Single Pair Ethernet
The network infrastructure for Industry 4.0
Let’s connect.
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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,
ÁH[LEOHDQGRIIHUVH[WHQVLYHUHDFK7KLVH[SODLQVZK\WKHUHLVVXFKDKLJKOHYHORILQWHUHVWLQVWDQGDUGVDFURVVDOOLQGXVWULHV
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.
(IIRUWVWRXVH(WKHUQHWDVDÀHOGEXVDOWHUQDWLYHÀUVWLPPHUJHGLQWKHODWHV6HDPOHVV(WKHUQHWQHWZRUNLQJIURPWKH
FRQWUROXQLWWRWKH,7ZRUOGRIIHUVKXJHDGYDQWDJHV)RULQVWDQFHWKHÀOOOHYHORIDWDQNFDQEHUHSRUWHGGLUHFWO\WRERWKWKH
system control unit and to the purchasing department, without the need for gateways or a duplicate infrastructure for the
FRQWUROXQLWDQG,77KHLQWURGXFWLRQRIWKH,QGXVWULDO(WKHUQHWDQGLWVGHÀQHGUHVSRQVHWLPHFRQTXHUHGWKH,7VWDQGDUGDV
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
FRQQHFWRUVDQGFDEOHVDUHQRWLGHDOIRULQGXVWULDOXVHDWÀHOGOHYHOIRUFRQQHFWLQJWKHVHQVRUV&RPSOH[HQFDSVXODWLRQXS
to the sensor is too expensive and is often unfeasible due to lack of space. A further obstacle is the maximum cable length
RIPDVZHOODVWKHQHHGIRUWZRSDLURUIRXUSDLUFDEOLQJ7KLVLVLQVXIÀFLHQWIRUDZLGHO\QHWZRUNHGZDUHKRXVHRUIRU
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
3DLU(WKHUQHWRU63($WÀUVWJODQFHLWLVDGRZQZDUGVH[WHQVLRQRIWKHH[LVWLQJ(WKHUQHWVWDQGDUGV:LWKORZHUGDWD
WUDQVIHUUDWHVLWFRQÁLFWVZLWKWKHFRQVWDQWIDVWHUDQGVKRUWHUUHTXLUHPHQWVLQWKH,7ZRUOG+RZHYHUPDQ\DSSOLFDWLRQVDUH
not making full use of the capacities that are now available, in particular sensor technology. Sensors are currently connected
YLDÀHOGEXVJDWHZD\VDQGVRPHDUHHYHQFRQQHFWHGRYHUWZROHYHOVWRDQDGGLWLRQDOVXEEXV,QVXFKFDVHVDFRQWLQXRXV
(WKHUQHWFRQQHFWLRQGHOLYHUVFRQVLGHUDEOHWHFKQLFDODQGHFRQRPLFDOEHQHÀWV63(DOVRRIIHUVIXUWKHUDGYDQWDJHVWKDWDUH
covered in the following sections.

