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Abstract
It is shownthat non-prepoled PLZT ceramics, both fierroelectric and antiferroelectric
phase,emitintense currenbursts when aegative exciting voltage is applied to the rear
surface ofthe cathode The spontaneougolarization induced in thieulk by applying the
field through the cathode disk, creates a sheet of negative charge on theadindary of
the ferroelectric.This, in turn,induces such a highlectric field at thediode dielectric
surfacethat electrons are efed out from the ceramicsurface intothe vacuum. The
coherent behaviour of the displacement and emitted current shows theatlyeemission
is due to a variation ofpontaneous polarization. A secoeffect generated by the
application of thehigh voltagepulse atthe rearside isthe formation of asurface plasma.
Applying a positive voltage to the anode, electrons are readily transferred through the diode

gap.
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1- Introduction

A cathode composed by a ferroelecttisk sandwiched by a uniforelectrode at the rear
surface (RE) and a gridded electrode at the diode side (DE), emits high current pulses when
properly excited by a fast electric field. At CERN experimé¢ht8], the exciting field was
directed fromthe front emitting surface ofthe cathodedisk to the rearsurface (negative
excitation), whilst itwas opposite irother experiments (positive excitatiorf#-7]. In a
previous papef8] we have presented some restitis the case of positive excitation, in
this paper we presergxperimentalresults andthe relativediscussion forthe case of
negative excitation. We have studied the behawatir and without araccelerating field
through the gap of the diode, with the aim of selecting the energetic eldotnorthe rest
and so to single out the ferroelectric effrom the metal-dielectriclischarge effect. The
samples in our experiments where not prepoled, contrary to experimepts [df-3]. The
FE materials are maddrom Zirconium-rich Lead-Lanthanum-Zirconium-Titanate
PLZT x/y/1-y, of composition [Ph.x,Lax][Zry,Ti1-y]O3, where x and yare the atomic
fractional compositions dfa andZr . Thismaterial is called in abbreviatidALZT. We
have investigated PLZT of 8/65/35 and 4/9%/pe, that iswith low and highTitanium
content (we remark that in papers31lit was written 2/95/5 instead of 4/95/5, because there
2% was intended 2 mole percent op0Og which corresponds to @&ompercentage). The
two kinds of material have a different phase state at room temperatsh®vas in Fig. 1.
The 4/95/5 material makes an antiferro (AFE)-ferroele¢K[E) transition undethe action
of a high enouglelectricfield, while the 8/65/35 makes simplypgece ofhysteresis loop
under the action of an electric field.
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Fig.1 Room temperature phase
diagram for PLZT materials
showing ferro-electric (FE),
antiferro-electric (AFE) and
para-electric (PE) phases as
function of composition. The
SFE dashed regiocorresponds
to a diffuse, metastable
ferroelectric  phases, that
o exhibits agradual change of
4/95/5 physical  properties [f_rom

ref. 9]. PLZT 8/65/35 is in
ferroelectric  phase, while

| I PLZT 4/95/5 is in

60 80 100 antiferroelectric phase.
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The peculiar characteristic of the ferroelectric emission from the ceramic is that electrons are
energetic, contrary to thermoionic and field emission (and also photoelebiffeyent
physical mechanisms have beproposed toexplain the ferroelectric emissioiere,
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vac’ try to give reason of it througthe band

diagram.The energy diagrarfor electrons

in the ferroelectric crystal under the action of

the negative field at the RE electrodkat

can be figuredut, is shown in Fig. 2. In

PLZT crystal the high voltage pulse creates a

spontaneous polarization R  (pointing

towards the RE electrodewith a typical

charge density of 5AC/cn? at the boundary

of the ferroelectricdisk, which, in turn,

generates an electrostatic field of 610

Fig. 2 Sketch of the band after the application of 108 V/em on the surface dielectric layer (this

negative voltage pulse at R&ectrode:Inj are layer has a thickness afbout 1um) [10].

electrons injected from the meiako thecrystal . . .

surfaceregion;vac is the crystal vacuum level, The high electric field induces a strong

Ef, Ec and & are respectively théermi, the  pending of thebands atthe boundary of

conduction bottom and the valence top levels, Ej

are theelectronejectedinto the diode gap. We metaland vacuumThe electronsfrom the

point out thatthere is ahigh jump within the  Fermi level of themetal are injectethto the

dielectric layer. . . . .
conduction band ofthe dielectric via

tunnelling (the impurity_a atoms provide the necessary donors centers for this tunnelling).

