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Description

Field of the Invention

This invention relates to couplers for applying sig-
nals to and receiving signals from a data bus cable and,
more particularly, to couplers for applying signals to and
receiving signals from a current mode data bus cable.

From EP-A-0 053 638 a current mode data trans-
mission system as defined in the preamble of claim 1 is
known.

Background of the Invention

Present day electronic control and logic systems of-
ten comprise a number of physically separated subsys-
tems that are interconnected with a data bus cable. Data
communication between the subsystems is accom-
plished via the data bus cable. For example, modern av-
ionic system designs are predicated on the use of a data
transmission system including a data bus cable and bus
couplers for data communication among physically sep-
arated subsystems comprising flight and navigational
avionics and flight controls.

In the aviation industry, a data bus cable typically
consists of a pair of conductors, i.e., a pair of wires. Sub-
systems, i.e., terminal units, are each coupled to the
data bus cable with a bus coupler. The bus couplers al-
low the terminal units to receive data signals from the
data bus cable and to transmit data signals on the data
bus cable. Two forms of data transmission systems are
commonly used: voltage mode and current mode data
transmission systems. With a voltage mode system,
data are transmitted on a data bus cable as voltage dif-
ferences between two wires forming the data bus cable
and these voltages are obtained by direct galvanic con-
nections to the two wires of the data bus cable, i.e., di-
rect contact is made between the bus couplers and the
data bus cable by stripping the wire insulation and mak-
ing splice connections by soldering. The voltage mode
type of a data transmission system has several disad-
vantages. Since the signals are transmitted on a data
bus cable in the form of voltages, external electric fields
can couple noise on the data bus cable, which can in-
terfere with the desired signal transmission. Additional-
ly, because voltage mode couplers must be coupled to
the data bus cable with galvanic connections, bus cou-
plers are difficult to install and remove. Further, the in-
trusive nature of galvanic connections is inherently un-
reliable. A data transmission system of the current mode
type does not have these disadvantages.

In a current mode data transmission system, data
are transmitted as differential electrical currents on two
wires forming a data bus cable. The bus couplers of a
current mode data transmission system sense only bus
current when receiving data and induce bus current
when transmitting data. Current mode bus couplers are
electromagnetically coupled to the data bus cable, i.e.,
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no physical connections are made between the couplers
and the wires of the data bus cable. Thus, current mode
bus couplers can be readily installed and removed.

While existing airplanes require a limited number of
terminal units, newer fly-by-wire airplanes, which have
extensive avionic and control systems, may require con-
necting in excess of one hundred terminal units to a data
bus cable. Each terminal unit is coupled to a data bus
cable with one or more bus couplers. Because of their
multiplicity, it is desirable that bus couplers be easy to
install. Further, since terminal units may be replaced
during the life of an airplane, bus couplers should be
easy to remove. Additionally, the large number of bus
couplers required in an aircraft make-size and weight,
as well as economy of manufacture, an important crite-
ria in bus coupler design. In aircraft, the reliability of bus
couplers is of paramount importance. Further, as aircraft
are frequently subjected to electrical storms, bus cou-
plers should be designed so as to be not affected by
external electric and magnetic fields.

Summary of the invention

In accordance with this invention, a current mode
data transmission system with the features as described
in the characterizing part of claim 1 is provided.

A current mode bus coupler formed in accordance
with this invention is designed to create and sense dif-
ferential time-varying electrical currents flowing on a
data bus cable comprised of two wires that are insulated
from each other, twisted about one another to form nu-
merous loops, and electrically terminated at both ends.
A current mode bus coupler formed in accordance with
this invention includes a planar coil, upper and lower
slotted planar shields, and a ferromagnetic core. The
planar coil and planar shields are formed in a sandwich
of alternating conductive and dielectric layers. Aper-
tures are formed in the sandwich for receiving legs of
the ferromagnetic core, and the planar coil spirals
around one of the apertures. The ferromagnetic core
has at least two legs, one of which is inserted into the
aperture around which the planar coil is formed. The fer-
romagnetic core is disengagable and disassemblable
so that the core can be inserted through a single loop
formed in a twisted wire pair. The slotted planar shields
form upper and lower layers of the sandwich. The upper
planar shield lies between the twisted wire pair of the
bus cable and the planar coil formed in the sandwich.
The upper and lower planar shields are both slotted be-
tween adjacent apertures formed in the sandwich, so
that the planar shields, which are conductive, do not
form conductive paths around the apertures that receive
the legs of the ferromagnetic core. The ferromagnetic
core provides a preferred path for magnetic flux gener-
ated by current flowing in the twisted wire pair, and for
magnetic flux generated by current flowing in the planar
coil of the sandwich. As a result, the ferromagnetic core
couples time-varying currents flowing in the planar coll



3 EP 0 507 360 B1 4

to the twisted wire pair and differential time-varying cur-
rents flowing in the twisted wire pair to the planar coil.
As a result of the electromagnetic coupling formed by
the ferromagnetic core, the bus coupler, when operating
as a receiver, can sense data flowing on the data bus
cable in the form of time-varying currents that are differ-
ential in nature, and when operating as a transmitter, the
bus coupler can apply data to the data bus cable, also
in the form of differential time-varying currents. The up-
per and lower planar shields, which are to be connected
to a common ground, shield the planar coil from external
electromagnetic fields, i.e., time-varying electric and
magnetic fields, and electrostatic fields, without degrad-
ing electromagnetic coupling between the twisted wire
pair and the current mode bus coupler.

In accordance with further aspects of this invention,
the sandwich of the bus coupler can include a single pla-
nar coil or a plurality of planar coils. A plurality of planar
coils can be formed about one of the apertures in the
sandwich that receive the ferromagnetic core. In such a
version of the invention, each planar coil lies in a sepa-
rate layer of the sandwich, adjacent planar coils being
separated by insulating layers. Adjacent planar coils are
connected in series with plated through-holes formed
through the insulating layers separating the planar coils.
Further, the planar coils are series connected end-to-
end, such that currents flowing through the series-con-
nected planar coils cooperate magnetically, increasing
the effective number of turns of the winding formed by
the series-connected planar coils. Additionally, the
sandwich of the bus coupler can include an insulating
layer on top of the upper planar shield. The additional
insulating layer separates the upper planar shield and
the twisted wire pair, and provides insulation between
the wires and the upper planar shield in addition to that
provided by the insulation on the wires themselves.