2. 0RWLYDWLRQDQGEHQHÀWVRI63(WHFKQRORJ\
,QVWHDGRIWZRRUIRXUSDLUVRIZLUHV63(UHTXLUHVMXVWRQHSDLURIZLUHV7KHLPSHWXVIRUWKLVGHYHORSPHQWFDPHIURPZLULQJ
systems in the automotive industry, where cabling currently accounts for a great deal of the vehicle's weight – and this trend
LVULVLQJUDSLGO\7KLVUHTXLUHVDQLQIUDVWUXFWXUHWKDWFDQGHOLYHUKLJKSHUIRUPDQFHZLWKDVIHZFDEOHVDVSRVVLEOH7KHUHDUH
similar expectations within industry as the number of intelligent end devices in the plant is increasing, however the amount
RIDYDLODEOHVSDFHLVQRW²LQIDFWLWLVTXLWHWKHRSSRVLWH$VPRUHDQGPRUHVHQVRUVQHHGWREHLQWHJUDWHGLQWRPDFKLQHV
and systems, the cabling must therefore be designed for industrial use, and be both compact and simple. Moreover, they
DUHLQVWDOOHGLQH[WUHPHSODFHVVXFKDVURERWLFDUPVZKHUHPHFKDQLFDOÁH[LELOLW\DQGZHLJKWSOD\DQLPSRUWDQWUROHLH
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.
:LWKWKHWKLQQHUDQGOLJKWHUFDEOHVPRUH(WKHUQHWFKDQQHOVFDQEHKRXVHGWKDQEHIRUHLQH[LVWLQJFDEOHUXQV
7KHSK\VLFDOSURSHUWLHVDQGWUDQVIHUUDWHVDUHGHÀQHGLQWHUQDWLRQDOO\E\GLIIHUHQWVWDQGDUGLVDWLRQERGLHV7KHVHQHZ(WKHUQHW
YHUVLRQVDUHDOVREHLQJPHWZLWKDJUHDWGHDORILQWHUHVWLQDXWRPDWLRQWHFKQRORJ\DV63(PHHWVWKHUHTXLUHPHQWVIRU
LQGXVWULDOFRPPXQLFDWLRQLQWKHGLJLWDOLVDWLRQHUD7KHWUDQVIHUUDWHVRI0ELWVZLWKDWUDQVIHUOHQJWKRIPXSWR
*ELWVZLWKDWUDQVIHUOHQJWKRIPWRPDUHFRPSOHWHO\DGHTXDWHHYHQIRUVRSKLVWLFDWHGVHQVRUV6FDQQHUVDQG
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
PDMRUDGYDQWDJHRI63(LVWKHSRVVLELOLW\RIVXSSO\LQJSRZHUWRWKHFRQQHFWHGSHULSKHUDOVYLD3R'/ 3RZHURYHU'DWD/LQH 
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3R'/PDNHVXSWR:RISRZHUDYDLODEOHWRWKH36( 3RZHU6RXUFH(TXLSPHQW 7KLVDOORZVWKHVHQVRUVWREHVXSSOLHG
both with energy and with a data interface, even under extremely cramped conditions. An additional, separate supply line is
QRWUHTXLUHG
7KH,(((KDVGHÀQHGDFODVVLÀFDWLRQLQWRGLIIHUHQWSRZHUFODVVHVIRUWKLVSXUSRVH6LQFHFODVVHV²DUHDOUHDG\DVVLJQHGWR
32(WKHSRZHUFODVVHVIRU3R'/VWDUWDW
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

