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Data Centers:  Typical Power Converter Architecture
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Source: https://khaligh.ece.umd.edu/portfolios/datacenter-power-electronics/



Data Centers: Instability Issue

• Measured resonances in data center power systems: (a) low-frequency resonance and (b) high-frequency resonance

• Modeling impedance can help to reduce the resonance problems.

4

Reference: J. Sun, M. Xu, M. Cespedes and M. Kauffman, "Data Center Power System Stability — Part I: Power Supply 

Impedance Modeling," in CSEE Journal of Power and Energy Systems, vol. 8, no. 2, pp. 403-419, March 2022.
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Desired PFC Input Waveforms
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Source: https://www.allaboutcircuits.com/technical-articles/how-the-boost-pfc-converter-circuit-improves-power-quality/



Example PFC Boost Converter
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Source: https://www.allaboutcircuits.com/technical-articles/how-the-boost-pfc-converter-circuit-improves-power-quality/
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PFC Input Current and Inductor Current Waveforms

Source: https://www.allaboutcircuits.com/technical-articles/how-the-boost-pfc-converter-circuit-improves-power-quality/
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Why do we need to model converters 
using small-signal analysis?

• Control: 
Understand the stability and dynamics of the control loop

• Output Impedance: 
Understand the interactions with the load

• Input Impedance: 
Ensure the interactions with the source will be stable
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Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.
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Example Power Converter with Feedback Control
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Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.



Conventional Modeling Process
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• Averaging to remove the time-invariant from power stage dynamics

• Linearization to approximate a nonlinear function into a linear relationship 
under small-signal assumption
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Two Essential Steps of Power Stage Modeling

Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.
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Steady-State Response of Switch Model and Average Model

Switch Model Response Average Model Response

Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.



• Frequency response of transfer functions:
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Buck Converter Transfer Functions

Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.



• Block diagram representation

• Power stage transfer functions:

21

Small-Signal Model for Converters

Source: Byungcho Choi, Pulsewidth Modulated Dc-to-DC Power Conversion. Wiley IEEE Press, 2nd Edition.



Converter Modeling Summary

• Modeling Goal: Model DC-DC converters as a linear time-invariant 
(LTI) system

• Averaging: eliminate time variance from the power stage 
configuration

• Linearization: remove nonlinearities from the power stage dynamics 
and PWM process

• Small-signal model for PWM DC-DC Converters: used to build the 
complete small-signal model for closed-loop control 
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26Source: K. A. Kim & T. G. Wilson, “Simulation Technique and Mathematical Basis for Faster AC Analysis of Power 

Factor Correction Boost Converters. IEEE Access, 2024.



PFC Boost Converter Schematic in SIMPLIS

27Source: K. A. Kim & T. G. Wilson, “Simulation Technique and Mathematical Basis for Faster AC Analysis of Power 

Factor Correction Boost Converters. IEEE Access, 2024.
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Measuring PFC Input Impedance in SIMPLIS

31Source: K. A. Kim & T. G. Wilson, “Simulation Technique and Mathematical Basis for Faster AC Analysis of Power 

Factor Correction Boost Converters. IEEE Access, 2024.



Video: Simulation Technique for PFC Converter AC 
Analysis Using SIMPLIS
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Watch: https://youtu.be/E8KGRb1CejQ?si=e3WuVp7L9UXIuREa 
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https://youtu.be/E8KGRb1CejQ?si=e3WuVp7L9UXIuREa
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34Source: K. A. Kim & T. G. Wilson, “Simulation Technique and Mathematical Basis for Faster AC Analysis of Power 

Factor Correction Boost Converters. IEEE Access, 2024.
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Problem: 
Model does NOT capture 
the (double) line frequency 
interaction

Take-Away: 
Must do a simulation or 
experimental 
measurement to confirm 
impedance characteristics
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Source: K. A. Kim & T. G. Wilson, “Simulation Technique and Mathematical Basis for Faster AC Analysis of Power 

Factor Correction Boost Converters. IEEE Access, 2024.
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Conclusion

For a Boost PFC in Continuous Conduction Mode

• For the control loop and output impedance: 
• DC source set to the AC RMS value can be used
• Simulation time can be significantly shortened

• For input impedance:
• Line-averaged ac-side model can be used (derivation in paper)
• Accurately captures all characteristics except around the line frequency 
• AC source must be used in simulation for accurate results

• In Data Centers: 
• Input impedance characteristics should be given extra attention to prevent instability 

in systems with many PFC converters connected to the same AC connection point
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