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Purpose 
• Scope 

– Initiate discussion/understanding on typical topologies and installations for 

industrial applications in Process Automation  

• Typical topology, length and components 

• Environmental conditions: Non-Ex and Ex  

• Rationale 

– Understanding of the specific requirements on a Ethernet Phy for the Process 

Automation 

– Topology and resulting link segment characteristic enables specification on the 

Ethernet Phy 

• Objective 

– The link segment and the Phy shall not preclude the ability to create intrinsically 

safe devices and systems  

– Ex requirements. The link segment current, voltage, power and stored energy 

shall comply with IEC 60079 

– Support extension to 100 Mb/s. The Phy shall not preclude the ability of future 

transmission speed extension (100 Mb/s) 
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Overview Topology in Process Automation 
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Field Switch 

Generalized Overview of the Topology 
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Switched Topology  
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Characteristics of the topology 

• Components are installed within different environmental conditions – 

hazardous areas where different handling of flammable gases, vapors and 

dust are attributable to normal chemical and physical processes 

• The process automation differentiates different zones with different 

requirements 

– Zone 0,1,2: The explosive characteristics of the air mixtures of gases, vapors, or 

dusts vary with the specific material involved. Materials have been placed in 

groups based on their ignition temperatures and explosion pressures  

– The zone defines the probability of hazardous material being present in an 

ignitable concentration in the surrounding atmosphere. 

 

 

 

 

 

 

 

 

 

 

 

 

– Division 1: In which ignitable concentrations of hazards exists under normal 

operation conditions and/or where hazard is caused by frequent maintenance or 

repair work or frequent equipment failure  

– Division 2: In which ignitable concentrations of hazards are handled, processed 

or used, but which are normally in closed containers or closed systems from 

which they can only escape through accidental rupture or breakdown of such 

containers or systems 

 

Zone 0: 

 

Area in which an explosive gas-air mixture is continuously present or 

present for long periods. 

Zone 1: 

 

Combustible or conductive dusts are present. Area in which an explosive 

gas-air mixture is likely to occur for short periods in normal operation. 

Zone 2: 

 

Area in which an explosive gas-air mixture is not likely to occur, and if it 

occurs it will only exist for a very short time due to an abnormal condition. 
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Protection types 

Zone 

Ex d Flameproof (Explosion proof) Enclosure 1, 2 

Ex e Increased Safety 1, 2 

Ex ia Intrinsically Safe 0, 1, 2 

Ex ib Intrinsically Safe 1, 2 

Ex o Oil Immersion 2 

Ex p Pressurized Apparatus (Purged Apparatus) 1, 2 

Ex q Powder Filling (Sand Filling) 2 

Ex m Encapsulation 1, 2 

Ex n or Ex N Non incentive or/and normally no sparking circuits 2 

Different protection techniques are used to address the hazardous zones. 
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PHY – MCU Interface 

• Support of standard PHY interfaces 

– MII => for standard devices standard MCU 

– SGMII   => for switches 

– SPI, 3,4 pin   => for low power devices and low speed MCU  
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Typical requirements 

• Long distances into the field: typically 1000 meters - called as Trunk with or 

without power supply into the field 

• Shorter distance in the field to the different field devices: typically 200 

meters - called Spur 

• Powering of the field devices in the field by single twisted pair including 

communication 

• Field devices operating in hazardous areas are intrinsic safe – limited 

energy in order to avoid release of sufficient electrical or thermal energy 

under normal or abnormal conditions  

• Power consumption of the field device: typically 500mW to 5 W 
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Spur, max. 5 connectors 

Trunk, max. 5…10 connectors 

Link segment consideration 

• 2-wire concept supports with preferred cable: IEC61158 type A fieldbus cable with shield, other cables 

can be considered  

• Power supply of the devices, low and high power devices 500mW up to 5 W 

• Phy power consumption (less than 100mW @10Mb/s) adequate for low power field devices 

• 10 Mbit, full-duplex via MII-Interface including auto negotiation (support for future extension of 

transmission speed 100 Mbit)  

• Cable length 200 for Spur with max. 5 connectors , > 1000 m for Trunk with max. 5..10 connectors  
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EMI requirement IEC 61326-1 and NE21 (I) 
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EMI requirement IEC 61326-1 and NE21 (II) 
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cable shield - EMI 

• 2-wire concept supports with preferred cable: IEC61158 type A fieldbus cable with shield,                               

       other cables can be considered  

• Cable shield option    Switch      ↔ Field device  

   Ground  Ground 

          Ground  capacitive to ground 

          Ground   open    

   

 

+ 
- + 

- 

Shield Shield 
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Cable and Data rate for Process Industry 
 

• Preferred cable:  

      IEC61158 type A  

      fieldbus cable,  

      other cables can be  

      considered  

• Use for 10 Mb/s and                                                                                                            

future phase 100 Mb/s 

• Insertion loss cable and                                            

connectors: TBD 
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BER Bit Error Rate for Process Industry 

• According to actual available Fieldbus protocols  

– Example Profinet with BER 10 -9 

– 100BASE-T1 

 

• The BER shall be less than 10 -9 ... 10 -10   
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Support extension of transmission speed 

• According to APL Group Req. Specification an extension of transmission speed 

should be possible 

– APL shall support a two-phase approach. Phase 1 will provide solutions based on today available 

technology e.g. electronic components and intrinsically safe concepts and supports 2 and 10 Mbit/s. Phase 2 

will expand the capabilities of APL based on new integrated electronic components and new intrinsically safe 

concepts to 100 Mbit/s which have to be developed.  
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Summary – Take away 

• Ethernet down to the field in Process Automation has to consider the specific 

requirements: length, hazardous atmosphere and more 

– The outcome of IEEE 802.3 10 Mb/s Single Twisted Pair shall not preclude the 

ability to create intrinsically safe devices and systems 

• The typical Process Automation architecture differentiate Trunk with up to 1000m 

down to the field and Spur with up to 200m between field device and Field Switch 

– The IEEE 802.3 10 Mb/s Single Twisted Pair should have the ability to bring 

Ethernet down to the field considering the specific requirements 

• Typical field devices are sensors and actuators that are powered via the network 

(power over single twisted pair 500mW… 5W) 

– The IEEE 802.3 10 Mb/s Single Twisted Pair shall not preclude IS compatible 

design 

– Especially for low power field devices the power consumption of the Phy has to 

be small 

– The IEEE 802.3 10 Mb/s Single Twisted Pair shall not preclude future extension 

of transmission speed 100 Mb/s. 

•   