GFORRSUHVLVWDQFH Ǯ

<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

7DEOH3RZHUFODVVHVIRU3R'/LQDFFRUGDQFHZLWK,(((

$GGLWLRQDOO\3R'/RSHQVXSIXUWKHUDSSOLFDWLRQVIRU63(,QDGGLWLRQWREXLOGLQJLQIUDVWUXFWXUHWKLVLQFOXGHVSDUWLFXODUO\
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.
63(WKXVPHHWVWKHIXQGDPHQWDOUHTXLUHPHQWVRI,R7DQG,QGXVWU\DSSOLFDWLRQV²FRQWLQXRXVLQWHOOLJHQWQHWZRUNLQJRI
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
2QWKHEDVLVRIWKHVHEHQHÀWVUHQRZQHGH[SHUWVIURPWKHFRQQHFWRULQGXVWU\DXWRPDWLRQWHFKQRORJ\DQGWKHFDEOHLQGXVWU\
DQGKDYHMRLQHGIRUFHVWRGHYHORSLQWHUQDWLRQDOVWDQGDUGVIRUWKLVWHFKQRORJ\7KLVFOHDUO\GHPRQVWUDWHVWKHLPSRUWDQFH
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.
$WWKLVSRLQWRQO\WKHNH\ERGLHVLQYROYHGDUHPHQWLRQHG7KHDSSOLFDWLRQDQGWKHGHÀQLWLRQRIWKHWUDQVIHUFKDQQHOLVEHLQJ
SURFHVVHGE\WKH,((( ,QVWLWXWHRI(OHFWULFDODQG(OHFWURQLFV(QJLQHHUV(WKHUQHW:RUNLQJ*URXS ,62,(&-7&6&
:* ,QWHUQDWLRQDO(OHFWURWHFKQLFDO&RPPLVVLRQ,QWHUFRQQHFWLRQRILQIRUPDWLRQWHFKQRORJ\HTXLSPHQWZRUNLQJJURXS
&XVWRPHU3UHPLVHV&DEOLQJ GHVFULEHVWKHWUDQVIHUUHTXLUHPHQWDQGLWVSDUDPHWHUVIRUSDVVLYHFDEOLQJVWUXFWXUHVLQLQGXVWU\
LQEXLOGLQJVVPDUWKRPHVDQGFRPSXWLQJFHQWUHV7KHUHTXLUHPHQWVRIPHFKDQLFDODQGHOHFWULFDOSURSHUWLHVDUHXOWLPDWHO\
GHÀQHGE\,(&6&%(OHFWULFDOFRQQHFWRUVDQG,(&6&&:LUHVDQGV\PPHWULFFDEOHV7KHUHDUHÀ[HGDJUHHPHQWV
EHWZHHQ,(((DQG,62,(&WKDWGHÀQHWKHUHVSHFWLYHWDVNV
)RUWKH,(((FJ 63(0ELWV SURMHFWFRQQHFWRUVDQGWKHLUHOHFWULFDOSURSHUWLHVZHUHGHÀQHGIRUWKHÀUVWWLPHLQWKH
,(((HQYLURQPHQW7KH\DUHH[SODLQHGXQGHUWKHSRLQWRQ0', 0HGLXP'HSHQGHQW,QWHUIDFH 7KH0',LVWKHLQWHUIDFHWRWKH
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
GHVFULEHVSRVVLEOHFRQQHFWRUVWKDWFDQEHEXWGRQRWKDYHWREHXVHGRQWKH0',7KLVLVRFFDVLRQDOO\PLVUHSUHVHQWHGLQ
publications. Though it is crucial for the manufacturer and the user to recognise that this is an option ("may be used") and
QRWDUHJXODWLRQ2WKHUFRQQHFWRUVFDQDOVREHXVHGLIWKH\PHHWWKHHOHFWULFDOSURSHUWLHVRI,(((FJ
7KHFRQQHFWRUVIRU6LQJOH3DLU(WKHUQHWDUHGHÀQHGLQWKH,(&;VHULHVRIVWDQGDUGV7KHJHQHUDOHOHFWULFDO
UHTXLUHPHQWVRIWKHLQWHUIDFHVFDQEHIRXQGLQWKHEDVLFVWDQGDUG,(&7KHGHVLJQRIWKHPDWLQJIDFHVDQGWKXVWKH
PHFKDQLFDOUHTXLUHPHQWVRIWKHFRQQHFWRUVDUHGHVFULEHGLQWKHVXERUGLQDWHVHULHVRIVWDQGDUGV7KHEDVLFVWDQGDUGFRXOG
perhaps be likened to the engine and the standard series as the different car bodies.

,(&
*(1(5$/5(48,5(0(176
,(&
'(7$,/63(&,),&$7,217<3(
,(&
'(7$,/63(&,),&$7,217<3(
,(&
'(7$,/63(&,),&$7,217<3(
,(&
'(7$,/63(&,),&$7,217<3(
,(&
'(7$,/63(&,),&$7,217<3(
,(&
'(7$,/63(&,),&$7,217<3(
,PDJHRXWOLQHVWKHVWUXFWXUHRIWKH,(&VHULHVRIVWDQGDUGV
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7KHFRQQHFWRUVGHÀQHGLQWKHVHULHVRIVWDQGDUGVWRKDYHGLIIHUHQWPDWLQJIDFHVGLPHQVLRQVDQGPHFKDQLFDO
SURSHUWLHV&XUUHQWO\QHLWKHU,(&QRU,(&UHIHUVWRWKHEDVLFVWDQGDUGRI,(&$VDUHVXOWWKHUHDUH
GLIIHUHQWPHFKDQLFDOUHTXLUHPHQWVDQGGLIIHUHQWHOHFWULFDOUHTXLUHPHQWV
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)
Inverted mating face possible

