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The results of the experimental research of generation of pulsed electron beam in S-band RF gun with driven 
plasma cathode are described. There has been designed experimental sample of the cathode based on ferroelectric 
ceramics. It has been obtained at RF gun output electron beam with particle energy ≅500 keV, pulsed peak current 
of 3 A and pulse duration of 50 ns.

PACS: 29.25.BX, 41.75.FR, 52.25.Mq, 52.80.PI

1. INTRODUCTION
The main advantage feature of RF guns is their abili-

ty  to  generate  intense  and  high  brightness  electron 
beams. This is possible due to employing of thermionic 
cathodes with emission current density of 10 A/cm2 or 
photocathodes  with  emission  current  density  up  to 
102 A/cm2 within a laser pulse duration of 10-8…10-11 s. 
The value of accelerating field strength in the gun cavity 
of ∼107 V/m makes it possible to obtain the beam parti-
cle energy over 106 eV at RF gun output. In this context, 
RF guns may generate electron beams with a peak cur-
rent up to 1 kA and charge over 1 nС. These features 
make RF guns to be stand out particularly in compact-
ness  unlike  conventional  DC  pulsed  electron  guns. 
Therewith,  technologies and equipment  accompanying 
operation of photoemission RF guns are quite compli-
cated and expensive to expand their application fields.

The range of pulsed current amplitudes of few am-
peres with pulse duration of  few tens of nanoseconds 
may be also produced in RF guns within the application 
of  plasma  cathodes  based  on  solid  dielectrics  [1-3]. 
Electrons  in  the  cathodes  are  emitted  from  plasma 
sheath of a surface flashover excited by driving voltage 
pulse. As it  has been shown in numerous experiments 
with pulsed guns [2], the emission current density of the 
plasma  cathodes  may  be  over  100 A/cm2 with  the 
nanosecond range  of  the pulse current  duration.  High 
peak  current  can  be  extracted  from  RF  gun  due  to 
bunched beam structure and features of electron emis-
sion from plasma in high strength RF field. Electrons 
extracted from a plasma cathode are accelerated due to 
the RF field energy stored in the cavity of the gun. Such 
cathodes don’t need heating and pre-activation process 
before operation, and may be handled and operated in 
vacuum of 10-4…10-5 torr. Application of plasma cath-
odes in RF gun [4] also potentiates the gun operation 
with  the  pulse  repetition  frequency  of  10…102 Hz. 
These advantages make RF guns with plasma cathodes 
competitive electron sources.

Results of the experimental research of RF gun oper-
ation with plasma cathode are reviewed in the present 
paper. Plasma cathode is made from ferroelectric ceram-
ics. The cathode is driven by external source of pulsed 
low voltage.

2. EXPERIMENTAL ARRANGEMENT
All  experimental  research has  been carried out  on 

the special test set-up that permits to measure parame-
ters of electron beams with particle energy from tens of 
keV to 1 MeV. Fig. 1 illustrates the layout of main mea-
suring equipment that has been used in the experiments.

Fig. 1. Measuring equipment layout

The researched cathode having been mounted in the 
single-cavity S-band RF gun C. The cathode holder has 
the plug-in to supply the cathode by the trigger pulse. 
The  pulsed  output  current  having  been  measured  by 
beam current transformer BCT having time resolution of 
5 ns. The magnetic lens AL and quadrupole Q supplied 
beam  transport.  Electron  energy  of  the  beam  having 
been measured using magnetic analyzer MSA and Fara-
day cup  FC2. The beam profile having been measured 
by driving slits SC and Faraday cup FC1. The gun was 
fed by klystron RF amplifier  operating in self-excited 
mode with operating frequency of 2797.15 MHz. Tun-
able directional coupler in the feeding waveguide sup-
plied the gun feeding power Pc in the range 0.1…1 MW. 
The pulse duration of the feeding power was 1.8 µs. The 
axial electric field strength in the RF gun is determined 
by the following expression:

0)(470)/( QWPmVE c= ,
where Q0 is unloaded quality factor of the gun cavity.

