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larly page 51, fig. 6 there is prior known a power transmission arrangement
for use in communica- The invention relates to a power transmission    tion
systems for the simultaneous transmission of arrangement according to the
introductory portion    information and electrical power from a central of-
of claim .                                      5   fice to a remote
customer.. A specific circuit as In conventional telephone systems, the
central   shown in fig. 6 of the paper contains one symmetri- office is
connected to each subscriber station by a  cal pair and one auxiliary
conductor. A DC current loop consisting of a pair of wires over which
analog  is conducted in parallel through the two conductors voice signals,
dial pulsing and switch-hook sig-     of the pair and, on return, through
the auxiliary naling are transmitted. A power source such as the   10
conductor. Accordingly three wires are required. standard central office
battery is connected to the      US-A-3,036,220  discloses a power supply
loop of a conventional system and provides elec-     equipment of feeding a
constant direct current to a trical power to the subscriber set for both
voice and  submarine cable for the purpose of energising sub- signal
transmission. The lifting of a handset or the  merged repeaters. At both
ends of the cable con- operation of a standard dial causes switches to be
15  stant current power supplies apply a positive volt- operated in the
telephone set, and the resulting     age to the inner conductor of the
coaxial cable. the changes in current flow in the loop are detected at
negative terminals of the supplies are connected to the central office
which reacts in the appropriate   local earth and thus to the outer
conductor of the manner.                                              cable
which is grounded. In modern digital systems such as the Inte-  20      The
invention is directed to the problem to grated Services Digital Network
(ISDN), both voice   provide a power transmission arrangement from the and
signaling are transmitted in digital form be-    central office to remote
circuitry with a reduced tween the subscriber set and the central office
over  power loss in order to allow the circuit to the a digital subscriber
line. For example, instead of   placed a greater distance from the central
office relying on the detection of changes in the loop   25   without the
need of repeaters or other power boost- current at the central office when
a station set goes  ing circuitry. to the off-hook stage, the station sends
a digitally  The solution of the problem  is characterized in encoded
protocol message to the central office       claim 1. indicating the
off-hook state. A number of other         In accordance with this
invention, electric pow- messages, which may include information about  30
er is transmitted from  the central office to the the subscriber set and
the type of call being placed  remote circuitry in parallel over the two
wires of the are also exchanged between the central office and    digital
subscriber loop with earth ground providing the customer equipment. These
interface protocol     the return path, while digital voice/data is
transmit- messages as well as the electrical interface be-     ted in the
loop in the usual fashion with current tween the central office and
customer equipment   35  flowing in opposite directions in the two wires of
are specified in general terms by an international   the loop.
Advantageously, this arrangement re- organization known as the
International Telegraph    duces the power loss in the loop approximately
by and Telephone Consultative Committee (CCITT).        a factor of four
over the conventional arrangement To meet the standardized interface
requirements,     whereby power is transmitted from the central of- an
interface unit, usually located on or near the   40  fice to the customer
set on one wire of the loop customer premises, interconnects the
transmission    and the other wire is used as the return path. lines from
the central office with customer sets.        A filter circuit is used to
eliminate low fre- This interface unit includes such devices as echo
quency noise signals, which may emanate from the cancelers and other
transmission interface circuits.  earth ground plane, from  interfering
with digital The CCITT specifications require that the circuitry   45
voice and data signals transmitted on the loop. In in the interface unit be
powered from the central    one specific embodiment, the two-wire transmis-
office, in order to be independent from commercial   sion line has a
transformer at each end for the power and to provide emergency power to at
least     transmission of digitally encoded voice and data. A some of the
customer sets. Substantial power is      DC power source, grounded to earth
ground, is required to drive the remote circuitry and the pow-   50
connected to each line at the central office to er loss in two-wire loop
used in a conventional      provide power to both wires of the line
separately. manner is such that the distance over which power    At the
remote interface unit a DC-to-DC converter can be transmitted from the
central office to the    which is grounded to earth ground receives power -
interface circuit is severely limited.               from both wires
simultaneously. Thus the direct From D1 = Cables & Transmission, vol. 33,
55  current path is from the central office power supply no. 1, Jan. 1979,
pages 48-82, Parts, FR; Y.-M. Le   in parallel through the two wires of the
loop, Grand: "Telealimentation des equipements de ligne    through the
DC-to-DC converter, and back to the 



en courant alternatif et en courant continu" particu-  central office via
earth ground. 2    3                  EP 0217 369 B1                      4
Advantageously, this invention allows a remote    135 connected to the
central office switch for inter- network termination interface unit in a
digital sub-  connection in the switch in the customary fashion. scriber
loop to be placed a much greater distance    A pair of blocking capacitors
137 are inserted be- from the central office than any prior art arrange-
tween the terminals of coil 136 and the wires of the ment, while supplying
the required power to the   5   subscriber line 105 to block the DC current
pro- interface unit and meeting the requirements of       duced by the
power supply units 132. Each of the CCITT.
