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cludes two coils (L) arranged in spaced relationship with two ends ofthe
coils forming an inputterminal for The present invention relates to
communications  connecting to the first connector and the other two systems
in general and, more particularly, to a com-  ends of the coils forming an
output terminal. Sepa- munication system which transmits high frequency   5
rately connected RC networks couple the output ter- and low frequency
signals.                         minal to a referenced potential
(preferably ground). Because of the differenttypes of machines which  The
high frequency transformer includes three coils are now available for use
in the home and in the of-  symmetrically arranged on a magnetic core and
poled fice, the need arises for a common communications  so that baseband
signals are carried as a balanced sytem which is able to transmit mixed
information.  10  signal on the twisted wire pair and the broadband sig-
The prior art has recognized the need for such a sys-  nals are carried as
an unbalanced signal on the twist- tem and has provided the so-called Data
Over Voice  ed wire pair relative to the shield of the cable. (DOV)
communications system.                           The passive circuitry in
the above embodiment of The DOV communications sytem is a known tech-   the
F-coupler effectively isolates the broadband and nique for simultaneously
transmitting and receiving   15  baseband transmission from each other in
two ways. an analog voice signal and a digital data signal   The broadband
signals are blocked from getting to through a common 2-wire signal line.
This is a band  the first connector which is connected to the base-
division system in which the digital data is FSK modu-  band signal port
and the baseband signals are lated on a high frequency carrier signal and
is super-  blocked from getting to the second connector which imposed on a
signal line. Thus, it is easy to separate  20  is connected to the
broadband signal port. In addition, the high frequency FSK modulated data
signal from  the high frequency transmissions from baseband ma- the low
frequency voice signal by a filter circuit. A  chines connected to the
baseband signal port are more detailed description of the DOV system is set
blocked from getting to the second connector. This forth in US Patent
4,670,874. Included in the draw-  second property is important because many
ma- backs of this system is the fact that it provides limited   25  chines
transmitting baseband (low frequency) sig- bandwidth usage. Thus, certain
frequencies within  nals will also transmit spurious high frequency the
transmission spectrum are not available for use.  (broadband) signals which
do not affect baseband op- Other art teaching the transmission of two sig-
eration but could interfere with broadband transmis- nals over the same
line is set forth in US Patent  sion sharing the same cable. 1,812,624.
Other techniques describing the use of  30  In an alternate embodiment, the
F-coupler in- transformers for suppressing noise In a transmission  cludes
a balun transformer with a pair of windings line are set forth in US Patent
3,223,920.         having inputs terminating in a baseband signal port It
is, therefore, the general object of the present  and a pair of
outputterminals each one connected via invention to provide a more
efficient communications  individual capacitors to a referenced potential.
A di- system than has heretofore been possible.     35  rectonal coupling
transformer having a single ended It isa more particular objectof the
present inven-  input winding connects to a broadband signal port tion to
provide an improved communications system  and a pairof in-line windings
coupled to the outputter- with virtual unlimited bandwidth usage for both
base-  minals of the balun transformer. The balun transfor- band and
broadband signals.                        mer ensures that baseband signal
is propagated in a The improved communications system includes a   40
balanced mode while the directional coupling trans- broadband network which
transmits broadband sig-   former ensures that broadband signal is
propagated nals and a baseband network which transmits base-  In an
unbalanced mode. band signals. Afirst F-coupler circuit arrangement ac-
The F-coupler provides excellent noise suppres- cepts the baseband and
broadband signals and si-   sion and signal separation so that baseband
signals multaneously concentrates said broadband signals  45  and/or noise
which are coupled to the baseband sig- and said baseband signals onto one
end of a length  nal port do not adversely affect (i.e., interfere) devic-
of shielded twisted pair wires. A second F-coupler is  es coupled to the
broadband signal port Similarly, coupled to the opposite end of the
shielded twisted  broadband and/or noise signals which are coupled to pair
wires. The second F-coupler separates and dis-  the broadband port do not
interfere with devices cou- tributes the broadband and baseband signals to
their  50  pled to the baseband port. respective connector ports to which
utilization devic-  These and other objects and advantages of this es are
connected.                                  invention will be more fully
described hereafter in ref- The F-coupler, in one embodiment of the inven-
erence to the accompanying drawings. tion, includes a filtering circuit
which terminates in a  Figure 1 shows a schematic of the improved com-
first connector for baseband transmission and a   55   munications system
according to the teachings of the broadband transformer, connected in
tandem with the  present invention. filtering circuit, which terminates in
a second connec-  Figure 2 shows a distribution link in the commu- torfor
broadband transmission. The filtering circuit in-  nications system and an
electrical schematic of one 2 



3                  EP 0 329 912 B1                4 embodiment of the
F-coupler.                     sometimes called distribution links or lobe
assembly Figure 3 shows a schematic of the signaling spec-  means. trum for
different types of signals on the improved  A head end signal distribution
means 24 is con- communications system of Figure 1.               nected to
the coax cable. Figure 4 shows a distribution link in the commu-   5  The
head end signal distribution means 24 nications system and an electrical
schematic of an al-  multiplexes high frequency signals from a plurality of
ternate embodiment of the F-coupler.            transmission media
identified by numeral 26. Each of Fig. 1 is a schematic of the
communications sys-  the transmission media 26 is connected to different
tem according to the teachings of the present inven-  devices such as high
frequency antennas, VCRs, TV tion. The communications system of Fig. 1
includes a   10  cameras, etc. A length of coax cable 28 attaches an
backbone communications network 10 formed from  IBM PC-NETWORK translator
30 to the head end sig- broadband communications network 12 and base-
nal distribution means. The function of IBM PC-NET- band communications
network 14. As Is used in this  WORK translator 30 is to receive electrical
signals at application, a backbone communications network   a first
frequency, to reproduce the signals at a higher means an electrical signal
transmission facility which  15  frequency and to deliver the high
frequency signal to is not directly connected to the user machines. Also,
a PC (Personal Computer) broadband local area net- baseband signals mean
information transmission   work (LAN). The broadband LAN Is not shown in
Fig. within the frequency range of 0 to 50 MHZ and broad-  1 but may be of
the type described in the IBM PC- band signals mean information
transmission within  NETWORK LAN document PIN n [err] 68X2268 This the
frequency range of from 50 MHZ to 300 MHZ.    20  type of LAN may be used
for interconnecting a plur- Balanced signal mode is the signal condition
ality of Personal Computers and other work stations. whereupon the
amplitude of the signals applied on  It should be noted that transmission
media other than each of the wires of a twisted pair shielded cable are
coax or twisted pair can be used in the backbone net- oppositely poled
relative to the shield or ground.  work. Other types of transmission media
may include Unbalanced signal mode is the signal condition  25  optical
fiber, etc. whereupon the applied signal amplitudes are likewise  Still
referring to Fig. 1, the baseband communica- orsimilarly poled on each
ofthewires of a twisted pair  tions network 14 may include any type of
communi- shielded cable relative to the shield or ground.  cations network
which transmits information within Equally unbalanced signal mode is the
signal  the frequency range of D.C. to 50 MHZ. Awell-known mode whereupon
the signal amplitudes are likewise  30  communications network which
transmits and/or re- poled and of equal amplitude on each of the wires in
ceives information in this frequency range is the IBM the twisted pair
relative to the shield or ground.  Token Ring Network. The Token Ring
Network in- Finally, the networks which transmit the broad-  cludes the IBM
Cabling System, attached equipment band and baseband signals are prefixed
with the ap-  and protocols for operating the equipmenton the Tok-
propriate term. Thus, a broadband network transmits  35  en Ring Network.