7.6 x 10.5 mm
No

Yes

11.4 x 12.7 mm (IP20)
Yes

No

7DEOH2YHUYLHZRIWKHGLIIHUHQWFRQQHFWRUVLQDFFRUGDQFHZLWK,(&

7KHFRQQHFWRUVLQDFFRUGDQFHZLWK,(&DQG,(&HYHQREVHUYHVWULFWHUYDOXHV)RUH[DPSOHWKH\KDYHD
GLHOHFWULFVWUHQJWKXSWRN9'&)LQDOO\LWVKRXOGEHPHQWLRQHGWKDWWKHXVHRIFRQQHFWRUVGHVFULEHGDVPD\EHXVHGLQ
WKH,(((HQYLURQPHQWRQO\UHODWHWRWKH0ELWVDSSOLFDWLRQ$SSOLFDWLRQVLQWKHUDQJH0%LWV0%LWVDQG
0XOWL*LJDUHQRWDIIHFWHGE\WKLV7KHUHIRUHWKHXVHULVREOLJHGWRVHOHFWWKHULJKWFRQQHFWRUIRUWKHDSSOLFDWLRQ
7KH,62,(&[VHULHVRIVWDQGDUGVGHVFULEHVWKHJHQHULFFDEOLQJVWUXFWXUHIRUGLIIHUHQWHQYLURQPHQWV7KLVLVDOVR
EHLQJH[SDQGHGGXHWRWKHQHZ63(DSSOLFDWLRQV,WGHÀQHVWKHVDPHFRQQHFWRUVDVLQ,(((FJ$PD\EHXVHG
FRQQHFWRULVGHÀQHGLQWKH,62,(&DVDVKDOOEHXVHGFRQQHFWRUDWWKH72 WHOHFRPPXQLFDWLRQRXWOHW 7KHUHLVWKXVDÀ[HG
GHÀQLWLRQRIWKHPDWLQJIDFHIRUWKH72
The following documents are affected by this:
,QIRUPDWLRQWHFKQRORJ\²*HQHUDOFDEOLQJIRUFXVWRPHUSUHPLVHV
• ,62,(&$0 *HQHUDOUHTXLUHPHQWV
• ,62,(&$0 ,QGXVWULDOSUHPLVHV
• ,62,(&$0 'LVWULEXWHGEXLOGLQJVHUYLFHV
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&'

%'

)'

,,'
('

72$2
1,

&DPSXV
EDFNERQH
FDEOLQJ
VXEV\VWHP

%XLOGLQJ
EDFNERQH
FDEOLQJ
VXEV\VWHP

)ORRU
FDEOLQJ
VXEV\VWHP

*HQHULFFDEOLQJV\VWHP,62,(&

,QGXVWULDO
LQWHUPHGLDWH
FDEOLQJ
VXEV\VWHP

2SHUDWRU
DWWDFKPHQW
FDEOLQJ

$XWRPDWLRQ
LVODQG

$XWRPDWLRQ
LVODQG
FDEOLQJ

,QGXVWULDOFDEOLQJV\VWHP

,PDJHVKRZVWKH,62,(&$0FDEOLQJPRGHO VRXUFH,62,(&

,Q)LJXUHLWLVDSSDUHQWWKDWWKH72UHSUHVHQWVWKHFRQQHFWLRQEHWZHHQDXWRPDWLRQDQGWKHIDFWRU\KDOO7KHVSHFLÀFDWLRQ
for the mating face thus refers to applications outside of automation and therefore also to the connection of the automation
LVODQGZLWKJHQHULFFDEOLQJ7KH72LVWKHUHIRUHRQO\GHVFULEHGLQWKHJHQHULFFDEOLQJLQDFFRUGDQFHZLWK,62,(&
Except for generic cabling, a TO is not used in PROFINET environments.
352),1(7DQGRWKHULQGXVWULDOFRPPXQLFDWLRQSURWRFROVGHÀQHSXUHSRLQWWRSRLQWFDEOLQJLQWKHLUJXLGHOLQHV(YHQWKH
GHÀQLWLRQRIWKHFKDQQHOZDVQRWWDNHQIURPJHQHULFFDEOLQJLQVWHDGDFKDQQHOGHÀQLWLRQWKDWKDVEHHQDGDSWHGWRWKH
industrial environment was derived with the End-to-End link.