As will be appreciated from the foregoing brief sum-
mary, a current mode bus coupler for coupling a terminal
unit with a twisted wire pair data bus cable is provided
by this invention. The bus coupler consists of one or
more planar coils formed in a sandwich of alternating
conducting and insulating layers. A disassemblable fer-
romagnetic core, which can be easily inserted and re-
moved from a data bus cable, provides electromagnetic
coupling between the coil(s) in the sandwich and the
data bus cable. Upper and lower planar shields that form
part of the sandwich isolate the planar coil(s) from ex-
ternal electromagnetic and electrostatic fields. The pla-
nar shields are slotted between the legs of the ferromag-
netic core to prevent the planar shields from shorting the
ferromagnetic core windings, which would effectively
eliminate the coupling between the data bus cable and
the planar coil(s). The sandwich of alternating, conduct-
ing and insulating layers can be formed with existing
economical printed circuit board fabrication techniques.
The resulting bus coupler is very reliable and compact.
Furthermore, the planar coils can be integrated onto a
printed circuit board having additional electronic circuit-
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ry.

From the IBM Technical Disclosure Bulletin, vol. 28,
No. 2, July 1985, pages 625 and 626 "Slit-plate trans-
former", a planar transformer having primary and sec-
ondary windings formed on a metal circuit card core
plate and being connected to other circuit components
is known.

Brief Description of the Drawings

The foregoing objects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description when tak-
en in conjunction with the accompanying drawings
wherein:

FIGURE 1 is an exploded view of a bus coupler
formed in accordance with the invention, shown
with a current mode data bus cable with which the
bus coupler is useful;

FIGURE 2 is a schematic diagram of a current mode
data transmission system incorporating bus cou-
plers formed in accordance with this invention;
FIGURE 3 is a longitudinal cross-sectional view of
the current mode bus coupler illustrated in FIGURE
1, taken along line 3-3;

FIGURE 4 shows a cross-sectional view of a current
mode bus coupler formed in accordance with the
invention having more planar coils than the bus cou-
pler illustrated in FIGURES 1 and 3;

FIGURE 5A shows the stray capacitance that exists
between a bus coupler and a current mode data bus
cable, FIGURE 5B shows a planar shield formed in
accordance with the invention, and FIGURE 5C
illustrates schematically the effect of the planar
shield on stray capacitance; and

FIGURE 6 pictorially illustrates another alternative
embodiment of a current mode bus coupler formed
in accordance with the invention.

Description of the Preferred Embodiments

FIGURE 1 is an exploded view of the presently pre-
ferred form of a current mode bus coupler 10 formed in
accordance with the present invention. The bus coupler
10 illustrated in FIGURE 1 comprises a ferromagnetic
core 12, and a sandwich 14 of alternating conductive
and dielectric layers. For ease of illustration, the insu-
lating adhesive layers that join the layers of the sand-
wich 14 together are not illustrated in FIGURE 1. The
conductive layers include upper and lower planar coils
16 and 18 and upper and lower planar shields 20 and
22. The bus coupler 10 is electromagnetically coupled
to a data bus cable 24 comprising a twisted wire pair.
The wires of the twisted wire pair are covered with insu-
lation and electrically connected at their ends through
termination resistors 25. The value of the termination re-
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sistor R, is equal to the characteristic impedance Z, of
the twisted wire pair data bus 24.

As shown schematically in FIGURE 2, a plurality of
current mode bus couplers of the type shown in FIGURE
1 can be used to form a data transmission system 26.
More specifically, the data transmission system 26 com-
prises the data bus cable 24 and a plurality of terminal
couplers (TC) 30. Each of the terminal couplers 30 in-
cludes: a transmit current mode bus coupler 10 and as-
sociated driver circuitry 34; and a receive current mode
bus coupler 10' and associated receiver circuity 34'. The
driver/receiver circuitry 34 and 34' interface the bus cou-
plers 10 and 10' to terminal units 28. The data transmis-
sion system 26 interconnects the terminal units 28 such
that the terminal units 28 can communicate with each
other, e.g., send data from one terminal unit to another
terminal unit via the data bus cable 24. For example, if
the data transmission system 26 is used in an aircraft,
the terminal units 28 would include flight and navigation-
al avionic subsystems and flight control subsystems. As
required, the avionic subsystems can send commands
o control subsystems using the data transmission sys-
tem 26, the avionic control systems can send data back
and forth, etc.

The current mode bus couplers 10 and 10' create a
transformer-type coupling with the data bus cable 24.
As shown schematically in FIGURE 2, each transmit bus
coupler 10 includes a fixed winding 32 that serves as
one winding of the transformer-type coupling. A loop of
the twisted wire pair data bus 24 forms a single turn sec-
ond winding 35. As explained more fully below, the bus
coupler winding 32 and the single-turn bus winding 35
are electromagnetically coupled together by the ferro-
magnetic core 12. The receive bus couplers 10' have
the same structure as the transmit bus couplers 10. To
transmit data, the driver circuitry 34 of the terminal cou-
pler 30 applies time-varying current signals to the bus
coupler winding 32, which induces corresponding differ-
ential time-varying current signals in the twisted wire
pair 24. To receive data, the receive bus coupler 10'
senses differential time-varying current signals propa-
gating on the twisted wire pair 24 and induces corre-
sponding time-varying signals in the bus coupler wind-
ing 32' for amplification and detection by the receive cir-
cuitry 34",

Shown exploded in FIGURE 1 and assembled in
FIGURE 3, the sandwich 14 of alternating dielectric and
conductive layers has three apertures 36, 37 and 38 that
extend through the sandwich, i.e., the apertures extend
from the top layer of the sandwich through to the bottom
layer of the sandwich. The three apertures 36, 37 and
38 are colinear, with the aperture 37 lying between the
apertures 36 and 38. The ferromagnetic core 12 com-
prises two E-shaped elements 40 and 42, each having
three legs that are sized and positioned to be insertable
into the three apertures in the sandwich, as shown in
FIGURE 3. The legs of the lower core element 40 are
inserted in the apertures from below the sandwich, and
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the legs of the upper core element 42 are inserted from
above the sandwich. The legs of the core elements are
joined at their ends when inserted into the apertures of
the sandwich 14. Thus, a "figure 8" ferromagnetic core
12 having a central leg and two outer legs is formed.

