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Abstract

Ferroelectric ceramics of the PLZT type, i.e. lead zirconate
titanate lanthanum doped, in form of thin disks have been
tested as photocathodes. The disc of material, with the back
surface only metallized and held in place by a metallic ring,
was set in front of a solid anode. The applied accelerating
field reached 20 kV/cm and the light pulse was 25 ps long,
532 nm wavelength and its energy arrived up to 6 mJ on an
area of about 10 mf The vacuum was very poor. The
maximum output charge was 1 nC, but it was clearly lim-
ited by space charge. A theoretical explanation of the re- ) ]
sults is only hinted because the material surface structurefjigure 1: a) Sketch of the experimental apparatus used in

very complicated and various emission mechanism concii€ photoemission experiments; b) sketch of the cathode
with the ring electrode at the front surface. The passively

mode locked Nd-YAG laser provides some mJ of lighkat
1 INTRODUCTION =532 nm for a pulse length of 25 ps.
The photoemission from ferroelectric material has become

interesting after the experiments at CERN [1, 2]. The rea- : . oL
g b [t, 2] nd 1 mm thickness, coated by a uniform metallic film at

sonably good emissivity at wavelength varying from greet back surf 4 b ’ i v at the front
to UV, coupled to robustness makes this ferroelectric lea € back surface and by an external ring only at the fron

zirconate titanate lanthanum doped (referred as PLZT) ngrface, seefig. 1b).
ramic a real subject of research for an efficient and robust
photo-cathode for induction linac [3], next generation of 2 EXPERIMENTAL RESULTS
accelerators [4], FEL, ultrashort x-ray sources. . .

The problem of the physical interpretation of the photoez'l Experiments on PLZT 8/65/35 with bare
mission from these materials appeared soon very difficult.  front surface.

In reference [5] a new physical model has been proposgghe results of the emission from a PLZT 8/65/35, fig. 1
in order to account for the different experimental observaﬁ) are given in figures 2 and 3. The emission reached such
tions. _ _ ~a level that the saturation effect becomes evident. From
~ An experimental program has been set with the aim e shape of the emitted charge versus the incident laser
investigate further the physics of the emission. The gregfhyer, we can see that: there is a threshold and the yield
light has been chosen because it seemed more suitable {pYogarithmic scale increases linearly with an angular co-
that investigation. _ . ~efficient nearby 4. Extrapolating with an accelerating field
The sketch of the experimental setup is shown in fig. 1pigh enough to avoid saturation effects, the emitted charge

The experiment has been carried out with PLZT havingt 6 mJ of laser light would be 2 nC. The value of quantum
composition 8/65/35 and 4/95/5, where the numbers refgkficiency results around 1.

to lanthanum (in relation to lead), zirconium and titanium
relative atom percentage and with lead titanate, R Fam- 2 Experiments on PLZT 4/95/5

ple. The ceramics 8/65/35 and PT are in ferroelectric phasze
at room temperature, while the 4/95/5 is in antiferroelectrigve have investigated the emission from antiferroelectric
phase, but it undergoes a transition from antiferro to ferrd?LZT 4/95/5 samples. The results are summarized in fig-
electric phase under the action of an enough high electrizes 4, 5 and 6.

field [6]. These materials have a high density of defects [7], The charge emitted increased from some picocoulombs
whose activation energy is about 1 eV. The samples wete a couple of hundreds of picocoulombs when the applied
not prepoled. The cathodes are disks of 16 mm diametkeld passed from 3.5 kV to 7 kV (equivalent to 20 kV/cm).
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In addition the log-log plot of emitted charge as function of o t,ij" i
laser power changed the slope from about 2 to the higher M WOLTAGE k!
value around 3. o le ! ! !

Q 2 < & g

Figure 6: Emitted charge versus laser energy: the lower
points are obtained at 7 kV of applied voltage, while the

points of the upper curve are obtained in succession but
This lead titanate material is a hard ferroelectric, good atgfter having reduced the voltage to 3.5 kV. The hysteretic
sorber of radiation in optical range. It emitted at muctpehavior was not observed keeping constant the voltage.

lower level as shown in fig. 7. We remark that the emis-
sion from this sample follows the two-photon absorption
law [8], as the case of 4/95/5 sample at relatively low elec-
tric field in the diode gap.