It should be noted that the IBM Tok- broadband signals and so forth.
en Ring Network partially embraces the standard set Still referring to Fig.
1, broadband communica-  forth in the IEEE 802.5 committee. Details of the
IBM tions network 12 is dedicated to transmitting broad-  Cabling System
(ICS) are setforth in the IBM Cabling band electrical signals while
baseband communica-  System Planning and Installation Guide (GA27-3361-
tions network 14 is dedicated to transmit baseband   40  6). Both of these
manuals are incorporated herein by electrical signals. The two networks
togetherare able  reference. Since the ICS is fully described in the ref-
to transmit voice, data, image, graphics, text informa-  erenced manuals,
only those sections of the manuals tion, etc. The communications system of
Fig. 1 merg-  which are necessary to understand the invention will es
broadband and baseband signals and delivers   be described. The ICS is a
star-wired structured ap- them on a common distribution system 16 to ma-
45  proach to wiring a building. The ICS includes a plur- chines in a
user's office. The broadband communica-  ality of wiring closets, only one
of which is shown and tions network includes a coax cable which transmits
identified by numeral 14 in Fig. 1, interconnected in broadband signals
into a tap/combiner means 18. A  a serial loop by two twisted pairs of
wires in a shield. signal splitter connector 20 Interconnects the tap  In
Fig. 1, only one pair of the twisted shielded pair combiner means 18 to the
coax cable. The tap/com-  50  wires is shown. But in actuality two pairs of
shielded biner means 18 partitions the high frequency signals  twisted
pairs are used for32,34,26. The wiring closet from the coax cable and
distributes the signals on  Isthe hub of each of the cabling stars. Signals
through conductors identified by numeral 22. As will be ex-  the wiring
closet are shown by arrows. plained subsequently, the high frequency
signals on  The wiring closet is the juncture where the back- conductors 22
are transmitted to each office via the  55  bone communications networks
Interface with dis- IBM Cabling System lobes 32,34 and 36 (to be descri-
tribution communications system 16. Distribution 



bed subsequently) and F-couplers (to be described  communications system 16
transmits both baseband hereinafter). The IBM Cabling System lobes are
and broadband signals into the customers office. 3    5
EP0321 912B1                    6 The distribution communications system
includes a  the multi-access unit forms a more complex path of plurality of
lobe assembly means, three of which are  bypass relays but is simplified
here in Fig. 1 and does shown in Fig. I and identified by numerals 32,34
and  not affect this invention. It should be noted that lobe 36. Each lobe
assembly means provides transmis-   assembly means 34 is not connected to
the token sion services to a particular attached machine or   5   ring.
Instead, it is connected to a concentrator unit group of machines. Thus,
lobe assembly means 32   (not shown) which is "home-run" wired to a
hostcom- provides transmission services to the attached ma-  puter system
(not shown). The connections to the chines. The attached machines include
PC data ter-  multi-access unit and to the concentrators in the wir- minal,
PC network station and TV monitor.         ing closet are done with patched
cables. Thus, rewir- It should be noted that the TV monitor and the   10
ing associated with moving a terminal or switching a PC network station are
operating in different high fre-  terminal from the token ring system to
the host sys- quency range, but the RF splitter 38 distributes the  tem
requires a simple task of going to the wiring closet high frequency
signals.                           and moving a couple of patched cables.
