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INTRODUCTION





Numerical modeling of EMI/EMC problems has become more popular over the past few years, due to the commercial availability of modeling software and drive to reduce product development cycle times. These market forces combined with an increase of the data and clock speeds (and associated pulse rise/fall times) and ever increasing pressure on product costs have fueled a widespread use of numerical modeling among EMI/EMC engineers in order to remain competitive.





Most of the focus on EMI modeling has been on radiated emissions.  Historically the emissions problem has had priority over immunity for various reasons.  However, immunity issues are becoming increasingly important due to the new European EMI requirements, and the increased density of electronic devices.  This paper presents  some techniques for adopting the modeling techniques developed for radiated emissions to immunity problems.





This paper describes both modeling and experimental validation of these techniques on a simple, unshielded circuit board with long wires attached.  A number of different models were developed to determine which components and circuitry were primarily involved in a known immunity problem.  The model was then altered to study the effectiveness of various solutions such as the use of filtering components, power decoupling and signal trace position.





As the study developed increasing focus was given to the contribution of parasitic impedances in contributing to the interference mechanism.  Line to line coupling effectively coupled noise from a digital bus into a sensitive analog area.  Numeric modeling offered the required tools for determining resolution parameters of this problem.  A second effect studied was the shorting capacitance around a common mode choke at the telephone line input.  This capacitance effectively circumvented the filter at the spectrum points where a current null was located at the filter.  Again modeling quickly identified the mechanism for the susceptibility at this frequency point.





MEASUREMENT APPROACH





The technique reported in this study was developed on a set of digital telephone products.  The analog circuitry in telephones has historically been sensitive to modulated RF fields.  The nature of these circuits makes them natural demodulators of RF fields.  The resulting demodulated noise is then transmitted with the intended signal resulting in unwanted interference.  The telephone which was the subject of this study was demonstrated to have a sensitivity to RF fields in the 500 MHz region.  The designers of this product were experienced engineers who had applied sound layout and design techniques to the product.  Probing with small probes suggested that the analog circuitry associated with the CODEC analog inputs was the most likely point of demodulation.  It was necessary to determine how the RF was being coupled into this circuitry and which solutions would prove effective in resolving the problem.  The circuitry in question had been carefully contained within a small area to reduce the possibility of RF coupling into this area of known sensitivity.  Further, the circuit board, which was two sided, had a good ground reference grid on one side.  However, it was noted that the digital bus coming into the CODEC chip made a “U” around the analog circuitry in order to reach the required pins on the chip.  The analog circuitry, this digital bus and the ground grid became the primary subjects of the investigation.





Ultimately it was determined that the digital bus was the coupling path used to the sensitive circuit area.  A minor amount of capacitance placed at the middle of this bus proved effective in bring the product into compliance with its specification.  The numeric modeling techniques used proved very useful in gaining both an in-depth insight into the mechanism of this problem and quickly evaluating the likely success of a number of possible solutions.





MODELING APPROACH





The simulation was performed using the Method of Moments (MoM) modeling tool within the SETH Corporation’s EMITtm (EMI Toolbox for Modeling).  Reciprocity was used to make the modeling more straightforward.  That is, a source was modeled at the point where the circuit sensitivity was known to exist.  The calculated radiated field provided a transfer function (across the frequency range) for the voltage at the component to the field strength.  Furthermore, all impinging field angles and polarizations were examined to determine the point of maximum sensitivity.  By this application of reciprocity all angles of incidents could be investigated simultaneously greatly reducing the number of models required.





The model for this problem contained four major components.  These were: the ground grid of the PWB, the CODEC analog circuitry, the digital bus and the telephone line coming to the product.  The addition of the telephone line was important in that its long length made it highly likely to be a part of the structure which was receiving the RF field.  The model for the PCB etches is shown in Figures 1 through 3.  Note that the traces that connected to the sensitive component, traces connected to the long external wires, and any traces that could act as significant fortuitous conductors between the previous two classes of traces were all included in the model.  All other traces were eliminated from the model to simplify the overall model and to achieve faster solution times.





Several passes were required on the baseline model before the critical elements of the problem were identified.  It became apparent that it the design of the source needed enhancement.  In order to provide an accurate model, the source must be designed such that it reciprocates the frequency response of the CODEC circuitry.  If a generalized source, such as that illustrated, is used it will predict susceptibility at higher frequencies than may exist in reality.  This is because the circuitry may not respond at these frequencies, even though energy is conducted into the circuit area.  Accordingly, the output impedance of the source is designed to replicate the target circuit’s frequency response.





Another issue which must be addressed is that of multiple mechanisms contributing to a given immunity issue.  The primary peak in this problem was at 500 MHz.  However,  there is a secondary peak in the measured data near 390 MHz.  This peak is due to a different mechanism, which was verified both experimentally and by modeling.  It should be noted that the amplitude of this peak did not respond to the solution developed for the primary peak.  The models developed for the primary peak also did not adequately anticipate this peak.  This issue was noted but disregarded since this peak was within the product’s performance specification limit.





