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• Why Single Pair Ethernet?
• What is SPE?
• Drivers & Application
• Standard SPE
• Testing

AGENDA



• Member of TIA
• Accelerate the adoption of next-generation technologies
• Operational Technology (OT) and Internet of Things (IoT) 

with SPE technology

TIA
Single Pair
Ethernet
Consortium
(SPEC)



SPE Ecosystem



Seamless edge-to-cloud connectivity 
across processes and buildings



SPE was designed to bring Ethernet to
 automation and process edge devices
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One protocol to rule them all

Source: BSRIA, 2017

Industrial Automation Building Automation



Evolving needs in industry
 Digital transformation of process plants



Evolving needs in modern 
buildings

Technology

SECURITY COLLABORATION

COMFORT POWER CONVENIENCE

A place in which technology is 
integrated to efficiently manage 
the satisfaction of people's needs

Customization
Collaboration

Increase usage
Reduce energy 
consumption

People



Our Headquarters Example

• 5 floors, 26.000 mq high
efficiency LEED GOLD 

Physical Infrastructure
• 180K m cat6a cable
• 150K m of cable for
the BMS network to support
countless serial protocols

This serial cable installation
represents the opportunity for SPE
as companies migrate
to this new Ethernet variant



SPE Drivers
• Need for a common network for Information Technology (IT) 

and Operations Technology (OT) devices
• New applications and new environments
• Shorter distances for specific needs
• Lower data rates for longer distances
• Power supply of remote devices
• Need for reduced weight, miniaturization



Smart Building - Expectations

• Migration of “edge” devices to Ethernet
– There will not be a radical migration, but probably an upgrade/transition in SPE
– Communication protocols such as BACnet/IP preserve compatibility in existing 

networks

• SPE ecosystems are coming together globally to 
support customers and technology

• Standards work continues to expand the value 
and impact of SPE on Smart Buildings



The first single-pair Ethernet standards

• IEEE 802.3ch – 
2,5/5/10GBASE-T1
– 15m, 5GHz

• IEEE 802.3bp – 1000BASE-T1
– 40m, 600MHz

• IEEE 802.3bw – 100BASE-T1
–  40m, 66MHz



SPE standard for building and
 industrial facility automation

• IEEE 802.3cg: 2019 – 10 Mb/s
– 10BASE-T1S – 5 Links max, 25m, PoDL power
– 10BASE-T1L – 10 Links max, 1000m, PoDL power

• IEEE 802.3da – 10 Mb/s Multidrop Enhancements - Draft
– Link “multidrop”, 16 nodes, 50m

• IEEE 802.3dg – 100 Mb/s Long-Reach Single Pair 
Ethernet - Draft
– 100BASE-T1 – Link up to 500m



Single Pair Ethernet Cabling Standard

• ANSI/TIA-568.5 – SPE Cabling & Components
– Electrical and mechanical specifications for cables and connectors
– Generic use  (M1,I1,C1,E1, IP20)
– Cabling topologies

• ANSI/TIA-568.6 – Single-Pair Multidrop (SPMD) Cabling & Components – Draft
– Electrical and mechanical specifications for cables and connectors
– Cabling topologies

• ANSI/TIA-568.7 – SPE Single-Pair Cablaggio & Componenti per l’industria – Draft
– Harsh Enviroment (M2I2C2E2 / M3I3C3E3, IP55+)
– Cabling topologies for industrial and process control

• TSB 184-A-2 – Power delivery via single pair twisted pair – Draft
– Addendum to TSB-184-A



ANSI/TIA-568.5 Single Pair Ethernet 
Topologies

device

SP1-400 Channel (23 AWG)

device



Comparison of single pair protocols

Protocol Cable Length Bit Rate Power Delivered Number of 
Conductors Connector

10/100/1000/
10GBASE-T 100 m 10 Gbit, full duplex Yes, up to 90 W 4 to 8 RJ45

10BASE-T1L
1000 m (2.4 V) with up 
to 10 joints (terminal 

boxes)
10 Mbit, full duplex Yes, up to 52 W 2 LC style IDC 

connector

PROFIBUS PA 1200 m 31.25 kbps, bus, half 
duplex No 2 M12, terminal 

screw

Modbus RTU and 
Other RS-485 

Profocols

1200 m (up to 
approximately 185 

kbps, at 375 kb 300 m, 
at 500 kb, 200 m)

Typically, 19.2 kbps, 
bus, half duplex No 2 DB9, M12

I/O Link 20 m Max 230.4 kbps, half 
duplex No 2 M12

4 mA to 20 mA >10 km -/- Yes, 36 mW 2 Screw

HART >1500 m 1200 bps, bus, half 
duplex Yes, 36 mW 2 Screw



Traditional BMS Vs Next Gen.