,PDJH([DPSOHYDULDQWVIRUWKH(QGWR(QGOLQNLQDFFRUGDQFHZLWKWKH352),1(7JXLGHOLQHV

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
GHDOZLWKWKLVVXEMHFWDUHDLQWKHIXWXUH
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4. 63(GHYHORSPHQWVDW:HLGPOOHUWKHFRQQHFWRULVWKHÀUVWVWHS
:HLGPOOHUVXSSRUWVFRQQHFWRUGHYHORSPHQWIRUWKH,(&YDULDQWIRU,3HQYLURQPHQWVDQGWKH,(&
YDULDQWIRU,3HQYLURQPHQWV:LWKDIRFXVRQFURVVVHFWLRQVLQWKHUDQJH$:*²$:*DQH[WUHPHO\XVHUIULHQGO\
SRUWIROLRFDQEHHVWDEOLVKHG²ZLWK0FRQQHFWRUVIRUSOXJV$1'VRFNHWV7KLVDSSOLHVERWKWRIUHHFRQQHFWRUVRQWKHFDEOH
DVZHOODVWKHÀ[HGYDULDQWRQWKHKRXVLQJ7KLVPHDQVWKHUHLVQRQHHGIRUH[WHQVLRQFDEOHVWKDWRQO\KDYHSOXJVRUVRFNHWV
DWERWKHQGV7KLVLVHVVHQWLDOIRU3R'/HVSHFLDOO\DVWKHOLYHVLGHPXVWDOZD\VEHGHVLJQHGDVDVRFNHW$WKLUGDGYDQWDJH
RIWKH:HLGPOOHUVROXWLRQLVWKHVLJQLÀFDQWO\LPSURYHG+)SHUIRUPDQFHFRPSDUHGZLWKFRPSHWLWRUSURGXFWVZKLFKPHDQV
that the cabling will also meet even higher performance demands in the future.
$IXUWKHUDGYDQWDJHRIWKHVROXWLRQGHYHORSHGE\:HLGPOOHULVWKDWWKHFRQQHFWLRQV\VWHPVLQDFFRUGDQFHZLWK,(&
 ,3HQYLURQPHQW DQG,(& ,3HQYLURQPHQW KDYHWKHVDPHPDWLQJIDFH%RWKFDQWKHUHIRUHEHIUHHO\
FRPELQHG7KLVFRPSDWLELOLW\LVPRVWEHQHÀFLDOLQÀHOGPHDVXUHPHQWWHFKQRORJ\)XUWKHUPRUHWKHPDWLQJIDFHFDQDOVREH
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
VDPHIRU,3DQG,3HQYLURQPHQWV7KLVOLPLWVWKHQXPEHURIFRPSRQHQWVZLWKRXWUHGXFLQJWKHDSSOLFDWLRQSRVVLELOLWLHV
which is advantageous in warehousing. The mating face naturally needs to be available as a free connector and also on the
GHYLFHVLGHDVERWKPDOHDQGIHPDOH3R'/DQGGDLV\FKDLQLQJDUHWKHUHIRUHVXSSRUWHGDVZDVDOUHDG\W\SLFDOIRUGHYLFHV
ZLWK00FRQQHFWRUV7KLVDOVRLQFOXGHVVWUDLJKWDQGDQJOHGYDULDQWVZLWKDQGZLWKRXW/('IRU,3SULQWHUFLUFXLWERDUG
FRQQHFWRUVDVZHOODVFRQWLQXRXV,3FDEOLQJRQWKHEDVLVRI00FRQQHFWRUV

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
FRQQHFWRUV7KHSXOORXWIRUFHLVDWOHDVW1$OVRDOOFRPSRQHQWVVKRXOGDOVREHHDV\WRDVVHPEOHLQWKHÀHOG7\SLFDO
NH\WHFKQLFDOGDWDGHÀQHGZHUHFDEOLQJLQWKH$:*²$:*UDQJHDQLQGXVWULDOGLHOHFWULFVWUHQJWKRIN9'&
DQGDSHUPLVVLEOHSROOXWLRQGHJUHHRIRQWKHSULQWHGFLUFXLWERDUG7KHHOHFWULFDODQGPHFKDQLFDOFRQQHFWLRQPXVWDOVREH
JXDUDQWHHGLQH[WUHPHDSSOLFDWLRQVDWPDFKLQHOHYHO$)OH[LRQ7HVWLQDFFRUGDQFHZLWK,(&;SURYLGHVHYLGHQFHIRU
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
WKHFDEOHLVVXEMHFWHGWRRQDURERWLFDUPIRUH[DPSOH