power supply units 132 may be a commercially available electronic device
known as a constant Brief Description of the Drawing
current source which supplies a constant current to 10   the connected line
at -48 volts. The invention may be better understood from          The
network termination interface unit 110 in- the following detailed
description when read with  cludes a transmission interface 118, a DC-to-DC
[err] to the drawing in which:                    converter 115 which
provides power to the trans- FIG. 1 and FIG. 2 together show a communica-
mission interface 118, and a pulse transformer 111. tion system
interconnection incorporating a pow-   15   The transmission interface 118
is an interconnec- er transmission arrangement in accordance with    tion
unit between the pulse transformer 111 and the principles of this
invention;                 the equipment on the customer premises 120. The
FIG. 3 is a composite showing the relationship    customer premise
equipment may include a digital of FIG. 1 and FIG. 2.
telephone set for the receipt and transmission of 20   digitally encoded
voice such as set 121, as well as Detailed Description
a video display terminal 123 and other data termi- nals such as data
terminal 124. All of these will In the illustrative embodiment of this
invention   normally be connected to the transmission inter- as depicted in
the drawing and described herein, a   face 118 by means of a four-wire bus.
The trans- two-wire digital subscriber line 105 interconnects a   25
mission interface then includes circuitry such as a network termination
interface unit 110 and a tele-   hybrid circuit to convert from two-wire
transmission phone central office 130. The telephone central    from
transformer coil 114 to four-wire transmission office 130 will normally
contain a number of line   from the customer premises. Furthermore, this
unit interface circuits such as circuit 133 each con-     will typically
include echo canceling circuitry and nected to a network termination
interface unit 110,  30  transmit and receive circuitry all of which may
which in turn may be connected to the subscriber     require a substantial
amount of electrical power. premises equipment of a single subscriber such
as       The transmission interface 118 receives its the subscriber
equipment 120. The central office     power from the DC-to-DC converter
115. This may comprises a switch 140 which will include a switch-  be a
standard commercially available circuit which ing network and other
equipment (not shown in the   35   provides output voltage at a desired
level. The DC- drawing) required to selectively interconnect dif-  to-DC
converter receives its power from the center ferent subscribers via the
line interface circuits.  tap of transformer coil 112 and is grounded to
Such a central office structure is well known in the  earth ground through
a low-pass filter 117. Power art and may, for example, be the 5 ESS[err]
switch     is delivered to the DC-to-DC converter over wires described in
the AT&T Technical Journal, Vol. 64,  40   106 and 107 in parallel. Current
from line 106 flows [err] Part 2, July-August 1985. The central office
through the upper part of transformer coil 112 to customarily comprises a
DC power source 150,        the center tap and current in line 107 flows
through commonly referred to as central office battery, pro-  the lower
part of transformer coil 112 to the center viding a standard -48 volts DC
to the circuitry of   tap where the current is added. It is assumed that
the central office.                             45  the current from the
two constant current power The subscriber loop 105 is terminated at the
supplies 132 which supply lines 106 and 107 is central office in a line
unit 133 which includes a   very nearly equal. The center tapped
transformer separate power supply unit 132 for each wire of the  coil 112
should be balanced as well. In such a loop and a pulse transformer 131 for
the transmis-   balanced arrangement, any flux that may be gen- sion of
digitally encoded voice and data. The cen-   50   erated by the DC current
in the two parts of the tral office comprises one such line termination
unit  transformer coil should cancel with little or no no- for each digital
subscriber loop 105 connected to    ticeable effect from  the DC current on