The planar coils 16 and 18 are formed in the sand-
wich 14 about the central aperture 37. Both the upper
and lower planar coils spiral outward from the central
aperture 37. The upper planar coil 16 is formed in a
plane above the plane in which the lower planar coil 18
is formed. As shown in FIGURE 3, the planar coils are
connected in series at their inner ends 44 and 46 with a
conductively plated through-hole 48, i.e., a connective
path extending between the planes of the coils. As
shown in FIGURE 1, the outer end 50 of the upper planar
coil 16 forms one terminal of that planar coil, and the
outer end 52 of the lower planar coil 18 forms one ter-
minal of that planar coil. The upper and lower planar
coils are wound such that an electrical current flowing
from the outer end 52 of the lower planar coil 18 to the
outer end 50 of the upper planar coil 16 encircles the
central aperture 37 with the same clockwise/counter-
clockwise sense in both the upper and lower planar
coils, i.e., the upper and lower planar coils have the
same magnetic sense. This is accomplished by forming
the upper and lower planar coils with opposite clock-
wise/counterclockwise spiraling senses, e.g., in FIG-
URE 1 the lower planar coil 18 spirals outwardly in a
counterclockwise manner and the upper planar coil 16
spirals outwardly in a clockwise manner. As a result, a
current flowing from the planar coils produces additive
magnetic flux rather than subtractive magnetic flux. The
thusly series-connected upper and lower planar coils
form the bus coupler winding 32 shown in FIGURE 2.
The number of winding turns is equal to the number of
turns in the lower planar coil 18 plus the number of turns
in the upper planar coil 16.

The ferromagnetic core 12 provides a low reluc-
tance path for magnetic flux that passes through the
central aperture 37. As shown in FIGURE 1, the central
leg of the upper core element 42 is surrounded by a loop
56 formed by the twisted wire pair 24, one wire passing
between the center leg and one of the outer legs and
the other wire passing between the center leg and the
other outer leg. As a result, the loop 56 forms a one-turn
winding on the ferromagnetic core 42, and electromag-
netically couples the twisted wire pair 24 to the planar
coils 16 and 18. Thus, a time-varying current flow in the
upper and lower planar coils 16 and 18 induces a differ-
ential time-varying current in the twisted wire pair and
vice versa, all in a manner well known by those skilled
in the electromagnetics art. The time-varying current in
the twisted wire pair is differential in nature in that the
current flows on the two wires are opposite in sign.

As shown in FIGURES 1 and 3, a conductive lead
54 is connected to the conductive plated through-hole
48 that interconnects the upper and lower planar coils.
The lead 54 serves as a center tap of the winding formed
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by the series connected planar coils. The center tap 54
allows the upper planar coil 16 to serve as a first winding
and the lower planar coil 18 to serve as a second wind-
ing. The center tapped coil allows the bus coupler 10 to
be used to create bipolar data signals on the bus. This
can be accomplished by connecting the positive termi-
nal of a driver DC voltage to the center tap 54 and
switching the negative terminal between the outer ends
50 and 52 of the upper and lower planar coils.

Slots 58, 60, 62 and 64 are formed in the upper and
lower planar shields 20 and 22 between the outer aper-
tures 36 and 38 and the central aperture 37. For exam-
ple, in the upper planar shield 20, the slot 58, which can
best be seen in FIGURE 5B, extends from the outer ap-
erture 36 to the central aperture 37. The slots are non-
conductive and extend through the entire thickness of
the conductive planar shields.

The upper and lower planar shields shield the pla-
nar coils within the sandwich 14 from external electro-
magnetic flux lines, i.e., time-varying electric and mag-
netic flux lines, and electrostatic flux lines. Such shield-
ing is important because electromagnetic and electro-
static flux lines could create electrical signals in the pla-
nar coils that could interfere with the operation of the
bus coupler. As shown in FIGURE 1, the upper and low-
er planar shields are each connected to a common
ground 74, such as the return voltage-plane of an air-
craft's electrical system. Grounding of the planar shields
is important because ungrounded shields are ineffective
against electrostatic fields. To provide effective electro-
magnetic shielding, the upper and lower planar shields
must be of adequate thickness. The thickness required
increases with the frequency of the electromagnetic flux;
3.175 mm (1.25 mils) is adequate for shielding electro-
magnetic flux ordinarily encountered within an aircraft
for a bus having a data rate in the 30 MHz range.

While the planar shields will not block magnetostat-
ic flux lines from flowing through the sandwich 14, mag-
netostatic flux lines will not affect the operation of the
bus coupler unless they are strong enough to saturate
the ferromagnetic core 12. Additionally, while external
time-varying magnetic flux lines can flow through the
sandwich 14 via the legs of the ferromagnetic core 12,
the magnetic flux flows in the same direction in both the
outer legs and the central leg. Because the flow of mag-
netic flux through the center of the planar coils and sides
of the planar coils is balanced, balanced opposing in-
ductive forces are produced. Because balanced oppos-
ing inductive forces cancel each other, they induce no
net electrical currents in the planar coils.

The upper planar shield 20 is particularly effective
at shielding the planar coils from voltages, i.e., electric
fields, in the twisted wire pair 24. This is particularly im-
portant if the data bus cable 24 is used in an airplane.
Aircraft are frequently subjected to electrical storms,
which can produce large voltage swings and voltage
spikes in conductors such as the twisted wire pair data
bus 24. As shown in FIGURE 5A, without the upper pla-
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nar shield 20, such voltage surges would induce voltag-
es and currents in the planar coils in a current mode bus
coupler 10" formed in accordance with the invention.
More specifically, without an upper planar shield, elec-
trostatic coupling would exist between the winding 32"
of the bus coupler 10" and the data bus cable 24" with
which the bus coupler 10" is used. The electrostatic cou-
pling can be depicted as stray capacitance 66 and 68
between the bus coupler winding 32" formed by the pla-
nar coils and the single-turn bus winding 35" formed by
the twisted wire pair loop in which the bus coupler 10"
is inserted.

As shown in FIGURE 5C, the upper planar shield
20, which is shown in FIGURE 5B, eliminates the stray
capacitance 66 and 68. Specifically, since the upper pla-
nar shield 20 is connected to the common ground 74,
stray capacitance associated with the upper planar
shield is grounded. This includes stray capacitance 70
between the upper planar shield 20 and the bus coupler
winding 32, and stray capacitance 76 and 78 between
the upper planar shield 20 and the twisted wire pair 24.
Grounded stray capacitances are not detrimental to the
operation of the current mode bus coupler. The end re-
sult is the elimination of electrostatic coupling between
the twisted wire pair 24 and the bus coupler winding 32.

As illustrated in FIGURE 5B, the slots 58 and 60
formed in the upper planar shield 20 prevent the upper
planar shield from forming conductive paths 80, 82 and
84 around the apertures 36, 37 and 38. Upper planar
shield conductive paths around the apertures would ef-
fectively form shorted winding turns around the ferro-
magnetic core 12. Shorted winding turns around any of
the legs of the ferromagnetic core 12 would significantly
reduce, or eliminate altogether, the electromagnetic
coupling between the planar coils 16 and 18 and the
twisted wire pair 24. The lower planar shield slots 62
and 64 perform the same function.

