
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
30

0 
72

0
A

1
*EP004300720A1*

(11) EP 4 300 720 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
03.01.2024 Bulletin 2024/01

(21) Application number: 22181513.7

(22) Date of filing: 28.06.2022

(51) International Patent Classification (IPC):
H01R 13/64 (2006.01) H01R 13/514 (2006.01)

H01R 13/631 (2006.01) H01R 13/627 (2006.01)

(52) Cooperative Patent Classification (CPC): 
H01R 13/64; H01R 13/514; H01R 13/631; 
H01R 13/6272; H01R 13/645; H01R 2103/00; 
H01R 2201/04 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: BKS Engineering AG
4552 Derendingen (CH)

(72) Inventor: Fischer, Peter
4055 Basel (CH)

(74) Representative: BOVARD AG
Patent- und Markenanwälte 
Optingenstrasse 16
3013 Bern (CH)

(54) BIPOLAR CONNECTOR SYSTEM

(57) Bipolar conductor connector system (1) for Sin-
gle Pair Ethernet applications comprising a fixed connec-
tor (100) with a housing (101) and electrical contact ele-
ments (102) and a free plug connector (105) with elec-
trical contacts (104) configured for attachment to a Single

Pair cable. The bipolar conductor connector system (1)
further comprises key means (103) configured for an un-
ambiguous plug-in of the free plug connector (105) in the
fixed connector (100) in a predetermined orientation.
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Description

Technical Field

[0001] The present invention relates to a bipolar con-
ductor connector system for electrical and mechanical
connection of electrical conductors for electrical and elec-
tronic equipment, including shielded and unshielded, free
and fixed connectors and plug connectors, in particular
for Single Pair Ethernet, but not restricted to it.

Background of the invention

[0002] Single pair Ethernet (SPE) is gaining attention
over automotive applications to industrial and building
automation and other applications. It is considered to rep-
resent the next generation of communication architecture
for example in smart factories and the Industrial Internet
of Things (IIoT). The SPE technology delivers high-per-
formance data and power transmission through a single-
twisted pair instead of two or four twisted pairs of wires.
Because of lower costs with SPE many applications can
be more cost-effective and therefore attractive. Using
SPE has the added advantage of being able to incorpo-
rate with other Ethernet protocols in use, allowing expan-
sion while avoiding the need to rip and replace existing
communications or adding complexity with gateways.
Furthermore, not only the costs are reduced by installing
less material but as well it is easier to extend an existing
system than with eight-wire cables. With thinner and light-
er cables, more Ethernet channels can be housed than
before in existing cable runs to improve construction and
size for new applications. Alternatively, bundles of 1-pair
cables to 4-pair cables can be used to transmit efficiently
up to 4 independent applications and split it at each end,
also known as cable sharing.
[0003] Another, particularly important feature of SPE
is the possibility of supplying power to the connected pe-
ripherals via PoDL (Power over Data Line) parallel with
data transmission. This allows to connect any device with
only one cable providing data and power on the same
interface. The addition of PoDL is an additional reason
to use copper cabling at reduced costs. If power require-
ments exceed the specification, power can be run sep-
arately. But in most cases, there is no need to increase
the amount of copper running a separate power cable
for sensors and actors.
[0004] The basis of SPE is the development of inter-
national standards for this technology. The physical prop-
erties and transfer rates are defined internationally by
different standardisation bodies. Data transmission rates
of 10 Mbit/s with a reach of 1000 m and up to 1 Gbit/s
with a reach of 40 m to 100 m are adequate. In today’s
PoE applications, the power delivery to end devices re-
quires up to 90 W at the power source equipment (PSE)
on four pairs. With the PoDL technology the currently
highest power level to be delivered to the powered device
(PD) is 50 W with a maximum current of 1.579 A.