The simulation was performed with the circuit traces as originally designed, that is, with the immunity problem intact.  Note that in Figure 4 the measured data clearly shows the susceptibility response at 500 MHz, and although the modeled response (Figure 5) is more broadbanded, the increase in susceptibility around 500 Mhz is clear also.  The model’s broadband response was expected since all the capacitance and inductance in the circuit (which are likely to cause sharper resonances) has not been modeled (to simplify the model).  The model was considered accurate, and the search for the proper design change to implement to correct the immunity problem was undertaken.





Once the problem was adequately modeled three lines of investigation were followed.  The first was to improve the filtering present at the input connector of the telephone line.  The second was to introduce capacitance onto the bus lines.  The third alternative investigated was alternate routing for the digital bus lines.  





The input filtering was investigated by bounding the problem at the extremes.  A model was run with no filtering.  Then a model with perfect filtering was run.  Perfect filtering was designed as a 1 cm gap between the telephone line approaching the board and its connector.  One of the tremendous strengths of modeling is that this kind of physically impossible structure can be investigated in order to gain insight into the problem.  It was discovered that while filtering at the input was helpful, this problem could not be adequately resolved by filtering alone.  In all cases frequency regions exist where there is little or no flow of RF current through the filter.  As a result the filtering components are totally useless at these frequencies.  As a result of this bounding of the problem this area of investigation was quickly set aside.





The introduction of capacitance onto the digital lines looked promising as a way of defeating this resonant structure.  This approach was effective both in the model and experimentally.  The modeled response predicted an improvement of 12 dB at 500 MHz.  The experimental data found also found a significant improvement of 12 dB (as can be seen in Figure 4) at 500 MHz.  Then alternate implementations of this solution were evaluated.  Figure 6 shows a number of locations where a capacitor was simulated in the model to determine the effect on the immunity response.  Only one capacitor was installed in the model at a time, so as to determine the effect of each potential component location.  As can be seen in Figure 5, the location of the capacitor made a significant difference in the susceptibility response at 500 Mhz.  Note that position #1 was selected as the optimum location, and the capacitor physically installed on the PCB.





Before a final solution was selected alternate routing of the digital lines was investigated.  Since the addition of capacitance onto these lines would require a change in the board layout to allow for these components, other possible etch positions were investigated where capacitors were not needed.  Naturally, if alternate routing was a possibility, it would be the optimal solution from a cost standpoint.  Two alternate routings were investigated using the basic model described earlier.  Figure 7 shows these alternative routing locations.





The results from the models indicated that alternative route #1 improved the imunity performance only by 2-3 dB.  However, alternative route #2 improved the imunity performance by 8-9 dB.  This was considered significant, and saved the need for adding capacitors.





The strength of this approach to an immunity problem is that it allows for quick evaluation of many different solutions.  A solution may be bounded at the extremes, such as was done with the input filtering.  Even though some implementations are not physically possible their models have value in that they show at the extreme limit what is possible with a given approach.  If the absolute limit, such as an open in an input line, is not sufficiently effective then a given line of investigation may be quickly abandoned.  Alternately, solutions which are difficult or time consuming to test experimentally, such as alternate routing on very dense, surface mount boards, may be quickly modeled.  Thus a high degree of confidence may be gained before the expense of implementation is incurred.


�



TECHNIQUE SUMMARY





The technique described here may be reduced to the following steps.





1.	An immunity problem is selected and measured over a frequency band of interest.


2.	Using small probes or engineering analysis the critical circuit is identified.


3.	The frequency response of the critical circuit is measured.


4.	A baseline model is developed which replicates the product’s response


5.	General solution approaches are suggested and bounded by modeling at the extremes to investigate feasibility.


6.	Once a promising and practical approach is determined, alternate implementations are investigated in order to determine the optimum implementation within a given product’s cost constraints.


7.	The solution selected in experimentally verified and implemented. 





SUMMARY





This paper introduces a technique for using applying numeric modeling to immunity problems.  Modeling can be used to simulate the effects of radiated immunity as well as radiated emissions.  Second, models eliminate the ‘try-it-and-see’ approach to immunity problems of guessing at the source of an immunity mechanism and experimentally trying many possible solutions until an effective remedy is found.  With modeling, solutions are not considered until the central mechanism of the problem is adequately understood.  Once an adequate model is developed inspection of the RF current flows at the frequencies of primary interest is particularly instructive in this regard.  Then using well known electromagnetic effects (such as reciprocity), modeling can be made much simpler, and effectively extend the usefulness of existing modeling tools.
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Figure � SEQ Figure \* ARABIC �3�   Partial MoM Model for Phone susceptibility
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Location of Capacitors in Models


��
�








Figure 7


Alternative Trace Paths





Active Circuit Area


���


���


Original Trace Path


First Alternative Trace Path


Second Alternative Trace Path


�����                 