As shown in FIGURES 1 and 3, the sandwich 14
can include a dielectric layer 121 on top of the upper
planar shield 20. The dielectric layer 121 separates the
twisted wire pair 24 and the upper planar shield 20, and
provides insulation between the wires 24 and the upper
planar shield 20 in addition to that provided by the insu-
lation on the wires themselves. Effectively, the dielectric
layer decreases the chance of voltage surges on the
twisted wire pair arcing to the upper planar shield and
affecting the operation of the bus coupler 10. Similarly,
a dielectric layer could be added beneath the lower pla-
nar shield 22 if the lower planar shield is exposed to high
voltages.

As will be appreciated from the foregoing descrip-
tion, the current mode bus coupler 10 shown in FIG-
URES 1 and 3 has two planar coils: the upper planar
coil 16, and the lower planar coil 18. As shown, each
planar coil has four turns. Therefore, when the planar
coils are connected in series in the manner described
above, the composite winding has eight turns with a
center tap. If additional turns are needed, the planar
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coils can be formed with more turns or additional planar
coils can be used.

FIGURE 4 illustrates an example of a current mode
bus coupler formed in accordance with the invention
having more than two planar coils. Specifically, FIGURE
4 is a cross-sectional view of a current mode bus coupler
86 havingfour planar coils. Other than the additional pla-
nar coils, the bus coupler 86 has the same structure as
the bus coupler 10 shown in FIGURES 1 and 3. The
FIGURE 4 current mode bus coupler 86 includes a lower
planar coil 88, a lower middle planar coil 90, an upper
middle planar coil 92, and an upper planar coil 94. The
planar coils are all connected in series. The inner end
96 of the lower planar coil 88 is connected by a through-
hole 98 to the inner end 100 of the lower middle planar
coil 90, the outer end 102 of the lower middle planar coil
90 is connected by a through-hole 104 to the outer end
to 106 of the upper middle planar coil 92, and the inner
end 108 of the upper middle planar coil 92 is connected
by a through-hole 110 to the inner end 112 of the upper
planar coil 94. Preferably, each of the planar coils is
formed with an orientation such that an electrical current
flowing through each of the planar coils from the outer
end 114 of the lower planar coil 88 to the outer end 116
of the upper planar coil 94 encircles the central core leg
with the same clockwise/counterclockwise sense when
passing through each planar coil. The planar coils can
be center tapped by forming a terminal lead connected
tothe through-hole 104. For example, a conductive path
could be connected to the outer end 106 of the upper
middle planar coil and extend out the left side of the
sandwich 118, in the same plane as the upper middle
planar coil 92.

In addition to being expanded to include additional
planar coils, the multiple planar coils of structures, such
as those shown in FIGURES 3 and 4, could be intercon-
nected to form two or more separate windings. For ex-
ample, four of the planar coils of an eight planar coil cur-
rent mode bus coupler formed in accordance with the
invention could be interconnected with through-holes to
form one winding, and the other four planar coils inter-
connected with through-holes to form a second winding.
The two windings could serve the same function, with
one of the windings providing redundancy in case the
other winding fails.

The bus coupler of the present invention can be
used as a transmitter or a receiver, or both. The terminal
couplers 30 shown in FIGURE 2 include two bus cou-
plers, one serving as a transmitter and the other as a
receiver. As shown in FIGURE 2, preferably the fixed
winding 32' of the receive bus coupler 10' has more turns
than the fixed winding 32 of the transmit bus coupler 10,
so that the receive bus coupler 10' is more sensitive to
signals flowing on the data bus cable 24.

Preferably, current mode bus couplers 10 formed in
accordance with the present invention are formed using
existing technologies. For example, the sandwich 14
shown in FIGURES 1 and 3 of alternating conductive
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and dielectric layers can be formed using printed circuit
board fabrication techniques. The formation of the sand-
wich 14 begins with upper, middle and lower dielectric
substrates 118, 120 and 122 formed of a conventional
printed circuit board dielectric material. A thin layer of
conductive material, such as copper, is deposited on the
upper surface of the upper dielectric substrate 118 and
etched to form the slotted upper planar shield 20. A thin
layer of conductive material, e.g., copper, is deposited
on the upper surface of the middle dielectric substrate
120 and etched to form the upper planar coil 16. The
lower planar coil 18 is formed on the upper surface of
the lower dielectric substrate 122 in a similar manner.
The center tap terminal 54 is formed by depositing and
suitably etching a thin strip of conductive material on the
lower surface of the middle dielectric substrate 120.
Conductive material would also be deposited on the low-
er surface of the lower dielectric substrate 122 and
etched to form the slotted lower planar shield 22. After
being formed, the upper, middle and lower dielectric
substrates are bonded together with a dielectric adhe-
sive, such as a resin. Preferably, the middle dielectric
substrate 120 is first adhered to the lower dielectric sub-
strate 102 with a layer of dielectric adhesive 124, shown
in FIGURE 3. The through-hole 48 is then drilled from
the inner end 44 of the upper planar coil to the inner end
46 of the lower planar coil and plated with a conductive
material. The upper dielectric substrate 118 is then ad-
hered to the middle dielectric substrate with a layer 126
of dielectric adhesive. If used, the dielectric layer 121
would also be formed of printed circuit board dielectric
material and would be adhered to the surface of the up-
per planar shield 20. If not previously formed, the aper-
tures 36, 37 and 38 for receiving the ferromagnetic core
legs are then formed in the sandwich 14 with, for exam-
ple, a punch, a drill and broach, or a laser cutter.

The sandwich 118 of the current mode bus coupler
86 shown in FIGURE 4 can be formed in a similar way,
except that additional fabrication steps are needed to
form the upper planar coil 94 on the lower surface of an
upper dielectric substrate 125 and to form the lower mid-
dle planar coil 90 on the lower surface of a middle die-
lectric substrate 123. As in the two-coil embodiment
shown in FIGURE 3, the lower planar coil 88 would be
formed on the upper surface of a lower dielectric sub-
strate 127. The dielectric substrates 123, 125 and 127
would be bonded together with a dielectric adhesive of
sufficient thickness so that adjacent planar coils are
electrically isolated from each other, other than connec-
tions formed with plated through-holes. The through-
holes 110 and 98 are formed in the dielectric adhesive
as the structure is being built up.