[0005] Additionally, PoDL opens up further applica-
tions to SPE such as building infrastructure and/or pro-
duction under extreme conditions with the advantage that
the infrastructure is easy to install thanks to miniaturised
connectors and single pair cables. SPE shows additional
advantages such as thinner bending radii, smaller ca-
bles, and transmission rates up to 1 Gbit/s or higher on
a single pair.
[0006] Known from EP 2 649 686 is a multipolar outlet
for a conductor connector system with cable sharing ca-
pabilities as described in several European and interna-
tional cabling standards which is suitable for frequencies
up to 4000 MHz. The outlet comprises a housing, divided
into at least two chambers which are separated from each
other by a partition element. Each chamber has two con-
tacts accessible from a first end of the chamber, wherein
the contacts run through inserts parallel to the longitudi-
nal axis of the housing. A separator for separating the
conductor wires and for holding the wires in place is ar-
ranged to form an end piece for the chambers at a second
end thereof, opposite the first end, wherein the contacts
are arranged to be electrically connected to the wires
when the separator is in place in the housing.

Summary of the invention

[0007] The connector general requirements for Single
Pair Ethernet are defined in a parent standard, such that
the general electrical requirements of the different inter-
faces are the same for all connectors of the specific series
of standards. The mechanical mating information, pin as-
signment and additional requirements of each connector
are standardised in detail specifications. These are var-
ying in mating faces, named as well as interfaces, dimen-
sions, and mechanical properties. Therefore, one object
of the invention is to provide a bipolar conductor connec-
tor system for Single Pair Ethernet applications compliant
to current and upcoming application standards provided
by the Institute of Electrical and Electronics Engineers
(IEEE) and other organisations. In particular, the bipolar
conductor connector system is configured for electrical
and electronic equipment, including shielded and un-
shielded, free and fixed connectors with up to 8 ways.
The bipolar conductor connector provides a mechanical
matching information described as a keying function.
[0008] It is another object of the invention to provide a
conductor connector system, including plugs and sock-
ets referred as well as jacks which can be combined as
2-pair interfaces or 4-pair interfaces or other numbers of
pairs.
[0009] It is another object of the invention to provide a
conductor connector system designed to allow high cur-
rents up to 4 A and above, combined with requirements
below the Low Voltage Directive (LVD) limitations. The
LVD requirements cover health and safety risks on elec-
trical equipment operating with an input or output voltage
between 50 to 1000 V for alternating current or 75 to 1500
V for direct current. Therefore, the LVD specifies electri-
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cal characteristics of electrical equipment for both con-
sumer and professional usage such as cables, power
supply units, etc. The power transmission over connec-
tors and cables is yielded to stay always below these
voltages.
[0010] The unique combination of low to high data
transmission rates with low to high power delivery rates
and any combination thereof, provided by the bipolar con-
ductor connector system of the invention make this sys-
tem usable in many areas of homes, offices, industry and
distributed building services.
[0011] According to the invention, the bipolar conduc-
tor connector system comprises a connector with a hous-
ing and electrical contact elements and a plug connector
with electrical contacts configured for attachment to a
Single Pair Ethernet cable. The Single Pair Ethernet ca-
ble comprises a first transmission line and a second
transmission line for conducting data and power. The
connector and the plug connector comprise key means
configured for an unambiguous plug-in of the plug con-
nector in the connector in a predetermined orientation.
[0012] The bipolar conductor connector system covers
shielded and unshielded free and fixed multimedia con-
nectors (MMC) for data transmission with frequencies up
to 4000 MHz for the shielded version and up to 600 MHz
for the unshielded version of connectors, both with a cur-
rent-carrying capacity up to 8 ways.
[0013] The connector of the bipolar conductor connec-
tor system can be used for Single Pair Ethernet (SPE)
according to known standards such as IEEE standards
but is not restricted to such a standardised use. In gen-
eral, the connector is a device providing connection and
disconnection to a suitable mating component. The plug
connector can be defined as part of the connector system
integral with or intended to be attached to a flexible cable.
[0014] The connector comprises a housing. The hous-
ing can be formed from a hollow, rectangular shell made
of a conductive material to minimise crosstalk. The front
or contact surface of the housing is defined by the front
surface of the shell, while the rear or termination surface
of the housing is defined by the exposed rear surface of
the shell. Top and bottom surfaces of the shell define
upper and lower surfaces of the housing, respectively.
The housing is typically made of a metallic material of
high strength and heat resistance. Furthermore, each
housing is designed as a shield to minimise crosstalk
between adjacent housings and/or other electrical or
electronical parts such as wire segments nearby. There-
fore, the connector designed as a multimedia connector
can be used to run independently applications on each
pair without any disturbance from neighbour pairs due to
improved crosstalk performance. The housing is config-
ured to mate with the plug connector along a longitudinal
mating axis.
[0015] The connector provides two electrical contact
elements, in particular a first electrical contact element
and a second electrical contact element, accessible from
a first end of the housing, wherein the contact elements

