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which is connected to the other of the tip or ring leads.
The value of the further resistor is selected to apply
sufficient output signal from the second differential
amplifier to the other input of the first differential am-
plifier so as to substantially cancel signals within the
first differential amplifier appearing at its input termi-
nals which were applied from the output of the second
differential amplifier to the tip and ring leads.
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1
TELEPHONE LINE CIRCUIT !

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation-in-part of
U.S. Patent Application Ser. No. 906,772, filed May 17,
1978 for “Telephone Line Circuit”, now U.S. Pat. No.
4,178,485, issued Dec. 11, 1979.

FIELD OF THE INVENTION

The present invention relates to a transformerless
bidirectional wire line circuit which is particularly
suited for use in a PBX.

BACKGROUND OF THE INVENTION

As is described in our above-referenced co-pending
parent application Ser. No. 906,772, now U.S. Pat. No.
4,178,485, issued Dec. 11, 1979, and assigned to the
assignee of the present application, line circuits, such as
those associated with an electronic PBX have particular
characteristics and requirements among which are the
ability to change signal levels, provide balanced line to
unbalanced line conversion, etc. For a detailed discus-
sion of such line circuits, attention may be had to .our
above-referenced application, which application is in-
corporated by reference in the present application.

As is discussed in detail in our copending parent ap-
plication, we have already developed a line circuit that
contains a two to one wire bidirectional amplifier ar-
rangement which transforms a balanced tip and ring
circuit to an unbalanced line and, at the same time,
transforms an unbalanced line to a balanced lead pair. A
detailed schematic diagram of the circuitry configura-
tion for implementing such a line circuit is depicted in
FIG. 2 of the above-referenced application.

SUMMARY OF THE INVENTION

Now, while the line circuit detailed in our above-
referenced application offers a significant improvement
over the prior art, we have also found that the line
circuit can be connected to a tip and ring lead at one
port, to an incoming signal circuit at another port, and
to an outgoing signal circuit, at a third port, the second
and third ports being adapted for connection to such
apparatus as Codec. In the circuitry configuration de-
picted in FIG. 2 of the above-referenced application,
the input to differential amplifier 16, rather than being
connected to terminal 19, can be connected to a circuit
for receiving an input signal, e.g., the output circuit of
the Codec. In addition, the output of operational ampli-
fier 17 can be connected to an input circuit, e.g., the
input circuit of the Codec. The unbalanced output cir-
cuit of FIG. 2 of our parent application can thus be
converted to two ports, an input port and an output
port, from a single bidirectional port. The particular
manner in which this conversion is implemented will be
described below with reference to the single figure of
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The single FIGURE is a detailed schematic diagram

of the 1mproved line circuit in accordancc with  the

present invention.
DETAILED DESCRIPTION

The circuit shown in the FIGURE which représents
various modifications to the circuit of FIG. 2 of our

2

above-referenced application, depicts how the circuit
can be converted to have two ports on one side, and a
bidirectional port on the other.

The two inputs to differential amplifier 16 are con-
nected via respective resistors 75 and 76, one to bidirec-
tional unbalanced line input/output terminal 19, and the
other to the output of differential amplifier 17. The
inverting input of operational amplifier 16 is also con-
nected through resistor 80 to ground.

However, for connection to a Coder-decoder (Co-
dec) or other such four wire apparatus, the conductive
path to terminal 19 is broken at point 77 and resistor 75
is connected instead to input terminal 78. The conduc-
tive path to the output of differential amplifier 17 is
broken at point 79 and resistor 76 is connected instead
to ground; both of the alternative connections are

" shown in dashed line. In this case amplifier 16 need not
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be of differential type.