An alternative form of the current mode bus coupler
formed in accordance with the invention is schematically
illustrated in FIGURE 6. In this embodiment, the ferro-
magnetic core 128 comprises an I-shaped element 130
and a U-shaped element 132, which are separably
joined to form a rectangle. The U-shaped element 132
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has a left leg 134 and a right leg 136. Planar coils are
shown spiraling about both the left leg 134 and the right
leg 136. The planar coils are formed in a sandwich struc-
ture (not shown) similar to the sandwich structures
shown in FIGURES 1, 3, and 4. For simplicity, and to
emphasize the alternative features, only the planar coils
are illustrated in FIGURE 6. The sandwich is formed with
two apertures for receiving the legs of the U-shaped el-
ement 132. The planar coils are formed in the sandwich
s0 as to spiral outward from the apertures.

The embodiment illustrated in FIGURE 6 includes
a left set of upper and lower planar coils 138 and 140
encircling the left leg 134 of the ferromagnetic core 128,
and a right set of upper and lower planar coils 142 and
144 encircling the right leg 136. The left set upper and
lower planar coils 138 and 140 are interconnected at
their inner ends with a through-hole 146. Similarly, the
right set upper and lower planar coils 142 and 144 are
interconnected at their inner ends with a through-hole
148. The outer end of the left, lower planar coil 140 is
connected to the outer end of the right, lower planar coil
144 with a conductive trace 150. A conductive trace 152
is connected to the outer end of the left, upper planar
coil 138 to form one terminal, and a conductive trace
154 is connected to the outer end of the right, upper pla-
nar coil 142 to form another terminal. In this manner, the
four planar coils are connected in series to provide a
single winding with the terminals 152 and 154. If a center
tap is necessary it can be provided by a further conduc-
tive trace 155 connected to the conductive trace 150 that
interconnects the lower planar coils 140 and 144. The
clockwise/counterclockwise spiraling sense of each of
the planar coils is chosen such that each planar coil pro-
duces magnetic flux with the same sense about the rec-
tangular ferromagnetic core when a current flows be-
tween the terminals 152 and 154. For example, with the
spiraling sense of the coils shown in FIGURE 6, a cur-
rent flowing from the terminal 152 to the terminal 154
would produce counterclockwise flux flowing around the
ferromagnetic core 128. The concept illustrated in FIG-
URE 6 can be readily expanded to include additional left
leg and right leg coils. The current mode bus coupler
illustrated in FIGURE 6 would be inserted in a twisted
wire 156 by means of the separable core elements 130
and 132. The I-shaped core element 130 would be re-
moved and the right and left legs of the U-shaped ele-
ment 132 would be inserted through a pair of adjacent
loops 158 and 160 formed in the twisted wire pair 156.

While preferred embodiments of the invention have
beenillustrated and described, it will be appreciated that
various changes, in addition to those previously men-
tioned herein, can be made therein without departing
fromthe scope of the invention. For example, the current
mode bus coupler could be enclosed with a casing that
provides additional shielding, e.g., a casing formed of a
conductive material. Thus, within the scope of the ap-
pended claims it is to be understood that the invention
can be practiced otherwise then as specifically de-

10

15

20

25

30

35

40

45

50

55

scribed herein.

Claims

1.  Acurrent mode data transmission system for com-
municating among a plurality of electronic terminal
units, comprising:

(a) adata bus (24) including two wires insulated
from each other, and electrically terminated at
both ends, said two wires being twisted along
their lengths to form a plurality of loops (56);
and

(b) at least one current mode bus coupler for
electromagnetically coupling an electronic ter-
minal unit with said data bus, said at least one
bus coupler, characterized by:

(c) a dielectric substrate (120) having an aper-
ture (37);

(d) an electrically conductive planar coil (16)
formed on said dielectric substrate so as to sur-
round said first aperture (37) and spiral out-
wardly therefrom;

(e) an electrically conductive planar shield (20)
located on one side of said dielectric substrate
(120), said planar shield (20) including an aper-
ture aligned with the aperture (37) of said die-
lectric substrate, said planar shield including a
slot (58, 60) that extends outwardly from said
aperture in said planar shield; and

(f) ferromagnetic core (12) formed of two sep-
arable elements (40, 42) that when joined
together form at least one closed magnetic
path, one of said separable elements including
a leg mounted in said aperture (37) in said die-
lectric substrate and said planar shield, said
separable elements separable to allow a loop
(56) of said data bus to be positioned about said
leg on the opposite side of said planar shield
(20) from said planar coil (16).

2. The current mode data transmission system
claimed in claim 1, wherein:

said dielectric substrate (120) and said planar
shield (20) each have a second aperture (36);
one of said ferromagnetic core elements
includes a second leg magnetically coupled to
said first leg when said separable core ele-
ments (40, 42) are joined together; and

said second leg is mounted in said second
aperture (36) said planar shield includes a sec-
ond slot that extends outwardly from said sec-
ond aperture.

3. The current mode data transmission system
claimed in claim 2, wherein said slots merge into
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one another.

4. The current mode data transmission system

claimed in claim 2 wherein:

said dielectric substrate (120) and said planar
shield (20) each have a third aperture (38);
one of said ferromagnetic core elements (40,
42) includes a third leg magnetically coupled to
said first and second legs when said separable
core elements are joined together;

said third leg is mounted in said third aperture
(38); and

said planar shield (20) includes a slot (58,60)
that extends outwardly from said third aperture.

The current mode data transmission system
claimed in claim 4, wherein said slots (58, 60)
extend between said first (37), second and third
apertures (36, 38).

The current mode data transmission system
claimed in claim 4, wherein said ferromagnetic core
comprises two E-shaped elements whose legs,
when joined, form said first, second, and third legs.

The current mode data transmission system
claimed in claim 6, said at least one bus coupler,
characterized by a second electrically conductive
planar shield (22) located on the other side of said
dielectric substrate (120) from said first planar
shield (20), said second planar shield including first,
second, and third apertures aligned with said first,
second and third apertures in said dielectric sub-
strate (120) and said first planar shield for respec-
tively receiving said first, second, and third legs of
said ferromagnetic core, said second planar shield
including slots that extend outwardly from said first
and third apertures in said second planar shield.

The current mode data transmission system
claimed in claim 7, wherein said slots in said first
and second planar shields extend between their
respective first, second and third apertures.

The current mode data transmission system
claimed in claim 7, said at least one bus coupler fur-
ther comprising a second electrically conductive
planar coil (18), said second planar coil spaced from
said first planar coil and positioned between said
firstand second planar shields (20, 22), said second
planar coil (18) positioned so as to surround one of
said legs of said ferromagnetic core and spiral out-
wardly therefrom and electrically connected to the
first planar coil, so that the fluxes in the coils coop-
erate.

10. The current mode data transmission system
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11.

12.

13.

14.

15.

16.

claimed in claim 9, wherein said first (16) and sec-
ond (18) planar coils surround the same leg of said
ferromagnetic core.