Likewise, lobe assembly means 34 provides lobe      With this structured
wiring approach, no new transmission services to display assembly 39 which
15  cables have to be pulled. Still referring to Fig. 1, each may include
the 3278/9 Display Units manufactured  of the lobe assembly means Includes
two twisted and marketed by International Business Machines.   pairs of
wires (only one of which is shown) in a shield- Finally, lobe assembly
means 36 provides transmis-  ed cable. Afilter coupler (F-C) is connected
to oppo- sion services for the attached TV camera and data  site ends of
the twisted pair cable. One of the F-cou- terminal equipment (DTE) 41. DTE
41 includes a   20  plers receives broadband signals on conductors 22 range
of work stations and/orothermachines capable  and baseband signals from the
token ring and simul- of receiving and/or transmitting signals within the
taneously concentrates both signals on the respec- baseband frequency
range. Each of the attached de-  tive lengths of shielded, twisted pair
cables and de- vices is fitted with appropriate adapter cards. For ex-
livers the signal to the other F-coupler. Preferably, the ample, the PC
data terminal is fitted with one of the   25  other F-coupler can be
located at the office wall. following adapters:
The F-coupler at the office wall (not shown) IBM Token Ring Network PC
Adapter Card P/N     demultiplexes the signal to the respective devices
6339100,                                          connected thereto. Fig. 2
shows the details of the F- IBM Technical Requirements T.R Network PC
coupler connected to opposite ends of the shielded, Adapter P/N 6165876 and
P/N 69X7713 and   30  twisted pair cable. Since both F-couplers are identi-
69X7715 and                                        cal, common numeralswill
be used to identify similar IBM Network Adapter 2 P/N 96X5663 Still refer-
components in each coupler. To simplify the descrip- ring to Fig. 1, lobe
assembly means 32 and 36 are  tion, the F-coupler which is connected at the
wiring coupled to the token ring communications media by  closet is
referred to as the ICS transmitter while the a multi-access unit(not
shown). The multi-access unit  35  F-coupler which is connected to the
device end of the is set forth and described in US patent application en-
twisted pair cable is identified as the ICS receiver. titled "Local Area
Network Station Connector," Serial  The F-coupler is comprised of a
broadband transfor- Number 749369, which is incorporated herein by ref-
mer40 connected in tandem with filternetwork42. As erence. Even though two
lobe assemblies are shown  is used in this application, broadband means a
signal coupled to the token ring, the multi-access unit has  40  within
thefrequency range of 50 MHZto 300 MHZ and the capability to attach more
than two lobes. In a spe-  higher. Broadband generally means high frequency
cific embodiment eight lobes are connected by the  bandwidth. Applications
have generally confined its multi-access unit to the token ring. Since the
multi-ac-  use to RF-CATV. Initially the bandwidth has been cess unit is
fully described in the cited reference, de-  relegated to 50 MHZ to 300
MHZ. Today's state of the tails of its structure and operation will not be
given.  45  art has extended itto 450 MHZ and 600 MHZ. The low Suffice It
to say that the multi-access unit includes a  end has also been pushed down
to 5 MHZ. The broad- plurality of switching arrangements with bypass re-
band transformer includes three windings N1, N2 and lays, one of each
coupling a lobe assembly to the tok-  N3. The windings are identical in all
respects and are en ring. With reference to Fig. 1 for the moment, the
arranged symmetrically on a support core. One of the bypass relay (not
shown) which is associated with  50  windings N3 is connected through the
broadband sig- lobe assembly 32 is in the closed state and intercon-  nal
port to a broadband type connector which con- nects lobe assembly 32 to the
token ring. Likewise,  nects a broadband device such as one of those the
bypass relay (not shown) which is associated with  shown in Fig. 1 to the
network. The broadband type 



lobe assembly means 36 is open, thus disconnecting  connector may include
any type of conventional off- the lobe from the token ring. Usually the
relays dis-  55  the-shelf coax connector. Windings N1 and N2 are connect
the lobe wiring of inactive terminals and/or  equal and tightly coupled and
are poled so that base- machines from the ring. Similarly, the relays
Intercon-  band signals inserted at the baseband signal port are nect lobes
of active machines to the ring. In actuality  transmitted in a balanced
mode on each conductor of 4    7                   EP0329912B1
8 the twisted pair.                                 dance, [err]. Thus, the
attenuation for the unbalanced Similarly, the broadband signal which is
inject-  signal is 3/4 that of the balanced case. This is a dis- ed at the
broadband port to winding N3 is transmitted  tinct advantage for broadband
signals. in an unbalanced mode relative to shield 44 of the    It should
also be noted that RF transmission from shielded twisted pair cable 32. The
phenomenon of   5   baseband machines connected to the baseband sig- signal
behavior on the twisted pair shielded wires is  nal port are blocked from
getting to the coax connec- very important and is schematically shown by
dots at  tor (not shown) connected to the broadband signal windings N1 and
N2. As a result of this configuration  port. This property is important
because many ma- of the transformer windings, the balanced baseband  chines
transmitting baseband signals will also trans- signal information is passed
with minimum insertion   10   mit spurious high frequency signals which do
not af- lost. However, RF signals injected at the broadband  fect baseband
operation but could interfere with signal port are coupled equally
unbalanced and travel  broadband transmission sharing the same cable. on
conductors of the twisted pair In both directions.  Fig. 3 shows a graphic
representation of the sig- The filter circuit arrangement includes
different but  nal spectrum and the allocation for data signals which
identical, L-C-R circuits arranged in each conductor  is  are transmitted
in the baseband frequency range and of the twisted pair. The L component in
each L-C-R  VHF signals which are transmitted in the broadband circuit is
connected to the baseband signal portwhich  frequency range. The graph is
helpful in understand- is connected to a baseband connector (not shown).
ing the relationship between signals cohabiting on The baseband connector
may be of the type set forth  the common lobe assembly means which
intercon- in US Patent 4,501,459 and is incorporated herein by  20  nects
the wiring closet to the office (Fig. 1). In Fig. 3, reference. In the
preferred embodiment of this inven-  frequency is plotted on the horizontal
axis while am- tion,                                              plitude
is plotted on the ordinate or vertical axis. The the following values were
chosen forthe filtercompo-  frequency range which transmits data for
baseband nents:                                            machines is
Identified on the graph as ICS data. In- L = 300 Nanohenry
25  formation for the PC Network stations and other ma- R =75 ohm and
chines is transmitted at a transmit frequency identi- C =75 pf
(micro-microfarad)                       fled in Fig. 3 as PC Network Data
Transmit and is re- The values are chosen so that the inductance of  ceived
at a higher frequency identified as PC Net- coil L helps to isolate the
baseband signal port above  work Data Receive. 40 megahertz while the
values ofC and Rare chosen   30  The frequency range used by the high fre-
to minimize the terminating impedance which is    quency devices is
Identified as VHF TV and VHF, re- shared by the terminator (not shown) at
the broad-  spectively. These may be typical CATVsignals follow- band
signal port.                                 ing the NCTA standards for
bandwidth, frequency al- It should be noted that since the baseband signal
location and signal amplitudes. is balanced and the broadband signal is
"equally un-  35  Fig. 4 shows a distribution link with an alternate
balanced on the twisted pair shielded conductor, the  embodiment of
F-couplers 50 and 51 connected to baseband receiver circuit is insensitive
to any broad-  opposite ends of a length of communications media band
signal that may leak. Conversely, a broadband  52. receiver connected to
the broadband signal port is In-  In the preferred embodiment of this
invention the sensitive to the balanced baseband data since it does  40
communications media includes a shielded twisted not appear at the
broadband signal port. Thus, while  paircable similarto the cable of Fig.
2. Details of this baseband data travels balanced, broadband signals  cable
are set forth in IBM Cabling System Technical travel "equally unbalanced".
