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Abstract – Partial discharge characteristics of multiple micro-gaps formed by using
blade electrodes are studied in series and parallel configuration. The air-breakdown
characteristics of different micro-gap configurations are compared and discussed. The
breakdown strength of series gap is significantly higher than the parallel configuration. However, the partial discharge activities are found to be higher in series configuration than the parallel configuration. The observed PD characteristics of series gap
are discussed in relation to electrostatic induction on the floating electrodes. The effect
of applied voltage and the number of series gas on the PD characteristics is also studied and discussed in relation to charge formation and distribution.
I. INTRODUCTION
Partial discharges (PD) are one of the major causes of electrical equipment or system
failure and hence, significant attention was given on the same in the past [1-6]. PD is
normally caused by higher electric field at the electrodes or dielectrics. The higher field
in dielectrics occurs due to structural defects such as voids, cracks, and interfaces etc.,
where air or gas is entrapped. These defects essentially affect the reliability of the dielectrics and hence often lead to catastrophic failure of the electrical systems. Despite significant studies carried out in the past ambiguity with regard to the physics of PD still exists
[4-7]. Recently, Poornima etal [8] reported that the magnitude of non-uniform electric
field reduces significantly, as the electrode gap is reduced below 1mm. The present work
is therefore aimed at understanding the PD behavior of micro-gaps below 1mm.

Proc. ESA Annual Meeting on Electrostatics 2008, Paper J3

2

II. EXPERIMENTAL PROCEDURE
Micro air gaps, formed by using blade electrodes possessing a large aspect ratio (20µm
thickness and 15mm length) are used in the present study. The blades are fixed appropriately in a fixture to attain the desired configuration as discussed elsewhere [8]. The distance between the electrodes (i.e, air gap) is adjusted accurately to the desired level by
using spacers and is subjected to the breakdown and partial discharge measurement. The
PD measurements across the micro-gaps are performed by ICM-Power Diagnostix system
as shown in Fig. 1. The voltage was raised slowly till 90% of the breakdown voltage.
The PD patterns are recorded at different voltages levels and studied.

Fig. 1 Schematic diagram for partial discharge measurement

III. RESULTS AND DISCUSSION
Three types of micro-gap configurations, single, series and parallel gaps are studied.
As a first step, the breakdown characteristics for different electrode configurations under
DC field are studied and compared in Fig. 2. Note that the series gap results shown in the
figure correspond to the total gap that is formed with the multiplicity of 50µm gap. Similarly, 5 electrodes in parallel with the help of 1mm spacer form the parallel gaps. The
voltage in the former is divided across 50µm gaps and in the later the voltage across each
gap is same. As can be seen in Fig. 2 that the breakdown strength of single or parallel
electrode configurations are similar. Contrarily, the breakdown strength of series gap is

Fig. 2 Breakdown strength of different electrode configurations
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increased significantly. However, in all the cases, the breakdown strength increases as the
gap is decreased. The observed trend is attributed to the fact that the extent of e-field
non-uniformity reduces as the gap is decreased [8]. Fig. 3 compares the waveforms obtained for single and series gap of 200 µm. The inception stage of breakdown of single
gap display more oscillations compared to that observed in series gap. Higher oscillation
may be attributed to (a) power supply parameters and (b) charge formation due to ionization near the vicinity of the electrodes. Note that the discharge involves one set of electrodes and hence the charges formed on the electrodes may be non-uniform. In the case
of multiple / series gap, the voltages are divided equally. As stated earlier the e-field
across smaller gap is uniform and hence charges are distributed uniformly near the vicinity of all the electrodes. The waveform at the inception stage of the breakdown of the
series gap therefore exhibits no oscillation. Note that the voltage collapse time in single
gap is faster (< 0.5µs) compared to the series gap (2µs), which substantiates the argument
that the former exhibits non-uniform field and non-uniform charge distribution compared
to the series gap. Note that the probability of secondary electron generation and the avalanche formation is much lower when the multiple gaps are connected in series compared
to single gap [9-11]. Because, the energy acquired by a field-emitted electron in series
gap is lower than the electron in single gap as the energy and hence, the number of electron-collisions in series gap is lower than that of single gap. Hence, the breakdown time
in series gap is longer than the single gap.
The Partial discharge in the case of single gap is found to be absent whilst PD activities
are observed in series gap despite the fact that the breakdown strength is higher. Typical
PD pattern observed in series gap at 1kV is shown in Fig. 4. The PD activities in general
are found to be significant when the series gaps exceed 3 gaps. Note that when the series
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Fig. 3 Breakdown waveforms of (a) single and (b) series gap of 200 µm gap. Note (c) and (d)
represent the expanded portions respectively.
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Fig. 4 PD pattern observed in 4 series gap

