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A STUDY ON COMMON-MODE NOISE GENERATION IN BALANCED AND UNBALANCED
SWITCHING CIRCUIT
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ABSTRACT

General switching converter such as the simple high-side switching circuit inherently has
unbalanced characteristics of impedance of transmission path, voltage at dc source and load
terminals with respect to the frame ground. These unbalanced characteristic effects are the
cause of unbalanced voltages at both dc source and load terminals. These unbalanced
voltages will produce common-mode noise flowing through frame ground to the LISN during
the active switch turn-off and on. This paper presents the analytical and experimental
consideration of common-mode noise generation due to the unbalanced effect. The
mechanism of common-mode noise generation due to unbalanced effect can be explained by
equivalent circuit in both tumn-off and tumn-on time of the active switch. For common-mode
noise reduction, the method for balancing the switching converter is also presented.

Common-mode noise generated due to the effect of circuit imbalance is clarified by the
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experimental results. The balanced switching converter can greatly reduce the common-mode

noise is also confirmed by the experimental results.

Keywords: Unbalanced switching converter, Conductive common-mode noise generation,

Balanced switching converter, Unbalanced transmission path.
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R, : load resistance

C,,, : parasitic capacitance of heat sink

C,, : parasitic capacitance at dc source terminal
C,, : parasitic capacitance at load terminal

V¢ :supply voltage
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*is used to indicate the component added into the converter unbalanced circuit for
balancing the three parts of circuit, C,, and Cy,, C.oy, and Q,, Copypp and Cy,
that are used to balanced the dc source terminal , transmission line and load
terminal, respectively.
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Z g - sending line impedance
Zqy- Teturning line impadance
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Z.r - sending line impedance
Z - Teturning line impadance
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dm

i3y + differential-mode current in source balance branch
i4mo - differential-mode current in shunt balance branch
i4ms  differential-mode current in load terminal loop
i, : common-mode current in the frame ground

ccome - discharging voltage of Co,,
Ve - discharging voltage of C,,
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=Z0%AZ, Zo: characteristic impedance of transmission path

AZ : transition impedance of active switch
i.mg - COMMon-mode current in the upper loop

i.m3 - COMMon-mode current in the lower loop .

i.m> - COMMon-mode current from parasitic capacitance of heat sink (C

igma - COMMon-mode current from compensation capacitance (Ccq,,)
a3 - discharging voltage of source balance capacitor (C,,)

Vg, - discharging voltage of source balance capacitor (Cg,

Hl)
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