
 High-current-density pulsed electron emission from ferroelectric discs  
 

High-current-density pulsed electron emission from ferroelectric materials is of much 

current interest due to its several advantageous features and a variety of potential 

applications. Lead zirconium titanate (PZT) and lead lanthanum zirconium titanate (PLZT) 

ceramics are the two most widely used materials for this purpose. Electron emission occurs 

due to polarization switching in ferroelectric materials. This is done in two ways, viz., 1) 

application of a high-voltage (HV) pulse across the two surfaces of a disc of ferroelectric 

material and 2) pulsed-laser irradiation of one of the end surfaces. The former method is 

referred to as field excited electron emission (FEEE) and the latter one as laser induced 

electron emission (LIEE).  

Electron-emission pulses with a peak current density of the order of tens to hundreds 

of A / cm2 and duration ranging from ~ 100 ns to ~ 1 μs have been observed in the presence 

of a DC extraction field. Self-emission of electrons (i.e. without a DC extraction field) has also 

been observed. The high-current-density electron emission is understood to be plasma 

assisted emission, which is formed on the ferroelectric surface either due to the high electric 

field generated during polarization switching of the sample or due to occurrence of dielectric 

surface flashover.  

In the case of LIEE, laser pulse durations ranging from 140 fs to 5 ns have been 

used. In contrast to this, in almost all the studies on FEEE from ferroelectric discs reported in 

the literature, HV excitation pulses of duration exceeding 100 ns were applied. This was 

considered to be necessary to achieve a high degree of polarization reversal in the 

ferroelectric sample, having polarization switching time of this order. However, use of  HV 

excitation pulses of a few ns duration is desirable for the purpose of achieving unipolar 

excitation and to  improve stability / lifetime of the ferroelectric cathodes. 

At Laser Plasma Laboratory, we have been involved in  experimental studies of 

electron emission ferroelectrics.  In order to study the feasibility of electron emission using 

short duration high voltage excitation pulses, investigations were carried out on poled 

ferroelectric ceramic disks. Electron emission was observed from the surface toward the 

positive end of the polarization vector (i.e. the one with the surface screening electrons) by 

applying a 6ns  of HV excitation pulse either on the rear surface or on the front emitting 

surface, keeping the other surface at ground potential. Pulsed electron emission  occurred 

with a current density ~ 400-450 A / cm2 and FWHM duration of ~ 200-250 ns in the 

presence of a DC extraction field. Self-emission of electrons with a current density of ~ 20-30 

A / cm2 was also observed for both the configurations of application of the excitation pulse. 

The electron emission is understood to result from occurrence of partial polarization reversal 



in the ferroelectric sample followed by plasma formation on its surface. These observations 

bring out the usability of short duration (few ns) HV excitation pulses for FEEE from 

ferroelectric materials. 
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