To simplify the circuit of FIG. 2 of our above-
referenced application, rather than utilizing transistors
26 and 27 in the output circuit of differential amplifier
16, a single transistor 81 is used in the circuit of the
present invention. This allows connection of the collec-
tor of transistor 81 to a simplified power supply, e.g., to
a +5 volt source, rather than to a split voltage power
supply. The emitter is connected through resistor 30 to
the tip lead, in this embodiment. Resistor 82 is con-
nected between the base and the emitter of transistor 81.

Similar to the emitters of transistors 26 and 27 in FIG.
2 of our above-referenced application, the emitter of
transistor 81 is connected through resistor 30 to the tip
lead, and through resistor 32 to the noninverting input
of differential amplifier 10.

The circuit of the present invention has been modi-
fied for operation with PBXs utilizing a lower voltage
(e.g. —24 volts) than is normally used by a central of-
fice, which has the availability of a —48 volt supply.
The present circuit is adapted to use power supplies
having filtering which is somewhat poorer than might
otherwise be desired, as would be economically advan-
tageous in a Jow-cost PBX.

Since a low cost power supply would often contain
significant amounts of A.C. ripple, the power supply
leads are applied to the tip and ring leads in a manner
similar to the signals received from differential amplifier
16. The —24 volt supply is connected (optionally
through switch 83, which switch is also connected to a
source of ringing current) to the ring lead through resis-
tor 84 and to the inverting input of differential amplifier
10 through resistor 85. The resistance of resistor 84
should be the same as that of resistor 30, e.g., one half
the line resistance (or about 300 ohms) and resistor 85
should be of similar resistance as resistor 32 (e.g. about
200,000 ohms). Resistor 86 is connected from the nonin-
verting input of differential amplifier 10 to ground, and
can be, e.g., about 10,00 ohms.

It may be seen that with the above-noted difference in
resistance between resistors 84 and 85, the major por-
tion of D.C. and A.C. ripple current froma the —24 volt
supply passes through resistor 84 to the ring lead. The
current is applied with substantially reduced amplitude

.to the inverting input of differential amplifier 10. The

effect of the reduced current being applied to the invert-
ing input, and the high current being applied (with
reduced amplitude due to resistor 2) to the noninverting
input causes cancellation of the A.C. ripple within the
differential amplifier, and no significant ripple appears
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at the output of differential amplifier 10 which could be
passed to output terminal 19.

A.C. ripple which appears between the tip and ring
terminals 64 and 65 can be cancelled by the application
of the —24 volt supply through capacitor 87 in series
with resistor 88 to the noninverting input of differential
amplifier 16, which blocks the —24 volt D.C. but ap-
plies the A.C. ripple to the differential amplifier. The
values of capacitor 87 and resistor 88 should be adjusted
so that there is unity gain to the tip lead, or more pre-
cisely so that the applied A.C. ripple cancels whatever
ripple appears between the tip and ring leads.

In a simplified line circuit in which no conferencing
function is required, the output of differential amplifier
10 can be connected directly through capacitor 14 to
the input of differential amplifier 17. However, to facili-
tate remote muting of the outgoing signal, a pair of
resistors 89 and 90 are connected in series with the
output circuit of differential amplifier 10. The junction
of resistors 89 and 90 is connected to the collector of a
transistor 91 which has its emitter connected to the +5
volt supply. A lead from a muting logic circuit, not part
of this invention, is connected to the base of transistor
91.

Upon the muting logic circuit applying a low level
signal to the base of transistor 91, the +5 volt supply is
connected through the emitter-collector circuit of tran-
sistor 91 to the junction of resistors 82 and 90. This
effectively shunts the output of differential amplifier 10
to the supply, cutting off the transmission of signal to
the input of differential amplifier 17.

In addition, an indication of an off-hook condition on
the tip and ring leads can be obtained by connecting one
input of an operational amplifier 92 to the output of
differential amplifier 10. The other input is connected to
a voltage divider comprising resistors 93 and 94 con-
nected between the —24 volt power supply lead and
ground. With a change in the D.C. voltage across the
tip and ring leads, the output voltage level of differen-
tial amplifier 10 changes, causing operational amplifier
92 to conduct once the threshold set by the voltage
divider has been exceeded. The output lead FHK of
operational amplifier 92 provides an output signal
which is indicative of the on or off-hook condition of
the tip and ring leads.