The current mode data transmission system
claimed in claim 10, wherein the spiral direction of
said first and second planar coils have the opposite
clockwise/conterclockwise sense.

The current mode data transmission system
claimed in claim 9, said at least one bus coupler fur-
ther including:

a second (118) dielectric substrate, said first
(20) planar shield being formed on said second
dielectric substrate; and

a third (122) dielectric substrate, said second
planar shield (22) and said second planar coil
(18) being formed on opposite sides of said
third (122) dielectric substrate.

The current mode data transmission system
claimed in claim 12, wherein:

said first dielectric substrate (120) is adhesively
(124) attached with a dielectric adhesive to the
side of said third (122) dielectric substrate on
which said second planar coil (18) is formed;
and

said second (118) dielectric substrate is adhe-
sively (124) attached with a dielectric adhesive
to the side of said first (120) dielectric substrate
opposite to the side attached to said third die-
lectric substrate (122).

The current mode data transmission system for
communicating among a plurality of electronic ter-
minal units claimed in claim 2, wherein said ferro-
magnetic core (12) includes a U-shaped element
whose legs form said first and second legs and an
I-shaped element positionable across the ends of
the legs of said U-shaped element.

The current mode data transmission system
claimed in claim 14, said at least one bus coupler
characterized by a second (22) electrically conduc-
tive planar shield located on the other side of said
dielectric substrate (120) from said first planar
shield (20), said second planar shield including first
and second apertures aligned with said first and
second apertures in said dielectric substrate and
said first planar shield for respectively receiving
said first and second legs of said ferromagnetic
core, said second planar shield including a slot that
extends outwardly from said first aperture in said
second planar shield.

The current mode data transmission system
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claimed in claim 15, wherein said slots in said first
(20) and second (22) planar shields extend
between their respective first and second aper-
tures.

The current mode data transmission system
claimedinclaims 1, 3, 5, 8, 11, 13 or 16 wherein the
side of saidfirst planar shield opposite from said first
planar coil is covered with a dielectric material (12).

Patentanspriiche

1.

Strombetriebsart-Datenlibertragungssystem  zur
Kommunikation unter einer Vielzahl elektronischer
Terminaleinheiten, mit:

(a) einem Datenbus (24) mit zwei Drahten, die
voneinander isoliert sind und an beiden Enden
abgeschlossen sind, wobei die genannten bei-
den Dré&hte l&ngs ihrer Langenerstreckungen
verdrillt sind, um eine Vielzahl von Schleifen
(56) zu bilden; und

(b) mindestens einem Bus-Ankoppler in Strom-
betriebsart zum elekiromagnetischen Ankop-
peln einer elektronischen Terminaleinheit an
den genannten Datenbus, mit mindestens
einem Bus-Ankoppler,

gekennzeichnet durch:

(c) ein dielektrisches Substrat (120) mit einer
Offnung (37);

(d) eine elekirisch leitfahige, ebene Spule (16),
die auf dem genannten dielekirischen Substrat
so gebildet ist, daB sie die genannte erste Off-
nung (37) umgibt und sich spiralig von dieser
nach auBen erstreckt;

(e) eine elektrisch leitfahige, ebene Abschir-
mung (20), die an der einen Seite des genann-
ten dielekirischen Substrats (120) angeordnet
ist, wobei die genannte ebene Abschirmung
(20) eine Offnung aufweist, die auf die Offnung
(37) des genannten dielekirischen Substrats
ausgerichtet ist, und wobei die genannte ebene
Abschirmung einen Schlitz (58, 60) aufweist,
der sich von der genannten Offnung in der
genannten ebenen Abschirmung nach auf3en
erstreckt; und

(f) einen ferromagnetischen Kern (12), der aus
zwei trennbaren Elementen (40, 42) gebildet
ist, die, wenn sie zusammengeflgt sind, min-
destens einen geschlossenen magnetischen
Weg bilden, wobei eines der genannten trenn-
baren Elemente einen Schenkel aufweist, der
in der genannten Offnung (37) im genannten
dielektrischen Substrat und in der genannten
ebenen Abschirmung angebracht ist, und
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wobei die genannten trennbaren Elemente
trennbar sind, um es zu erméglichen, daf3 eine
Schleife (56) des genannten Datenbus um den
genannten Schenkel auf der Seite der genann-
ten ebenen Abschirmung (20) angeordnet wird,
die von der genannten ebenen Spule (16)
abgewandt ist.

2. Strombetriebsart-Dateniibertragungssystem, wie

beansprucht in Anspruch 1, worin:

das genannte dielektrische Substrat (120) und
die genannte ebene Abschirmung (20) jeweils
eine zweite Offnung (36) aufweisen;

eines der genannten ferromagnetischen Spu-
lenelemente einen zweiten Schenkel aufweist,
der magnetisch mit dem ersten Schenkel
gekoppelt ist, wenn die genannten trennbaren
Kernelemente (40, 42) zusammengefugt sind;
und

der genannte zweite Schenkel in der genann-
ten zweiten Offnung (36) angebracht ist, wobei
die genannte ebene Abschirmung einen zwei-
ten Schlitz aufweist, der sich von der genann-
ten zweiten Offnung aus nach auBen erstreckt.

3. Strombetriebsart-Dateniibertragungssystem, wie

beansprucht in Anspruch 2, worin die genannten
Schlitze ineinander libergehen.

Strombetriebsart-Datenlbertragungssystem, wie
beansprucht in Anspruch 2, worin

das genannte dielektrische Substrat (120) und
die genannte ebene Abschirmung (20) jeweils
eine dritte Offnung (38) aufweisen:;

eines der genannten ferromagnetischen Kern-
elemente (40, 42) einen dritten Schenkel
umfaBt, der magnetisch mit dem genannten
ersten und zweiten Schenkel gekoppelt ist,
wenn die genannten trennbaren Kernelemente
zusammengefiigt sind;

der genannte dritte Schenkel in der genannten
dritten Offnung (38) angebracht ist; und

die genannte ebene Abschirmung (20) einen
Schlitz (58, 60) umfaBt, der sich von der
genannten dritten Offnung aus nach auBen
erstrecki.

Strombetriebsart-Datenlbertragungssystem, wie
beansprucht in Anspruch 4, worin die genannten
Schlitze (58, 60) sich zwischen der genannten
ersten (37), zweiten und dritten Offnung (36, 38)
erstrecken.

