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Abstract – We present experimental results of in-

vestigation of vacuum diode with field-controlled 

ferroelectric driving electrode based on the prepo-

larized ceramics of the PzT-19 type and a cathode 

as a metal grid operating at the extremely low ex-

tracting voltage (75÷600 V). The diode current 

passes only at the unique polarities of the driving 

pre-pulse and the extracting voltage, namely, when 

the negative voltage was applied at the front side of 

ferroelectric disk and negative driving pulse at the 

rear side of 1 kV amplitude and duration of 100 ns. 

Optical measurements showed that emission area 

increases with extracting voltage. Collector meas-

urements established that plasma flow contains fast 

and slow ion components. 

1. Introduction 

This study was aimed investigation of a possibility of 
creation of a pulsed plasma source of accelerated 
metal ions with a combined FE + metal cathode oper-
ating at the low extracting voltage. Earlier, we have 
established that a low voltage vacuum spark is a 
promising kind of plasma thruster for nano-scale 
space satellites [1]. On the other hand, it is well 
known that the FE cathodes provide the extremely 
high densities of electron currents as compared to 
other kinds of the cathodes [2]. Hence, an idea arose 
to combine two kinds of electrodes, namely, a modi-
fied standard metal one and a FE electrode as the ig-
niting one to enhance the efficiency of the pulse 
plasma source. The report presents the primary results 
of studies of this combined low-voltage plasma 
source. 

2. Experimental setup and results 

The setup is shown in Fig. 1. The diode studied in our 

experiment had a cathode in the form of prepolarized 

FE disk made of a PzT-19 type ceramics with a thick-

ness of 0.6 mm and a diameter of 15 mm. The rear 

side by FE disk was covered with a silver film and 

glued to rear electrode which was connected to a high-

voltage pulse generator. The front side of the Fe disk 

was covered by a metal grid with cells of 1 × 1 mm2 

and transparency about 85%. A capacitor C (2 µF) 
was connected to the front side of the disk metal grid 

and was charged to an extracting voltage Uc. The dis-

charge was driven with a rectangular high-voltage 

driving pulse Ud applied between rear and front sides 
of the electrode. Grounded grid anode with transpar-

ency of 50% kept a distance of 2.5 mm from the front 

side of FE disk.  

 

 

Fig. 1. Experimental setup: 1 – rear electrode; 2 – ferroelec-

tric sample; 3 – front metal grid; 4 – anode; 5 – Rogovski 

coil; 6 – high-voltage pulse generator; 7 – collector; 8 –  

  insulation insert; 10 – grid 

The discharge current was measured by the 

Rogovski coil. In addition, we used two methods of 

diagnostics. Optical measurements were carried out in 
integral mode. The CCD-camera was placed apart the 

grid anode at the distance of 30 cm. A collector was 

placed apart the anode by a drifted tube at the distance 

of 32 cm and was biased at – 200 V. The collector 

operated in the mode of measurement of ion current. 

All signals were registered by a digital oscilloscope. 

The measurements were performed in a vacuum of  

10–5 Torr. 

In our measurement an extracting voltage Uc of 

negative and positive polarity were applied at the front 
metal grid and they were varied through the range of 

75÷600 V. We used high-voltage driving pulse Ud 

with an amplitude of 1 kV and duration of 100 ns of 

either positive or negative polarity which was applied 

to rear side of the FE sample. It was found that the 

discharge was ignited just with the unique polarity of 

the driving pulse and the dc voltages, namely when a 

negative dc extracting voltage Uc was applied at the 

front side of FE disk and negative voltage driving 

pulse Ud was applied at the rear side. In addition, it 
was established that the process occurred when the 
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extracting voltage was above some value, which was 

about of – 60 V. 

Figure 2 presents signal of the Rogovski coil and 

photos the light emitted from the surface of the FE 

sample under the application of different extracting 

voltage. In the course of our measurements it was 

found that delay between the applied driving pulse and 

diode current pulse decreases with rising of extracting 

voltage and reached about 0.8 µs at the Uc = 600 V 
that is in a good agreement with data obtain in [3]. 

 

 
Fig. 2. Signals of the Rogovski coil and the corresponding 

photos of the FE disk at extracting voltage of 75 V (a), 

150 V (b), 300 V (c). Arrows indicate the instant of a 

  driving pulse. White solid line indicate FE disk 

One can see that the area of the light emission in-

creases with rising of the extracting voltage. These 

photos are possible to calculate that at the Uc = 75 V 
the area of emission was about 0.1 portion of the disk 

area and the amplitude of the discharge current was of 

160 A. So, at Uc = 300 V amplitude of current from 

the cathode was of 1.3 kA and the light emission oc-

cupied practically the total surface of FE disk. From 

this, we can conclude that the discharge current was 

approximately proportional to the area of the light 

emission. In addition, the additional optical measure-

ments with interference filters showed that the light 

emission from the FE sample lied in the green region 
of the spectrum. 

Figure 3 presents the signal of the ion current 

measured by the collector at the different extracting 

voltage. The igniting high-voltage pulse has a delay of 

500 ns. One can see that ion signal has the fast and the 

slow components. The amplitudes of both ion compo-

nents significantly increase with the discharge current 

that is in a good agreement with our data obtained 

early for Cu cathode under the similar experimental 

conditions [4]. By contrast, delay between instant of 
maximum of current discharge and the amplitudes of 

both ion components are practically independent on 

the discharge current at the range of 0.2 – 2.8 kA. If 

we suggest that slow ion component is produced in the 

maximum of the discharge current then we can esti-

mate its velocity. It holds and is about of 1.5 · 104 m/s. 

The similar estimation for fast ions shows that their 

velocity about of 1 · 105 m/s. Bottom threshold for the 

velocity of fast ions we can obtain suggested that fast 

ions is generated in the moment of the instant of high-

voltage driving pulse and are about of 6 · 104 m/s.  
 

 

Fig. 3. Signal of the ion current measured by the collector at 

extracting voltage of 150 V (a), 300 V (b), and 600 V (c). 

Arrows indicate moment of maximum of the discharge current 

3. Discussion  

First, note that the discharge was ignited just with the 

unique relation between polarities of extracting volt-

age and ignition pulse. Also it should be noted that 

there is a threshold of extracting voltage, namely the 

discharge was ignited just when the extracting field 

exceeds of 240 V/cm that is, nevertheless, more then 

the order of value less than the usually applied field 
[5]. From these results we can assume that ignition of 

the discharge is due just to electron emission from the 

ferroelectric. The latter is based on the notion about 

the change in spontaneous polarization under the ac-

tion of an electric field. This assumption also is sup-

ported by the results of optical measurement, namely 

intensity of light emission is distributed near uni-

formly over the area of emission and the discharge 

current is near proportional of the area of this. From 

the collector measurement, we can conclude that the 
slow ion component is generated in the moment of 

maximum of the discharge current. The velocity of 

slow ions and amplitude of current of slow ion is in a 

good agreement with data obtained in [4]. By contrast, 
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we can assume that the fast ion component is gener-

ated in the moment of apply of high-voltage driving 

pulse. This velocity is in a good agreement with data 

obtained in [6] and exceeds velocity of the fast ions 

obtained early for Cu cathode under the similar ex-

perimental condition [4].  
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