
1      End station for wire telecommunication                        The
invention relates to an end station for wire telecommunicanon
comprising terminals for connecting the end station to at least a two-wire
line of a     telecommunication network, the end station comprising a line
coupling arrangement     having a terminating impedance for providing a
match of the end station impedance with  5 a line impedance of the
telecommunication network, and further a control arrangement     for
controlling the line coupling arrangement. Such end stations for speech
and/or data     communication may be telephone sets, apparatus for modem
traffic among personal     computers or telefax devices and may also be
other apparatus for wire     telecommunication. 10                    An
end station of this type is generally known as an electronic telephone
set as described in Philips Data Handbook "ICs for Telecom Subscriber Sets,
Cordless     Telephones, Mobile/Cellular Radio Pagers CA3089 to PCD4413",
Data Handbooks 15 IC03a and IC03b, 1991. On page 851 of said handbook a
block diagram of such an end     station is shown comprising terminals a/b,
b/a for connecting the end station to a two-     wire line of a
telecommunication network, a telephone line. The end station comprises a
line coupling arrangement in the form of a transmission circuit, for
example, the IC     type TEA1067, and a control arrangement in the form of
a microcontroller designed for 20 telephony purposes, for example, the IC
type PCD3349. Furthermore, a representatidn     is given of a keyboard
coupled to the microcontroller and a microphone and telephone     generally
designed as a telephone receiver coupled to the transmission circuit. The
microcontroller, a microprocessor comprising a ROM memory, RAM memory and
special I/O units, produces, for example, control signals for the
transmission circuit or 25 line coupling arrangement. Page 1460 of said
handbook shows a block diagram of the     IC type TEA 1067, a bipolar IC,
and page 1476 shows the IC type TEA 1067 comprising     external components
for connection to the public telephone network. In said application
shown on page 1476 the dynamic impedance in the audio frequency range, or 



2      terminating impedance is largely determined by an external component
R1, here a 620      [err] resistor, as described on page 1462. Network
managers in various countries pose      different requirements as regards
matching a telephone set with the telephone line.      Although a 600 [err]
telephone set impedance has so far been rather customary, there is  5  now
a tendency towards changing to a complex telephone set impedance satisfying
the      requirements of network managers. For example, the required
telephone set impedance      in general may be described as a unipolar
complex impedance having different      parameters for different network
managers. A further tendency is to avoid using      external components as
much as possible when ICs are structured into an end station. 10
Introducing large capacitances on the IC, as is generally the case with
complex      telephone set impedances, will cause problems. Furthermore, in
an absolute sense it is      impossible in practice to realise accurate
impedances on an IC. When external      impedances are used for obtaining a
desired telephone set impedance, there is the      disadvantage that the
telephone set is to comprise different external components for 15 different
countries, whereas no flexibility is possible on the IC when the set
impedance     has been realised.                       It is an object of
the invention to provide a universal end station for wire 20
telecommunication in which the requirements of different network managers
with     respect to the terminating impedance of the telephone line are
satisfied in a simple     manner.                   An end station
according to the invention is characterized, in that the     terminating
impedance can be matched with a predetermined line impedance by the 25
control arrangement. As a result, a saving on external components is
realised, the     manufacturing process for customizing end stations to
different network managers is     rendered less costly, and a faster
change-over of the manufacture of end stations for a     specific network
manager is possible.                   An embodiment of an end station
according to the invention is 30 characterized, in that at least part of
the terminating impedance is arranged as a 



switched capacitor filter. Due to the resulting simple realizability of
accurate     impedances, integration of a matchable terminating impedance
is possible. There should     be borne in mind, however, that the accuracy
of the impedance to be realised does not                                 3
depend on absolute accuracies of magnitudes, but on the ratio of
magnitudes. In view of      the nature of the manufacturing processes to be
used for ICs, magnitude ratios can be      realised accurately.
A further embodiment of an end station according to the invention is   5
characterized, in that in a switched capacitor filter arrangement the
filter is a first-order      filter having a pole and a zero, whose pole
can be set by a capacitance ratio between a      first and a second
capacitor of the filter and/or a clock rate of a filter clock. The filter
behaviour can thus be set over a wide range.                    A further
embodiment of an end station according to the invention is 10
characterized, in that the second capacitance is formed by a plurality of
switchable      capacitors. By means of a control signal a desired
capacitance and hence the dominant      filter behaviour may thus be set
with these capacitors.                   A further embodiment of an end
station according to the invention is      characterized, in that the zero
can be set by means of a resistance ratio between a first 15 resistor and a
second resistor which are coupled to the filter. As a result, a resistive
part of the terminating impedance continues to be switched on if the filter
clock signal     drops off. If the filter were completely arranged as a
switched capacitor filter, a short-     circuit for the AC voltage would
arise if the clock signal would drop off, which would     entail too much
side-tone, and further signal reception will no longer be possible. 20
A further embodiment of an end station according to the invention is
characterized, in that the control arrangement comprises a programmable
read-only     device in which control signals for matching the terminating
impedance with the     predetermined line impedance are stored. By
including a different control code in the,     read-only device if the
manufacturing process is to be changed to end stations for a 25  different
network manager having a different requirement with respect to terminating
impedance, a manufacture switch-over is simple to realise during the
programming     phase of the operational read-only device. 