Strombetriebsart-Datenlbertragungssystem, wie
beansprucht in Anspruch 4, worin der genannte fer-
romagnetische Kern zwei E-férmige Elemente auf-
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weist, die, wenn sie zusammengeflgt sind, den
ersten, zweiten und dritten Schenkel bilden.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 6, wobei der genannte
mindestens eine Bus-Ankoppler gekennzeichnet
ist durch eine zweite, elekirisch leitfahige, ebene
Abschirmung (22), die in Bezug auf die genannte
erste ebene Abschirmung (20) auf der anderen
Seite des genannten dielekirischen Substrats (120)
angeordnet ist, wobei die genannte zweite ebene
Abschirmung eine erste, zweite und dritte Offnung
aufweist, die auf die genannte erste, zweite und
dritte Offnung im genannten dielektrischen Substrat
(120) und in der genannten ersten ebenen Abschir-
mung ausgerichtet ist, um jeweils den genannten
ersten, zweiten und dritten Schenkel des genann-
ten ferromagnetischen Kerns aufzunehmen, wobei
die genannte zweite ebene Abschirmung Schlitze
umfaBt, die sich von der genannten ersten und drit-
ten Offnung in der genannten zweiten ebenen
Abschirmung nach auBen erstrecken.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 7, worin die genannten
Schlitze in der genannten ersten und zweiten ebe-
nen Abschirmung sich zwischen ihrer jeweiligen
ersten, zweiten und dritten Oﬁnung erstrecken.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 7, wobei der mindestens
eine Bus-Ankoppler ferner eine zweite elektrisch
leitfahige, ebene Spule (18) aufweist, die genannte
zweite ebene Spule zur genannten ersten ebenen
Spule beabstandet und zwischen der genannten
ersten und zweiten ebenen Abschirmung (20, 22)
angeordnet ist, und die zweite ebene Spule (18) so
angeordnet ist, daB sie einen der genannten
Schenkel des genannten ferromagnetischen Kerns
umgibt, sich spiralig von diesem nach auBen
erstreckt und elektrisch an die erste ebene Spule
so angeschlossen ist, daf3 die Flisse in den Spulen
zusammenwirken.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 9, worin die genannte
erste (16) und zweite (18) ebene Spule denselben
Schenkel des genannten ferromagnetischen Kerns
umgeben.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 10, worin die Spiralrich-
tung der genannten ersten und zweiten ebenen
Spule die entgegengesetzte Richtung im/entgegen
dem Uhrzeigersinn aufweisen.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 9, wobei der mindestens
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eine Bus-Ankoppler ferner folgende Merkmale auf-
weist:

ein zweiten (118) dielekirisches Substrat,
wobei die genannte erste (20) ebene Abschir-
mung auf dem genannten zweiten dielekiri-
schen Substrat ausgebildet ist; und

ein drittes (122) dielektrisches Substrat, wobei
die genannte zweite ebene Abschirmung (22)
und die genannte zweite ebene Spule (18) auf
den gegenuberliegenden Seiten des genann-
ten dritten (122) dielektrischen Substrats aus-
gebildet sind.

Strombetriebsart-Datenlbertragungssystem, wie
beansprucht in Anspruch 12, worin:

das genannte erste dielekirische Substrat
(120) durch eine Klebverbindung (124) mit
einem dielekirischen Kleber auf der Seite des
genannten dritten (122) dielekirischen Sub-
strats angebracht ist, auf dem die genannte
zweite ebene Spule (18) ausgebildet ist; und
das genannte zweite (118) dielektrische Sub-
strat in Klebverbindung (124) mit einem dielek-
trischen Kleber auf der Seite des genannten
ersten (120) dielekirischen Substrats ange-
bracht ist, die der Seite entgegengeseizt ist, die
am genannten dritten dielekirischen Substrat
(122) angebracht ist.

Strombetriebsart-Datenlbertragungssystem  zur
Kommunizierung unter einer Vielzahl elekironi-
scher Terminaleinheiten, wie beansprucht in
Anspruch 2, worin der genannte ferromagnetische
Kern (12) ein U-férmiges Element umfafit, dessen
Schenkel den genannten ersten und zweiten
Schenkel bilden, und ein I-férmiges Element, das
quer zu den Enden der Schenkel des genannten U-
férmigen Elements anordenbar ist.

Strombetriebsart-Datenlbertragungssystem, wie
beansprucht in Anspruch 14, wobei der genannte
eine Bus-Ankoppler gekennzeichnet ist durch eine
zweite (22) elektrisch leitfahige, ebene Abschir-
mung, die in Bezug auf die genannte erste ebene
Abschirmung (20) auf der anderen Seite des
genannten dielektrischen Substrats (120) angeord-
net ist, wobei die genannte zweite ebene Abschir-
mung eine erste und zweite Offnung aufweist, die
auf die genannte erste und zweite Offnung im
genannten dielektrischen Substrat und in der
genannten ersten ebenen Abschirmung ausgerich-
tet sind, um jeweils den genannten ersten und zwei-
ten Schenkel des genannten ferromagnetischen
Kerns aufzunehmen, und wobei die genannte
zweite ebene Abschirmung einen Schlitz umfaft,
der sich von der genannten ersten Offnung in der
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genannten zweiten ebenen Abschirmung nach
auBen erstreckt.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 15, worin die genannten
Schlitze in der genannten ersten (20) und zweiten
(22) ebenen Abschirmung sich zwischen ihrer
jeweiligen ersten und zweiten Offnung erstrecken.

Strombetriebsart-Datenlibertragungssystem, wie
beansprucht in Anspruch 1, 3, 5, 8, 11, 13 oder 16,
worin die Seite der genannten ersten ebenen
Abschirmung, die entgegengesetzt ist zur ersten
genannten ebenen S&ule, mit einem dielekirischen
Material (12) abgedeckt ist.

Revendications

Systéme de transmission de données en mode de
courant destiné aux communications entre plu-
sieurs unités terminales électroniques,
comprenant :

(a) un bus (24) de données comprenant deux
fils isolés I'un de l'autre et terminés électrique-
ment aux deux extrémités, les deux fils étant
retordus sur leur longueur afin qu'ils forment
plusieurs boucles (56), et

(b) au moins un coupleur de bus en mode de
courant destiné a coupler électromagnétique-
ment une unité terminale électronique au bus
de données, le coupleur de bus au moins étant
caractérisé par :

(¢) un substrat diélectrique (120) ayant un ori-
fice (37),

(d) un enroulement plan conducteur de I'élec-
tricité (16) formé sur le substrat diélectrique afin
qu'il entoure le premier orifice (37) et forme une
spirale vers |'extérieur depuis l'orifice,

(e) un blindage plan et conducteur de I'électri-
cité (20) placé d'un premier cbété du substrat
diélectrique (120), le blindage plan (20) ayant
un orifice aligné sur 'orifice (37) du substrat dié-
lectrique, le blindage plan ayant une fente (58,
60) qui dépasse vers |'extérieur de l'orifice dans
le blindage plan, et

