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Abstract
Surface features of similar plastic-metal laminate
insulator geometries cut with a water jet and a machine
tool are examined with a scanning electron microscope.
Both secondary electron emission and backscattering
electron emission are used to image and differentiate
insulator surface structures. The insulator surface without
and with gold coat were compared. Low level electron
beam currents and accelerating surface voltages were
applied in the former case preventing charge up and
surface damage. General surface features appeared
unaltered by the sample preparation. The surface features
of the machine cut insulator and the water jet cut insulator
were significantly and unexpectedly different. This may
explain why the water jet cut piece tends to have a higher
voltage hold-off as compared to the machine tooled piece.

I. Introduction
The surface breakdown on plastics has been a topic of
concern for many decades [1,2,3]. It is well known that
the plastic barriers located between a cathode and an
anode tend to breakdown at levels below their intrinsic
rated bulk breakdown levels.
Various breakdown
mechanisms have been identified but it appears at this
time that there is no consensus on any one dominant
mechanism [2,3,4]. Further, the mechanism and surface
damage appears to be pulse width dependent [3,5].
The microstack insulator, a plastic-metal laminate, has
shown promise in inhibiting dielectric breakdown on the
surface of barriers and insulators [6,7]. The metal plates
are either flush with the surface of the laminate or extend
slightly beyond the laminate. Microstacks tend to control
secondary electron emission, desorption of species, and
ultraviolet effects. After damage failure, the device is
resilient enough to not be damaged [6]. It is hypothesized
*

that the metal plates capture the electrons that initiate the
flashover process thereby delaying or preventing the
shorting of the anode and cathode. Depending on the
field configuration, the collected electrons are distributed
throughout the plate until a sheath is generated preventing
the further collection of charge. To aid in the voltage
hold-off, a conical stack may replace the cylindrical stack
with conical angle between 0 and 450 relative to the
normal of the base of the cone located on the cathode
electrode. In general, experiments show that conical
insulators with a 450 angle have maximum hold-off
voltages [2,3]. The hold-off voltage of the microstack is
enhanced as well.
Surface failure or breakdown often occurs as a result of
contaminant layers, cracks and/or other surface
imperfections [8]. Oxidation or chemical reactions, as a
consequence of the surrounding environment, may alter
the salient features of the surface. Surface roughness and
pressure may influence the electrical properties of the
materials resulting in interfacial failures. The electrical
performance may be significantly affected by particulate
contaminates. Therefore, much attention must be focused
on the preparation of surface barriers and insulators.
Microstack insulators are cut using various cutting and
polishing techniques.
The following two cutting
techniques are commonly employed: 1) machine tool
cutting and 2) water jet cutting. Both cutting techniques
and post surface preparation influence the overall
performance of the insulator or barrier. Experiments have
shown that the water jet cut piece tends to have a higher
hold-off voltage as compared to the machine cut piece.
Examining the surface structure using a scanning electron
microscope provides some insights to the differences in
the hold-off performance of the two cutting techniques.
Surprisingly, water jet cutting resulted in an unintentional
surface grading giving the piece a directionality or an
anisotropic characteristic possibly useful in the holding
off higher voltages. Reasons for this are explained.
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II. Scanning Electron Microscope &
Preparation Details
A JOEL-5600 scanning electron microscope (SEM)
located in the Electron Microanalysis and Imaging
Laboratory at UNLV was employed to study the surfaces
of two differently cut microstack insulators. The scanning
electron microscope is equipped with a bacscattering
electron (BSE) detector and an Oxford ISIS energy
dispersive spectrometer (EDS) controlled by a two
networked windows operating system.
The SEM has a resolution of up to 50 nm at 100,000
times magnification. The device can scan four 1 cm
diameter samples or one 3.2 cm diameter sample. A
maximum sample height of about 1 cm is allowed.
Because samples were cylindrical in geometry and well
beyond the limited size for placement in the SEM, the
samples were carefully cut along a chord of the cylinder
cross section. A hacksaw was used to perform the cut.
Damage due to this cutting process was localized for the
most part along the cut edge. Observations near these
edges are excluded in the discussions of this paper.
Uncoated samples are cleaned with tissue paper and air
blown with mouth. Samples cleaned in this fashion were
examined for gross effects and tendencies only. Fine
details such as fiber threads on the surface were also
observed. A 1.5 kV beam voltage and a maximum 39 µA
load current allowed for examining the sample surface
with a small working distance.
Coated samples are first cleaned with a petroleum ether
that has a low residue, high evaporation rate. A Pelco
sputter coater is used to gold coat the samples after they
are thoroughly cleaned. A 5 to 10 nm thick gold coat is
deposited on the sample surface. The resolution of the
coating thickness is beyond the limits of the SEM. A
beam voltage between 10 to 15 kV is used having a load
current of about 75 µA.
Excluding observed finger grease, dust and tissue
contaminants on the uncoated sample, the coated and the
uncoated samples had the exact same tendencies. This
implies that the gold coat sputtered on the surface of the
insulator under test did not affect the surface features of
the microstack.