The RF gun design has the optical input port which 
has been used in the experiments to observe a plasma 
glow on the surface of the cathode. Distribution of the 
plasma glow has been registered by digital photo cam-
era.
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3. PLASMA CATHODE DESCRIPTION
The plasma cathode has been designed using ferro-

electric ceramics because of its feature of “strong” elec-
tron emission characterized as plasma-assisted emission 
with the emission current density of 100 A/cm2. As to 
conventional  ferroelectric  cathodes  [2], the  designed 
cathode  includes  the  ferroelectric  disk  1  (Fig. 2),  the 
patterned electrode 2 being in contact with the disk in 
front side and the solid electrode 3 deposited on the rear 
side.  The material of the disk with  ≅0.8 cm2 area and 
0.5 mm thickness is BaTiO3 with permittivity εr ≅ 2000.

2
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а) b)
Fig. 2. Ferroelectric cathode

Special design of the patterned electrode implements 
the principle of the spatial separation of plasma devel-
opment  and  electron  acceleration  in  the  gun  cavity 
(Fig. 2 (b, 1)). According to the principle the developed 
plasma  is  localized  in  small-sized  cylindrical-shaped 
apertures  of  the  patterned  electrode.  The  size  of  the 
aperture  defines  the  value  of  the  RF  electric  field 
strength over the ferroelectric surface. This value would 
be  few orders  of  magnitude  lower  than  the  threshold 
magnitude of the self-excited and uncontrolled flashover 
[4].  According to  calculations  using  the  SUPERFISH 
code [5] the ratio of the electric field strengths over the 
ferroelectric surface and in the gun cavity is 104 for the 
accepted patterned electrode design.

The one  of  the  origin of  the  conventional  surface 
flashover in ferroelectric cathodes is the region of triple 
junctions like for any dielectrics [6].  The face end of 
apertures being in contact with ferroelectric surface has 
been made of tapered shape to increase the electric field 
strength in the region of triple junctions. According to 
the results of computing of static electric field distribu-
tion, the strength of the field in the gap of 10-6 m be-
tween surfaces of the ceramics (ε = 2000) and tapered 
aperture is ∼1⋅109 V/m within the applied voltage value 
of 1 kV (Fig. 3). The value of the gap length has been 
taken as average gap featuring the surface roughness.

Fig. 3. Electric field in the 1 µm gap

The order of the obtained electric field strength is 
the same as the order of the threshold electric field Ek of 
the vacuum discharge development [7].

4. RESULTS OF THE RESEARCH

Following  the  electric  field  strength  of  ∝1 МV/m 
featuring the voltage applied for the flashover initiation 
in the most of ferroelectrics [8], there was used external 
pulsed voltage source adjustable in the range of 0.1…
1.5 кV. The duration of the driving pulse was of 1 µs 
with  rise  time  of  0.4 µs.  The  patterned  electrode  has 
been grounded, and the rear electrode has been supplied 
by trigger pulse Utr. of both positive and negative polari-
ty.

Before the trigger pulse to be applied the gun output 
current  was  null  in  the  range  of  the  electric  field 
strength from minimum to 40 MV/m. Within the apply-
ing of Utr., the discharge initiation time corresponded to 
the rise time of the Utr. within the accuracy of measure-
ment limits.

For the positive polarity of Utr., the output current re-
alized at Utr.=1000 V was of 3 A in peak magnitude and 
had the shape shown on Fig. 4(a). Such electron beam is 
featured by particle  energy of  ≅500 keV in the maxi-
mum of  the  energy  distribution.  There  was  observed 
discharge glow only in the central aperture of the pat-
terned electrode during the positive Utr..

For the negative polarity of  Utr.,  the output current 
realized at Utr.=600 V, and particle energy in this case is 
≅300 keV for each pulse of the current shape (Fig. 4(b)). 
In this case the discharge glow was ob-served in each 
aperture of the patterned electrode. Thus, one may as-
sume that each current pulse corresponds to the electron 
emission  from  apertures  in  the  patterned  electrode. 
Moreover,  as  it  follows  from  Fig. 4(b)  electrons  are 
emitted also after the amplitude of Utr. becomes of zero 
value. The most evidently, the source of Utr. is shunted 
by the excited plasma which enhanced through the aper-
tures into the gun cavity being the source of electrons.

                a)                                       b)