Thus, an F-coupler con-  Interface Specification (GA2-73773) and is
incorpo- nected at each end of the shielded twisted pair cable  rated
herein by reference. provides the facility for injecting and extracting RF
45  In view of this publication, only the character- signals before
reaching the baseband signal port  istics of the cable which are germane to
the present Recognizing and understanding this theory is key to  invention
will be described. For balanced signals understanding why the F-coupler is
a key component  propagating along the cable, the characteristic impe- of
the present invention.                         dance [err] is 150 ohms.
Likewise, for unbalanced Furthermore, the signal attenuation for each   50
signals the characteristic impedance [err] is 50 ohms. 



case differs. The conductor resistance to baseband    As will be described
subsequently, the F-coupler signals is in series (2R) for the balanced
case, and in  is provided with characteristic impedances that match
parallel R/2 for the unbalanced case.             those of the cable. Thus,
signals that the F-coupler The attenuation for this cable is given by AL =
propagates In balanced and unbalanced modes are R/[err] where R Is the
series resistance (which Is fre-  55   properly terminated. Stated another
way, the F-cou- quency dependent) and [err] is the characteristic impe-
pler terminal that connects to low frequency devices dance. As will be
stated later, the balance character-  has a characteristic impedance [err]
of 150 ohms. istic impedance [err] is 3 times the unbalanced impe-
Likewise, the F-coupler terminal that connects to high 5    9
EP 0 329 912 B1                 10 frequency devices has a characteristic
impedance of  nal propagating on the cable and selective signal sep- 50
ohms.                                          aration. To this end, the
inductance and capacitance Still referring to Fig. 4, F-couplers 50 and 51
are  of windings N1, N2 and N3 are controlled. For purpos- identical. Thus,
common numerals will be used to  es of discussion, the directional coupler
transformer identify common components. The F-coupler in-   5   may be
considered as a broadband balun transformer cludes a balun transformer 54
connected to a base-  with a third winding N3 positioned on the transformer
band signal port. As described above, devices that  support core. Windings
are positioned so that the in- transmit information within the baseband
signal   terwinding capacitance and mutual inductance be- range are
connected to the baseband signal port. Ca-  tween coils N1 and N2 satisfy
the following expres- pacitors 56 and 58 couple the balun transformer to a
10  sion: reference potential such as ground. Directional trans-
[err] former 60 is coupled to the balun transformer and is  where [err] is
the characteristic impedance for bal- connected to broadband signal port.
The broadband  anced signal propagating through coil NI and N2, in signal
port connects devices which transmit informa-  the presence of the third
winding. [err] represents mu- tion within the broadband signal range.
Broadband   15  tual Inductance forsignal propagating in the balanced
signals inserted at the broadband signal port of F-  mode and [err]
represents mutual capacitance be- coupler 50 are recovered at the broadband
signal port  tween coil I and coil 2. In thepreferred embodiment of
F-coupler 51. Likewise, baseband signals inputted  of this invention, the
characteristic impedance [err] is at the baseband signal port of F-coupler
50 are ex-  chosen to be 150 ohms between windings N1 and N2 tracted at the
baseband signal port of F-coupler 51.  20  in the presence of the third
winding N3. The third Moreover, the baseband and broadband signals are
winding N3 is spaced but magnetically coupled to N1 transmitted
simultaneously on the twisted pair cable  and N2 so that and occupy the
same bandwidth. Also, devices trans- mitting broadband signals can be
connected to the                [err] baseband signal port and devices
transmitting base-  25  where [err] represents the characteristics
impedance band signals can be connected to the broadband sig-  of the
directional transformer operating in the unbal- nal port.
anced mode, [err] represents the inductance between Still referring to Fig.
4, directional coupling trans-  coils N1, N2 and N3, and [err] represents
the capac- former 60 couples signals traversing the communica-  itance
between the coils. In the preferred embodi- tions link in a single
direction (called the preferred di-  30  ment of this Invention, [err] is
chosen to be 50 ohms. rection) identified by arrows 62. Signals propagating
The principle of directional coupling relative to in the opposite direction
will not be coupled. Due to  transmission lines is discussed in Directional
Elec- the unidirectional property, unbalanced signals trav-  tromagnetic
Couplers" by Bernard M. Olive, Proceed- eling up and down the cable in Fig.
4 are efficiently  ings of International Radio Engineering (I.R.E.), Vol.
coupled to the broadband windings and associated   35  42, pages 1686-1692,
November 1954, and is incor- output ports. Thus, unbalanced broadband
signals   porated herein by reference. As set forth In the refer- are
confined between the two broadband ports and  ence for infinite
directionality [err] x [err] = [err] the cable between. Since all of the
signal energy  where [err] Is the resistive equivalent of the character-
emerges out of the one end of the output winding N3  istic impedance [err].
With reference to Fig. 4, Rou is as shown, virtually no connection of the
other end of   40   the resistor which has to be connected to the single
this winding Is necessary. Moreover, since practically  ended broadband
signal port. [err] is the terminating all of this unbalanced signal is
extracted by the direc-  resistorwhich should be connected to thefloating
end tional transformer, no unbalanced signal passes be-  66 coil N3.  [err]
represents the mutual inductance yond this point to the baseband ports.
Whatever un-  between coil 1 and 2 taken together and that of coil balanced
signal that leaks to the balun is greatly at-  45  3 and [err] represent
the capacitance between coil tenuated by this balun which serves here as a
com-  1,2 in the presence of coil 3. For a typical design, mon mode filter.
[err] was chosen as 4 microhenry, and [err] was 



Referring again to Fig. 4, transformer 60 has  chosen as 20 pf. When the
selected values are sub- three windings identified as N1, N2 and N3.