After the sheets of plastic are cut, they are cleaned and
placed in a dryer or vacuum oven. The wafers are stacked
in a portable clean room. The stack is then pressed with a
special recipe taking into account the melting point of the
material being pressed. Special care is taken when the
recommended curing temperature is near the melting
temperature of the plastic sheet.
Either a machine tool or a water jet stream is employed
to cut the stack. In the former process, a kerosene or
water-soluble cooling solution is used. A kerosene
cooling solution was used on the machined microstack
under study. A final clean-up cut is made when the
dimension is within 0.02” in diameter. The final cut is
made to 0.01” diameter.
A company, specializing in cutting stone, performed
water jet cutting. Besides a fungicide and algae control
solution, additives added to the water jet stream were not
known. When cutting, the jet steam was oriented normal
to the top surface of the microstack. A clean-up cut is not
made using this technique.
In both techniques, the same post processing procedure
is followed. The samples are polished with 600, 800,
1000, 1200, and 2000 grit emery paper using as little
friction as possible with a water based coolant. The
polishing procedure is considered completed when the
surface yields a clear sheen and no marks or scratches are
observed with a 10x microscope. The samples are then
alcohol immersed, sprayed and dried with “Dust Free”
canned air, and handled with surgical quality gloves.

IV. Surface Studies With Scanning Electron
Microscope
The samples examined with the SEM, have been used
in experiments, labeled and shelved for a few years.

III. The Microstack – Design, Cutting, and
Post Cutting Processes
The microstack laminate is composed of 0.005” to
0.01” of Rexolite (polystyrene) typically manufactured by
C-Lec and 0.0005” thick standard 304 stainless steel
annealed foil. Stainless steel 304 was used because it has
fewer sulfates and therefore is more suitable in a vacuum
environment. A 0.001” self-supporting Pyralux
manufactured by DuPont is used as a thermoset to bond
the Rexolite to the metal foil. The microstacks under test
contained about 20 laminate layers resulting in an overall
measured 0.94 to 1.03 cm thickness.

Figure 1. Machine cut microstack.
SEM pictures of the machined piece are depicted in
Figs. 1-4. The bright surface is the edge of the metal foil.
An overview of more than two sets of laminations in the
machine cut piece shown in Fig. 1 indicates a height
differential among adjacent layers. The Rexolite surface
is about 5 to 15 µm higher than the metal foil in Fig. 2. It
is believed that the mechanical rigidity and thermal

and pitting are apparent in Figs. 2 and 4. After over a
couple of hours in the vacuum chamber, black rings began
to develop around highlighted regions with spider-like
tentacles as in Fig. 4. This is an indication of degassing
of material trapped in the plastic surface under the gold
coating [9]. The magnified view of Fig. 4 seems to
indicate that the striations in Fig. 2 are a result of uniform
pitting possibly a consequence of the polishing process.

Figure 2. Magnified view of plastic – SS foil interface.

Figure 5. Water jet cut microstack.

Figure 3. Surface blemish in plastic wafer and thermoset
melt between the plastic and metal foil.

Figure 6. Magnified view of plastic – SS foil interface.

Figure 4. Degassing in progress in machined cut piece.
properties of the different layers of material resulted in
uneven cuts across adjacent material layers. The soft
thermoset appears to have melted on the right side of the
metal foil in Fig. 3 where as in Fig. 2 there is substantial
roughness illustrated. The left side of the metal foil in
Fig. 3 shows slivers of the metal foil separated or partially
separated from the foil itself. Figure 3 also shows an
inherent imperfection in the Rexolite plastic. Striations

Figures 5-9 depicted the surface features of the water jet
cut piece. Surprisingly, the water jet cut piece has a
uniform staircase-like cut as shown in Fig. 5. This gives
the plastic an orientation or anisotropic property. Rexolite
itself is amorphous. As a result, the straight cut along the
plastic surface tends to indicate that the water jet stream
was normal to the microstack surface until deviated at
each foil edge. Figure 6 provides a magnified view of the
cut across the plastic-thermoset-foil-thermoset-plastic
interfaces. It is believed that the crystalline structure of
the stainless steel foil resulted in a material yield not
along the original trajectory of the water stream but along
one of the crystalline planes. It is apparent from Fig. 6
that the water jet flows from the right to the left. This is

the plastic surface, Fig. 7, and on the foil edge, Fig. 8, are
present and perpendicular to the flow of the water jet
stream. This is a good indication that the post polishing
process tends to modify the surface feature. Although
infrequent, material imperfections in both the plastic and
the foil edge were observed.

V. Conclusion

Figure 7. Erosion observed in the thermoset bonding the
Rexolite and stainless steal wafers.

Different cutting techniques and post cutting processes
can significantly alter the surface features of the
microstack insulator due to the varying material properties
of the different laminate layers. This may significantly
affect the electrical performance of the insulator. The
unintended stair-cased structure of the water jet cut piece
rounds off and exposes a metal conductor to aid in
capturing primary electrons before and electron avalanche
condition results. Further, appropriately orientating the
insulator allows one to capitalize upon the angle
dependence of the cone. In comparison, the machined cut
microstack tends to hide the electrode thereby inhibiting
its ability to collect charge efficiently.
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