The electrons are lifted above the vacuum level of the DE side (at the parsaffdw not

covered by thenetalfilm). The electrons are acteghon by a so stronglectric field that

many of them exit the crystal surfagdgth some keV. Obviouslypart of theemitted

electrons go tground throughthe metallic filmwhich coversthe surface.The emitted

electrons leave a layer of positive charges at the surface which screen the electron layer due

to the spontaneous polarization.

We notice that electrons are injected into the rear sidieeoferroelectric. They will screen

the bound hole charges due tp P

RE FE

2- Experimental Results and Discussion
The scheme of the experimental setup is shown in Fig. 3.

Fig. 3 Sketch of the setufor displacement
and emission current measurementhe two
currents are measured by Rogowski coils 1 and
2, a voltagedivider measuresthe voltage
pulse. Thecathode is inserted in a Pierce
designed diode. Adecoupling capacitor is
inserted when anaccelerating voltage is
applied.




The cathodes are disks having thickness tleess 1 mm andliametere =16 mm. On the

central area of théwo sides a veryhin layer of silver past@asbeen depositedbr a
diameter of® = 8 mm on the DEsurface and ofp = 5 mm on the REurface. The
emitting surface appeared und#re optical microscope a$ock-marked”, withmany

points of baresurface.The typicalworking pressure withirthe vacuum chamber was

10~ mb. The HV pulser consists of a 10 o&pacitor connected to a paralleltapd fast
switches (6 ns rise time and 15 ns decay time) gated by a rectangular wave generator (HP

8114A) of features 1A-10 V- 150 ns.
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Fig. 4 Typical current waveform for
PLZT 8/65/35: from the bottom, the first
signal refers tothe exciting voltage, the
second refers tdhe displ@ement current
andthe thirdrefers tothe emittedcurrent;
the arrows indicate the displacement
current peaks.
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Fig. 5 As in fig.4 but for PLZT 4/95/65.

In Figs 4 and 5typical currentsignals,
obtained withoutacceleratingvoltage, are
shown. They referespectively to 8/65/35
and 4/95/5samples.The threshold for
electron emission comes out to be about
two times higherfor 4/95/5 than for
8/65/35. This is explained e fact that
the formermaterialmust make the AFE-
FE transition (see Fig. 1) before doing the
hysteresis loop.

The centralsignal in thetwo frames,
recorded by Rogowski coil 1 in Fig. 3, is
the current feeding the sample aaipy
during the pulse. Itresults from the
superposition of twderms:l = I¢ + Ip,
Icis the normal capacitor charging current
(Ic=C¢ dvidt), I is the non linear
polarization current coming from the
variation of thespontaneous polarization,
|, o dP/dt (indicated by arrows in Figs 4
and5). The variation of thespontaneous
polarization entails a variation of the
screening charge. From the signals we see
that the peaks ofthe displacement and
emission currenshow up coherently in
time, as expectedlhe waveforms of
and k showthat their widthfollows the
width of the exciting pulse for the
ferroelectric sample 8/65/3%yhereas the
two currentwidths are narrower for the



antiferroelectric sampld/95/5. Furthermore, fothe samples ofthis lasttype, wehave
seen that they always emit a second currgbutst (andsometimes more than one) at the
end of the exciting pulse (when the polarization reldoaek), while 8/65/35 samplesmit
that second peak once a while Fig. 4 is showrthe lattercase),and never a third peak
was emitted.

The peaks following the first one cannot be explainedhbypicture giverabove. We can
say that, in general, argxternal perturbationpsets astate of screening charge and the
crystal, in going towards a neeompensate charggate, supports surface polatiaa
switching, atleast locally,which push away electrons. In samples4é5/5 type, the
variation of polarization ought to be so fast attbng, owing tothe FE-AFE phase
transition entailed by the relaxation gpontaneous polarizatiothat some polarizé#on
oscillations are likely tmccur. We must also consider thattree moment of the external
electric field extinction, a plasma sheet covene crystalsurface,see below.Hence, a
variation of thesurfacepotential is promptijtransferred in oscillations dhe front free
electrons.

The neatand narrow j current peak after thieont edge ofthe voltagepulse for4/95/5
material, shows that the AFE-FE phase transition driven by the applied voltage is fast. This
gives reason of the short and negburst.

We point outthat the ferroelectric sampl8/65/35 starts to change itpontaneous
polarizationduring the leading edge of the exciting voltage pulseskswvn bythe I
current signal and themitted current signal 4 as well. The polarization currenhas,
instead, a delay with 4/95/5 material, as, obviousblg,emittedcurrent. This is due to the
fact thatthis latter material isnot readyfor the hysteresis loop ahe application of the
electric field. This consideration is furtherly supported byf#oe that the initiabvershoot

in the voltage pulse is cut only with 8/65/35 sample: this starts promplysiarbscharge
from the externatircuit. The delay 0f20-40 ns forthe emission in 4/95/5 sample is the
time required for the formation of FE nuclei and domain wall motion [3].

