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POTENTIAL APPLICATIONS OF PULSED ELECTRON EMISSION FROM FERROELECTRICS, 
FOR SOURCES OF ELECTRONS, IONS, AND ELECTROMAGNETIC RADIATION 
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PS Division, CERN, CH-1211 Geneva 23 

Abstract 

The rc,cent,ly developed method of intense electron rmis- 
sion from ferroelrrtric I’LZT ceramics offc~ several practical 
ad~;alltagc~s compared with tllr convrntional ways of electroIl- 
bran: gt~nc~ration: these, advant,ages are zero extraction voltagca, 
modest, vacuum, and ru~ecl enlitt,er matrrial that can be formed 
into any arl)itrar)- shal)e. Large area c4cctron beams in a \vitl<s 
r:ulgr of cross--section, current, and current densit,y Could 1~ 
genc!rated for injection into linacs, or for triggering high-power 
gas or vacuum switches. The rlcctron beams may also be used 
to produce intense ion beams by rlc~t,ron sputtering of a solid 
target in vacuum. By modulating the intensity of an electron 
bc~am emittctd at low kinetic ~WWQ, nrw RF power sources in 
thr gigahrrz region rim Iw envisaged. Some results of basic 
c’xI)(~rimcllts on tllr% difffyrc-nt sclic~rnes of application arp rr~l)orted. 

Introduction 

Thr conrc1ltiona.l mc~thods of c~lcctron-bc,;tlrl gen?rat,ion used 
nowaclays in most of t,he scientific and tc4ulical applications 
l~rlong to one of thy follrGng catcxgoric-s: 

thc~rmionic emission, 
pl~orocmission, 
field c:miGol;, 
srcondary enlission by t,oxlll,~~tlliic,xlt., with other partirlts 
(rlwtrons, ions or rlcbutrals), 
rxtractiori from it plasma, 

or any corrll~ilmt ion of thr iIhO~P nwt hods. 
None of thcsr mrthods is 1~~cl on a r~l c~l~ct.rotl- c~Inissic~n 

c4fcc.t. Ratlirr, CHT~ prorf’durP rrquirrs a strong elrrtric fic>ld 
in order to extract intc9se rlert,roxt 11?ams from a nclltral 
rne~dium. All convrntiol& emission mrthods, cxccpt extra&m 
frown plasnm, usually nctd also a vl-ly good vacI,urn. WllC~Il 

high elect roll-brarn intrnsitic%s are envisagrd, most, m&hods art’ 
limit.4 rit.hc%r by the, r4rrtron production r&c,, or by damage to 
thr surface matcriirl, or brrall~ of spar+rhargc forces blowing 
up the bcari~, c~spccially in vacuum. 

Convc~ntiorlal ion sources arr nmst~ly l~;~~cl on on<’ of thca 
following rffrrt,s: 

ion rxtrartion from a plasma; 
ion prolluction with cncrgctir rlctt,rons from a nrllt,ral gas 
or plasma; 

- ion generation by targrt sput tcbring with prilnary ions, 
rltctrons, or photons. 
Brcausc of their low velocity, ion brams are sevrrely limited 

hy spacc~-rhargc forces, when transported through vacuum. 
Furthrrmore, wit,h classical methods it is difflrult to produce the 
en~rgrtic, mllltiply charged, hc-avy ions that arr needed in c&-r 
to reduce the length of t,he subsequent arcelerator structurrs. 

Rrcrntly, st-veral nrw ways of producing electron and ion 
beams hare been conc&ed and demonstrated experimentally at 
CERN [l- 81. Thcsc schemes offer not only intrinsic advantages, 
hut also many practical ones, compared with the classical 
srl~cmes. Thr new ways of obtaining c~lrctrou emission appear 

*) Permanent nddrcss: Silesian University of Katowice, Poland. 

interesting for applications in all technical fields where the 
production of intense and modulated part,iclr brams is nreded. 

