
 

 
Function of Ethernet Magnetics 

 
• Electrical isolation per IEEE 802.3 
• Transfer of Ethernet signals without distortion 
• EMI suppression 
EMI properties are directly related to CM properties 
Relevant information never found in data sheets 
Significantly affected by parasitic elements in the construction 
Hand-wound – affects CM performance and consistency 
Physical layout in the package extremely important 
Limited package size and HV requirement limit available options 
Extremely price sensitive business 
 

Ingredients 
• Pulse (Isolation) Transformers 
• Common Mode Chokes 
• Autotransformers 
• Capacitors 
• Resistors 
• Package/Mechanical (+ connector pins and leads in ICMs) 
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First part deals with: 
Transformer Differential Mode (DM) Properties 
(Functional Characteristics) 
 
• This section treats the subject in a way not yet found in transformer data sheets or related 
Application Notes and literature. 
• The material covers basic considerations essential for understanding EMI suppression 
function of Ethernet magnetics. 
 
Second part deals with: 
Transformer Common Mode (CM) Properties 
(EMI Suppression Characteristics) 
 

Introduction to Functional Properties 
• DM parameters are main factors to 
consider for functional properties. The 
frequency range to consider is from 1 
MHz up to 100 MHz (CAT5e) and 
250 MHz (CAT6) 

• Some idealistic assumptions about 
transformer properties must be made to 
simplify initial analysis 

 

Assumptions 
• 1) Permeability is high enough to be 
considered infinite (µ ! ∞) 
• 2) Core magnetization is small enough 
to be considered zero (R ! 0) 
• 3) Negligible core losses 

• 4) Negligibly small winding resistance 
• 5) All magnetics flux is contained 
within the windings (no leakage, 
perfect coupling, k=1) 
• 6) Winding capacitances are negligible 
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• The following section discusses magnetics properties that are instrumental in EMI 
suppression. 
These properties mostly affect CM attenuation and CM-DM conversion by the magnetics. 
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Ethernet Magnetics CM Properties 

 
EMI suppression result of each component AND parasitics properties AS WELL AS THEIR INTERACTION 
Performance cannot be judged based on the schematic-level configuration as given in data sheets. Currently 
available data sheets are more-less USELESS regarding EMI suppression characteristics 
Measuring performance is not simple 
- Intended environment  
- Test jig 

Jigs may not model all system aspects properly, 
especially “GND” and cable impedance 

 
As with any filters, the source and load impedance (CM in this case) and the impedance to the reference 
(“GND” are critical to the magnetics CM rejection  
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Understanding propagation modes on 
(Ethernet) cable is essential for 
understanding magnetics function as 
EMI suppression devices 
 

Modes of Propagation on UTP 
Typical UTP and the conductive environment (e.g. conductive ground) is a multi(9)-conductor T-line 
Intentional and unintentional modes propagate at the same time 
• Intentional propagation: DM propagation between two wires of each pair 
• Unintentional propagation: Mixed CM/DM propagation between pairs 
CM propagation between pairs and environment 
 

 
 

Propagation Modes and EMI 
• Intentional DM propagation on each pair 
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Opposing currents mostly cancel EM field à low EMI 
• Unintentional mixed CM/DM propagation 
It is different from pure CM propagation because CM/DM propagation is contained within the cable 
Thus, it doesn’t have major impact on EMI 
• Pure CM propagation – main source of EMI 
Highest potential to cause EMI, because propagation is between the cable AND the environment 
The main EMI-related function of magnetics is to suppress this mode of propagation 
 

Differential-Mode 
• Not a direct contributor to EMI. 
• However, it is a SOURCE of emission, by the mechanism of mode conversion, which 
converts a part of DM propagation into CM propagation. 
• Important to keep balance, symmetry, constant impedance and proper termination. E.g. a 
fraction of pF of imbalance can cause significant level of DM-CM 
conversion. Conversion increases crosstalk and EMI. 
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True CM 
• Most significant contributor to EMI, because radiation and coupling from external EM fields is 
dominantly CM 
• Caused by effects such as: 
– Imbalance (impedance, amplitude, timing, dv/dt) 
– Crosstalk 
– Non-ideal reference (“ground bounce”, RF voltage shift across planes and in relation to 
“chassis”) 
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Summary of the Model with 2-Line CMC on the 
PHY-Side 
•The configuration can be excellent for suppressing low-frequency CM noise originating in the 
PHY 
•The CM choke and the center-tap together provide efficient low-pass filter 
•At the frequencies where impedances of parasitic CCMC, L1, and LC1 are significant, EMI suppression by 
the magnetics is significantly reduced 
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