Single Pair Ethernet Power Standard

• IEEE 802.3bu – Power over Data Line (PoDL) 
– Power delivery over a single segment of twisted pair
– Power and signal on a single pair

• Electrical transmission requirements are designed to ensure that the 
signal strength remains above a minimum value for a specific length

• Insertion loss (IL) causes a decrease in signal strength along the length 
of the conductor

Signal Transmission



Single Pair Ethernet Power Standard
• Factors affecting power delivery distance :

– PoDL power class
– Wire gauge
– Number of connections

• PoDL Power Classes
– Classes 10 -15 support applications 10 MB/s SPE
– Each class defines : Voltage (V), Current (mA), Power (W) and max DCR (Ω)
– The DCR value is used to calculate the theoretical maximum power delivery distance

VPSE MAX 30 V 30 V 30 V 58 V 58 V 58 V
Class 10 11 12 13 14 15

Ipi max 92 mA 240 mA 632 mA 231 mA 600 mA 1579 mA
Iclass (min)
(Ppd (max))

1,85 W
(1,23 W)

4,8 W
(3,2 W)

12,63 W
(8,4 W)

11,54 W
(7,7 W)

30 W
(20 W)

79 W
(52 W)

Vpd min 14 V 14 V 14 V 35 V 35 V 35 V
Cable AWG/lenghts 18/1000 m 14/1000 m 24/300 m 18/1000 m 14/1000 m 24/300 m

IEEE 802.3cu Power Classes



SPE Connector IEC 63171-1 Type 1
• ANSI/TIA-568.5

• IEC 63171 also known as “Copper LC”

• PoDL compliant up to 52W

Exceeds TIA performance requirements with up to 10 
connectors for SP1-1000 and 5 connectors for SP1-400



Single Pair Ethernet Copper Cable

Reach
- SP1-1000 per link 1000 m 
- SP1-400 per  link fino a 400 m

Standards
- ANSI/TIA 568.5
- IEC 61156-13/14

Sheath
- 18 AWG PE
- Shielded - Foil + Braid + Drain
- Oil, UV, and abrasion resistant

Certified performance up to 1000 meters 
in accordance with ANSI/TIA-568.5 and 
IEC 61156-13 at frequencies up to 20 

MHz



SPE Connector IP67 e MICE 2/3

• TIA-568.7 and ISO 11801-3 Compliant

• ODVA Ethernet/IP, Profinet and CC-Link

• IP67 and MICE 2/3

• M8 A-Code – same as existing sensor and fieldbus 
connectivity

• 18 AWG compatible



How will SPE adapt to current 
Ethernet networks?

• SPE technology does not replace 4-pair Ethernet IT networks
– New system to replace legacy fieldbus protocols or other OT (Operational Technology) 

networks.

• SPE and Ethernet  4-pairs are different
– SPE 10BASE-T1 switch will adopt uplink port Ethernet 100/1000BASE-T and possibly a 

fiber optic uplink port 1000BASE-SX

• SPE power delivery enables the use of IoT devices without the 
need for a battery



SPE Field Testing

• ANSI/TIA-5071
• This standard specifies 

requirements and 
procedures for single-pair 
balanced cabling testing.



Test parameters for Single Pair Ethernet

• Link length
• Wire-Map and shielded test

Parameter IEEE 802.3cg ANSI/TIA 568.5
Insertion Loos ü ü
Return Loos ü ü
TCL ü ü
DC Loop Resistance ü ü
Delay 8834 ns 5559 ns



SPE Equipment

• 10Base-T1L model
• 4x 10 MBit/s SPE (10Base-T1L),1 km
• 4x PoDL class 10-14 (30 W)
• 1x 100 MBit/s RJ45

• 10Base-T1L model
• 8 x 10 MBit/s SPE (10Base-T1L),1 km
• 3 x 100 MBit/s RJ45

Pressure
Meter

Flow Meter

Humidity and 
temperature



In summary …
The research for efficiency and sustainability is 

driving the design of the network of buildings and 
production sites towards a convergent Ethernet 

network.
SPE will integrate "legacy" serial networks into the 
IT network, guaranteeing communication towards 

edge devices through a common "Ethernet" 
language, enabling efficiency, security and full 

application integration.
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