The Principle of Ferroclect rir Emission 

The spontaneous polarization of a disk-shaprd frrroclettric 
sample is rapidly changed by a fast, HV pulst- applied Mwt~rn 
a perforated (grid) electrode on one side of the sample and a 
full electrode on the other side [l-6]. Thp screening charges, 
which originally compensatrd the surface charges corresponding 
t,o the spontaneous polarizat,ion, become free on the surfacca 
after change of polarization. Unlike in a capacit,or with rnptallic 
rlcctrodcs, the chargcss OII the hare sample sudi~c~ c-annot IIIOV~ 

away. Hencr a space-c-barge field is created by t,hr smfa.rc: 
charges, which is strong rno~lgh to expel them from the s~~rface 
should the charge carriers be electrons. It has been shown 
that this way of emitting electrons works not only with a 
zero extraction potmtial, hut even with an oppositely directed 
surface field with an amplitude up t,o the potential value of the 
order of the HV pulse that is applied in order to cllange the 
polarization [3]. To make a comparison with classiral rlectron 
production schcmrs. thr following main advantages can IX cited: 

-- No extraction field is nrrdcd. Ext,rrnal fields may hp full) 
used for modulating and shaping thus bc’aln in spare itIld 

tirma. 

- Thea vB.cuurn can bca vc~y modest (> 100 Pa). Thcs c~nlission 
of an electroll bc,ani also works in plasma or in low-prrssurc 
gas [5, 71. 
Tllcb fc~rro~lc~ctric matc+al and rhea c-lc.rcrc,<h*s arc% rngg4. 
The electrical contluctivit,y of the ceramic ferroelectric 
materials is nrvc~rt,hclees high enough to rater for a rapid 
(submicrosecond) r~-rst~tt)lisllrnPIlt of the original screening 
states hetwwn pdscs, so t,hat, no spGa.l resetting of the 
ferroelectrir samplr is nrressary aftrr an emission ha? t,akpn 
place. 
Fcrroclcctric electron-pulse rmission is possible with high 
repetition rate [9], not only bc%carlsc of the fast recovery 
of the emitter material but also becauw the emitted bran1 
ran br easily modulatrd with low cxtrmal fir&. hlaximum 
repetition rates of 2 MHz have been reached, up to now, 
with PLZT-2/95/5 material. 
Arbitrary beam cross-sections (e.g. single axial, multiple or 
hollow) can be shaped with the corresponding geometric-s 
of the emitting arca or of the apert,ures. 
The ferroelectric emission can extend over pulse durations 

of up to several microseconds [3--51. High beam-power operation 
can be achieved by CW high-repetition-rate pulsing. Up 
to now, average rmittcd charge drnsit,irs of 10 /‘C/cm* and 
emitted current densities of 100 A/cm2 have brrn ohsrrved in 
experiments. Faster, low-impedance electronic power circuits for 
spontaneous polarization reversal should speed up the emission 
process and lead to highc~r current, densities. Thr samples of 
0.5 to 1 mm thickness used in the experiments require threshold 
pl&rir fields of t,he order of 10 kV/cm for polarization reversal. 
Voltage amplitudes of less than 100 V may be sufficient for 
ferroelectric layers of less than 0.1 mm thickness. Normalized 
emittances of beams generated with ferrnelectric emission have 
not yet been measured, but they are expected to be quite low 
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Fig. 1 The charge density emitted from PLZT-S/65/35 as a 
function of field growt,h-rate at t,hree amplitudrs of the electric- 
field strength. 

owing to the high current drnsity and t.hcs low tenlpcrat,ur<, of 
the emitting surface [7]. 

Applications of Ferroelertric Emission 

The ferroelcctric electron emission witllout an c%xtrrnal 
csxtraction fic%ld offrxrs significant ad\Tnt agps in many applicii- 
tioris that arc much *nor( difficult to rtaalizc with conventional 
sources. External fields can be flllly iIIII)l(,tllc,utc,c1 for modulaiing 
and shaping thcs cGtted elect~ron beam in spare’ and time. 
Investigations havr betm undertaken with the aim of using thck 
ferroelectric emission n&hod in difFerent fields of arrrlrrat,or 
technology, such as for preiollization. for triggering high-powc,r 
gas and vacuum switclles, for gcncrating primary electron 
beams, and for gcnrrating Wcondary elcrtron and ion hrarnq 
by splat tering from solid rlcct,rodrs. 