Winding  mitted in the above infinite directionality expresion N3 is a
single ended winding that accepts broadband   50  [err] x [err] = 200,000
ohms approximately. However, signals. Windings N1, N2 and N3 are wound on a
as stated above, [err] is approximately 50 ohms. Thus, magnetic core, such
as a toroid. With windings N1 =  [err] turns out to be a very large value
impedance and N2, winding N3 may be varied in order to match ter-  can be
omitted from terminal 66. Stated anotherway, mination resistor (notshown)
but connected to the N3  one end of coil N3 is floated (that is, not
connected winding.                                      55  to the
broadband signal port) without adversely af- The directional transformer is
uniquely construct-  fecting the operation of the directional coupler
trans- ed to achieve directionality, excellent impedance  former. Still
referring to Fig. 4, balun transformer 54 matching for both the balanced
and unbalanced sig-  is designed so that 6    11                 EP 0 329
912 B1                 12 [err]                              scope of the
invention. where [err] is the characteristic impedance, [err] repre-  While
the invention has been particularly shown sents the net mutual inductance
and [err] represents  and described with reference to the preferred embodi-
the mutual capacitance. In the preferred embodiment  ment thereof, it will
be understood that various of the invention,  [err] is chosen to be 150
ohms which   5   changes of form and details may be made therein is the
characteristic impedance of the twisted pair  without departing from the
scope of the invention. cable. This completes the detailed description of
the F-coupler. Several benefits inure to one who uses the dis-  Claims
closed invention and particularly the embodiments  10 set forth in Fig. 4.
Among the benefits are: balanced  1.  An improved communications system for
trans- signals originating or terminating at the baseband    mitting and
receiving broadband and baseband ports, pass freely through the F-coupler
and cable.   information characterized in that it comprises: Furthermore,
because the signals are balanced, an     a backbone communications network
(10), said oppositely poled magneto motive force (MMF) Is can-  15
backbone communications network having afirst celed and does not induce
into the broadband signal   sub-assembly network (12) dedicated to transmit
port.                                                 broadband signals
representative of broadband (2) Unbalanced signals (representing noise
information asecondsubassemblynetwork(14) and/or EMI) and originating from
the baseband ports   dedicated to transmit baseband signals repre- are
enormously attenuated by the balun and capaci-  20  sentative of baseband
information; tance to ground and further by the directional couper  a
distribution communications network (16) for transformer since these
signals travel In a direction  simultaneously transmitting and/or receiving
which is contra-directional to either directional trans-  broadband signals
and baseband signals, includ- former 60.
ing at least one length of twisted pair communi- (3) Unbalanced signals
applied to the broadband   25  cations media (32) dedicated to provide
commu- signal ports couple freely in their respective direc-  nications
services to an office, tions toward and through the cable and are extracted
a first circuit arrangement Interconnecting the by the directional
transformer at the opposite end.   backbone communications network and the
dis- Thus, only unbalanced signals pass freely and bidir-  tribution
communications network said circuit ar- ectionally between the two
broadband ports. Further-  30  rangement having a filter circuit means (42)
con- more, no balanced signals can be injected from this   nected in tandem
with a broadband transformer port by the directional transformer because of
the    (40) with the wind ings of said transformer poled symmetry of the
balanced windings N1 and N2 since     so that baseband signals are
distributed in a bal- N1=N2.
anced mode and the broadband signals are dis- The combination of balun
transformers and the   35  tributed in an equally unbalanced mode and
capacitors 58 and 56 not only assists by attenuating  a second circuit
arrangement connected to the unbalanced signals from passing from the
baseband     end of the communications media entering said port to the
broadband port but together with the di-  office, having a filter circuit
means (42) coupled rectonal transformer (which is itself a balun) actually
in tandem with a broadband transformer (40) with assists in further
balancing the balanced signals.  40  the winding of said transformer and
the filter (5) Because there is nothing limiting the band-    poled so that
baseband signals are distributed in width usage of the cable, the entire
bandwidth for    a balanced mode and broadband signals are dis- both
broadband and baseband signals is possible.      tributed in an unbalanced
mode. Operational models have been built allowing usage   45  2. The
improved communications system of claim I 



from virtually zerofrequency to 1GHZ. In these appli- cations there may be
a narrow overlapping zone at     wherein said first subassembly network
(12) in- the DC end of the signal spectrum. This stems from    cludes a
coaxial cable, a   head  end circuit ar- the fact that DC signals cannot be
coupled from the   rangement (24) for multiplexing signals from high
broadband signal port of the distribution link shown in  frequency devices
onto said coaxial cable, and a Fig. 4. The foregoing is considered as
illustrative only  50  Tap/Combiner circuit arrangement (18) coupled of the
principles of the present invention. Further,  to said coaxial cable. since
numerous modifications and change will read- ily occur to those skilled in
the art it is the Intention  3. The communications system of claim 1 or 2
of the inventor that the invention not be limited to the  wherein said
second subassembly (14) includes exact construction and/or operation shown
and de-  55  a shielded twisted pair communications media, at scribed, and,
accordingly, all suitable modifications  least one multi-access unit
connected to the me- and equivalents may be resorted to falling within the
dia for distributing signals propagating on said media. 7    [err]
scope of the invention. where [err] is the characteristic impedance, [err]
repre-   While the invention has been particularly shown sents the net
mutual inductance and [err] represents  and described with reference to the
preferred embodi- the mutual capacitance. In the preferred embodiment  ment
thereof, it will be  understood that various of the invention, [err] is
chosen to be 150 ohms which   changes of form and details may be made
therein is the characteristic impedance of the twisted pair  without
departing from the scope of the invention. cable. This completes the
detailed description of the F-coupler. Several benefits inure to one who
uses the dis-  Claims closed invention and particularly the embodiments set
forth in Fig. 4. Among the benefits are: balanced  1.  An improved
communications system for trans- signals originating or terminating at the
baseband     mitting and receiving broadband and baseband ports, pass
freely through the F-coupler and cable.   information characterized in that
it comprises: Furthermore, because the signals are balanced, an      a
backbone communications network (10), said oppositely poled magneto motive
force (MMF) is can-  15  backbone communications network having a first
sub-assembly network (12) dedicated to transmit celed and does not induce
into the broadband signal                     broadband signals
representative of broadband (2) Unbalanced signals (representing noise
information, a second subassembly network (14) and/or EM)and
originatingfromthebaseband ports           dedicated to transmit baseband
signals repre- are enormously attenuated by the balun and capaci-  20
sentative of baseband information; tance to ground and further by the
directional coupler  a distribution communications network (18) for
transformer since these signals travel in a direction  simultaneously
transmitting and/or receiving which is contra-directional to either
directional trans-  broadband signals and baseband signals, includ- former
60.                                            Ing at least one length of
twisted pair communi- (3) Unbalanced signals applied to the broadband   25
cations media (32) dedicated to provide commu- signal ports couple freely
in their respective direc-  nications services to an office, tions toward
and through the cable and are extracted   a first circuit arrangement
interconnecting the by the directional transformer at the opposite end.
