequency Ry Ry Co Rate Tone

(Hz) {kQ) (kQ) (pF) (Hz) (H2)
5120 1000 200 330 16 512/640
6400 20 640/800
3200 Select components in the ranges indicated in the 10 320/400
8000 table of electrical characteristics 25 80071000
fo fo fofo

320 10 8

Applications

Typical Telephone Application: Figure 2 shows the
schematic diagram of a typical telephone application
for the $2561 tone ringer. Gircuit power is derived from
the telephone lines by the network formed by capacitor
C;, resistor Ry, diode bridge Dy through Dj, and filter
capacitor C,. C, is chosen to be large enough so as to
insure that the power supply ripple during ringing does
not fall below the internal threshold level (typ. 7.3 volts)
and to provide large enough decay time during the off
period. A typical value of C; may be .47uF. C1 and R, are
chosen to satisfy the Ringer Equivalence Number
{REN) specification (Ref. 1). For REN = 1 the resistor
shouid be a minimum of 8.2kQ. 1t must be noted that the
amount of power that can be delivered to the load
depends upon the selection of C4 and R;. '

The device is enabled by limiting the incoming ring
signal through resistors Ry, Ry and diodes ds and dg.
Zener diode Z; (typ. 9-27 volts) may be required in cer-
tain applications where large voltage transients may
occur on the line during dial pulsing. The internal 2ms
fitter and the dial pulse reject filter will suppress any
undesirable components of the signal and will only res-
pond to the normal 20Hz ring signal. Ring signals with
frequencies above 16Hz will be detected.
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The configuration shown will produce a tone with
frequency components of 512Hz and 540 Hz with a shift
rate of approximately 16 Hz and deliver at least 25mwW
to an 89 speaker through a 2000Q:8Q transformer. If
“manual” mode is used, a potentiometer may be inser-
ted in series with the transformer primary to provide
volume control. If “automatic” mode is used, resistors
RL and R can be chosen to provide desired amplitude
sequencing. Typically, signal power

R
will be down 20 log oA dB during the
RL+ Reoan
R
first ring, and down 20 log _LoAD dB during the
Rw + Rioap

second ring with maximum power delivered to the load
beginning the third and consecutive rings.

In applications where dial pulse rejection is not neces-
sary, such as in DTMF telephone systems, the ENABLE
pin may be connected directly to Vpp. Det. Inh pin must
be connected to Vpp to allow DC level enabling of the
ringer.

Reterence 1. Bell system PUB 47001 of August

1976. “Electricat Characteristics of Bell System Network Facilities at the Interface with
Voicebang Ancilliary and Data Equipment—2.6.1. and 2.6.3




