
1              FLAT CABLE TO FLAT PARALLEL WIRE CABLE   BACKGROUND OF THE
INVENTION        1. Field of the Invention        The invention relates to
local area networks (LANs) and more particularly, to medium access where a
flat parallel wire telephone cable is used for the medium.         2. Prior
Art       Local area networks (LANs) have become widely used, particularly
to interconnect personal computers, servers, peripherals, etc. Among the
most popular LANs is Ethernet which often uses a 50 ohm coaxial cable or
uses an unshielded twisted pair line having 100 ohm characteristic
impedance.        In these networks with unshielded cables, it is often
desirable that the current in the medium be balanced, that is, that the
network operate 



in a differential mode since this prevents troublesome radiation and limits
susceptibility to external electronic noise. There are numerous well- known
circuits, filters, terminators, etc. for preventing radiation from and
limiting the susceptibility of these networks.       As will be seen, the
present invention preferably uses a flat parallel wire telephone cable
which has at least four conductors. Moreover, the invention makes use of
baluns, such as the baluns disclosed in U.S. Patent 4,717,896.
2  SUMMARY OF THE INVENTION       An improved method for coupling a node
into a network where the network uses a generally balanced line is
described. The method makes use of a first balun and a second balun
connected in series and connected into the transmission line so that the
current in the line passes through the baluns. The pair of leads between
the baluns forms a zone 



in which the line can be unbalanced without causing increased radiation or
increasing the susceptibility to external noise, common mode currents can
be better tolerated. Consequently, components of the medium access unit
which may operate in an unbalanced mode can be connected directly to the
leads.        In the preferred embodiment of the present invention, the
line comprises a four conductor flat parallel wire telephone cable having
two inner conductors and two outer conductors. At each of the nodes the two
inner conductors are electrically connected together and the two outer
conductors are electrically connected together. This provides a medium
having a characteristic impedance of approximately 60 ohms. There are
several advantages to this, among them is that there is no reversal of the
signal polarity from node-to-node. even where connectors are used that
reverse the two inner conductors and reverse the two outer conductors.
3   BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows a portion of a network fabricated in accordance with the
present invention.        Figure 2 is an electrical schematic of one node
of a network  fabricated in accordance with the present invention.
4  DETAILED DESCRIPTION OF THE PRESENT INVENTION        An improved LAN
which employs a flat parallel wire telephone cable and is particularly
suited for Ethernet protocol is described. In the following description
numerous specific details are set forth, such as part numbers, in order to
provide a thorough understanding of the present invention. It will be
obvious to one skilled in the art that the present invention may be
practiced without these specific details. in other instances well-known
components and parts are not described in detail in order not to
unnecessarily obscure the present invention.        Referring first to
Figure 1 a portion of a LAN is illustrated which has a medium (cable) 10
supporting a node 1 defined between the dotted 



lines 11 and 12 and supporting a second node, node 2, partially shown to
the right of the dotted line 13.        In the currently preferred
embodiment, the medium 10 is a flat parallel wire telephone cable sometimes
referred to as "silver-satin" that has at least four conductors;
specifically, two inner conductors 18 and 19 (typically color coded red and
green) and two outer conductors 20 and 21 (typically color coded yellow and
black). The cable 10 in some cases may include additional outer pairs since
such cabling often contains six or eight conductors.        In the
presently preferred embodiment, to connect a node into the cable 10, the
cable is cut or otherwise opened, the outer conductors 20 and 21 are
electrically connected together and the inner conductors 18 and 19 are also
connected together. This forms two leads at each end of the cut. Two of
these leads are connected to a balun 14 and the other
5  two to a balun 15. The baluns 14 and 15 are connected in series as 