backbone communications network and the dis- Thus, only unbalanced signals
pass freely and bidir-  tribution communications network, said circuit ar-
ectionally between the two broadband ports. Further-  30  rangement having
a filer circuit means (42) con- more, no balanced signals can be injected
from this    nected in tandem with a broadband transformer port by the
directional transformer because of the     (40) with the windings of said
transformer poled symmetry of the balanced windings N1 and N2 since      so
that baseband signals are distributed in a bal- N1=N2.
anced mode and the broadband signals are dis- The combination of balun
transformers and the   35  tributed in an equally unbalanced mode, and
capacitors 58 and 56 not only assists by attenuating   a second circuit
arrangement connected to the unbalanced signals from passing from the
baseband      end of the communications media entering said port to the
broadband port, but together with the di-  office, having a filter circuit
means (42) coupled rectonal transformer (which is itself a balun) actually
in tandem with a broadband transformer (40) with assists in further
balancing the balanced signals.  40  the winding of said transformer and
the filter (5) Because there is nothing limiting the band-    poled so that
baseband signals are distributed in width usage of the cable, the entire
bandwidth for     a balanced mode and broadband signals are dis- 



both broadband and baseband signals is possible.      tributed in an
unbalanced mode. Operational models have been built allowing usage from
virtually zero frequency to 1 GHZ. In these appli-  45  2. The improved
communications system of claim 1 cations there may be a narrow overlapping
zone at      wherein said first subassembly network (12) in- the DC end of
the signal spectrum. This stems from     cludes a coaxial cable, a head end
circuit ar- the fact that DC signals cannot be coupled from the
rangement (24) for multiplexing signals from high broadband signal port of
the distribution link shown in  frequency devices onto said coaxial cable,
and a Fig. 4. The foregoing is considered as illustrative only  50
TapCombiner circuit arrangement (18) coupled of the principles of the
present invention. Further,  to said coaxial cable. since numerous
modifications and change will read- ily occur to those skilled in the art,
it is the intention  3. The communications system of claim 1 or 2 of the
inventor that the invention not be limited to the  wherein said second
subassembly (14) includes exact construction and/or operation shown and de-
55  a shielded twisted paircommunications media, at scribed, and,
accordingly, all suitable modifications  least one multi-access unit
connected to the me- and equivalents may be resorted to falling within the
dia for distributing signals propagating on said media. 7    13
EP 0 329 912 B1                 14 4. The communication system according to
any one     tion link within the distribution network, of the preceding
claims wherein said filter circuit    ZOU represents characteristic
impedance means (42) forms a first input port for the base-  for unbalanced
signals on the distribution link of band electrical signals and said
transformer (40)  said distribution networks, has three identical winding
symmetrically ar-   5      LB represents mutual Inductance be- ranged on a
supporting core with one of said     tween windings N1 and N2. windings
forming a second input port for the      LU represents the net mutual
inductance be- broadband signals and the other two windings     tween
windings N1 and N2 together and that of forming an output port and being
poled so that    winding N3. baseband electrical signals are provided as
bal-  10  C 1 2,3 represents mutual capacitance between anced signals at
the output port and the broad-   N1 N2, and N3. band electrical signals are
provided as unbal-    C 1,2 represents mutual capacitance between anced
signals at said output port.                N1 and N2 in the presence of
winding N3. 5. The communication system of claim 4 wherein  15  9. The
communication system of dalm 8 wherein said filter circuit means (42)
includes a first coil  ZOB is approximately 150 ohms and ZOU is ap- having
one end connected to the first input port  proximately 50 ohms. and an
opposite end connected to a series con- nected RC circuit, and a second
coil disposed In spaced relationship to the first coil and having  20
Patentansprfche one end con nected to the first input port and an opposite
end connected to a series connected   1. Einverbessertes
Kommunikationssystemfardie RC circuit.
(Obertragung und den Empfang von Breitband- und Basisbandinformationen,
dadurch gekenn- 6. The communication system according to any one  25
zelchnet, daB es umfal~t of claims I to 3 wherein said first and second
cir-  ein Backbone-Kommunikationsnetz (10), wobei cuit arrangements include
a balun transformer     des Backbone-Kommunikationsnetz eine erste (54)
with a magnetic core and two coils tightly   Unter-Netzkomponente (12)
umfaflt, die auf die wound on said magnetic core with the coils and
Obertragung von Breitbandsignalen speziallsiert core providing a
characteristic impedance of  30  ist, die Breitbandinformationen
verkorpern, und [err]                   eine zweite Unter-Netzkomponente
(14), die auf where ZOB is the characteristic impedance of a    die
Obertragung von Basisbandsignalen spezia- distribution link within the
distribution communi-  lIsiert ist, die Basisbandinformationen verkor-
cation network, L1 represents the net mutual in-  pern; ductance and CM
represents the mutual capaci-  35  ein Verteilungs-Kommunikationsnetz (16)
zum tance.                                            gleichzeitigen Senden
undloder Empfangen von Breitbandsignalen und Basisbandsignalen, das 7. The
communication system of claim 6 wherein       mindestens ein
Kommunikationsmedium (32) in ZOB is approximately 150 ohms.