While we have shown and described an embodiment
in accordance with the present invention, it is under-
stood that the same is not limited thereto but is suscepti-
ble of numerous changes and modifications as known to
a person skilled in the art, and we therefore do not wish
to be limited to the details shown and described herein
but intend to cover all such changes and modifications
as are obvious to one of ordinary skill in the art.

We claim:

1. A telephone line circuit comprising:

(a) a balanced tip and ring lead for connection to a

telephone set, and an unbalanced line output lead,

(b) first differential amplifier means having its input

terminals connected through individual equal val-
ued resistor means to the tip and ring leads, the
values of each of the resistor means being at least
ten times the off hook impedance of the telephone
set,

(c) the output of the first differential amplifier means

being connected in a circuit path to a line output
lead, for applying outgoing signals thereto,
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(d) second amplifier means having its input connected
in a circuit path to a line input lead for receiving
incoming signals,

(e) the output of the second amplifier means being
connected in a circuit path to one of the tip or ring
leads,

(f) the output of the second amplifier means also
being connected by a further resistor means to the
input of the first differential amplifier means which
is connected to the other of the tip or ring leads,

(g) the value of the further resistor means being se-
lected to apply sufficient output signal from the
second amplifier means to said other input of the
first differential amplifier means so as to substan-
tially cancel signals within the first differential
amplifier means appearing at its input terminals
which were applied from the output of the second
amplifier means to the tip and ring leads.

2. An amplifier circuit as defined in claim 1 further
including means for applying current from a D.C.
power source to said other of the tip or ring leads; and
to the input of the first differential amplifier means
which is connected to said one of the tip or ring leads
through a resistor of similar value as said further resistor
means, whereby A.C. ripple which may be carried by
the power source current is applied to said other of the
tip or ring leads and to the input of the differential
amplifier means so as to substantially cancel within the
first differential amplifier means.

3. An amplifier circuit as defined in claim 1, further
including means for applying current from a D.C.
power source via a capacitor in series with a resistor to
the input of the second differential amplifier means,
whereby A.C. ripple generated by the power source is
applied to said tip and ring leads so as to cancel hum of
similar frequency as said ripple carried by said leads.

4. An amplifier circuit as defined in claim 1, further
including means for applying current from a D.C.
power source to said other of the tip or ring leads, and
through a resistor of similar value as said further resistor
means to the input of the first differential amplifier
means which is connected to said one of the tip or ring
leads, whereby any A.C. ripple current which may be
carried by the power source current is applied to said
one of the tip or ring leads and to the input of the differ-
ential amplifier means, so as to substantially cancel
within the first differential amplifier means, and means
for applying current from said D.C. power source via a
capacitor in series with a resistor to the input of the
second amplifier means, whereby A.C. ripple current
generated by the power source is applied to said tip and
ring leads so as to cancel hum of similar frequency as
said ripple carried by said leads.

5. A telephone line circuit comprising:

(a) balanced tip and ring leads for connection to a

telephone set, and an unbalanced line output lead,

(b) first differential amplifier means having its input
terminals connected through individual equal val-
ued resistor means to the tip and ring leads, the
values of each of the resistor means being large
relative to the offhook impedance of the telephone
set,

(c) the output of the first differential amplifier means
being connected by a circuit path to said line out-
put lead for applying outgoing signals thereto,

(d) second amplifier means having its input connected
by a circuit path to the line output lead for receiv-
ing incoming signals,
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(e) the output of the second amplifier means being
connected to one of the tip or ring leads to which
one input of the first differential amplifier is con-
nected,

(f) the output of the second amplifier means also
being connected by a further resistor means to the
other input of the first differential amplifier means,

