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1. The network infrastructure for Industry 4.0
The potential of Single Pair Ethernet is huge and experts consider it to be the next generation of communication architecture 
in automation. Originally developed for automotive applications, it promises nothing less than a continuous connection 
from the sensor to the cloud. And this is the case in practically every application, whether in industry, logistics, buildings or 
wherever data is generated. The concept behind it is essentially an extension of the Ethernet to the sensor, that is wherever 
"tracks" (in the literal sense) rather than data highways are needed in every inch of space within the plant  – it is compact, 

and why the standardisation process is well underway. Naturally, at this stage of the process, some manufacturers tend to 
communicate proposals as regulations without further ado in order to issue their product as a new standard. This whitepaper 
highlights all aspects of the new Single Pair Ethernet technology and focuses on application, standardisation and connectors.

system control unit and to the purchasing department, without the need for gateways or a duplicate infrastructure for the 

well as time-critical applications such as fast-running machines. However, Ethernet remained a data highway that became 
increasingly faster and broader. For simple sensors, the technology is too costly and overdimensioned. The current RJ45 

to the sensor is too expensive and is often unfeasible due to lack of space. A further obstacle is the maximum cable length 

materials handling. Support comes in the form of an Ethernet standard that does not need to offer the high data transfer 
rates of the IT world, yet combines long cable lengths with a compact design as well as simple and robust cabling: Single 

not making full use of the capacities that are now available, in particular sensor technology. Sensors are currently connected 

covered in the following sections.

2. 

systems in the automotive industry, where cabling currently accounts for a great deal of the vehicle's weight – and this trend 

similar expectations within industry as the number of intelligent end devices in the plant is increasing, however the amount 

and systems, the cabling must therefore be designed for industrial use, and be both compact and simple. Moreover, they 

lightweight cables with a small outer diameter and low bending radii  are essential. This kind of structure will also reduce the 
costs, as less material needs to be installed. It also makes it easier to extend an existing system than with eight-wire cables. 

cameras for monitoring or for detecting a component's type and location can also be continuously integrated into the 
network via Ethernet. The achievable response times even allow TSN (Time-Sensitive Networking) applications. Another 
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both with energy and with a data interface, even under extremely cramped  conditions. An additional, separate supply line is 

The following table describes the resulting outputs for different supply voltages at the end device depending on the length 
and the cross-section of the cable line.

Class 10 11 12 13 14 15

VPSE Min/Max (V) 20/30 20/30 20/30 50/58 50/58 50/58

PPD Min (V) 14 14 14 35 35 35

PPD Max (W) 1.23 3.2 8.4 7.7 20 52

<65 <25 <9.5 <65 <25 9.5

max. length AWG18 (m) 1000 536 203 1000 536 203

max. length AWG22 (m) 550 211 80 550 211 80

max. length AWG24 (m) 346 133 50 346 133 50

max. length AWG26 (m) 217 83 31 217 83 31

demanding applications in potentially explosive environments. This means that SPE is also attractive for process technology. 
There are therefore virtually no applications for which this standard does not provide new impetus: whether in IT, production 
or under extreme conditions, the infrastructure is easy to install thanks to the miniaturised connectors and the single pair 
cables.

an application across all levels, scalable, deterministic and fully compatible. In a nutshell: Each one can communicate with 
each other.
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3. Standardisation, the key to success

of standardisation, as interoperability, and thus the long-term success of SPE, can only be ensured through international 
standards. 

It goes without saying that many bodies are involved in the international standardisation of such an important technology. 

active components. The passive cabling structure is not described here. The technical properties that a connector or contact 
point must comply with for this application are described there. In a sub-item, the current version of the IEEE document 

publications. Though it is crucial for the manufacturer and the user to recognise that this is an option ("may be used") and 

perhaps be likened to the engine and the standard series as the different car bodies.
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For information, the key differences of the standardised connectors are listed in the table below.

Merkmale / Norm

Style LC-Style rectangular M8 / M12 rectangular / D8 / D12

Bandwidth 600 MHz 2.500 MHz 2.500 MHz 600 MHz

Transmission pairs 1 1/4 1/4 1

IP rating IP20/IP67 IP20 IP67 IP20/IP67

Mating compatibility No Yes IEC 63171-5 Yes IEC 63171-2 No

Impedence 108 108 108 147

Isolation voltage 1.5 kV 2.25 kV 2.25 kV 1.5 kV

Dimension (plug) 7.6 x 10.5 mm 11.4 x 12.7 mm (IP20)

Inverted mating face possible No Yes Yes No

The following documents are affected by this:

• 
• 
• 
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for the mating face thus refers to applications outside of automation and therefore also to the connection of the automation 

Except for generic cabling, a TO is not used in PROFINET environments.

industrial environment was derived with the End-to-End link.

The normative process is currently underway but has not yet been completed. The claim that the market had already 
agreed upon a mating face, as was made by some manufacturers and is often mentioned in the trade press, is categorically 
incorrect. Important and powerful user organisations, such as PROFINET, are currently forming their own opinion and will 
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4. 

that the cabling will also meet even higher performance demands in the future.

used independently of any application, from the workstation through computing centres and industrial cabling and to the 
cloud.

On this basis, the developers have established the key properties for SPE connectors used at machine level in order to satisfy 
all forms of industrial application. Initially the product range is wide, although this does not mean a plethora  of different 
components, but rather components that are as versatile as possible to use. This includes the above mating face that is the 

which is advantageous in warehousing. The mating face naturally needs to be available as a free connector and also on the 

Image 4: The Single Pair Ethernet connector range is freely combinable and supports end-to-end, application-independent transmission, 
from the workstation through the industrial cabling to the cloud.. 
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A further point is unrestricted industry suitability, which includes a robust locking mechanism as is the case with RJ45 

this. As part of this test, not only is the cable tested for axial strain, it is also loaded vertically. This simulates the loads that 

7



design must remain compact

Performance / Future Sustainability. These points go 

to be expanded. The connector therefore offers investment security in all respects. This is guaranteed through aspects 

behaviour between the connector and the socket. A high return loss ensures optimal data transfer to the interface. The 
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5. 

onto the market that can be used to achieve four SPE cablings via one interface (cable sharing). The arrangement of contacts 
allows for ideal electrical properties. The contact pairs are arranged perpendicular to each other and minimise interference 
between the individual cables. The additional shielded cross reduces the remaining interference.

Thanks to this extremely compact design, four Single Pair Ethernet ports are possible in the installation space of an RJ45 
connector.

A typical application would be a welding robot with closely spaced sensors at the far end of the arm. These can be 

implement using other connection technologies.

completed with active components in the future, meaning that the user will have a complete SPE infrastructure from a single 
source.

The right cable

Standardisation also deals with cabling of course. Manufacturers are currently developing lighter, thinner and more cost-

to electromagnetic interference. In the future, this will enable a cabling and network standard that can communicate with 
each sensor or actuator while supplying it with power. Just like the connectors, the cables also need to be robust enough for 
industrial use. Typical examples include a smaller bending radius for installations where there is a shortage of space as well 
as the Flexion Test previously mentioned.
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Impulses from the automotive industry

To conclude, let us take a look at the latest developments from the automotive industry, the original initiator of SPE. This 
sector is also driving forward standardisation. Ethernet systems are being increasingly installed in the current vehicle 

Hardware for the Ethernet of the future
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