are arranged to be electrically connected to the wire pair.
The electrical contact elements can be designed as male
or female contacts. The two electrical contact elements
of each housing of the connector allow transmission of
data and power.
[0016] In one embodiment the first electrical contact
element and the second electrical contact element of the
connector can be designed as cylindrical contact pins,
connector contacts or poles of electrically conductive ma-
terial arranged symmetrically in the housing of the con-
nector to achieve the required impedance. Advanta-
geously, a cylindrical geometry of the electrical contacts
provides a circular contact area which avoids contact ar-
ea degradation. The nominal diameter of the electrical
contact elements can be approximately 1 mm in order to
allow transmission of higher currents.
[0017] The housing for the 1-pair connector can be
configured with an outer shape and size, referred as well
as form factor, which is smaller than a quarter of the well-
known and mostly used standardised connector such as
RJ45 or similar connectors. Thereby, the 1-pair connec-
tor can be used for cable sharing with already installed
structured cabling. The RJ45 is a specified cable termi-
nation, in particular a standardised networking interface,
defining male and female connectors and pin assign-
ments used for connection by an eight-wire connector.
[0018] The plug connector comprises two electrical
contacts. The two electrical contacts can be configured
as being inserted into a holder of a non-conducting ma-
terial for separating the electrical contacts from each oth-
er in a defined distance. The arrangement of the two con-
tacts in the holder can be in a symmetrical manner such
that the achievable symmetry for signal transmission is
maximised. A symmetrical arrangement is most favour-
able for signal transmission due to less sensitivity to in-
terference coupling to nearby wire lines. The holder as
well referred as an insert, has two cylindrical through
holes disposed parallel to the longitudinal axis of the
housing and configured to hold the first electrical contact
and the second electrical contact, respectively.
[0019] In another embodiment of the invention, option-
ally a screen contact can be arranged to improve cross-
talk. This is most favourable at higher frequencies, for
higher noise environments and at higher data rates with
noise constraints. Improved crosstalk is also required for
an independent parallel operation in a 4-pair cabling sys-
tem, known as cable sharing and all kind of bundling.
[0020] The housing, the holder and the two electrical
contact elements and two electrical contacts are ar-
ranged in such a manner to achieve a predeterminable
impedance. Moreover, with the invention it is possible to
keep the distance between different wires more or less
constant throughout the longitudinal distance of the con-
nector thereby leading to a constant impedance.
[0021] The connector is configured to receive and hold
the plug connector in place. The plug connector can be
inserted into the connector and hold in position by a lock-
ing mechanism or a snap-in mechanism or a screw lock-
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ing. These locks are configured to inhibit longitudinal
movement of the mating components of the conductor
connector system. Thereby providing a robust design, a
reliable use, and an effortless operation. In a preferred
embodiment with a plug connector combining two or four
holders each with two electrical contacts one locking
mechanism and multiple snap-in mechanism are provid-
ed such that the plug connector is easy to manage.
[0022] The key means for the keying function are pro-
vided that the plug connector is securely retained and
held in correct alignment in the connector. For some ap-
plications, especially power applications, the orientation
of the plug connected relative to the connector is relevant.
The key means avoid that the plug connector is plugged
in in a wrong orientation and therefore avoid damage
caused by inverted voltages. The key means can be de-
signed as a mechanical interface or mating face such as
a ridge or a groove provided on the housing of the con-
nector with the purpose that the plug connector can only
be inserted into the housing in a single orientation so that
only the correct electrical contact elements come into
contact with each other. In a preferred embodiment, the
key means is provided as an abraded corner, positioned
depending on the number of bundled connectors and de-
pending, if the connector is designed as a fixed or a free
connector.
[0023] For shielded and unshielded fixed 1-pair con-
nectors the abraded corner can be in the lower left corner,
for 2-pair connectors the abraded corners can be the
upper outside right and left corners and for 4-pair con-
nectors the abraded corners can be arranged at the out-
most positions relative to a centre of the arrangement of
the 4-pair connectors forming a square.
[0024] For shielded and unshielded free 1-pair connec-
tors with snap-in or locking device the abraded corner
can be positioned on the lower right corner. In the case
of free 2-pair connectors the abraded corners can be
arranged on the outer upper right and upper left corners.
In the case of free 4-pair connectors the abraded corners
can be arranged at the outmost positions relative to a
centre of the arrangement of the 4-pair connectors form-
ing a square.
[0025] The bipolar connection system is based on a
plain design, which combines the advantages of single
plug connectors and bundled connectors in blocks in a
very space-saving way. According to the invention, the
connector can be provided in distinctive styles relating
to the number of pairs, e.g., 1-pair, 2-pairs and 4-pairs.
[0026] For example, a 2-pair connector might be used
for daisy chain configurations of devices in order to in-
terconnect one device to an adjacent device. Daisy
chaining is known as an uncomplicated way to connect
a network, wherein devices are connected in series and
a message that is sent on the network travels down the
chain from one device to the other. In some standards
for daisy chain networks the type of cable used is spec-
ified. For example, a certain minimum standard is de-
fined, and the cable has to be twisted in order to balance