,PDJH'RXEOHSRUWGHQVLW\WKDQNVWRKDOYHGVL]HFRPSDUHGWR5-FRQQHFWRUV

7

$VWKHUHLVYLUWXDOO\QRVSDFHIRUFDEOLQJLQPDQ\,QGXVWU\DSSOLFDWLRQVWKHdesign must remain compact:LWKDSLWFK
RIPPWKHYHUVLRQGHYHORSHGE\:HLGPOOHULVMXVWKDOIWKHVL]HRIDQ5-FRQQHFWRU7KLVPHDQVWKDWWZR6LQJOH3DLU
(WKHUQHWSRUWVFDQEHLQVWDOOHGLQWKHVSDFHRFFXSLHGE\DQ5-3&%FRQQHFWRUGRXEOLQJWKHSRUWGHQVLW\
$VXEVHTXHQWJURXSRISURSHUWLHVFDQEHVXPPDULVHGXQGHUPerformance / Future Sustainability. These points go
WRJHWKHUDVWKH\HQVXUHÁH[LELOLW\LQWHUPVRIIDVWHUWUDQVIHUUDWHVLQIXUWKHUGHYHORSPHQWDQGDOVRHQDEOHH[LVWLQJLQVWDOODWLRQV
to be expanded. The connector therefore offers investment security in all respects. This is guaranteed through aspects
LQFOXGLQJKLJK7&/ 7UDQVYHUVH&RQYHUVLRQ/RVV DVZHOODVJRRG5/ 5HWXUQ/RVV 7KHUHWXUQORVVGHVFULEHVWKHLPSHGDQFH
behaviour between the connector and the socket. A high return loss ensures optimal data transfer to the interface. The
7&/GHVFULEHVWKHFRQQHFWRUV\PPHWU\2SWLPDOV\PPHWU\PLQLPLVHVH[WHUQDOLQWHUIHUHQFHDQGLVWKHUHIRUHDQLPSRUWDQW
FKDUDFWHULVWLFIRUUREXVWLQGXVWULDOHQYLURQPHQWV7KHFRQQHFWRULVDOVRVXLWDEOHIRUXVHLQ0XOWL*LJDSSOLFDWLRQV 
*LJDELW DVLWLVGHVLJQHGIRUGDWDWUDQVIHUUDWHVRIXSWR*+]7KLVPDWLQJIDFHWKHUHIRUHSURYLGHVDVROXWLRQIRUWUDQVIHU
UDWHVRI0ELWWR*LJDELWIURPWKHVHQVRUWRWKHFORXG

,PDJHLOOXVWUDWHVWKHEHKDYLRXURIWKHFRQQHFWRU VUHWXUQORVVFRPSDUHGZLWKFXUUHQWVWDQGDUGV
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5. (YHQJUHDWHUÁH[LELOLW\ZLWKDIRXUFKDPEHUVROXWLRQ
%HVLGHVWKHFRQQHFWRUIRUDVLQJOHFDEOHDVGHVFULEHGDERYH:HLGPOOHULVDOVRSODQQLQJWREULQJDIRXUFKDPEHUYHUVLRQ
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.

,PDJHLOOXVWUDWHVWKHDUUDQJHPHQWRIFRQWDFWVLQWKHIRXUFKDPEHUV\VWHP

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
FRQQHFWHGZLWKRXWWKHQHHGIRUDQDGGLWLRQDOVZLWFKRUYLDWUXQNFDEOH7KLVNLQGRIEXQGOHGVWUXFWXUHLVGLIÀFXOWWR
implement using other connection technologies.
'XHWRWKHLQFUHDVHGGHPDQGIRUWKHVHFRQQHFWRUVLQFDWHJRU\LQDFFRUGDQFHZLWK,62,(&WKH
IRXUSDLUHGFRQQHFWLRQWHFKQRORJLHVFDQEHXVHGLQDFFRUGDQFHZLWK,(&DQG,(&LQGHSHQGHQWO\RIDQ\
DSSOLFDWLRQ&RPSXWLQJFHQWUHVRIÀFHVKRPHVDQGLQGXVWU\DUHHTXDOO\FRQFHLYDEOHDUHDVRIXVH:LWKWKHVHIHDWXUHVWKH
63(VROXWLRQIURP:HLGPOOHURIIHUVSHUVSHFWLYHVWKDWJREH\RQGWKRVHJHQHUDOO\UHTXLUHGLQLQGXVWU\7KHRIIHULQJZLOOEH
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 costHIIHFWLYHFDEOHVWKDWDOORZPRUH(WKHUQHWFKDQQHOVLQH[LVWLQJFDEOHUXQVZKLOHVXSSRUWLQJ3R'/DQGHQDEOLQJGDWDDQG
SRZHUWREHWUDQVIHUUHGRYHUGLVWDQFHVRIXSWRP7KH\DUHDOVRGLVWLQJXLVKHGE\EURDGHUEDQGZLGWKDQGUREXVWQHVV
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.
7KHDLPRIWKHIROORZLQJIRXUFDEOHSURMHFWVZDVWRPHHWWKHFKDQQHOUHTXLUHPHQWVRI,(((7KLVLVZKHUHERWKWKH
PHFKDQLFDODQGWKHHOHFWULFDOUHTXLUHPHQWVDUHGHVFULEHGLQWKHVHULHV,(&WR
,(&08/7,&25($1'6<00(75,&$/3$,548$'&$%/(6)25',*,7$/&20081,&$7,2163DUW
6\PPHWULFDOVLQJOHSDLUFDEOHVZLWKWUDQVPLVVLRQFKDUDFWHULVWLFVXSWR0+]+RUL]RQWDOÁRRUZLULQJ6HFWLRQDO
VSHFLÀFDWLRQ
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,(&08/7,&25($1'6<00(75,&$/3$,548$'&$%/(6)25',*,7$/&20081,&$7,2163DUW
6\PPHWULFDOVLQJOHSDLUFDEOHVZLWKWUDQVPLVVLRQFKDUDFWHULVWLFVXSWR0+]ZRUNDUHDZLULQJ
,(&08/7,&25($1'6<00(75,&$/3$,548$'&$%/(6)25',*,7$/&20081,&$7,2163DUW
6\PPHWULFDOVLQJOHSDLUFDEOHVZLWKWUDQVPLVVLRQFKDUDFWHULVWLFVXSWR0+]+RUL]RQWDOÁRRUZLULQJ6HFWLRQDO
VSHFLÀFDWLRQ
,(&08/7,&25($1'6<00(75,&$/3$,548$'&$%/(6)25',*,7$/&20081,&$7,2163DUW
6\PPHWULFDOVLQJOHSDLUFDEOHVZLWKWUDQVPLVVLRQFKDUDFWHULVWLFVXSWR0+]ZRUNDUHDZLULQJ &XUUHQWO\LQSUHSDUDWLRQ

