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The Typical PDN



And a Look at Impedance
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The VRM can result in a peak



The VRM Contributions
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Representing the VRM

1. DC Voltage Source

2. R-L network

3. R-L-R-L network

4. High accuracy model



DC Voltage Source

PDN Bulk and Die Caps IDEAL VRM + PDN Bulk and Die Caps





R-L Network
Flat Impedance VRM Representation





R-L-R-L Network





High Accuracy Model



Gets Both Right





Accurate, L-R and L-R-L-R



Model Comparison
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Supported Characteristics
V Source L-R L-R-L-R Accurate

PDN Impedance INCORRECT RESULT NOT WELL REASONABLY Y

Switching ripple N N N Y

PSRR/Transients N N N Y

Negative resistance N N N Y

Input switching current N N N Y

Control loop stability N N N Y

Turn on overshoot N N N Y

Remote sense N N N Y



Conclusions
1. Omitting the VRM model completely can eliminate one or more impedance peaks 

that contribute to PDN noise as well as eliminating the self-generated noise 
contribution of the VRM

2. Replacing the VRM with a voltage source shorts the PDN generating in incorrect 
results

3. A simple, R-L model provides basic impedance characteristics that can show the PDN 
impedance peaks, though in low fidelity.  Self-generated noise is ignored

4. A pair of R-L models provides a more accurate representation of VRM related 
impedance peaks, while still ignoring self generated noise

5. A highly accurate, state space based model is more difficult to create but provides 
accurate representations of both the impedance peaks and the VRM self generated 
noise.  Other VRM characteristics are also included, such as control loop stability, 
input source transients and other switching related noise effects.
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