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ground. Typically the common mode signals couid The common mode signals may be detected by
be 50Hz line current from the mains supply. summing currents derived from the said signal
. In addition to causing undesirable interference 50  path during each of two phases of the periodic
3 on the speech signals the common mode signals switching.
can be of large magnitude and can have a serious in accordance with a second aspect of the in-
effect on electronic circuits coupled to the four- vention there is provided a BORSHT/SLIC circuit
wire line. arrangement including a pair of signal paths
To comply with the specifications, the gainsina 55 coupling a receive terminal of a four-wire interface
number of different signal paths must be matched, with the terminals of a two-wire subscriber line
or at least matched in appropriate pairs, to within interface, characterised by means for periodically
the order of 0.1 or 0.2%. switching an applied current from one to the other
It is generally not possible to build a SLIC or of the terminals of the two wire interface; means
BORSHT circuit having the required signal path 60  for detecting common mode signals induced by
matching except by adjustment after manufacture. the applied current in a signal path coupling the
To achieve this performance in a SLIC or BORSHT terminals of the two-wire interface with the trans-
circuit fabricated as an integrated circuit, recourse mit terminal of the four-wire interface and means
to laser trimming of thin film resistors deposited in responsive to the detected common mode signals
{ the IC surface has generally been envisaged. 65  for adjusting the gain of at least one of the pair of
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vaI ue Blsmgbmn&atcedvehe' 9. The input terminals 7 tween ground and the terminals 1 and 2 equally is
and 8 of the differential to single-ended converter 45  considered to be a common mode (or longitudi-
9 are coupled via resistors 10 and 11 respectively -, nal) signal and ideally should not produce any
to an input terminal 12 of a unity gain amplifier 13 output signal at the terminal 4.
which has its second input terminal connected to In figure 1 the subscriber line is shown represen-
ground. ted by a load Y, connected differentially between
The differential to single-ended converter Shas 50  theterminals 1, 2, A current generator i, represents
an output 14 which is coupled via a dc blocking a signal originating on the subscriber line and
. capacitor 15 to a unity gain inverting amplifier equal current generators i, represent common
formed by a high gain inverting amplifier 16 having mode signals. Signal voltages appearing at the ter-
a feedback resistor 17 of value R, coupled be- minals 1 and 2 respectively are given by voltages
tween its input and its output and a series resistor 5% v, and v,. .
18 also of value R, coupled between the input of These signals voltages appearing at the termi-
the amplifier 16 and the capacitor 15. nals 1 and 2 of the two-wire interface are coupled
The unity gain amplifier 16, 17, 18 is also con- to the input terminals 7 and 8 of the differential to
nected to receive any input signal v, applied to the single-ended convertor 9 which will provide an
receive input terminal 3, this received signal being 60 output signal given by
coupled to the unity gain amplifier via a resistor 19
of vglue R,. Yo P 2" : 2."+ TR (v4 =~ vz) = B(vq — va), say
The output of the unity gain amplifier 16, 17,18 a * b .
is also applied to a second unity gain inverting am- where R,, R, R, and R, are the values of the resis-

plifier formed by a high gain inverting amplifier20, 6  tors 5, 10, 6 and 11 respectively. The amplifier 13, -
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Whence '
Xz (Ag2 + Aqq) = Xy (Aga + Azq)
D .

Vg =V =
D being the determinant of the A matrix

=_ X: Gz — XG4
D

= Ve2G, Gz — i (G4 + G2) — i (G4 — Ga)
2BG,G2 + Y, (G, + G2)
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Typical specifications call for 60 dB rejection ne- The switching stage 106 is also provided by two
cessitating ' Darlington pairs formed by transistors 109, 109
G, - G.<G,/500 and transistors 110 and 110’ connected together
50 in exactly similar manner to the transistors 107,
that is that the gains of the output amplifiers 23, 28 107°, 108 and 108". The collectors of the transis-
in fig 1 be matched to 0.2%. tors 107 and 107’ are connected to the collectors
In a preferred form of the method of the inven- 109’ and 109 and to a first output terminal 150
tion a simulated common mode signal is applied to whilst the collectors of the transistors 108 and
the two wire interface terminals 1 and 2 and a 55 108’ are connected to the collectors of the transis-
signal induced by the simulated common mode tors 110 and 110" and to a second output ter-
signal is detected and adjustment is made of one or minal 160.
both of the gains of the signal paths which couple The base of the transistor 107 is connected to
the terminal 3 with the terminals 1 and 2 and which the base of the transistor 110and toa control input
include the output amplifier stages 25 and 28. . 60 terminal 130 whilst the bases of the transistors 108
A common mode simulator is provided which and 109 are connected together and to a control
supplies nominally equal currents i,, iy, commutati- input terminal 140.
vely to the two-wire interface terminals 1, 2. In A control signal having first and second polari-
other words during a first phase a current i, is ap- ties and referred to hereafter as a commutating
plied to the terminal 1 and a current i, to the termi- 65 signal is applied differentially between the termi-
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fanpl i fi enpilPihe siilatelicommon medesignalaltd theut put of the V\hen _t e+gOI arity of the