differential signals to reduce or eliminate the effect of
interference.
[0027] A 4-pair connector might be used for the design
of digital ceiling or other outlet planning arrangements
and can run on new or installed 4 pair cabling systems
with up to four applications independently.

Brief description of the drawings

[0028] Other features and advantages of the invention
will become apparent from the following description of
non-limiting exemplary embodiments, with reference to
the appended drawings, in which:

Figure 1a is a schematical front view of a fixed con-
nector configured as 1-pair connector according to
one embodiment;

Figure 1b is a schematical side view of a fixed con-
nector configured as 1-pair connector;

Figure 2a is a schematical front view of a fixed con-
nector configured as 2-pair connector;

Figure 2b is a schematical side view of a fixed con-
nector configured as 2-pair connector;

Figure 3a is a schematical front view of a fixed con-
nector configured as 4-pair connector;

Figure 3b is a schematical side view of a fixed con-
nector configured as 4-pair connector;

Figure 4a is a schematical front view of a free con-
nector configured as 1-pair connector with a snap-
in mechanism;

Figure 4b is a schematical side view of a free con-
nector configured as 1-pair connector with a snap-
in mechanism;

Figure 5a is a schematical front view of a free con-
nector configured as 1-pair connector with a locking
mechanism;

Figure 5b is a schematical side view of a free con-
nector configured as 1-pair connector with a locking
mechanism;

Figure 6a is a schematical front view of a free con-
nector configured as 2-pair connector with a snap-
in mechanism;

Figure 6b is a schematical side view of a free con-
nector configured as 2-pair connector with a snap-
in mechanism;

Figure 7a is a schematical front view of a free con-
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nector configured as 2-pair connector with a locking
mechanism;

Figure 7b is a schematical side view of a free con-
nector configured as 2-pair connector with a locking
mechanism;

Figure 8a is a schematical front view of a free con-
nector configured as 4-pair connector with a snap-
in mechanism;

Figure 8b is a schematical side view of a free con-
nector configured as 4-pair connector with a snap-
in mechanism;

Figure 9a is a schematical front view of a free con-
nector configured as 4-pair connector with a locking
mechanism; and

Figure 9b is a schematical side view of a free con-
nector configured as 4-pair connector with a locking
mechanism.