digital 



the central office. The power supply units 132 are   pulses transmitted
through the transformer. An al- driven from- the central office power
source 150     ternate arrangement for providing current to wires and each
of the units is grounded to earth ground.  55   106 and 107 is. by means of
a center tapped The transformers 131 are standard pulse transform-
transformer at the central office. For example, in ers having one
transformer coil 136 connected to     that arrangement the coil 136 would
have a center- the two wires of the subscriber line 105 and a coil  tapped
terminal and current would split in a bal- 3    5
EP0217369B1                            6 anced coil approximately equally
between the two            The low-pass filter 117 is connected between
wires 106 and 107. In that arrangement, no bloc-        the DC-to-DC
converter 115 and earth ground to king capacitors such as capacitors 137
would be         allow  passage of direct current and to prevent installed.
noise signals such as harmonics of 60 Hz emanat- The drawing shows a
digital signal transmis-    5   ing from commercial power transmission and
other sion path from equipment on the customer prem-          sources from
interfering with the pulses represent ises 120 to the central office 130.
Digitally encoded  ing digitally encoded voice and data transmitted voice
and data, including protocol messages, are        over the wires 106 and
107. transmitted via the network termination interface           The
arrangement described herein is partic transformer consisting of the coils
114 and 112 and  10  larly suitable in digital transmission systems em- via
the two-wire digital subscriber line 105 which      ploying bipolar coding.
The bipolar coding scheme terminates in the central office transformer 131.
is a well-known scheme which does not apply a DC The digital signals are
passed through the trans-       bias and in which low frequency energy is
deem- former coils 136 and 135 to a switching network.        phasized.
Accordingly, the DC power transmitted As a digital signal is generated in
the transformer   15   over wires 106 and 107, even with normal fluc- coil
114 at network interface, a corresponding pulse   tuations, should not
interfere with the transmission is induced in transformer coil 112 causing
current      of binary digits in the bipolar format or in other to flow
serially in the lines 106 and 107 of the        formats which deemphasize
low frequency energy digital loop 105 and in the transformer coil 136 at
Even with transmission schemes which rely more the central office. Thus,
the current path in the   20   heavily on the low frequency energy, the
principes digital loop 105 for digitally encoded voice and        of the
this invention apply, but a closer control of data is analogous to that for
analog voice in con-      the power source 132 and tighter restrictions on
ventional telephone systems.                            the low-pass filter
117 may be required. In addition, the two-wire loop 105 provides a portion
of the power transmission circuit. This cir-   25   Claims cuit extends
from the two power supplies 132 to the DC-to-DC converter 115, via the
parallel path       1. A power transmission arrangement for use in provided
by loop wires 106 and 107, and from                communications systems
for the simultaneous converter 115 via the filter 117 and an earth ground
transmission of digital pulses and electrical return path back to the power
supply 132. The   30          power from a central office (130) to a remote
limiting factor in power transmission from the cen-         customer
interface unit (110), tral office to the remote network termination circuit
characterized by 110 is the resistance of the wires 106 arid 107. A
a pair of transmission wires (106, 107) extend- substantial amount of power
is required to drive           ing between said central office (130) and
said various electronic circuits of the transmission inter-   35  interface
unit (110) and terminating in a trans- face 118 and with an increase in
distance from the          former (135, 136) at said central office (130)
central office, the voltage drop due to the resis-          and in a
transformer (112, 114) at said inter- tance of the transmission line
