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Grid Point Voltage Algorithm 

Purpose of Algorithm 
To estimate the common-mode voltage variations on the return plane of a printed circuit board due 
to current on microstrip traces. 

Basic Description of Algorithm 
The common-mode voltage difference on a return plane drives EMI antennas such as cables, heat 
sinks, and even the board itself [1, 2]. The voltage drops are created by magnetic fields that wrap 
around return plane. The expert system estimates the voltage difference by approximating the 
branch inductance of the current return path. The return path of a trace need only be identified by 
its end points, since the calculation is independent of the exact path of the trace. 

         
(a) A signal trace over a return plane  (b) Simplified return path and voltage difference 

Fig. 1. Configuration for partial inductance of a return plane 

The branch inductance associated with the magnetic field created by return current is given as [3] 
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where, h is the height of the trace over the return plane. The voltage difference created by the return 
current is calculated as 

returnpd ILV ω= . (2)  

The return plane is divided into two regions by the virtual lines, dist1 and dist2, that are the two 
shortest distances to the boundary of the board from the mid point of the return path. The voltage 
difference is applied between any two points in different regions. 

Assumptions 
• The magnitude of the current is constant along the return path. (The length is electrically short 

or the termination is matched.) 

• There are no significant holes or discontinuities in the return plane. (i.e. trace is not routed over 
a gap in the plane.) 

• The internal inductance and resistance of the plane are much smaller the external inductance.  
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• The relative phase differences between signal traces are not taken into account. Currently, 
differential signals are ignored (i.e. perfect phase cancellation is assumed) and single -ended 
signal contributions are root-mean-square added. 

Implementation Details 
The algorithm first generates an array of points that are located over a solid return plane. The 
points are spaced by 1 cm in both horizontal and vertical directions. The voltage variation is 
represented using these discrete points. The value for each point, first, is initialized as zero. 

 Then, the algorithm goes through every net for which the return path is identified as a return plane. 
If the net is identified as HIGH or MEDIUM utilization and is longer than 1 cm, the algorithm is 
applied to the net. Otherwise, it is neglected. 

For each voltage grid point, the overall voltage is obtained by taking a root mean square sum of the 
values created by traces as 
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