2.3 Experiments on PT.

3 DISCUSSION

The two main characteristics of the strong emission are: the
We have, finally, tested the emission with two lightalmost negligible emission up to a laser intensity of about
pulses separated by 2 ns. The two emissions are substansW/cn? (i.e. 2 mJ) and the high non-linearity starting
tially stable. The system seems able to provide pulse traifrtdm that point. In addition to this, the other notable fact is
with nanosecond time separation. the change of the operational regime for the PLZT 4/95/5
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Charge ' ' ' ' ' sion only because the charge was limited by space charge
L prC et effect. Since the damage threshold of a ceramic is relatively
1 high, a large amount of extracted charge can be foreseen.
The emission has shown to be very sensitive to the sam-
ple polarization. This fact allows to foresee a large en-
hancement of the quantum efficiency just increasing the
. polarization. This polarization increasing occurs naturally
with the high electric field that are customary applied in
ok i electron guns.
e " o o o v i The characteristics of these cathodes, are: a)strong ro-
bustness, they work in any kind of vacuum showing a long
Figure 7: Charge versus laser energy in log-log scale fdife; b) they do not require any particular processing; c)they
PT. The continuous line fits wit@paI? scaling law. can be operated with green light. In the near future the ex-
tracted electron beam will be characterized in terms of time
structure. If the electron pulse duration is strictly related to
sample when it is immersed in a relatively high electrighe laser pulse duration, these cathodes promise to deliver
field. The PT sample has stably two-photon emission.  current densities larger than 1 KA/érand to be valid com-
The generalized Fowler-Dubrige theory [8] cannot expetitors of both metallic and alkali cathodes.
plain these results. An average potential barrier higher than
4 eV is estimated in these materials for the electrons of the 5 ACKNOWLEDGEMENTS
defect traps. The electron affinity, is not well defined be-
cause the surface state is un-defined: is like a patchwork 8fe want to thank H. Riege for the part of apparatus he sup-
pieces with different physical characteristics, which rangelied us and for the encouragement to start this research;
from insulating to metallic [9, 10, 11]. That value of thewe must also recognize the technical support given by R.
potential barrier is a fairly crude approximation. Sorchetti.
Furthermore, our disk is immersed in the electric field
applied through the diode gap, hence a counter field is cre- 6 REFERENCES
T e e /) PORYT4 K. Gaslr, b, Gurcl, . i, . Handr, Al v
’ Lett. 56, 895, 1990.
well for electrons at the positive side of the polarization, . . . . .
while there is a barrier at the opposite side [12]. [2] K. G?'Sger' A. Meineke, H., Riege, S. DE Silvestri, N.
L. . . . . Nisoli, O. Svelto, I. Boscolo, J. Handerek, Nucl. Instrum.
The emission at2.3eV and its n_o_n-lmeanty withapower  piah. Phys. Res.A 372, 567-571,1996.
_equal O.r greater than 4WQUId e.nVISlon the anomalous hea{é] T. Srinivasan-Rao, J. Fisher, T. Tsang, J. Appl. Phys. 69,
ing regime [13], cooperating with the Auger effect [5]. 3291, 1991,
More generally, we should have the concurrence of dif-

f t tributi ) dt hot . th [4] C. Pagani, P. Michelato, L. Serafini, Nucl. Instr. Meth. Phys
erent contributions: one and two-photon emission, ther- Res. A 340, 17, 1994 and other papers in that volume.

mally assisted and Auger emission.

The increase of the emission of 4/95/5 sample as a func[-s] G. Ben_Edek’ - Boscolo, Appl'_ Phys' Lett. 72, 5_22’_1998'
tion of the applied field, together with the hysteretic behav-8] M- E- Lines and A.M. Glassprinciples and Applications of
ior of fig. 6 tells that the polarization is very important: Ferroelectric and Related Material§larendon Press, Ox-
when the polarization builds up in the sample, the emis- ford, 1977. ) _
sion steps up, then the sample remains polarized when tH&! H: Gundel, J. Handerek, H. Riege, E.J.N. Wilson and K.
electric field is reduced because of the hysteresis loop. The Zioutas, Ferroelectrlcs-109,137,1990.
experiment with PT material says that the polarization by[8l J-H. Bechtel, W.L. Smith, N. Bloembergen, Phys. Rev. B.
itself is not sufficient for obtaining strong emission, but a 15, 4557, 1977.
strong doping, that is a large number of defects, must bé°] K. Szot, M. Pawelczyk, J. Herion, Ch. Freiburg, J. Albers,
also present. R. Waser, J. Hullinger, J. Kwapulinski, J. Dec, Appl. Phys.

Assuming that the electron pulse length is strictly corre- A 62,335,1996. ) _ _
lated to the light pulse length, thats 25ps, since the il- [10] K. Szot, W. Speier, S. Cramm, J. Herion, Ch. Freiburg,
luminated area is about 10 mipthe current density would R. Waser, M. Pawelczyk, W. Eberhardt, J. Chem. Solids,

be higher than 1 kA/cih The laser power is well below 57,1765,1996. ] ) )
the damage threshold. [11] K. Szot, W. Speier, J. Herion, Ch. Freiburg, Appl. Phys. A

64,55,1997.
[12] G. Benedek, I. Boscolo, J. Handerek, H. Riege, J. Appl.
4 CONCLUSIONS Phys, 81,1396,1997.

A new very efficient configuration for ferroelectric photo-113] él P'l%régdigg;v'oma”t* C. Girardeau-Montaut, Phys. Rev.
cathodes has been investigated. We got 1nC level of emis- ' ' )

182