becomes such that            face unit, for the transmission of digital
pulses insufficient power reaches the network,termination          between
the central office and the interface interface 110. Use of the transmission
lines 106   40      unit, and 107 in parallel and the use of earth ground
for             said transformer (135, 136) at the central a return path
reduces the resistance introduced by          office (130) comprises a pair
of end terminals the transmission line by a factor of four over the
and said arrangement further comprises a pair conventional arrangement
using  one wire of the             of capacitors (137), one of said
capacitors be- two-wire loop as a path in one direction and using   45
ing connected between one (106) of the pair of the other wire as a return
path. For example, if the        wires and  one  of the  end  terminals of
the resistance of one wire is equal to R, then in accor-        transformer
at the central office  and another 



dance  with the conventional arrangement, the total         capacitor (137)
connected  between  the other path resistance  which  determines the
voltage drop        wire (107) of the  pair of wires and another of in the
line is 2R. When  lines 106 and  107 are used    50  the  end  terminals of
the transformer at the in parallel to provide  one  path, the  resistance
in      central office, * that path is equal to [err] ,   thus,
theoretically reducing       said transformer in said interface unit com-
the  power loss in the  transmission line by a  factor     prising  a
center tapped coil (112) having two of four. As a  practical matter,
depending  on  local       balanced portions designed to create equal but
soil conditions, the  voltage  drop  resulting  from  the   .55  opposite
flux in the presence of equal currents, earth ground  is usually assumed
to be on the order        and  a  pair of end  terminals connected to said
of 3-5 volts..                                              pair of wires
(106, 107) and a  center tap  termi- nal, 4    5                      EP 0
217 369 B1                     6 anced coil approximately equally between
the two            The low-pass filter 117 is connected between wires 106
and 107. In that arrangement, no bloc-        the DC-to-DC converter 115
and earth ground to king capacitors such as capacitors 137 would be
allow  passage of direct current and to prevent installed.
noise signals such as harmonics of 60 Hz emanat- The drawing shows a
digital signal transmis-    5   ing from commercial power transmission and
other sion path from equipment on the customer prem-          sources from
interfering with the pulses represent- ises 120 to the central office 130.
Digitally encoded   ing digitally encoded voice and data transmitted voice
and data, including protocol messages, are        over the wires 106 and
107. transmitted via the network termination interface           The
arrangement described herein is particu- transformer consisting of the
coils 114 and 112 and    10  larly suitable in digital transmission systems
em via the two-wire digital subscriber line 105 which      ploying bipolar
coding. The bipolar coding scheme terminates in the central office
transformer 131.       is a well-known scheme which does not apply a DC The
digital signals are passed through the trans-       bias and in which low
frequency energy is deem- former coils 136 and 135 to a switching network.
phasized. Accordingly, the DC power transmitted As a digital signal is
generated in the transformer   15   over wires 106 and 107, even with
normal fluc. coil 114 at network interface, a corresponding pulse
tuations, should not interfere with the transmission is induced in
transformer coil 112 causing current      of binary digits in the bipolar
format or in other to flow serially in the lines 106 and 107 of the
formats which deemphasize low frequency energy. digital loop 105 and in the
transformer coil 136 at      Even with transmission schemes which rely more
the central office. Thus, the current path in the   20   heavily on the low
frequency energy, the principles digital loop 105 for digitally encoded
voice and        of the this invention apply, but a closer control of data
is analogous to that for analog voice in con-      the power source 132 and
tighter restrictions on ventional telephone systems.
