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M8 E ;8 0% X %5 7] Understanding signal modes

Signal transmission can be classified into two major categories based on its current propagation mode: differential mode (DM) and

common mode (CM). Differential mode is also referred to as "symmetric mode" or "normal mode", while common mode is also known as

"asymmetric mode" or "ground leakage mode“. Consequently, noise generated by electromagnetic interference (EMI) is also divided into

two types: differential mode noise and common mode noise.
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A. Pure Differential Mode Signal *» £ $i3 5. :

In terms of the mains power signal transmission, V.=V, and V, approaches 0, creating a loop where current flows from a high potential

through the load to a low potential. In electronic interface signal transmission, V,= —V,; they are equal in magnitude but 180 °out of

phase, resulting in V=V, —V,. Because V,and V, are symmetrical with respect to the ground, no current flows through the ground wire,

and all differential mode current (1, ) flows entirely through the load. The AC power signal provided by utility companies operates in

this differential mode transmission pattern. The overall concept is illustrated in the diagram below:
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Differential Mode Noise # #ije 31

Differential mode signals are typically what we intend to transmit, representing the most fundamental loop for a circuit to send signals. The
"byproduct" generated by this loop is called differential mode noise, which occurs when the current directions in the two power supply lines
are opposite to each other. As shown in the diagram below:
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We must understand that noise can never be completely eliminated; however, through proper grounding, shielding, and filtering, its
interference can be minimized as much as possible. For a good circuit design, prevention is always better than modifying the circuit after
problems arise. Implementing noise prevention measures right at the PCB layout stage is the primary task in building a highly reliable, low-
noise electronic system. Below is a schematic diagram showing the signal and noise before and after overlapping:
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B. Pure Common Mode Signal *» £ #1355 -

V,=V,=V o, they are equal in magnitude and have a 0 ‘phase difference, resulting in V,=V, —V,=0. Because there is no common mode
potential difference across the load, no common mode signal current flows through the load. All common mode currents flow toward the
ground wire through the parasitic capacitance between the conductors and the ground. When transmitting signals via wires, since common
mode signals do not carry information they are mostly "unwanted" signals. The overall concept is illustrated in the diagram below:

V Vz VCOM » = ’J #Ej‘_’ ’ 7}9 = A ,=~0 ’ V3=V1_V2=0 ° l—ﬂ?} l}:hé ?“(LOAD)“:5 3%/)‘1’}5 '/Eﬁ:?, ff"_;;‘;. L AP i —‘ﬁ;—"p ;uﬁ,/m/m“ é ?‘ °
wpm*ﬁ*mﬁﬁﬁ%ﬁ% 2 FehF A Fiies S o A ERBEMEE > FF ERCEA AT L o e FXE U
BE” a9 8o ffﬂ?"'\:fuﬂg ) e

L A
N V=0 mLmn V=V, =Veoy
V,=Vcom - o
& y , V3=0
| a == === |} >t
V,=Vcom cp l c
GND

Common Mode Noise & fi-3¢ 3t

Common mode noise is an unwanted side effect or a "byproduct" of differential mode circuits. Factors such as parasitic capacitance in
twisted pairs, magnetic leakage from various components, temperature fluctuations, and various environmental noises can all be regarded
as common mode interference. Common mode noise occurs when the current directions in all power supply lines are the same. As shown in
the diagram below:
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In summary, a simple way to distinguish between common mode and differential mode signals is to look at the path
of the signal current through the L/N lines of the circuit:
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E 2k 3= Common-mode choke design

Common-mode Choke Introduction #§ /i

A Common-mode Choke consists of identical coils wound symmetrically around a closed magnetic core (as shown in the diagram below).
When the signal current or power supply current flows through the two windings in opposite directions, the generated magnetic fluxes ¢1
and ¢2 oppose and resist each other. Consequently, even under large current signals at the mains power input, the Common-mode Choke
(referred to as CMC for short) is less prone to the core flux saturation, and the choke features a low impedance.
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The specific polarity of the dual-winding configuration ensures that when
common-mode signal currents flow into their respective coil paths, they induce
magnetic flux in the same direction, thereby generating high reactance. The
choice of magnetic core material is primarily determined by the frequency
band where common-mode noise occurs, selecting material characteristics
that match and provide high impedance within that specific frequency range.
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The specific polarity of the dual-winding configuration ensures that when
differential-mode signal currents flow into their respective coil paths, they
induce magnetic fluxes in opposite directions, resulting in low reactance! Since
the mains current provided by power plants operates in differential mode, the
power signal experiences almost no impact from reactance when flowing into
a common-mode inductor.
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A CMC is essentially a bidirectional filter: on one hand, it filters out external common-mode electromagnetic susceptibility (EMS) on the
signal line, while on the other hand, it suppresses electromagnetic emissions (EME) generated by the system itself, preventing it from
affecting the normal operation of other electronic equipment within the same electromagnetic environment.
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Differential Mode (DM) Noise
superimposed on the Power Signal
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rendering the inductor unable to effectively suppress differential-mode noise.
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* The selection of magnetic core materials must ensure that magnetic saturation does not occur under peak current conditions. Since the

mains power is a 50-60 Hz sine wave, core loss is not a primary consideration.
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*  The frequency band spanning the impedance peak of a differential-mode choke must match the noise frequency band that is targeted for

Suppression.
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L ZHEH TR RIZAG /1 Dual mode choke theory

Based on the primary function of a common-mode choke design, a high-reluctance magnetic shunt is
integrated into the core circuit. This shunt guides a portion of the opposing magnetic flux induced by
differential-mode currents back to the opposite poles of their respective coils. Consequently, the
forward flux from common-mode noise bypasses this high-reluctance shunt, preserving high
common-mode impedance. Meanwhile, the guided shunt- flux successfully generates the required
differential-mode impedance
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Dual mode chokes
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Differential mode flux simulation
by FEMM 4.2
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B % Ryt % - Dual mode choke application

Ferrite EE-core with gap on center post

As an “E-shaped” ferrite core, it will be assembled / glued together with two identical parts.
It will form a stack-up with plastic isolation parts and copper busbars — this subassembly will then
be mounted / glued in an EMC-Filter plastic housing, see pictures:
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Q&A

Flux saturation issue to be concerned?
Core loss issue to be concerned?
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