(f) un noyau ferromagnétique (12) formé de
deux éléments séparables (40, 42) qui,
lorsqu'ils sont raccordés, forment au moins un
trajet magnétique fermé, l'un des éléments
séparables comprenant une branche montée
dans l'orifice (37) du substrat diélectrique et du
blindage plan, les éléments séparables pou-
vant étre séparés afin qu'ils permettent le posi-
tionnement d'une boucle (56) du bus de don-
nées autour de la branche du cété du blindage
plan (20) opposé a l'enroulement plan (16).
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2. Systéme de transmission de données en mode de

courant selon la revendication 1, dans lequel :

le substrat diélectrique (120) et le blindage plan
(20) ont chacun un orifice (36),

l'un des éléments de noyau ferromagnétique
comporte une seconde branche couplée
magnétiquement & la premiére branche lors-
que les éléments séparables de noyau (40, 42)
sont raccordés, et

la seconde branche est montée dans le second
orifice (36),

le blindage plan comprenant une seconde fente
qui est dirigée vers I'extérieur depuis le second
orifice.

Systéme de transmission de données en mode de
courant selon la revendication 2, dans lequel les
fentes se fondent les unes dans les autres.

Systéme de transmission de données en mode de
courant selon la revendication 2, dans lequel :

le substrat diélectrique (120) et le blindage plan
(20) ont chacun un troisiéme orifice (38),

I'un des éléments (40, 42) de noyau ferroma-
gnétique comprend une troisiéme branche cou-
plée magnétiquement a la premiére et a la
seconde branche lorsque les éléments sépara-
bles de noyau sont raccordés,

la troisiéme branche est montée dans le troi-
siéme orifice (38), et

le blindage plan (20) comporte une fente (58,
60) dépassant vers |'extérieur du troisidme ori-
fice.

Systéme de transmission de données en mode de
courant selon la revendication 4, dans lequel les
fentes (58, 60) sont placées entre le premier (37),
le second et le troisiéme orifice (36, 38).

Systéme de transmission de données en mode de
courant selon la revendication 4, dans lequel le
noyau ferromagnétique comprend deux éléments
en E dont les branches, lorsqu'elles sont raccor-
dées, forment la premiére, la seconde et la troi-
siéme branche.

Systéme de transmission de données en mode de
courant selon la revendication 6, dans lequel le cou-
pleur de bus au moins est caractérisé par un second
blindage plan (22) conducteur de I'électricité, placé
du cété du substrat diélectrique (120) opposé a
celui du premier blindage plan (20), le second blin-
dage plan comprenant un premier, un second et un
troisiéme orifice alignés sur le premier, le second et
le troisiéme orifice du substrat diélectrique (120) et
du premier blindage plan destinés a loger respecti-
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vement la premiére, la seconde et latroisiéme bran-
che du noyau ferromagnétique, le second blindage
plan ayant des fentes dépassant vers I'extérieur du
premier et du troisidme orifice dans le second blin-
dage plan.

Systéme de transmission de données en mode de
courant selon la revendication 7, dans lequel les
fentes du premier et du second blindage plan sont
placées entre le premier, le second et le troisieme
orifice respectifs.

Systéme de transmission de données en mode de
courant selon larevendication 7, dans lequel le cou-
pleur de bus au moins comporte en outre un second
enroulement plan (18) qui est conducteur de I'élec-
tricité, ce second enroulement plan étant placé a
distance du premier enroulement plan entre le pre-
mier et le second blindage plan (20, 22), le second
enroulement plan (18) étant disposé afin qu'il
entoure l'une des branches du noyau ferromagné-
tique et forme une spirale vers l'extérieur depuis
celui-ci et étant connecté électriquement au pre-
mier enroulement plan si bien que les flux des
enroulements coopérent.

Systéme de transmission de données en mode de
courant selon la revendication 9, dans lequel le pre-
mier (16) et le second (18) enroulement plan entou-
rent la méme branche du noyau ferromagnétique.

Systéme de transmission de données en mode de
courant selon la revendication 10, dans lequel les
sens des spirales du premier et du second enrou-
lement plan sont opposés.

Systéme de transmission de données en mode de
courant selon larevendication 9, dans lequel le cou-
pleur de bus au moins comprend en outre :

un second substrat diélectrique (118), le pre-
mier blindage plan (20) étant formé sur le
second substrat diélectrique, et

un troisitme substrat diélectrique (122), le
second blindage plan (22) et le second enrou-
lement plan (18) étant formés sur les faces
opposées du troisisme substrat diélectrique
(122).

Systéme de transmission de données en mode de
courant selon la revendication 12, dans lequel :

le premier substrat diélectrique (120) est fixé
par collage (124) par un adhésif diélectrique au
cbté du troisieme substrat diélectrique (122)
sur lequel est formé le second enroulement
plan (18), et

le second substrat diélectrique (118) est fixé
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par collage (124) & I'aide d'un adhésif diélectri-
que au cbté du premier substrat diélectrique
(120) opposé au cbté qui est fixé au troisieme
substrat diélectrique (122).

Systéme de transmission de données en mode de
courant destiné aux communications parmi plu-
sieurs unités terminales électroniques selon la
revendication 2, dans lequel le noyau ferromagné-
tique (12) comporte un élément ayant une forme en
U dont les branches forment la premiére et la
seconde branche et un élément en | destiné a étre
placé sur les extrémités des branches de I'élément
aforme en U.

Systéme de transmission de données en mode de
courant selon la revendication 14, dans lequel le
coupleur de bus au moins est caractérisé par un
second blindage plan et conducteur de I'électricité
(22) placé par rapport au substrat diélectrique (120)
du cété opposé au premier blindage plan (20), le
second blindage plan comprenant un premier et un
second orifice alignés sur le premier et le second
orifice du substrat diélectrique et du premier blin-
dage plan de maniére que la premiére et la seconde
branche du noyau ferromagnétique soient logées
respectivement, le second blindage plan compre-
nant une fente partant vers I'extérieur du premier
orifice dans le second blindage plan.

Systéme de transmission de données en mode de
courant selon la revendication 15, dans lequel les
fentes du premier (20) et du second (22) blindage
plan sont disposées entre les premier et second ori-
fices respectifs.

Systéme de transmission de données en mode de
courant selon la revendication 1, 3, 5, 8, 11, 13 ou
16, dans lequel le c6té du premier blindage plan
opposé au premier enroulement plan est recouvert
d'une matiére diélectrique (12).
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FIG.5A.
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