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Himeji, Hyogo 671-22, Japan

Abstract
Air breakdown induced by a high-power short-pulse microwave in the pressure range

from 100 to 760 Torr has studied experimentally. The high-power microwaves with the peak
power of 20 MW, frequency of 12 GHz and pulse duration of 14 ns is irradiated to a pair of
needle and plane electrodes biased at the potential less than the breakdown voltage. The gap
separation between the needle and plane electrodes is 1.5 cm. Microwave-induced breakdowns
occur at the pressure range from 150 to 760 Torr for negative potential and from 150 to 350
Torr for positive polarity at the presence of corona discharges. At the pressure range less than
150 Torr, the microwave-induced breakdown occurs without corona discharge at both
polarities.

Introduction

Recently, high power microwaves of its power levels in excess of 1 GVV have been
generated using intense relativistic electron beams with accelerating voltage of the order of a
MV and current in excess of kA[l,2]. High power microwaves offer new applications in a
variety of fields such as particle accelerations, impulse radar, laser pumping, power beaming
and environmental cleanup. Research on laser-triggered lightning has received considerable
attention in the recent years[3]. One problem in laser-triggered lightning experiments is strong
attenuation of laser energy by rains, clouds, and laser-produced plasma. If microwave-
triggered lightning is possible instead of laser, microwaves propagate with a small loss in
thunderclouds compared with lasers and also are able to radiated much extensive region of
targets. In this paper we report on the fundamental experiment of air breakdown induced by a
high-power short-pulse microwave.

High-Power Microwave Source

The high-power, short pulsed microwave is generated with a axially extracted vircator at
Himeji Institute of Technology[4]. The vircator diode consists of an annular cathode of
diameter of 3 cm and 1 mm in thickness and a stainless mesh anode (mesh wire diameter: 0.25

- 0.37 mm and transparency: 62.8-68.4 %). Figure 1 shows the typical time evolution of

diode voltage, electron beam current and microwave emission from the top. As seen in Fig. 1,

the peak power of microwave is 20 MW and the pulse duration (Full Width at the Half

Maximum: FWHM) is 14 ns. Although not shown here, the radiation frequency was found to

be 12 GHz.
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Apparatus and Procedures for Microwave-Induced Air Breakdown
A schematic of experimental set up for microwave-induced air breakdown is shown in

Fig. 1. The conical horn with a dielectric lens mounted at the horn aperture is used as a
transmitting antenna. High-power microwaves through the dielectric lens are focused on a
discharge electrode gap in the center of a stainless steel vacuum chamber with a diameter of 31
cm and length of 32 cm. The discharge electrode consists of a pair of needle (a diameter of 7
mm and a tip angle of 19.3° ) and plane (diameter of 6 cm) electrodes. The gap spacing
between the needle and plane electrodes is 1.5 cm which is less than the wavelength of
microwave. Then, the microwave power density should be uniform in the gap spacing between
the electrodes. The acrylic window and microwave absorber (Eccosorb CV) at the opposite
side of the transmitting antenna allow incident microwaves to transmit in the vacuum chamber
without reflection. Thunderclouds usually occur at the height of 3 - 10 km at which air
pressure is estimated to be 200 - 500 Torr. Then, the experiment presented here was done
under the air pressure range from 100 to 760 Torr. Lights of corona discharge and breakdown
were observed with a polaroid camera at a side window of vacuum chamber.

At first, a DC voltage was applied to the discharge electrode without microwave irradiation.
The DC voltage increased gradually till an onset of corona discharge to obtain the corona onset
voltage. By further increasing DC voltage exceed the corona onset voltage, the gap-breakdown
voltage was measured. Secondly, the microwave irradiated to the electrode gap space biased at
the potential less than the breakdown voltage.

Time(20ns/div)

Fig. 1. The time evolution of diode
voltage, electron beam current and
microwave emission from the top.
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Fig. 2. The experimental setup for
microwave-induced air breakdown.
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Results and Discussion
Figure 3 shows the DC voltage applied to the electrodes vs. air pressure for the negative

polarity which means the needle electrode is negative voltage, where • stands for the corona
onset voltage Vc, • the DC breakdown voltage VB, and O the minimum voltage of
microwave-induced breakdown VM. The hatched region indicates the biased voltage between
the electrodes at which the microwave irradiation causes the breakdown between the electrodes.
As seen in Fig. 3, the microwave-induced breakdown occurs at the pressure range from 100 to
760 Torr, and at the pressure range less than 150 Torr, the microwave induces the breakdown
at the biased voltage less than the corona onset voltage. In the pressure range above 200 Torr,
the presence of corona discharges is necessary for microwave-induced breakdown. Figure 4
shows the photographs of (a) the corona discharge before microwave irradiation and (b) the
breakdown induced by microwave irradiation at the pressure of 200 Torr, where the black and
white of photographs were inversed using a computer.
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Fig. 3. Microwave-induced breakdown
for the negative polarity.
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Fig. 4. Photographs of (a) the corona discharge
before microwave irradiation and (b) the break-
down induced by microwave irradiation at the
air pressure of 200 Torr.

The ratio of the minimum microwave-induced breakdown voltage VM to the DC

breakdown voltage VB is plotted as a function of air pressure in Fig. 5, where O is for the

negative polarity and # is for the positive polarity. As seen in Fig. 5, the microwave-induced

breakdowns occur at the air pressure range less than 300 Torr and VM/VB reduces with

decreasing air pressure in both polarities. Figure 5 also shows that the high-power microwave

can easily induce breakdown for the negative polarity than for the positive polarity. At the

pressure larger than 300 Torr, no microwave-induced breakdown appears for the positive
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polarity. These results are ascribed to the presence of many electrons, generated by corona
discharges, in the gap space at the negative polarity. Because negative corona discharges
release a large number of electrons in the gap space, but positive coronas drive little electrons.
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Fig. 5. The ratio of the minimum microwave-induced breakdown voltage VM to

the DC breakdown voltage VD as a function of air pressure, where O is for the

negative polarity and # is for the positive polarity.

Conclusion

Air breakdowns induced by a high-power, short-pulse microwave with the peak power
of 20 MW, frequency of 12 GHz and pulse duration of 14 ns were studied experimentally with
the needle-plane electrode system. The conclusions obtained are as follows:
(1) At the pressure range less than 150 Torr, the microwave-induced breakdown occurs

without corona discharge at both polarities.
(2) For the negative polarity, the microwave irradiation causes gap breakdowns with the

presence of corona discharges at the pressure range from 150 to 760 Torr.

(3) Microwave-induced breakdowns at the negative polarity occur easily than at the positive
polarity. At the pressure range larger than 300 Torr, no microwave-induced breakdown
appears for the positive polarity.

From the studies mentioned above, triggered lightning by a high-power pulsed
microwave might be possible, provide that there are a large number of initial electrons or with
further higher-power microwave sources.
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