Application in Electron Guns 
Electron-bram pulses have ~WII producrd mostly wit,h a 

pulse length between 10 and 100 ns [3, 41, containing t,otal 
charges between 1 nC and several /LC. The pulse length depends 
on the growt,h rate of thr primary excit,ation fi&l (Fig. 1). 
This beam pulse can be used directly, without modulation, for 
injection into an accelerator cavity or into a g&r-filled volume 
that has to be ionized. The use of s~lch &ctron beams for the 
triggering of HV, lour-pressure gas switches has ~KXII drscril)c4 
in Rcfs. [2] and [7]. The characteristics of this trigger t,ype arc! 
superior to those of conventional glow-discharge triggers, which 
are used in thyratrons and pseudospark swit,ches. High switching 
prrcision is comhinrd with a higher voltage hold-off ca&ility 
and a low prrfiring ratr of the switch. 

A single-gap HV switch, as described in Rraf. [7], has IWPU 
triaered in a dynamic range bctwecn a few hundred volt,s 
and 27 kV, without changing the geometrical piammeters or 
the gas prc~urc (Fig. 2). The d isc al e current, wa.? several h ‘g- 
kiloamperes. A switching precision of fl ns was achieved 
without sprcial optimization of the geometry or of the e1ectrica.l 
circuit, of the ferroelectrir trigger system. 

Generation of High-Intensity Electron and Ion Beams 

The very high electron-beam current density of up to 
100 A/cm2, which is obtained by ferroelrctric emission, can be 

V/i “f, “:; 

Fig. 2 Scheme of a hollow cathode, lo%,-prrssure, onr-gap. 
high-voltage switch triggcrrd by an rlectron boarri emitt rd 
from the surface of a ferroelectric. PLZT-2/94/6 sample (FE). 
A = anode; C = cathode; 11.st4 = insulators; S = electrode 
screens; R = grading ring; AG = auxiliary grid; FE = 
ferroctlc%ctric disc; GE = grid rlect,rotlc; CR = contact ring; VH 
= pulse voltage on back of the FE sample; VC, = potential on 
GE: V-4 = potential of AG. 
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Fig. 3 Schtma of exp&nlental s&up for thr i(,n 1)<7un 
sotlr~‘f:: FE = I’LZT- 2/N/5; GE = grit1 t+c-trotlr; RE = IY'~I 

C~lW1 rodr; GI L. g~itl 1; G2 = grit1 2; PC = Faracl:~y c u~j; 
GR = graphife; TG = t,argri; A = anotlr; c’ = r;ltllcXlP; 
DS = drift space; HVT~,FE:,C;~,~,~ = d.c. potentials; T = 
trallsformcr; I = inslllator; VA = vamu~~~: TC = tr:tl~sl)~lri 
channel; IB = ion beam; Sl, S2, S3 = signals. 

usc,d to sputt,pr-off rlectrons and ions from suitahlc targrts in a 
vacu~~m gap [8] (Fig. 3j. By applying an accelerating volt,agr of 2 
to 20 kV across the gap arting on the. sput tcrrd surface plasmas. 

dense electron and ion beams moving in opposite directions can 
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br ncrrlcrat,rci through the vacuum gap. The gap can virtually 
be transformed int,o a short circuit. The resulting vacuum 
discharge, which has been observed at discharge currents up 
to 5 kA, is homogeneous (Diffuse Vacuum Discharge). The 
1~~1irt currents through the vacmun gap arc determined by t,hr 
external electrical circuit parameters. Electron or ion brams can 
be extracted t.hrough holes in the rorresponding elert,rodrs of t.hr 
gap. Outside the gap, both beams arc submitted to sparecharge 
limitat,ions, which, for the electrons, can he partly overcome l)y 
mans of a phasma generated in thr transport, channel hohind 
the anode hoie. The strong space-charge limit,at,ions for the ion 
l)rilxtl Ini*) hi: rrdrlrrd 1)s electrons spr~tterctf-off from StVCTi31 
transparent. metal grids in the transport channel adjacent to the 
cathode. Thi5 schtmr of plasma-assisted beam gmrration is not 
sulmrittcd to the usual disttubancr caused by ‘dead’ material in 
rh snurcc. s~lclt as plasma or low,-prrssure gas, which does not, 
contribute to the beams. There are only t,hin layers of surface 