Form eines verdrillten Zweldrahtkabels umfalt, 40      des darauf
spezialislert Ist, Kommunikations- 



8. The communication system according to claim 6      dienste fOr ein B~ro
zur Verfrigung zu stellen, or 7 wherein said first and second circuit
arrange-  eine erste Schaltungsanordnung zur Verbindung ments include a
directional transformer (60) hav-  des Backbone-Kommunikationsnetzes und
des ing a magnetic core and three windings (N1, N2
Verbilungs-Kommunikatbinsnetzes, wobei die and N3) positioned on said
magnetic core with  45  Schaltungsanordnung em Filtrschaltungsmitl one of
said windings N3 having a single ended     (42) umfaBlt, das in elner
Tandemanordnung mit output for connecting to an external device and   einem
Breitbandflbertrager (40) verbunden ist, spaced from N1 and N2 so that the
windings are    wobei die Wicidungen des Obertragers so gepolt
characterized by an impedance of                   sind, daB die
Basisbandsignale in symmetrischer charac e by an impdance of60  Form
weitergeleitet warden und die Breitbandsi- [err]
gnale In gleichmalig asymmetrischer Form wei- and the other two windings N1
and N2 be-     tergeleitet werden, und Ing connected to the distribution
network and     eine zweite Schaltungsanordnung, die mit dem characterized
by an impedance of                  Ende des in das B~ro eintretenden
Kommunika- [err]                    55     tionsmediums verbunden ist und
ein Filtermittel where ZOB represents a characteristic im-    (42) umfaWt,
das in einerTandem-Anordnung mit pedance of for balanced signals on the
distribu-  einem Breltbandubertrager (40) gekoppelt ist, wobei die Wicklung
des Obertragers und das Fil-    15                 EP0329 012B1
16         111111111111111111 !  ! * C   L   14  S   * terso gepolt sind,
daB Basisbandelgnale In sym-                  ZOe = <c; metrischor Form und
Breitbandsignale in asym-     zur Verf~igung stellen, wobel Zoo die
charaktri- metrischer Form weteirgleiftet werden.            stiche
Impedanz einer Verteilungsstrecke in- nerhalb des
Verteilungs-Kommunikationsnetzes 2. Das verbesserte Kommunikaatonseysntm
vo1 n   5     ist, LI die Netto-Gegeninduktivitit angibt und Cm Anspruch 1,
woboi das orate Unternotz (12) oinl   der Betrisbskapazitat entspricht.
Koaxialkabel umfaBt, esne Kopfstellen-Schal- tungeanordnung (24) zur
Multiplsxzufflhrung der  7. Des Kommunikatlonasystem von Anspruch 6,
Signalovon Hochfrequenzgerften auf das Koaxi-     wobei ZOe naherungswobe
150 Ohm betrAgL alkabel sowie sine Anzapf-Nerknfipfungs-Schal-  10
tungsanordnung (18), die mit dem Koaxialkabel  8. Die Kommunikationseyetm
von Anepruch 6 gekoppolt ist.                                    oder 7,
wobei die erste und zweite Schaltungsan- ordnung oinen Richtilbertrager
(60) bilden, der 3. Das Kommunikationesyatom vnf Anspruch 1
elnen Ferritkern und drel Wicklungen (NI, N2 oder 2, wobel die zweib
Untrgruppe (14) ein  15    und N3) enthilt, die auf dem Ferritkern angeord-
Kommunikationsmedlum in Form elnes abge-          net sind, wobel sine
derWicldungen, N3, fiber ei- schirrten verdrillten Zweicrahtkabels enthfit
nen einpoligen Ausgang fOr den AnschluB an sin und mindestens sine
Mehrfach-Zugangseinheit       externes Gerfitverfflgt und von NI und N2
abge- fOr die Weiterleitung von Daten, die sich auf dem  ett ist, so daB
die Wicklungen sine lmpedanz Medium suebrelten, mit dem Medium verbunden
20  von ist.
Zou= 4. Das Kommunikationsaystom von einem der vor-        aufweisen, und
die belden anderen Wicidungen, ausgegangenen Ansprfiche, wobel das Filter-
NI und N2, mit dem Verteilungsnetz verbunden schaltungsmittbl (42) oinen
ersten Eingangsan-  25  und durch sine Impedanz von schluB fur die
elektrischen Basisbandsignale bil-               Z0B = ; a det und der
Obertrager (40) iiber drei identleche  gekennzelchnet sind, wobeiZOB die
charakteriti- Wicidungen verfflgt, die an elnem Backbone-       ache
lmpedanzfursymmetrische Signals aufder Kern symmetrisch angeordnet sind,
wobel sine      Verteilungsstrecke Innerhalb des Verteilungs- derWicidungen
elnen zweiten Elngangsanschlul   30  netzes darstelit, fOr die
Breltbandsignale bildet und die anderen   Zsu die charaiecristische
Impedanz fLirasymme- beiden Wickiungen einen AusgangeanschluB bil-
trische Signals auf der Verteilungsstrecke des den und so gepolt sind, dalB
die eleitrischen Ba-  Vertellungsnetzes darsteilt, aisbandaignale als
symmetrische Signals am        LB die Gegeninduktivitat zwischen den
Wicikun- AusgangsanschluB bereltgestellt worden und die  35  gen NI und N2
darsetllt, elektrischon Breitbandaigale als asymmetrische     Lu die
Netto-Gegeninduktivitit der Wicidungen Signals am  AusgangsanschfuB
bereitgestellt       NI und N2 gegenriber der Wicikung N3 darsteilt,
werden.                                            C1 , die
Betriebskapazitit zwischen N1, N2 und 



N3 darstellt, 5. Das Kommunikationsaystem von Anspruch 4,  40       C1a die
Betriebseapazitgt von N1 und N2 gegen- wobel des Fllterschaltungemittel
(42) sine orate   Ober der Wicddung N3 darsatlit. Spule umfaBt, die an
einem Ends mit dem ersten EingangsanschluB verbunden ist und am ande-    o.
Das Kommunikationssystem von Anspruch 8, ren Ends mit einer in Reihe
angeordnetsn RC-      wobel ZOB nlherungswelse 150 Ohm und Zu nA-
Schaltung, und sine zwelte Spule, die von der er-  45  herungsweise 50 Ohm
betragt. sten Spule riumlich getrennt angeordnet ist und am einen Ends mit
dem ersten Eingangsan- schiuB und am gegenflberliegenden Ends mit ei-
Revendlcatlons ner in Redhe angeordneten RC-Schaltung ver- bunden let.