A further embodiment of an end station according to the invention is
characterized, in that AC and DC matching to the line is performed
separately in the 30 line coupling arrangement. Noise analysis has shown
that realising a matching of AC     impedance and DC current separately
produces more favourable noise properties.
4                    The invention will be further explained with reference
to a drawing Figure      in which                   Fig. 1 schematically
shows an end station for wire telecommunication     according to the
invention,  5               Fig. 2 gives a further elaboration of line
impedance matching according to      the invention, and
Figs. 3A and 3B show an exemplary embodiment of line impedance     matching
according to the invention.   10                   Fig. 1 schematically
shows an end station 1 for wire telecommunication     according to the
invention. The end station 1 comprises terminals 2 and 3 commonly
labelled a/b and b/a respectively, for connecting the end station to the
telecommunication network, customarily a public telephone network. If the
end station 1 15 is connected to the public telephone network, the end
station 1 observes a line     impedance Z[err] and the network a telephone
set impedance or terminating impedance Z,     shown in Fig. 1 by Z[err] and
[err]Z, respectively. The end station 1 comprises a line     coupling
arrangement 4 and a control arrangement 5 for controlling the line coupling
arrangement 4. In the case of a speech link the line coupling arrangement 4
couples a 20 telephone 6 and a microphone 7, usually forming a whole with a
telephone receiver (not     shown), by way of a two-wire line to a local
telephone exchange. The control     arrangement 5 may be a commonly termed
microcontroller specially designed for     telephone purposes, i.e. the
controller can convert dialling information fed by way of a     keyboard 8
into tones or pulses. In the case of pulse dialling the microcontroller 5
25 applies a control signal DP to a transistor T1 for periodically
interrupting the line     current and in the case of tone dialling the
microcontroller 5 applies a tone signal DT to 



the line coupling arrangement 4. After the commonly termed dialling tone
phase and     connecting phase there will be a connection between a
commonly termed A subscriber     and a commonly termed B subscriber.
Furthermore, the end station comprises a bell 10 30 decoupled as regards DC
current by means of a capacitor 9, by which bell the     subscriber may be
rung for an incoming call, and a diode bridge 11 to be, for example,
independent of the mode of connection to the DC network. Furthermore, a
cradle     switch 12 is shown in a state in which the subscriber has taken
the receiver off the hook                   i.e. in a state of an outgoing
call.                   For the B subscriber not to experience appreciable
annoyance from what      is commonly referred to as echoes during the
connection of the B subscriber via the      public telephone network, the
impedance Z, of the end station 1 of the A subscriber is  5  to be matched
with the line impedance Z[err] in the best way possible. This similarly
holds      for the end station of the B subscriber. For obtaining a proper
line matching, the      terminating impedance is to meet the requirements
posed by a network manager.      Furthermore, also the DC resistance of the
end station 1 is to meet the network      manager's requirements. The
required terminating impedances, which may differ from 10 one country to
the other, may generally be represented as a series circuit of two
resistors in which a capacitor is connected in parallel with either
resistor. Either resistor     may also be omitted. In its simplest form the
terminating impedance is a single resistor.     Therefore, the terminating
impedance may, without a loss of generality, be represented     in the
frequency domain by a first-order function i.e. in the Laplace domain by a
pole 15 and a zero. According to the invention the terminating impedance Z.
may simply be     matched with a predetermined impedance by means of a
control signal ctl to be     produced by the control arrangement 5, which
signal sets the impedance Z, in     accordance with a network manager's
requirements. To this end the control arrangement     5 comprises, in
addition to the customary arrangements (not shown here) such as a 20
processor, RAM memory and so on, a programmable read-only device 13 coupled
to a     bus 14. The programmable read-only device 13 may be a commonly
termed EEPROM     (Electrically Erasable Programmable Read-Only Memory) in
which control information     for setting the terminating impedance is
stored. When the end station 1 is switched on,     the control signal ctl
is derived from the EEPROM information by the microcontroller 