plasrnn from which the main, fast-nloving ch<argr carriers are 
extra&d. The main volume of the gap is filled with particles 
hlongi~~g to *zither the rlrctron or the ion beam. Recomhmatiou 
and chargeexchangr rates arc small; hence, high intensities of 
multiply charged ions can br rxpccted. 

Applirations in Vacuum Mirroelertrouirs 

Ferrorle~:tric emission. as a solid-St ate $~I~~II~Kx~ induced 
in ~111 elttrt,rical circuit, seems to be prcdcstined for applications 
at the Inicrcic,lectroriic lovcl. For accelerator t.echnology, th<h 
grnrration of RF power in the gigahcrz range as for Lasertrons 
or Gigatrons seems to be attractive. The feasibility of such a 
mic-rowavc scntrce depends on the deercase of electron-emission 
c-nrrgy arid of rxcit,at,ion voltage with respect to the t,hicknrss 
of tlic ferroeltctric sample Systematic studies of emission its 
a ftmct,ion of sample thickness have not yet, been performed. 
Ho\vcver , in a test with PLZT-2/95/j samples of 1 mm 
ant1 0.3 mm thickness, threshold excitation fields of 3.3 and 
3.0 kV/mm were measured, respectively. indicating a nearly 
linear dependence of tlrrrshold voltage on thickness. Thrrc is 
ucr proof tliat t,he frrroelc~ctric emission works for layers below 
100 /‘II’, Only then could emission be induced with voltage 
aml)litu~lrs of less t,lmn 100 V and the modulation of t,l~r emit,trd 
beam be performed at the same level. 

Large-arca ril)bon-like fcrroelectric c~mitters (Fig. 4a) mull? 

I)(, tised iri the the same way as photocathodes in Lascrtrons 
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Fig. 4 Schema of thin-layer ferroelectric emission for the gen- 
eration of a) large-area ribbon beams for microwave generation 
and b) individual pixel-controlled electron heams for flat TV 
screens. EB = electron beam; ME = modulating clertrodr; 
GE = grid electrode; RE = rear electrode: FE = ferroelectric 
layer. 

and as micronrcdlr field-emission arrays in Gigatrons [IO, 111 
to produce ribbon beams of electrons that are modulated and 
accelerated after emissiorl. 

In a similar way, a large emitting area can be subdivided 
into an arrangement of single, individually controlled pixels 
(Fig. 4b). This would allow tlvs cc~nstruction of compact 
information and illiage-processing &vices. 

C;onrlusious 

The first successful applications of frrroelect ric emission 
ha\sc been start,ed in the field of elrrtrorr guns. The emit t.etl 
beams may be ttsrd for triggering the high-power low-pressure 
gas switches, for injrct,ion into accelerators, or for t,he generation 
of RF radiation. Some rxperimcntal rrsults. which are the basis 
for thrsr aIq~licat,ions, undtrline tile aclvimtages of ferroelrrtric 
emission over conventional methods. In order to profit, from this 
mw emission method, appropriatt trrhnologics of fcrroclrctrir 
material production and processing, of electrode drposit,ion, and 
of microrircuit layout and produrt,ion have to be developed. 
Existing microelect~rnnics t,rchnologirs may help to acrelerate the 
development of synch a sprrial technology. It ran also be expected 
that more research and drvrlopmrnt will push thr present limits 
of current density enit,trti iii vacuum to &ox-e 100 .4/cm2. 
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