Detailed description of a preferred embodiment

[0029] Figure 1a and Figure 1b show schematically a
1-pair shielded and unshielded fixed connector 100 in
detail. The connector 100 is part of a bipolar conductor
connector system 1 and comprises a housing 101 con-
figured as a shell made of a conductive material. The
housing 101 works as a shield to minimise crosstalk to
adjacent housings or other electrical or electronical parts.
[0030] The two electrical contact elements 102, de-
signed as two contact pins, connector contacts or poles
of electrically conductive material, such as metal, are ar-
ranged. The contact pins 102 are separated from each
other and this arrangement is protected against reversing
poles. In the operational state of the connector 100, the
contact pins 102 are accessible from the outside of the
connector 100 so that a plug connector (not illustrated in
the figures 1, 2 and 3) can be connected to the electrical
contact elements 102. Upon insertion of a corresponding
plug connector, these contact pins 102 enter into electri-
cal contacts configured as cylindrical holes in a holder
105.
[0031] In one embodiment shown, the holder 105 has
two cylindrical holes disposed parallel to the longitudinal
axis of the housing 101 and configured as electrical con-
tacts 104, wherein the two contact pins 102 are situated
in the holes.
[0032] The plug connector can be plugged-in in only
one single orientation. For this purpose, key means 103
are provided. In the figures 1a and 1b the keying function
is achieved by orientation and design of an abraded cor-
ner on the housing 101. Further forms and/or positions
of the key means 103 are possible such as a groove or
a ridge. The key means prevent insertion of the plug con-
nector in a wrong orientation to avoid damage caused

by inverted voltages.
[0033] Figures 2a and 2b show schematically a 2-pair
fixed connector, wherein two housings 101 are arranged
next to each other. In each housing 101 two contact pins
102 are arranged. According to the key means configured
as abraded corner in the upper left and right corners of
the connector 100 up to two plug connectors can be
plugged in in an unambiguous orientation.
[0034] Figures 3a and 3b show schematically a 4-pair
fixed connector, wherein four housings 101 are bundled
forming a square with a centre. The abraded corners of
each housing 101 are arranged on the outmost corners
relative to the centre. This arrangement of fixed connec-
tors allows to plug-in up to four plug connectors.
[0035] Figures 4a and 4b show schematically a free
connector, referred as plug connector 105, configured
as 1-pair plug connector 105 with a snap-in mechanism
108. The plug connector 105 has a holder 105a in which
two electrical contacts 104 are provided as holes sym-
metrically. The symmetry results in best achievable sig-
nal transmission. The metallic housing acts as screen
contact when connected to a fixed connector. The snap-
in mechanism 108 comprises at two opposite sides of
the holder elastically mounted or resilient snap elements
such that the plug connector 105 is capable of snap-in
fitting to a female housing of the corresponding connector
100. For example, the snap elements can be configured
as locking button with a protruding portion which serves
as a locking means. The locking button can be configured
as a distinct element from the holder 105a and can be
snap-fitted to the connector housing when the protruding
part is arranged in openings provided on the housing.
[0036] Figures 5a and 5b show schematically a free
connector, referred as plug connector 105 designed as
1-pair plug connector with one locking mechanism 107.
The plug connector 105 typically snap fits with the con-
nector 100. Therefore, a latch or locking mechanism 107
is employed, such that when a latch is depressed the
plug connector 105 is released from the push-fit connec-
tion with the connector. Applying pressure to the latch is
quick and simple. The locking mechanism 107 comprises
the latch 107a in order to engage to a locking part 107b
provided at the corresponding part of the connector 100
to prevent the plug connector 105 from slipping off. The
latch 107a can be pivotably attached by a resilient U-
shaped strap and can be pushed traversed to the mating
direction such to engage with the locking part 107b.
[0037] Figures 6a and 6b show schematically a free
connector, referred as plug connector 105 designed as
2-pair plug connector with a snap-in mechanism 108. To
ensure the right orientation of the plug connector in the
corresponding connector 100, key means 103 are pro-
vided as abraded edge compatible to the abraded corner
provided in the housing 102 of the connector 100. The
snap-in mechanism 108 of each protruding holder can
differ in orientation from each other such that the snap-
in mechanisms 108 is provided on two sides opposite to
each other in horizontal orientation and in vertical orien-
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tation, respectively.
[0038] Figures 7a and 7b show schematically a 2-pair
plug connector 105 with an abraded edge on each holder
and at least one locking mechanism 107 provided at one
of the two plug connectors 105.
[0039] Figures 8a and 8b show schematically a 4-pair
plug connector 105 with a snap-in mechanism 108 at
each of the four holder of the plug connector 105.
[0040] Figures 9a and 9b show schematically a 4-pair
plug connector 105 with one locking mechanism 107 at
one of the four holder of the plug connectors 105 and
snap-in mechanism 108 at the other of the four plug con-
nectors 105.
[0041] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive, the invention
being not limited to the disclosed embodiment. Other em-
bodiments and variants are understood and can be
achieved by those skilled in the art when conducting the
claimed invention, based on a study of the drawings, the
disclosure, and the appended claims. In particular the
number of housings in the connector can be other than
one, two or four.