shown by the leads 16 and 17. Thus, the baluns 14 and 15 are connected in
series with the cable 10 as illustrated.       Typically the cable 10 has a
characteristic impedance of approximately 100 ohms for adjacent pairs of
conductors. With the conductors of cable 10 connected as shown in Figure 1,
the characteristic impedance of the cable is reduced to approximately 60
ohms. This provides several advantages which will be discussed later.
The remainder of the medium access unit (MAU 22) is connected to the leads
16 and 17. MAU 22, as is customarily done in Ethernet LANs, is connected to
an attachment unit interface (AUI 23). This interface is connected to a
computer, repeater or the like, sometimes generically referred to as data
terminal equipment (DTE 24).        In LANs using unshielded cables, it is
desirable to maintain only balanced conditions (differential mode current)
In the medium to prevent electromagnetic interference both to and from the
LAN. This goal is made more difficult because transceivers often introduce
common mode currents into the medium. With the present invention, the
baluns 14 and 15 form a zone between them where the unbalanced currents can
be better tolerated since their effect on the medium is attenuated by the
baluns.        The ends of the medium are terminated in 60 ohm resistors,
the characteristic impedance of the cable. The two outer conductors are
connected one terminal of a resistor and the two inner conductors are
connected to the other terminal of the resistor as shown in Figure 1.   



6          Referring now to Figure 2, a node in accordance with the present
invention is shown in more detail. The opening of a cable 10, formed to
-allow for the node, is again shown connected in series with two baluns.
One balun comprising the bifilar chokes 30 and 31 with capacitors 32 and 33
connected between the chokes. The other balun includes the bifilar chokes
34 and 36 with capacitors 38 and 39 connected between them.        The
leads 16 and 17 are again shown in Figure 2 with the lead 17  connected to
ground. The lead 16 is connected through the diode 40 to  the transmit
terminal of a transceiver 42. The diode 40 is typically used  on the
transmission terminal of transceivers, such as transceiver 42, to  provide
isolation to the driver transistors within the transceiver. Lead 16  also
provides the received signal which is coupled to the receive signal
terminal of the transceiver 42 through an equalizer 41.        In the
currently preferred embodiment the transceiver comprises an integrated
circuit, part number 8392, manufactured by National Semiconductor as well
as other companies. (Other commercially available transceivers may be
used). The output of the transceiver 42 is 



connected to the DTE through an attachment unit interface (AUI 43). In the
currently preferred embodiment the AUI complies with IEEE Standard 802.3,
10 Base5 AUI part.        The equalizer 41 is only required where the cable
1O is very long. There is an equalizer within transceiver 42 which is
adequate for many LANs. The optional equalizer 41 can be built as described
in U.S. Patent 5,191,300. It should provide broad band performance, for
example, from DC to 15 MHz.                                               7
In the currently preferred embodiment, the baluns have low transmission
loss for differential signals; this is helpful since there are two baluns
for each node. Also they should have a differential impedance (e.g., 60
ohms) that matches the transmission line impedance in order to prevent
mismatches between the cables and the nodes.        Referring again to the
cable 10 shown in Figures 1 and 2, connecting the inner conductors together
and the outer conductors 



together provides several important advantages:       A key problem in some
LANs is detecting the polarity of the data. For example, where an ordinary
flat telephone wire transmission line (two conductors) is used, these
conductors may be reversed (red to green and green to red) at various
points in the network; this is caused by some modular telephone cables that
reverse the conductors. These reversals add to the problem of deciding on
polarity. If multiple cables are used and some or all have reversals, the
polarity of the data will vary along the length of the LAN making it
difficult for individual nodes to properly interpret its sense. These
reversals also cause problems when simultaneous transmissions occur since
the transmissions can cancel each other, making detection of simultaneous
transmissions (collisions) more difficult.       With the inner and outer
conductors connected as shown in Figures 1 and 2 the problem of polarity
reversal is eliminated. Such reversals become transparent since the inner
conductors are effectively one conductor and the outer conductors are the
other conductor of the medium. Even if modular telephone connectors are
used that reverse          