(g) the value of the further resistor means being se-
lected to apply sufficient output signal from the
second amplifier means to said other input of the
first differential amplifier means so as to substan-
tially cancel a signal within the first differential
amplifier means which is applied to its said one
input terminal via said one of the tip or ring leads
from the output of the second amplifier means, and
further including

(h) means for applying current from a D.C. power
source to said other of the tip or ring leads; and to
the input of the first differential amplifier means
which is connected to said one of the tip or ring
leads through a resistor of similar value as said
further resistor means, whereby A.C. ripple which
may be. carried by the power source current is
applied to said other of the tip or ring leads and to
the input of the differential amplifier means so as to
substantially cancel within the first differential
amplifier means.

6. A telephone line circuit comprising:

(2) balanced tip and ring leads for connection to a
telephone set, and an unbalanced line output lead,

(b) first differential amplifier means having its input
terminals connected through individual equal val-
ued resistor means to the tip and ring leads, the
values of each of the resistor means being large
relative to the offhook impedance of the telephone
set,
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(c) the output of the first differential amplifier means -

being connected by a circuit path to said line out-
put lead for applying outgoing signals thereto,

(d) second amplifier means having its input connected
by a circuit path to the line output lead for receiv-
ing incoming signals, ) o

(e) the output of the second amplifier means being
connected to one of the tip or ring leads to which

" one input of the first differential amplifier is con-
nected, ’

(f) the output of ‘the second amplifier means also
being connected by a further resistor means to the
other input of the first differential amplifier means,

(g) the value of the further resistor means being se-
lected to apply sufficient output signal from the
second amplifier means to said other input of the
first differential amplifier means so as to substan-
tially: cancel a signal within the first differential
amplifier means which is applied to its. said one
input terminal via said one of the tip or ring leads
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6
from the output of the second amplifier means, and
further including

(h) means for applying current from a D.C. power
source via a capacitor in series with a resistor to the
input of the second differential amplifier means,
whereby A.C. ripple generated by the power
source is applied to said tip and ring leads so as to
cancel hum of similar frequency as said ripple car-
ried by said leads.

7. A telephone line circuit comprising:

(a) balanced tip and ring leads for connection to a
telephone set, and an unbalanced line output lead,

(b) first differential amplifier means having its input
terminals connected through individual equal val-
ued resistor means to the tip and ring leads, the
values of each of the resistor means being large
relative to the offhook impedance of the telephone
set,

(c) the output of the first differential amplifier means
‘being connected by a circuit path to said line out-
put lead for applying outgoing signals thereto,

(d) second amplifier means having its input connected
by a circuit path to the line output lead for receiv-
ing incoming signals,

(e) the output of the second amplifier means being
connected to one of the tip or ring leads to which
one input of the first differential amplifier is con-
nected,

(f) the output of the second amplifier means also
being connected by a further resistor means to the
other input of the first differential amplifier means,

(g) the value of the further resistor means being se-
lected to apply sufficient output signal from the
second amplifier means to said other input of the
first differential amplifier means so as to substan-
tially cancel a signal within the first differential
amplifier means which is applied to its said one
input terminal via said one of the tip or ring leads
from the output of the second amplifier means, and
further including

(h) means for applying current from a D.C. power
source to said other of the tip or ring leads, and
through a resistor of similar value as said further
resistor means to the input of the first differential
amplifier means which is connected to said one of
the tip or ring leads, whereby any A.C. ripple cur-
rent which may be carried by the power source
current is applied to said one of the tip or ring leads
and to the input of the differential amplifier means,
$o as to substantially cancel within the first differ-
ential amplifier means, and means for applying
current from said D.C. power source via a capaci-
tor in series with a resistor to the input of the sec-
ond differential amplifier means, whereby A.C.
ripple current generated by the power source is
applied to said tip and ring leads so as to cancel
hum of similar frequency as said ripple carried by

said leads.
* * * * *



