Results and Discussion

Table 1 summarizes the comparison between
traditional  discoidals and non-overlapping
electrode discoidals. Both construction methods
produce parts with acceptable capacitance,
dissipation factor, and insulation resistance. The
NOE caps vastly outperform the traditional caps
in the areas of dielectric withstanding, voltage
breakdown, burn-in, and life test. The traditional
design exhibits an unacceptably high fallout rate,
so the design was deemed ‘not reliable’ of
surviving burn-in, and life. This is evident in the
voltage breakdown test. The traditional caps
break down between 1000-2000 volts. Many
parts would fail DWV (1500V) prior to burn-in
or life test. In contrast, the NOE caps break
down between 5000-8000 volts. The improved
breakdown is due to longer breakdown paths as
shown in figure 2. High dielectric strength
translated directly into exceptional performance
with burn-in and life test. In addition,

monophasic pulse testing was performed, and the
NOE design was shown to withstand more than
1000 monophasic pulses at 2400VDC. The
pulses were at 2 second intervals with greater
than 25 amps of peak current.

Figures 7-9 compares ESR, Q, and S21
parameter insertion loss. The NOE caps exhibit
significantly higher Q and lower ESR. Improved
ESR and Q are most likely attributable to the
NOE construction having many more electrodes
than the traditional caps, as shown in figure 3.
For insertion loss, figure 9, the NOE caps
significantly outperform the traditional caps
between 1 and 3.5GHz. In this frequency range,
NOE caps exhibit approximately 10dB greater
attenuation.  This equates to an order of
magnitude improved filtering performance.
Improved filtering can likely be attributed to the
NOE structure resembling an ideal capacitor, as
shown in figure 4
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Figure 9. Comparison S21 insertion loss. Measurements made by Modelithics Inc.

Conclusions

In an effort to produce EMI-RFI discoidal filters
that would be capable of performing in an ultra
high reliability application, MLC discoidals with
non-overlapping  electrode  structure  were
developed. Both traditional and NOE
constructions are capable of producing parts with
acceptable capacitance, dissipation factor, and
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insulation resistance. This is where the
similarities end. NOE construction exhibited
vastly superior performance than traditional
construction in terms of DC voltage breakdown,
reliability, Q, ESR, and insertion loss. The NOE
structure significantly alters internal breakdown
paths resulting in approximately four times
higher voltage breakdown. Improved voltage



breakdown translated directly into superb
reliability performance. Two other features of
NOE construction also resulted in vastly
improved performance. Q is significantly higher,
and ESR is significantly lower. These
improvements can be attributed to the NOE
design having many more electrodes than the
traditional design.  S21 insertion loss was
improved by an order of magnitude between 1
and 3.5 GHz. Insertion loss improvement is
likely due to the NOE structure resembling an
ideal capacitor.
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