Claims

1. A bipolar conductor connector system (1) for Single
Pair Ethernet applications, but not restricted to it,
comprising

- a fixed connector (100) with a housing (101)
and electrical contact elements (102), and
- a free plug connector (105) with electrical con-
tacts (104) configured for attachment to a Single
Pair cable,

characterised in that
the fixed connector (100) and the free plug connector
(105) comprise key means (103) configured for an
unambiguous plug-in of the free plug connector (105)
in the fixed connector (100) in a predetermined ori-
entation.

2. A bipolar conductor connector system (1) according
to claim 1, wherein the housing (101) of the fixed
connector (100) is made of a conductive material to
minimise crosstalk between adjacent components.

3. A bipolar conductor connector system (1) according
to claims 1 or 2, wherein the housing (101) comprises
two electrical contact elements (102) to provide data
and power transmission.

4. A bipolar conductor connector system (1) according
to claim 3, wherein the two electrical contact ele-
ments (102) of the fixed connector (100) are config-

ured as cylindrical contact pins arranged symmetri-
cally in the housing (101).

5. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the housing
(101) of the fixed connector (100) designed as a 1-
pair connector has an outer form which is smaller
than a quarter of the RJ45 standardised connector.

6. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the electrical
contacts (104) of the free plug connector (105) are
female electrical contacts (104) hold in a holder
(105a).

7. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the key
means (103) comprises matching faces configured
on the fixed connector (100) and the free plug con-
nector (105) such that the connection of them is pos-
sible only in one orientation.

8. A bipolar conductor connector system (1) according
to claim 7, wherein the matching faces are designed
as abraded corner and abraded edge made in one
predeterminable position.

9. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the position
of the key means (103) varies depending on the
number of combined housings (101).

10. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein comprising
a fixed connector (100) with one housing (101) for a
1-pair application, two housings (101) for up to 2 1-
pair applications or four housings (101) for up to 4
1-pair applications.

11. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein comprising
a free plug connector (105) configured as 1-pair plug
connector, 2-pair plug connector or 4-pair plug con-
nector to be inserted in corresponding counter-piece
fixed connectors (100).

12. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the free plug
connector (105) provides at least one snap-in mech-
anism (108) capable of snap-in fitting to a corre-
sponding fixed connector (100).

13. A bipolar conductor connector system (1) according
to one of the preceding claims, wherein the free plug
connector (105) provides a locking mechanism
(107).

14. A bipolar conductor connector system (1) according
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to one of the preceding claims, wherein the free plug
connector (105) comprises two holders (105a) each
with two electrical contacts (104) to be insertable into
a 2-pair fixed connector (100) or a 4-pair fixed con-
nector (100) and hold in position via at least one
snap-in mechanism (108).

15. A bipolar conductor connector system (1) according
to one of the claims 1 to 13, wherein the free plug
connector (105) comprises four holders (105a) each
with two electrical contacts (104) to be insertable into
a fixed 4-pair connector (100) and hold in position
via at least one locking mechanism (107).
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