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A DIFFERENTIAL OUTPUT STAGE FOR ELECTRONIC EQUIPMENT
PROVIDING A REMOTE POWER FEED TO A TERMINAL
The invention relates to a differential output stage

for electronic equipment, for example a telephone
subscriber card or a modem in a telephone exchange.
BACKGROUND OF THE INVENTION

A conventional differential output stage for
electronic equipment includes a center-tapped
transformer. An AC voltage is applied to the primary
winding of the transformer. A DC power supply voltage is
applied to the cehter-tap of the secondary winding. The
main terminals of the secondary winding are connected by
a line to the terminal which requires a remote power
feed. A transformer has the drawbacks of being heavy,
bulky and costly and of having a very limited bandwidth.
These drawbacks are a particular problem for remote power
feeding an HDSL (High bit rate Digital Subscriber Line)
modem because a modem of this kind requires 6 W of power,
i.e. a power supply current of 60 mA at a voltage of
100 V. This leads to increasing the size of the
transformer to prevent it becoming saturated.

European Patent Application EP 0 449 200 (ALCATEL)
describes a transformerless differential output stage.
It has two inputs, two outputs and two channels each
connecting one input to one ocutput. Each channel
includes a first differential amplifier for adding to the
input voltage of the channel concerned a feedback voltage
from the other channel to the channel concerned and a -
second differential amplifier for subtracting the output
voltage of the channel concerned from the output voltage
of the first differential amplifier. The output voltage
of the secénd differential amplifier constitutes the
feedback voltage from the channel concerned to the other
channel.

The above differential stage is perfectly suitable
if there is no need for remote power feeding of a
terminal by means of a DC current superimposed on the
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variable current constituting the signal to be
transmitted. On the other hand, it is not suitable for
remote power feeding a terminal such as a conventional
telephone.

OBJECT AND SUMMARY OF THE INVENTION

The object of the invention is to propose a
transformerless differential stage which is capable of
remote power feeding a terminal.

The invention provides a differential output stage
electronic equipment, said output stage including two
channels and each channel connecting an input to an
output and including first means for adding to the input
voltage of the channel concerned a feedback voltage from
the other channel to the channel concerned and second
means supplying said feedback voltage from the channel
concerned to the other channel, wherein the second means
for supplying the feedback voltage from the other channel
to the channel concerned include means for supplying a
feedback voltage which is a function only of the AC
component of the output voltage of the first means of the
channel concerned and wherein said output stage further
includes respective means in each channel for adding a DC
voltage to the output voltage of that channel.

The above stage provides a remote power feed to a
terminal by means of a DC voltage, in addition to
supplying it with an AC signal. Because the feedback
voltage is made independent of the DC remote power feed
voltage, the feedback voltage cannot oppose the provision
of the remote power feed voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and other
features will become apparent on reading the following
description and from the accompanying drawings:

- Figure 1 is a block diagram of a first embodiment
of a differential stage of the invention.

- Figure 2 is a block diagram of a second embodiment
of a differential stage of the invention.
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- Figuré 3 is a block diagrdm of a third embodiment

of a differential stage of the invention.
MORE DETAILED DESCRIPTION

The first embodiment shown in Figure 1 has:

- two input terminals Ea and Eb receiving respective
variable voltages Va and Vb constituting a differential
signal, and

- two output terminals Sa and Sb supplying a DC
power supply voltage and a differential AC signal to a
line L connected to a remote terminal T.

The line L includes two conductors each having a
particular resistance. There is a matching and
protection resistor in series between the respective
output terminal Sa, Sb and each of the aforementiocned
conductors. The output terminals Sa and Sb see the line
L and these matching and protection resistors as
regpective resistors Rsa and Rsb. The remote terminal T
is represented by its DC resistance Rcc and by its
capacitance Cal in series with an AC resistance Ral. The
terminal is an integrated services digital network
terminal, for example. The system of the invention can
be similarly connected to a conventional analog
telephone, a remote power feed modeﬁ, etc.

Terminals Ea and Sa are connected by a first channel
which includes:

- an adder la with three inputs respectively
receiving:

-- a DC voltage VCA for remote power feeding the
remote terminal T,

-- the AC component of the input voltage Va via
a capacitor Cla, and

-- a feedback voltage via a capacitor C2a,

- a series-connected resistor Ra between the output
of the adder la and the ocutput terminal Sa, and

- a subtracter 2a having a non-inverting input
connected to the output terminal Sa, an inverting input
connected to the output of the adder la and an output
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connected to the capacitor C2b to supply it with the

feedback voltage.

Terminals Eb and Sb are connected by a second

channel which is symmetrical to the first channel and

includes:

- an adder 1b with three inputs respectively

receiving:

-- a DC voltage VCB for remote power feeding the

remote terminal T,

»

-- the AC component of the input voltage Vb via

a capacitor Clb, and

-- a feedback voltage via a capacitor C2b,

- a series-connected resistor Rb between the output
of the adder 1b and the output terminal Sb, and
- a subtracter 2b having a non-inverting input

connected to the output terminal Sb, an inverting input

connected to the output of the adder 1b and an output

connected to the capacitor C2a to supply it with the

feedback voltage.