25 and transferred to the line coupling arrangement 4 via an interface 15.
The interface 15     may be a buffer at whose output the setting signal ctl
is available in binary form once     the end station 1 has been switched
on. An embodiment of a matching of the     terminating impedance according
to the invention will be further explained hereinafter.     Fig. 1 already
shows a separate DC setting in the form of a resistor 16 and a transistor
30 T2 which can be biased by the line coupling arrangement. Although DC
setting and AC     termination can be combined, it has appeared in the
embodiment chosen that a     separation of these functions provides better
noise properties.                   Fig. 2 shows a further elaboration of
line impedance matching according
6       to the invention, in which the line coupling arrangement 4 is shown
with coupled      thereto the microphone 7 and the line impedance Z[err].
The line impedance Z[err] observes the      terminating impedance Z, of the
end station 1, represented by Z[err] Via an interface      circuit 20 the
microphone 7 provides voltage control V[err] i.e. if the terminating  5
impedance Z[err] is properly matched with the line impedance Z[err], a flat
frequency      characteristic will be observed from the interface circuit
20. For forming the      terminating impedance Z[err] an output amplifier
21 in the line coupling arrangement 4 is      coupled on the output side to
a high-accuracy external current measuring resistor 22      which provides
power feedback to an input 24 of the amplifier 21 via a filter 23. Via a 10
difference circuit 25 the current measurement is adjusted to the filter 23.
There is also a     voltage feedback to the input 24 of the amplifier 21
via an attenuator 26. The signal     from the microphone 7 is applied to
the input 24 through a summing circuit 27. The     filter 23 has a control
input 28 for receiving the control signal ctl from the control
arrangement 5 for the terminating impedance Z[err] to be matched. It will
be obvious that 15  under the given circumstances for Z, = Z[err], the
transfer of output voltage V[err] to V[err] is     frequency-independent
and, in addition, that Z[err], except for a real ratio factor,
substantially only depends on the transfer of the filter 23 in practical
cases. In an     embodiment of an end station according to the invention
the setting of the terminating     impedance Z, will thus be made on the
basis of the setting of the filter 23. From an 20 economical point of view
it is necessary to manufacture an end station 1 comprising the     fewest
components possible ie. the obvious way is the use of an integrated
circuit. In     integrated circuit technology it is practically not
feasible to make large capacitors.     Therefore, in an advantageous
embodiment of the invention, the filter 23 is arranged as     a filter
having switched capacitors or switched currents. The poles and zeros in 



25 switched capacitor filters are fixed by capacitance ratios in the filter
and the clock rate     of the filter. Due to the fact that filter
properties are fixed by capacitance ratios, no     high-accuracy capacitors
are required. For a more elaborate description of filters with     switched
currents, reference be made to a multitude of literature, for example, the
handbook "Analog MOS Integrated Circuits for Signal Processing", R.
Gregorian e.a., 30 Wiley 1986. An embodiment of the filter 23 as a switched
capacitor filter may also be     converted into a switched current filter.
For such a conversion, reference be made to     the article entitled
"Switched current filters", J.B. Hughes et al., IEEE Proceedings,     Vol.
137, Pt. G, No. 2, April 1990, pp. 156-162. If the filter 23 is arranged as
a                                                           7
switched capacitor filter, the filter 23 additionally has a clock input 29
for receiving a      clock signal cl. The clock signal cl whose frequency
is adjustable may be supplied by      the control circuit 5. Also the other
components are integrated as much as possible. In      the given embodiment
the end station 1 functionally consists, in essence, of two  5 integrated
circuits because from OEMs there is still a demand for separate ICs for
line      coupling and for control purposes. Eventually, with advancing
integration, the line      coupling arrangement 4 and the control
arrangement 5 will be integrated in a single IC.                   Figs. 3A
and 3B show exemplary embodiments of line impedance     matching according
to the invention. In the line coupling arrangement 4 a switched 10
capacitor first-order filter is shown. The filter 23 comprises an
operational amplifier 30     of which an inverting input 31 receives, via a
switched input capacitor C[err], and via a     differential amplifier 32,
the output current of the amplifier 21 measured by the resistor     22
shown in Fig. 2. Furthermore, the filter 23 comprises a switched, fixed,
feedback     capacitor C, and a plurality of integration capacitors C[err],
C[err] and C[err] which can be 15  switched on by means of multiplexing.
The number of integration capacitors is not     restricted to three, but
extension thereof is easily possible. The integration capacitors     may be
switched between an output 37 of the operational amplifier 30 and the input
31     via a logic circuit 33 by switches 34, 35 and 36, for example,
integrated MOSFETs.     The logic circuit 33 biased by the binary control
signal ctl from the control arrangement 20  5 produces the control signals
for the switches 34, 35 and 36. To couple the filter to the     summation
circuit 27 shown in Fig. 2, the output 37 is connected to a filter output
39     via an RC filter 38. The RC filter 38, which has the features of a
low-pass filter, is     used for filtering clock frequency components
caused by switching with the clock signal 