50  1. Un systhme do communication am6liore pour la transmission et la
reception d'informations a lar- 6. Das Kommunikationssystem von einem der
An-         ge bands et A bands de base, caracteris6 en ce sprfiche 1 bis
3, wobel die orste und zwelte Schal-  qui'il comprend: tungsanordnung einen
Impedanzanpassungs-             - un r6eseau de communication principal
(10), transformator (54) mit einem Ferritkern und zwel  ss   ledit r~seau
de communication principal eng urn den Ferritkern gewickelten Spulen urn-
comprenant un premier reseau secondaire faut, wobel die Spulon und der Kern
die charak-        (12) pour transmettre des signaux A large teristische
Impedanz 9    17                 EP0329912B1                     18   I
1111111 BIIB I  !  ! bando repr6sentant des Informations A lar-   ques A
bande de base et ledit transforrnateur (40) ge bande, at un second reseau
secondalre     pr6sente trots enroulements identiques agenc6s (14) pour
transmettre des signaux A bands    symetriquement sur un noyau de support,
I'un de base representant des Information A       desdits enroulements
formant un second port bande de base,                        5
d'entrea pour les slgnaux A large bando et lea - un reseau de communication
de dlstribu-      deux autres enroulements formant un port de tion (16)
pourtransmettre etlou recevoirsi-  sortie et ayant des poles agenco6s de
tile facon multan6ment des signaux A large band. et     qua des signaux
electriques A bands de base des signaux a band. de base, comprenant
sont d6livres sous la forma de signaux 6quilibr6s au moins une longueur
d'une pair. torsa-  1o  au port de sortie et quo des signaux 6lectriques
dbe de milieux de communication (32) dont    A banda large sont d6livrds
sous la forms de si- la fonction est d'assurer des services de    gnaux
non-dquilibr6s audit port de sortie. communication avec un bureau, - un
premier agencement de circuits inter-  5. Le systeme de communication de la
revendica- connectant le reseau de communication   15   tion 4 dans laquel
ledit moyen A circuit defiltrage principal et Io reseau de communication de
(42) comprend une premiere bobine dont une ex- distribution, ledit
agencement de circuits   tr6mite est connectea au premier port d'entre aet
comportant un moyan a circuit de filtrage    une extr6mit6 opposie est
connect6e A un circuit (42) connecte en tandem avec un transfor-    RC
connect6 en s6rie, et une seconds bobine dis- mateurA large bands (40) dont
les enroula-  20  posee A une certaine distance de la premiere bo- ,K>
ments ont des poles agenc6s de tolle fagon    bins et dont une extr6mit6
est connect6e au pre- quo les signaux A large band. sont distri-   mier
port d'entree et une extr6mite oppos6e est bu6s dans un mods equilibr6 et
quo les si-   connect6a A un circuit RC connecte en s6rie. gnaux A band. de
base sont distribues dans un mods egalement non-6quilibr6, et  25  6. Le
systeme de communication selon l'une quel- - un second agencement de
circuits connec-     conque des revandications I A 3 dana loquel les- te A
l'extremite des milieux de communica-   dits premier et second agencements
de circuit tion entrant dans ledit bureau, comprenant   comprennent un
transformateur de type "balunw un moyen A circuit de flitrage (42) connecte
(54) avec un noyau magnitique et deux bobines en tandem avec un
transformateur A large  3o  enroul6es serr6es sur ledit noyau magnetique,
bando (40) dont l'enroulement et le filtre ont  les bobines et le noyau
assurant une imp6dance des poies agenc6s de toile fagon quo les si-
caract6ristique de: gnaux A band. de bass sont distribues
= dans un mode equilibre et que les signaux          oi ZOB ast l'lmpedance
caracteristique altarge bandsesontdistfibuesdanasun mode   30  d'une
liaison de distribution dans Is reseau de 



non-equilibre.                               communication de distribution,
LI represente l'inductance mutuelle nette et CM representb la 2. Le systeme
de communication amelior6 de la re-    capacite mutudh vendication I dans
lequal ledit premier r6seau so- >       condaire (12) cornprend un cable
coaxial, un  40  7. Le systeme de communication de la revendica- agencement
de circuits d'extremit6 co tet (24)    tion 6 dans loquel l'imp6dance
caracteristique pour multiplexer des signaux issus de dispositifs  ZOB eat
do l'ordre do 150 ohms. A haute frequence, sur ledit cAble coaxial, et un
agencement de circuits PriselCombinatbur (18)  6. Le systeme de
communication selon la revendi- connecte audit cable coaxial.
45      cation 8 ou 7 dane loquel lesdit premieretsecond agencements de
circuit comprennent un trans- 3. Le systeme de communications de la
revendica-     formatur diractionnel (60) ayant un noyau ma- tion I ou 2
dans loquel ledit second r6seau se-   gnetique ettrois enroulements (NI, N2
et N3) po- condaire (14) comprend une paire torsadea de      sitionnes
surledit noyau magn6tique, l'un desdits milieux de communication blindes, A
au moins  50  enroulements N3 ayant une sortie A une soule une unitA A
accbs multiples connectee aux mi-    terminaison poursaconnexion A un
dispositif ex- lieux pour distribuer des signaux so propageant   trne et
etant dispos6 A une certaine distance de sur leadits milieux.
N1 etde N2 de fagon qua les enroulements solant 4. Le systeme de
communication selon t'une quel-     caract6risds par une impedance do:
conque des revendications precidentbs dane le-                 Zou =
V'LuCZ3 quel le dit moyen A circuit de filtrage (42) forms     et les deux
autres enroulements N1 et N2 un premier port d'entree pour les signaux
electri-  etant connectes au r6seau de distribution et ca- 10    19
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L  M S racteris6s par une imp6dance de: ZOB= ob l'impedanco caracteristique
ZOB re- pr6sente une imp6dance caracteristique de si- gnaux equilibres sur
la liaison de distribution 5 dans le reseau de distribution, ob ZOU
reprsento l'imp6dance caracte- ristique de signaux non-6quilibr~s sur la
liaison de distribution desdits r6seaux de distribution, ob LB repr6sentb
l'inductance mutuelle  10 entre los enroulements N1 et N2, ob LU repr6sentb
l'inductanoe mutuelle nettb entre los onroulements N1 et N2 ensomble et
cello de l'enroulement N3, oO C 1, 2,3 represento la capacite mutuol-   5
le entre N1, N2 et N3, oO C 1, 2 representb la capacite mutuelle entre N1
et N2 en pr6senco de 'enrouloment N3. 9. Le systeme de communication de la
revendica- 20 tion 8 dans loquel l'impedance caracteristique ZOB est de
l'ordre de 150 ohms et l'imp6dance caracthristique ZOU est de l'ordre de 50
ohms. 25 30 35 40 45 50 55    