"-:om"rut at evyitsi gnal is dc anplifier 200.4
eference will now be made to figure 3 of the )
drawings which illustrates schematically a more . (i —ia)
complete bloc diagram of the BORSHT circuit loa = =5
than that shown in Figure 1. Like parts of those in

Figure 1 bear like reference numbers and the %

present description of Figure 3 will be confined to ics =

—

(i + 1)

those elements which are different from those in 2
Figure 1. The circuit illustrated in Figure 1 con- : .
tained only signal frequency parts. Figure 3 il- iog = (s i)
lustrates additional elements which are provided 50 2
" in order to define the dc differential mode output
resistance of the circuit. ' For simplicity of further explanation it will be
The additional elements form a dc amplifier 200 assumed that the two-wire subscriber line
connected between the output terminal 14 of the presents no loading to the BORSHT circuit and
differential to single-ended converter9andasum- 55  that the resistance of the network formed by the
ming circuit 206 connected in the signal path be- resistors 5, 6, 10, 11 is high enough for its loading
tween the output of the amplifier 16 and the inputs effect to be neglected also. In any event detailed
~ of the summing circuit 24 and the amplifier 26. The analysis would show that such loading effects do
summing circuit 206 has one input connected to not effect the basic operation of the invention.
the output of the amplifier 200 and a second input 60 The currents supplied by the common mode
connected to the output of the amplifier 16. The simulator to the terminals 1, 2 must therefore be
output of the summing circuit 206 feeds the inputs absorbed thereat due to the action of the common
of the summing circuit 24 and the amplifier 26. mode feedback loop via the resistor network 5, 6,
The dc amplifier 200 includes two series con- 10, 11 and the ampilifier 13 and the action of the dc

nected resistors 201, 202, the second terminal of 65  differential mode feedback loop via the same resis-
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arrangement of Figure 4 includes all the elements 350, resets the integrator to zero, waits for a period
of Figure 3 butfor simplification only those parts of 55  equaltotwicethe first period and then once more
Figure 3 necessary 10 the explanation have been reads the integrator output and substracts the re-
illustrated and the following description will be sult from that previously stored. This sequence
substantially confined to those elements of Figure compensates for any quiescent output from the

4 which have no counterpart in Figure 3. Like parts amplifier 200 or from the integrator 360.
in Figures 3 and 4 bear like reference numerals. 60 The integrator output signal stored in the micro

The arrangement of Figure 4 operates under the processor 300 indicates the level of mismatch be-
control of a microprocessor 300 via a micro- tween the gains G,, G2 and dependent on the par-
processor interface circuit-310. This interface cir- ticular program used in the microprocessor, may
cuit would in practice be connected to send and calculate the adjustment required to reduce the
receive data or instructions to numerous sections % mismatch to an acceptable level ormay changethe
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provides cotresponding gains G,, G.' the gains 6. A BORSHT/SLIC circuit arrangement in-

3 which must be matched to provide the desired cluding a pair of signal paths coupling a receive

é commmon mode rejection may beany ofthecom- 40 terminal (3) of a four wire interface with the termi-

X binations G, G, G,’ G, G, G’ and G," G de- _ nals (1, 2) of a two-wire subscriber line interface,
pendent on the senses of the total output currents. characterised by means (350) for periodically

. It follows that all these combinations must be switching an applied current from one to the other
s matched, that three adjustments are then required of the terminals (1, 2) of the two-wire interface;
and that means for causing the output amplifiers to 45 means (200, 360) for detecting common mode

supply currents in define senses during the adjust- signals induced by the applied current in a signal

ment procedure are required. path coupling the terminals (1, 2) of the two-wire

Matching of the gain combinations listed above interface with a transmit terminal (4) of the four-

may of course be assured by matching any three. wire interface and means (300, 310, 330, 340)

The output currents may be forced to the senses 50 - responsive to the detected common mode signals

3 required in each case by the application of appro- for adjusting the gain of at least one of the pair of

priate dc signals during each adjustment phase. signal paths whereby to reduce the magnitude of

The possible techniques include simply applying the common mode signal.

: constant current generators to the output termi- 7. A circuit arrangement as claimed in claim 6
nals or applying constant voltages to the receive 5%  wherein the means (350) for periodically switch-
terminal v; and/or input of the common mode feed ing an applied current comprises means for apply-
back loop amplifier 13. The three adjustments ing nominally equal currents to both terminals (1,

3 necessitate that the circuit be provided with three . 2) of the two-wire interface and periodically

L groups of gain adjustment means and three groups switching the currents from one terminal to the

; of storage means for maintaining the adjustments. 60 other in synchronism with one another.

This may be provided by three switchable resistor 8. Acircuitarrangement as claimed inclaim 6 or
networks and three associated sets of Iatching 7 wherein the means for detecting the common
switches. mode signals includes means (360) for summing

The superposition of quiescent levels on the currents derived from the said signal path during

output currents during the adjustment might 65  each of two phases of the periodic switching.
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