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
JHQHUDWLRQV)XUWKHULQQRYDWLRQVLQWKHDUHDVRIGULYHUDVVLVWDQFHV\VWHPVVXFKDV/LGDU OLJKWGHWHFWLRQDQGUDQJLQJXVHG
IRUGHWHFWLQJREMHFWV KLJKUHVROXWLRQGLVSOD\VDXWRQRPRXVGULYLQJ.FDPHUDVDQGLQIRWDLQPHQWFDQRQO\EHDFKLHYHG
E\QHWZRUNLQJFRQWUROXQLWVDQGVHQVRUV7KHGHYHORSPHQWRIWKHDXWRPRWLYH(WKHUQHWKDVUHVXOWHGLQWZRRIÀFLDO,(((
VWDQGDUGV%$6(7 0ELWVEDVHGRQ%URDG55HDFKWHFKQRORJ\ DQG%$6(7 *ELWV )XQGDPHQWDOO\
WKLVZDVFHQWUHGDURXQGGHÀQLQJOLPLWYDOXHVIRUWKHFRQQHFWRUDQGFDEOHFRPSRQHQWVDVZHOODVDVVRFLDWHGPHDVXUHPHQW
PHWKRGVEDVHGXSRQWKHUHTXLUHPHQWVRIWKHHQWLUHFKDQQHOWKDWZDVGHÀQHGLQWKH,(((VWDQGDUG
Hardware for the Ethernet of the future
63(ZLOOSOD\DPDMRUUROHLQPDQ\DUHDVRIFRPPXQLFDWLRQDUFKLWHFWXUH,WRIIHUVFRQWLQXRXVVFDODEOHDQGGHWHUPLQLVWLF
QHWZRUNLQJIURPWKHVHQVRUWRWKHFORXG7KDQNVWR3R'/EHVLGHVDGDWDLQWHUIDFHLWDOVRGHOLYHUVSRZHUZKHUHYHULWLV
QHHGHGHYHQZKHUHWKHUHLVDVHYHUHVKRUWDJHRIVSDFH²SURYLGHGWKDWWKHFDEOLQJLVVXLWDEO\FRPSDFW:HLGPOOHUKDV
WKHUHIRUHGHYHORSHGDFRQQHFWRUWKDWLVRQO\KDOIWKHVL]HRIDQ5-FRQQHFWRUDQGRIIHUVWKHVDPHPDWLQJIDFHIRUERWKWKH
,3DQGWKH,3YHUVLRQV,WFDQEHXVHGIURPWKHZRUNVWDWLRQWKURXJKWRFRPSXWHUFHQWUHVDQGPDFKLQHRULHQWHGVHQVRUV
7KLVPDNHVWKH:HLGPOOHUVROXWLRQWKHLGHDOWRROIRU,R7DQG,QGXVWU\DSSOLFDWLRQV
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