cl. The first-order transfer of the filter 23 has a pole and a zero. The
location of the 25 pole is a function of the ratio between the feedback
capacitor C, and the integration     capacitor C;, and of the clock
frequency cl. The frequency behaviour of the filter is thus     easily
adjustable. To avoid an AC short-circuit when the clock signal drops off, a
non-     inverting input 40 of the operational amplifier 30 is coupled on
the output side to the     differential amplifier 32 via a voltage divider
which comprises the resistors 41 and 42. 30  When in operation, the clock
signal cl switches the capacitors C[err] and C[err] by means of     the
switches 43, 44 and 45. A dropping off of the clock signal cl may switch on
a     resistive termination of a given value. A tapping point 46 of the
resistors 41 and 42 is     connected to the input 40 of the operational
amplifier 30, as is shown, but may also be
8       directly connected to the summing circuit 27. The latter is
represented in Fig. 2 by way     of a dashed line. Furthermore, both the
input capacitor C[err] and at least either of the     resistors 41 and 42
may be arranged variably and digitally adjustable, like the     integration
capacitor C[err], which is not shown here, however. As a result, also the
gain of  5 the switched capacitor filter 4, which gain is a function of the
ratio between the     capacitors C[err] and C[err] is adjustable. For
moving back a zero that has been shifted as a     result of the gain
adjustment, the resistance of at least either resistor is varied.
Fig. 3B shows an embodiment of the attenuator 26. The attenuator 26
comprises an operational amplifier 50 with a resistance feedback on an
inverting input 10 51. The attenuation factor is determined by the
resistance ratio between the resistors 52     and 53. On the input side the
attenuator 26 is coupled to the line and on the output side     to the
summation circuit 27, as shown in Fig. 2.
9 



Claims:            1.           End station (1) for wire telecommunication
comprising terminals (2, 3)for      connecting the end station (1) to at
least a two-wire line of a telecommunication      network, the end station
(1) comprising a line coupling arrangement (4) having a      terminating
impedance (Z[err]) for providing a match of the end station impedance with
the  5 line impedance (Z[err]) of the telecommunication network, and
further a control     arrangement (5) for controlling the line coupling
arrangement (4), characterized in that     the terminating impedance
(Z[err]) can be matched with a predetermined line impedance by     the
control arrangement (5).     2.           End station as claimed in Claim
1, characterized in that at least part of the 10 terminating impedance
(Z[err]) is arranged as a switched capacitor filter (23).     3.
End station as claimed in Claim 2, characterized in that in a switched
capacitor filter arrangement the filter (23) is a first-order filter having
a pole and a zero,     whose pole can be set by a capacitance ratio between
a first (C[err]) and a second capacitor     (C[err]; C[err]; C[err]) of the
filter (23) and/or a clock rate (cl) of a filter clock. 15  4.
End station as claimed in Claim 3, characterized in that the second
capacitance is formed by a plurality of switchable capacitors (C[err],
C[err], C[err]).     5.           End station as claimed in Claim 3 or 4,
characterized in that the zero can     be set by means of a resistance
ratio between a first resistor (41) and a second resistor     (42) which
are coupled to the filter. 20  6.            End station as claimed in one
of the preceding Claims, characterized in,     that the control arrangement
(4) comprises a programmable read-only device (13) in     which control
signals for matching the terminating impedance (Z) with the
predetermined line impedance (Z[err]) are stored.     7.           End
station as claimed in one of the preceding Claims, characterized in 25 that
AC and DC matching with the line is performed separately in the line
coupling     arrangement (4).    