The above differential stage supplies a floating
differential DC voltage equal to VCA-VCB. It supplies a
floating differential AC voltage equal to Va-Vb.

The adders 1a, 1b and the subtracters 2a, 2b are
conventionally implemented by means of operational

amplifiers. They have zero output resistance. The adder

la and the subtracter 2a are powered via a first power

supply pair providing voltages of 100 V and 90 V relative

to a reference potential. The adder 1b and the

subtracter 2b are powered via a second power supply pair

providing voltages of 0 V and -10 V relative to a

reference potential.

It is therefore possible to provide

a floating remote power feed voltage of 100 V.

If the line and the terminal T are connected to the
output terminals Sa, Sb, the DC voltage at the terminals

of the terminal T is a function of its DC resistance Rcc,

the resistance Rsa+Rsb of the line L and the matching and

protection resistors,

and the resistance of the feedback
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resistors Ra and Rb. The AC voltage is a function of the
AC resistance Ral, the resistance Rsa+Rsb of the line L
and the resistance of the matching and protection
resistors. On the other hand, it can be shown that the
effect of feedback is to make the AC voltage independent
of the resistance of the feedback resistors Ra and Rb.

In this first embodiment, the power supply current
is supplied entirely by the adders la and 1b. They must
therefore be constructed to withstand the power
dissipation corresponding to the remote power feed
function.

Figure 2 shows a second embodiment which includes
additional means for reducing the dissipation which the
adders la, 1lb must withstand. Those additional means
are:

- a transistor Ta whose collector is connected to
the output terminal Sa, whose emitter is connected
directly to the DC power supply voltage VCA and whose
base is connected via a resistor Rpa to a DC power supply
voltage VBA which is lower than VCA, and

- a transistor Tb whose collector is connected to
the output terminal Sb, whose emitter is connected
directly to the DC power supply voltage VCB and whose
base is connected via a resistor Rpb to a DC power supply
voltage VBB which is lower than VCB.

Transistors Ta and Tb act as direct current
generators respectively supplying an additional direct
current to output terminal Sa and an additional direct
current to output terminal Sb. The direct currents to be
supplied by the adders 1la and 1b are therefore reduced
and the dissipation in these adders is therefore reduced.

Figure 3 shows a third embodiment which includes
additional means compared to the second embodiment for
canceling out the dissipation which the adders 1la and 1b
have to withstand to provide the remote power feed. The
additional means are:

- a low-pass filter 3a in series with an amplifier
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stage 4a which connect the base of the transistor Ta to
the output of subtracter 2a (the resistor Rpa is omitted
and the low-pass filter 3a and the amplifier stage 4a are
powered by the same means as the adder 1a and the
subtracter 2a), and

- a low-pass filter 3b in series with an amplifier
stage 4b which connect the base of the transistor Tb to
the output of subtracter 2b (the resistor Rpb is omitted
and the low-pass filter 3b and the amplifier stage 4b are
powered by the same means as the adder la and the
subtracter 2b). .

Low-pass filters 3a, 3b, filter the feedback voltage
supplied by the respective subtracters 2a, 2b and retain
only the DC component. That DC component controls the
collector current of transistor Ta, Tb so as virtually to
cancel out the voltage drop across the respective
resistors Ra, Rb. In other words, the DC power supply
current of terminal T is supplied exclusively by the
transistors Ta and Tb. Thus the dissipation in adders 1la
and 1b is minimized. It can be shown that the power
supply voltage of the terminal between output terminals
Sa and Sb is constant regardless of the value Rsa+Rsb of
the resistance of the line L and the matching and
protection resistors.

In other embodiments the direct current losses can
be minimized by dividing the matching and protection
resistor Rsa into two series-connected resistors, one on
each side of the point to which the collector of the
transistor Ta is connected. Likewise for the resistor
Rsb of the other channel.



10

15

20

25

30

7R R

CLAIMS
1. A differential output stage for electronic

equipment, said output stage including two channels and
each channel connecting an input to an output and
including first means for adding to the input voltage of
the channel concerned a feedback voltage from the other
channel to the channel concerned and second means
supplying said feedback voltage from the channel
concerned to the other channel, wherein the second means
for supplying the feedback voltage from the other channel
to the channel concerned include means for supplying a
feedback voltage which is a function only of the AC
component of the output voltage of the first means of the
channel concerned and wherein said output stage further
includes respective means in each channel for adding a DC
voltage to the output voltage of that channel.

2. A differential stage according to claim 1, further
including respective means in each channel for adding an
additional direct current to the current supplied by the
first means of that channel at the output of that
channel.

3. A differential stage according to claim 2, further
including respective means for each channel for slaving
the additional current to the DC component of the current
supplied by the first means of that channel at the output

of that channel to cancel the DC component of the current

supplied by the first means.

4. A differential output stage for electronic
equipment, substantially as herein described with
reference to the accompanying drawings.