8  the red and green leads and the yellow and black leads, polarity is not
reversed.       As mentioned, with the connections shown in Figure 1 and 2,
the characteristic impedance is reduced from approximately 100 ohms to 60
ohms. Typically, 50 ohm coaxial cable is used in Ethernet applications. The
difference between 50 ohms and 60 ohms is small enough to permit some
circuits, particularly integrated circuits, designed for Ethernet coaxial
cable to be more effectively used with the flat telephone cable as
connected above. Moreover, with a 60 ohm impedance versus a 100 ohm
impedance, loading of the medium by the nodes becomes less of a problem
since it is easier to achieve a high ratio of load-to-cable impedance.
The cable connection discussed above may also be used for two buses. A flat
parallel wire telephone cable having two inner conductors and three outer
pairs is used. The inner conductors are connected together and the pair of
outer conductors adjacent to the inner conductors are also connected
together to form one bus. The next outer pair of conductors are connected
and the outer most pair of conductors are connected thereby forming a
second bus.         An improved LAN has been described, particularly
suitable for Ethernet applications where zones of unbalanced currents can
be tolerated and where the commonly used telephone cables having at least 



four conductors are put to advantage.
9  IN THE CLAIMS       We claim:       1.   An improved method for coupling
a node into a network where said network uses a generally balanced line
comprising the steps  of:        providing a first balun and a second balun
connected in series with said generally balanced line so as to provide a
pair of leads between said first balun and said second balun;
providing a connection for a transceiver to said pair of leads.   



2.   The improved method defined by claim 1 wherein said  generally
balanced line has two inner conductors and two outer conductors and
including the additional steps of:        electrically connecting together
said inner conductors; and        electrically connecting together said
outer conductors.          3.  In an Ethernet network employing a line
having at least two conductors to which nodes are connected, a method for
connecting a node to the line, comprising the steps of:        connecting a
first balun and a second balun in series with the two  conductors of the
line such that a pair of conductors is formed between the first balun and
the second balun; and        connecting the pair of conductors formed
between the first balun and the second balun to digital terminal equipment
at the node.           



10          4.   The method defined by claim 3 wherein the line has two
inner conductors and two outer conductors including the additional steps
of:         electrically connecting the inner conductors together; and,
electrically connecting the outer conductors together.           5.   An
improved method for coupling a node into a network  where the network uses
a generally flat parallel wire cable having two  inner conductors and at
least two outer conductors comprising the steps  of:         electrically
connecting together the two inner conductors to form a  first lead;
electrically connecting together the two outer conductors adjacent  to the
inner conductors to form a second lead;         coupling the node to the
first and second leads.           6.   The improved method defined by claim
5 including the  additional steps of:         forming two of the first
leads;         forming two of the second leads;         providing a first
balun and a second balun connected in series;         connecting the first
balun and the second balun in series with the  first and second leads. 



7.   A network including:                                               11
a flat parallel wire cable having two inner conductors and at least two
outer conductors, the outer conductors being adjacent to the inner
conductors in the cable; and       a plurality of nodes, each of the nodes
being located along the cable and having a first electrical connection
connecting the inner two conductors and a second electrical connection
connecting the outer two  conductors.         8.   A network including:
a flat parallel wire cable having two inner conductors, first outer 



conductors adjacent to the two inner conductors, second outer conductors
adjacent to the first outer conductors and third outer conductors adjacent
to the second outer conductors;        a first connection connecting the
two inner conductors, a second connection connecting the first outer
conductors, a third connection connecting the second outer conductors, a
fourth connection connecting the third outer conductors.          9.   A
medium access unit for providing an interface to an opening in a flat
parallel wire cable, the opening having a first and second  end, the cable
having two inner conductors and at least two outer conductors, comprising:
a first balun having a first and second pair of leads;        a second
balun having a first and second pair of leads;          



12        the second pair of leads of the first balun being connected to
the first pair of leads of the second balun;        one of the leads of the
first pair of leads of the first balun being connected to the inner
conductors at one end of the opening, the other of the leads of the first
pair of leads of the first balun being connected to the outer conductors at
the one end of the opening;        one of the leads of the second pair of
leads of the second balun being connected to the inner conductors at the
other end of the opening, the other of the leads of the second pair of
leads of the second balun being connected to the outer conductors at the
other end of the opening.    