the low-pass filter 117 may be required. In addition, the two-wire loop 105
provides a portion of the power transmission circuit. This cir-   25
Claims cuit extends from the two power supplies 132 to the DC-to-DC
converter 115, via the parallel path        1. A power transmission
arrangement for use in provided by loop wires 106 and 107, and from
communications systems for the simultaneous converter 115 via the filter
117 and an earth ground       transmission of digital pulses and electrical
return path back to the power supply 132. The   30          power from a
central office (130) to a remote limiting factor in power transmission from
the cen-         customer interface unit (110), tral office to the remote
network termination circuit        characterized by 110 is the resistance
of the wires 106 and 107. A           a pair of transmission wires (106,
107) extend- substantial amount of power is required to drive
ing between said central office (130) and said various electronic circuits
of the transmission inter-   35  interface unit (110) and terminating in a
trans- face 118 and with an increase in distance from  the         former
(135, 136) at said central office (130) central office, the voltage drop
due to the resis-           and in a transformer (112, 114) at said inter-
tance of the transmission line becomes such that             face unit, for
the transmission of digital pulses insufficient power reaches the network
termination           between the central office and the interface
interface 110. Use of the transmission lines 106   40        unit, and 107
in parallel and the use of earth ground for             said transformer
(135, 136) at the central a return path reduces the resistance introduced
by           office (130) comprises a pair of end terminals 



the transmission line by a factor of four over the           and said
arrangement further comprises a pair conventional arrangement using  one
wire of the             of capacitors (137), one of said capacitors be-
two-wire loop as a path in one direction and using   45     ing connected
between one (106) of the pair of the other wire as a return path. For
example, if the         wires and  one  of the  end  terminals of the
resistance of one wire is equal to R, then in accor-         transformer at
the  central office  and  another dance with the conventional arrangement,
the total           capacitor (137) connected  between  the other path
resistance  which  determines the voltage drop          wire (107) of the
pair of wires and  another of in the line is 2R. When  lines 106 and  107
are used    50  the  end  terminals  of the  transformer  at the in
parallel to provide  one  path, the  resistance  in      central office,
that path is equal to [err]  , thus, theoretically reducing      said
transformer in said interface unit com- the  power loss in the
transmission  line  by  a  factor    prising  a  center  tapped  coil (112)
having  two of four. As  a  practical matter, depending  on  local
balanced  portions designed  to create equal but soil conditions, the
voltage  drop  resulting  from  the   55  opposite flux in the  presence of
equal currents, earth ground  is usually assumed  to be on the order
and  a  pair of end  terminals connected  to said of 3-5 volts.
pair of wires (106, 107) and  a  center tap termi- nal, 4    7
EP0217369B1                          8 a power source (132) connected to
said          fert, daB  die Stromversorgungsquelle (132)                 :
pair of wires (106, 107) at said central office     eine erste
Stromversorgungseinheit (132) auf- (130) for supplying electrical power
separately     weist, die zwischen eine Obertragungsader to each wire, said
power source (132) com-   .     (106) und Erde geschaltet ist, und eine
zweite prises a first power supply unit (132) con-   5
Stromversorgungseinheit (132), die zwischen nected between one (105) of the
transmission        die andere Obertragungsader (107) und Erde wires and
earth ground and a second unit            geschaltet ist, (132) connected
between the other transmis-         daB eine Leistungswandlerschaltung
(115) in sion wire (107) of the pair and earth ground,       der
Schnittstelleneinheit (110) vorgesehen ist, a power conversion circuit
(115) at said inter-  10  die einen mit der Mittelanzapfung verbundenen
face unit (110) having an input terminal con-       EingangsanschluB und
einen mit Erde verbun- nected to said center tap terminal and a
denen ErdanschluB besitzt, und round terminal connected to earth ground,
dal3 ein Tiefpassfilter (117) zwischen Erde und and
dem  ErdanschluB der Leistungswandlerschal- a low-pass filter (117)
connected between   15   tung (115) geschaltet ist. earth ground and said
ground terminal of said power conversion circuit (115).
