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Abstract - An equivalent disturbance generator model that considers the 
snubber circuit is applied to predict the emission of a flyback-type 
switched-mode power supply. Common and differential mode voltages 
are calculated using a SPICE simulator. The conducted emission and its 
common mode component are measured to validate the prediction model. 

INTRODUCTION 

In an earlier work [ 11 an equivalent disturbance generator model [2] was 
used in the modeling of a flyback-type SMPS. It was observed a 
difference between the measured and predicted common mode values that 
exceeded the insertion kiss of the differential mode rejection network 
(DMRN) [3] used to mak.e the measurements. 

A model that considers the switching transistor protection circuit was 
proposed in order to explain the observed discrepancy. The model 
addresses the quasi-cm"mn mode (QCM) coupling with common mode 
(QCM-cm) and differential mode (QCM-dm) components and the 
differential mode (DM) coupling [2]. 
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Figure 1. Simplified schematics of a Typical Flyback-type SMPS. 

FLYBACK CONVERTER 

The flyback-type SMPS schematics is shown in Figure 1. The parasitic 
capacitances measured using guarding techniques are also included. The 
total capacitance between primary and secondary windings of the output 
transformer was measurid. As this capacitance is distributed and the 
grounded secondary winding has negligible impedance, it can be shown 
by integrating for the entire primary winding that the equivalent 
capacitance to ground is one third of the measured total capacitance 

between windings [4]. Half of the equivalent capacitance to ground (13.3 
pF) was assigned to each terminal of the primary winding because of 
symmetry reasons. The contribution of the switching transistor drain to 
ground capacitance (4.6 pF) was also added to one terminal of the 
primary winding. 

The voltage waveforms measured between corresponding nodes of the 
SMPS circuit are shown in Figure 2. The waveform parameters were 
measured and approximated by trapezoidal waveforms [ 11. The current 
flows through the snubber capacitor only when the switching transistor 
drain-source voltage (VA exceeds the dc voltage on the input ripple filter 
capacitor (V13). When the snubber diode turns off the snubber capacitor 
holds its last voltage value. Thus the snubber capacitor voltage waveform 
(Vel) contains a trapezoidal waveform with an-amplitude of 89 V added 
to a dc component. 
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Figure 2. Voltage Waveforms Measured between 
Nodes of the SMPS Circuit. 

MODELING OF THE QUASI-COMMON MODE COUPLING 

The QCM current path on a simplified schematic of SMPS when the 
snubber diode turns off is shown in Figure 3. The trapezoidal waveform 
of the equivalent disturbance generator has an amplitude of 3 1 1 V. The 
other waveform parameters are similar to those described earlier [I]. C 1 
is the parasitic capacitance to ground (Figure 1). 

The QCM current path on a simplified schematic of SMPS when the 
snubber diode turns on is shown in Figure 4. The trapezoidal waveform 
of the equivalent disturbance generator has an amplitude of 89 V. The 
other waveform parameters are similar to those described earlier [ 11. R10 
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and C3 are the snubber resistor and capacitor, respectively, and C 1 and By inspection of Figures 3 and 4 the QCM currents, 1, and I,,, are 
C4 are the parasitic capacitances to ground (Fig& 1). 
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Figure 3. QCM Emission Model (Reverse-biased 
Snubber Diode). 
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Figure 4. QCM Emission Model (Forward-biased 
Snubber Diode). 

::];: 
10 

-1 -0.5 0 0.5 1 1.5 
LOG FREQUENCY (MHz) 

Figure 5. (a) Predicted Disturbance Voltage on One Phase 
and (b) Predicted Common Mode Emission Level. 

defined as 121: 

The QCM-cm and QCM-dm currents were calculated using both models 
and applying the principle of superposition. A SPICE circuit simulator 
was used as described earlier [ 11. The common mode emission level 
shown in Figure 5(b) is the voltage drop on R1 (or R4) due to the 
resulting QCM-cm current. 

MODELING OF THE DIFFERENTIAL MODE COUPLING 

The DM current path on a simplified schematic of SMPS is shown in 
Figure 6. The switching transistor current waveform was measured and 
approximated by a triangular waveform with an amplitude of 1.79 A [ 11. 

The DM current, i,,, was calculated using a SPICE circuit simulator as 
described earlier [l]. The differential mode emission level shown in 
Figure 7 is the voltage drop on R1 (or R4) due to the DM current. 
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Figure 6. Differential Mode Emission Model. 
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Figure 7. Predicted Differential Mode Emission Level. 
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The disturbance voltages measured on both phases with a spectrum 
analyzer (or EM1 receiver) and an artificial mains network are: 

110 

The predicted disturbance voltages on one phase (VI) are shown in Figure 
5(a). The corresponding values on the other phase (V,) are shown in 
Figure 8. 
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Figure 8. Predicted Disturbance Voltage on the Other 
Phase. 
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Figure 10. Measured Disturbance Voltage on One Phase. 
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Figure 11. Measured Disturbance Voltage on the Other Phase. 

CONCLUSION 

Common mode and differential mode voltages in flyback-type switched- 
mode power supplies have been modeled and validated. The agreement 
between predicted and measured values indicated the switching transistor 
protection circuit was mainly responsible for the differential mode 
component of the quasi-common mode coupling. 
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Figure 9. Measured Common Mode Emission Level. 

EXPERIMENTAL VALIDATION 

The measurement of the disturbance levels was carried out with a CISPR 
setup [SI. Apeak detector was used since quasi-peak is not available for 
this model. As the analyzer displays the RMS value of the sinusoidal 
harmonic, 3 dB was subtracted from the calculated peak values. An 
artificial mains network was used to supply the SMPS during the 
measurement. A differential mode rejection network (DMRN) was used 
to measure the common mode component of the conducted emission. 
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