The first Ip and k peaksare stable within 20% scatterwhile the second peaks are
unstable both in amplitude andtime: thestability of thefirst peak comes about because
the emission is driven by the leading edge of the voltage pulse, the instabilityseictrel
peak comes about because #maission occurs fothe relaxation of thespontaneous
polarization. From the thermodynamic theory, the state of the system set dyyptication

of the electric field is metastable.

Finally, weremark that the electrons &igs 4and 5 are energetic because they had to
overcome the space charge bar(feom simulation, with e-gun comput@rogram, an
energy of few keV have been estimated).

The emission of electrons frorthe crystalsurface as described above is g only
phenomenon occurring at the application of the negdtigh voltagepulse atthe RE



electrode: there ialso a surface dischargatiated from the metal-dielectricontact, with
the formation either of aurface plasm§ll], or of anelectron cloud asuggested in
ref. [5]. In the microgaps between the metal film andcramicsurface the electric field
is very high, (a goodemitting PLZT ceramic iporous)and a tangential component is
always present. The electrons emitted by the dielectric whether fbatitebending or for
the extraction by the electric field via fietanissionare multiplied bysecondary emission
from the metal film and from the adsorbed gas layer [11].

The electronsemitted because of the
- le surface dischargean be collecteadnly

_ ‘I o E——T" ] . by applying an accelerating voltage

.,.-.'Fn".-” e 4A/d|V I . .
]‘l ——F through the diodgap. InFigs 6 and 7

the currents obtained with the

W - application of an accelerating field of

h HHHHHHH 1 kV/icm are shown. The current
v amplitudejumps up from a fraction of

K ] I"F - 1 +|<V/d|iv Ampere toabout ~8 A for 8/65/35

C — sample and &4 A for 4/95/5. The
. N N T T 1us/d|v.- . .
- - impedance of the diode resulessthan
PLIZT «;3/65,{/35 Va.CC = lt(V 50 Q. The high current together with the
Fig. 6 Currentwaveform (uppettrace) emitted low value of the impedance lead to

by PLZT 8/65/35 when amccelerating voltage conclude that a p|asma)rms at the
of 1 kV through thel cm gap is applied. The

signal is the result of araverage (made by  surface ofthe cathode(or anyway an
oscilloscope) of 100 shots. electron cloud). We notice that the

. plasma does not closke diodegap, as
le observed with positiveexcitation (see
N - pe 2 Aldiv- [8]).

i ‘\ FE: Both waveforms ofthe two signals
/] show two peaks (the first peak of signal
lluj I V in Fig. 7 has superimposed an

' r’_ 1KV/o|I|v oscillation): they are relatedvith the
T polarization and depolarization of the

[ 1 sample.

1 ) U S B We notice that théplasma" emission is

T—Vacc = 1KV lower in 4/95/5ceramicwith respect to

PLZT 4/95/5 t: ps/div the other type ofmaterialand, further,

Fig 7 Asin fig. 6 but with PLZT 4/95/3ere the onset of the current appears later.

the signal could not be averaged over mahgts
because they were too scattered.



3- Conclusions

Both PLZT 8/65/35 and 4/95/&mit intensebursts ofenergetic electronshenexcited by

an electric field directefrom the emittingsurface towardshe rearsurface ofthe cathode

disk. The 4/95/5 ceramic makes a very fast antiferro-ferroelectric phase transition (8/65/35
is already in ferroelectric phase). The first peak of emission current results stable within the
20% (andevenbetter), whilethe otherpeaks show a lger scatter in intensity and time.

This is due tathe fact that in thdirst peak boththe polarization change and tphase
transition are driven by the HV pulse, while the other peaks occur becahserefaxation
process. Incidentally, the reproducibility thie first current peak makes this configuration
more suitabldor electronsourceghan the configuratiowith the opposite versus of the
exciting field, because in the latter case the emission peaks show a larger scatter.

We haveshownthat thesecathodes do not need the prepoling (that is the setting of a
spontaneougolarization and of a sheet of free carriers onemmtting surface) for the
electron emission.

The intensity of theemitted current by thetwo materials iscomparable.The current
intensity is almost the same both with negative or positive voltage pulse on the rear surface.
The repetition rate is higher with 4/95/5 material.

Finally, we point outthat thesecathodes are a#asy preparing and handlingheir good
behaviour as electron emitters also with the common silver paste as electrodes, makes these
cathodes interesting for their robustness and strong emission.
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