configuration constitutes above 3 gaps at least one set of positive and negative electrodes
are floating. Note that the PD magnitude of 1.5nC is abnormally higher at 1kV voltage,
which clearly suggests that the observed PD is attributed to electrostatic induction on the
floating electrodes that are not linked with the terminal electrodes. Interestingly, the PD
phase angle increases with an increase in the number of series gap as summarized in Table 1. Similarly, for a given series gap PD phase angle changes with applied voltage
though significant variation in the PD magnitude is not observed with applied voltage.
However, the pulse counts vary significantly though the magnitude does not change appreciably as shown in Fig. 5. These results indicate that the PD observed in the series gap
is largely due to electrostatic induction on the floating electrodes.
IV. CONCLUSION
The partial discharge characteristics of multiple micro-gaps in series and parallel configurations are different from that of conventional macro-gaps. Though the breakdown
strength is found to be higher in series configuration PD activities are observed. However, the variables such as applied voltage and number of series gaps do not influence the
PD magnitude appreciably. On contrast, these variables influence the partial discharge
pulse angle and the pulse count. The parallel configuration does not display any PD acTABLE I PHASE ANALYSIS OF PD DATA FOR DIFFERENT GAPS IN SERIES
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Fig. 5 PD pulse count as a function of applied voltage

tivities.
REFERENCES
K Frolich and A Kutil,” Partial discharge phenomena in composite insulation material”, IEEE Proc. Int.
Conf. On EI. Insulation and dielectric phenomena, Virginia Beach, VA, USA, 1995, Pp 343-346.
[2] Schifani R, Candela R, Romano P, “ On PD mechanisms at high temperature in voids included in an
epoxy resin,” IEEE Trans. Dielectric and electrical insulation,” Vol. 8, No. 4, 2001, Pp 589-597.
[3] R Bartinikas,” Partial discharges, their mechanisms, detection and measurement,” IEEE Trans. dielectric
and electrical insulation,” Vol. 9,No. 5, Pp 763-808.
[4] T. Weiers,” Untersuchung zur geschwindigkeit der alternung non statorisolierungen rotierender
hochspannungsmaschinen”, FKH-/NSE- Fachtagung 2005, Isolationsdiagnose an hochspannungsbetriebsmitteln, Stand der Technik und Ausblick, Pp 83-92, 2005.
[5] T Weiers, Y Corrodi, R Brutsch, R Vogelsang,” Partial discharges in VPI winding insulations in dependence on the impregnating resin”. http://www.eeh.ee.ethz.ch/downloads/hvl/publications/
[6] F H Kreuger, E Gulski and A Krivda, “ Classification of partial discharges,” IEEE Trans. Electrical insulation, Vol. 28, No. 6, 1993, Pp 917-931.
[7] Ken Kimura, Yoshiharu Kaneda, “ The role of microscopic defects in multistress aging of micaceous
insulation”, IEEE Trans. On Dielectric and Insulation , Vol. 2, No. 3, 1995, Pp 426-432.
[8] Poornima A, Mithila H, Adnan B, Subhankar D, Balachandra TC , Asokan T, “Electrical Discharge
Characteristics of 1-D Plane Micro-electrodes,” Electrostatic society of America 2008 Annual meeting .
[9] Paul G. Slade and Erik D. Taylor, “Electrical breakdown in atmospheric air between closely spaced (0.2
µm-40 µm) electrical contacts,” IEEE Trans. Components and Packaging Technologies, vol 25, pp. 390396, Sep. 2002.
[10] Fabian W. Strong, Jack L. Skinner, A. Alec Talin, Paul M. Dentinger and Norman C. Tien, “Electrical
breakdown response for multiple-gap MEMS structures,” IEEE 44th Annual International Reliability
Physics Symposium, pp.421-426, 2006.
[11] R. S. Dhariwal, J. M. Torres and M. P. Y. Desmulliez, “Electric field breakdown at micrometer separations in air and nitrogen at atmospheric pressure,” IEE Proc. Sci. Meas. Technol., vol. 147, pp. 261-265,
Sep. 2000.
[1]