Revendlcations PatentansprLiche                                    1. Une
structure de transmission d'energie pr6- 20      vue pour l'utilisation
dans des systemes de I. LeistungsObertragungsanordnung far eine Ver-
t6lecommunication, pour la transmission simul- wt  ng  in
Kommunikationsanlagen  zur              tanee d'impulsions num6riques et
d'energie gleThzeitigen Obertragung von Digitalimpulsen    .  electrique
d'un centre de commutation (130) und elektrischer Leistung von einem
Zentral-        vers une unit6 dOinterface d'abonn6 eloign~e amt (130) zu
einer entfernten Teilnehmer-  25       (110), Schnittstelleneinheit (110),
caract6risee en ce que dadurch gekennzeichnet,
une paire de fils de transmission (106, 107) daB ein Paar von
Obertragungsadern (106,            s'etendent entre le centre de
commutation 107) zwischen dem Zentralamt (130) und der          (130) et
l'unit6 d'interface (110) et ils aboutis- Schnittstelleneinheit (110)
vorgesehen ist, die  30  sent a un transformateur (135, 136) au centre mit
einem Transformator (135, 136) im Zentral-      de commutation (130) et a
un transformateur amt (130) und einem Transformator (112, 114)        (112,
114) a l'unit6 d'interface, pour la tran- in der Schnittstelleneinheit
(110) zur Obertra-     smission d'impulsions numeriques entre le gung von
Digitalimpulsen zwischen dem Zen-          centre de commutation et l'unit6
d'interface, tralamt und der Schnittstelleneinheit abge-   35       le
transformateur (135, 136) au centre de schlossen sind,
commutation (130) comprend une paire de daB der Transformator (135, 136) im
Zentral-        bornes d'extremites, et la structure comprend amt (130) ein
Paar von EndanschlUssen auf-          en outre une paire de condensateurs
(137), 



weist und die Anordnung ferner ein Paar von         l'un de ces
condensateurs etant connecte en- Kondensatoren (137) enthalt, von denen
einer   40   tre l'un (106) des fils de la paire de fils et l'une zwi n ein
(106) der Obertragungsadern und           des bornes d'extremit6s du
transformateur au einen  EndanschluB *des Transformators im
centre de commutation, et un autre condensa- Zentralamt und der anderen
Kondensator (137)        teur (137) etant connecte entre l'autre fil (107)
zwischen die andere Obertragungsader (107)          de la paire de fils et
une autre des bornes und den anderen EndanschluB des Transfor-  45
d'extr6mit6s du transformateur au centre de mators im Zentralamt geschaltet
ist,                commutation, daB der Transformator in der
Schnittstellenein-         le transformateur dans l'unite d'interface heit
eine mittenangezapfte Wicklung (112) mit       comprend une bobine A prise
centrale (112)                g : zwei symmetrischen Teilen die gleichen,
aber        ayant deux  parties  equilibrdes  qui sont entgegengesetzten
FluB  bei Vorhandensein   so     congues de fagon a cr6er des flux 6gaux
mais gleicher Strome erzeugen, ferner ein Paar von       opposes en
presence de courants 6gaux, une EndanschlOssen, die mit dem Paar von Uber-
paire de bornes d'extremit6s qui sont connec- tragungsadern (106, 107)
verbunden sind, und        t6es a la paire de fils (106, 107) et une borne
eine Mittelanzapfung aufweist,                      de prise centrale, daB
eine Stromversorgungsquelle (137) im   55           une source d'energie
(132) est connect~e Zentralamt (130) an die Ubertragungsadern
l la paire de fils (106, 107) au centre de (106, 107) angeschlossen ist,
und elektrische       commutation (130), pour foumir de l'6nergie Energie
getrennt an jede Obertragungsader lie-      6lectrique separement a chaque
fil, cette sour- 5 .     ...............   .  .....    . ...........    .
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ce d'6nergie (132) comprenant une premiere unite d'alimentation (132) qui
est connect6e entre lun (105) des fils de transmission et la
*        L   M   S terre, et une seconde unite (132) qui est connect6e
entre l'autre fil de transmission    5 (107) de la terre et la terre, un
circuit de conversion d'6nergie (115) dans l'unit6 d'interface (110)
comporte une borne de sortie qui est connectee a la borne de prise centrale
et une borne de terre qui est   10 connect6e a la terre, et un filtre
passe-bas (117) est connecte en- tre la terre et la borne de terre du
circuit de conversion d'6nergie (115). 15 20 25 30 35 40 45 50 55 6    