Fig. 4. Oscilloscope  traces: а)  the  gun  current 
(0.74 А/div.),  time sweep is 200 ns/div; b)  top trace is  
trigger  pulse, bottom  trace  is  the  gun  current 
(0.74 А/div.), time sweep is 200 ns/div

The  width  of  the  measured  energy  spectrum 
(FWHM) wasn’t higher of 10 % in any polarity of  Utr.. 
However,  the electron energy is  differed considerably 
for different polarity of  Utr. under equal magnitude of 
the  electric  field  strength  (500 keV  for  Utr.>0  and 
300 keV for  Utr.<0).  The one of  interpretations of  the 



difference is the hypothesis that parameters of the ini-
tially excited plasma and emitted electrons are quite dif-
ferent for each polarity of  Utr..  These parameters have 
effect on dynamics of beam particles in the gun cavity 
and their energy distribution at the gun output. 

The amplitude of the pulse current was varied at the 
gun output within variation of the driving pulse ampli-
tude of any polarity. It is most probably that the origin 
of this variation is the variation of performances of the 
initially excited plasma and emitted electrons as well as 
in previous case.

The electric field strength hasn’t been changed con-
siderably during the discharge duration and after up to 
the end of the RF feeding pulse. This indicates that di-
mensions and density of the plasma wasn’t of enough 
magnitude to detune the gun cavity considerably.

The  transverse  beam  size  (FWHM)  measured  for 
positive polarity  Utr. on the distance of 1.5 m from the 
gun output is 5.3 mm (Fig. 5).
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Fig. 5. The measured beam profile
Beam parameters were stable during the RF gun op-

eration with the pulse repetition frequency up to 10 Hz 
and with any polarity of Utr..

It  should be noted that  within the phase length of 
electron bunch in RF gun of  ∆ϕ the peak current value 
in the bunch is Ipb=Ip⋅(2⋅π)/∆ϕ. Therefore, within the ap-
plication  of  special  equipment  for  the  bunch  phase 
length compression [9] the magnitude of the peak cur-
rent in the bunch may be of 102-103 A.

5. CONCLUSIONS
RF electron guns with ferroelectric plasma cathodes 

can generate electron beams with pulsed current of few 
amperes and pulse duration of few tens of nanoseconds. 
Application of  driven plasma cathode permits  the  RF 
gun output current to be stable within time and ampli-

tude. Such RF guns can be used as injectors in linear 
resonance electron accelerators with nanosecond current 
pulse duration. Different modes of plasma ferroelectric 
cathode  operation in  RF gun found such RF electron 
source to be applied for generation of electron beam of 
both single pulse and multiple pulses within the one RF 
feeding pulse.
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ПРИМЕНЕНИЕ УПРАВЛЯЕМОГО ПЛАЗМЕННОГО КАТОДА
 В ВЫСОКОЧАСТОТНОЙ ЭЛЕКТРОННОЙ ПУШКЕ

И.В. Ходак, В.А. Кушнир 
Oписаны результаты экспериментального исследования генерации импульсного электронного пучка в 

ВЧ-пушке  S-диапазона с управляемым плазменным катодом. Был разработан опытный образец катода на 
основе ферроэлектрической керамики. На выходе ВЧ-пушки был получен электронный пучок с энергией ча-
стиц ≅500 кэВ, импульсным током 3 А и длительностью импульса 50 нс.

ЗАСТОСУВАННЯ КЕРОВАНОГО ПЛАЗМОВОГО КАТОДА 
У ВИСОКОЧАСТОТНІЙ ЕЛЕКТРОННІЙ ГАРМАТІ

І.В. Ходак, В.А. Кушнір 
Oписано результати експериментального дослідження генерації імпульсного електронного пучка у ВЧ-

гарматі S-діапазону з керованим плазмовим катодом. Було розроблено дослідний зразок катода на основі 



ферроелектричної кераміки. На виході НВЧ-гармати було отримано електронний пучок з енергією часток ≅
500 кеВ, імпульсним струмом 3 А і тривалістю імпульсу 50 нс.


	National Science Center ”Kharkov Institute of Physics and Technology”, Ukraine
	5. conclusionS
	acknowledgment
	REFERENCES
	И.В. Ходак, В.А. Кушнир 
	І.В. Ходак, В.А. Кушнір 



