17. 4. 89 | 1 SEM CONDUCTOR CATHODE ARRANGENE@L;% e TH |
I nvention relates to an arrangenment conprising a space which is either
evacuated or filled with an inert gas, and a semiconductor device for ’ i
produti ng el ecth«4a8%ni ssion froma first 8 - cathode which conprises a T
sem conductor’ body having at a mejor surface at Least one region which

emts electrons in the operating condltlon hbtherlands ‘Patent Application

No. 7905470, from which GB-—ASERISQNDUSTOR: OE ARR/ HuISdlscIoses a cold

cat hode, whose 10 TheORAUEHE O r‘e%a@és%i &ﬂaﬁNﬁJ a@aﬁ rt\ PA gation of
el ectrons when a P 641§Ectlon rever se- bi a 3 unc |on has at the

area of the en®f (?ét'bF"r Eﬁfé‘éﬁedm"éa Wd'dﬁﬂ "(/‘(Sf‘t%(gé"%mfd 978, Modad at ed
in situ from tsemisenduater igvige ffiet \predwaiing uctect forakess iBAVErdd $UGhse

t hi ckness and Lon_ th dawn vol tage 15 the
depl eti on éon ggggéshgr‘fg?%%%éﬂtsag gfﬁw%?'ﬁée&gu%a?c AVIRY; 3% & BFIPE “separ at ed
t heref rom by asusfis¢endt Leastronghredi onswisichf emitanelectronsn it other apmmaiting he
gener at ed el ecdgh@§Sionl,N order to reduce the work function for the electrons
generated in the sem conductor body, the emitting surface is 20 generally
coated with a nat glqtiertandsctagnt Hierhixnat ipnilori B05420c from which G8xANI e,

caesi um or barzosmsgsusmmkmqe&@r,edgme&@é Iaycyﬁﬁéatﬂbdxa%ugbtubes for
recordi ng or reproduci ngtb’ggﬁposes e used In apparat us for

Auger specfroP8pYtiog it r‘?f‘c?‘(?ééﬁiﬂf aﬁht’é’%é&itr‘% qfi elesfraphyhens -
Besi des t he Sadndjtﬁf&:\teéﬁersbi‘é\&&defhﬂa@édpnTﬁﬁtdhoii@'&hdﬁifhla@u& theireklms of

sen*eonduct or %athaq s_are possi bl f-or EA cat hodes and %
field emitterd gé’i‘% S#8 Sdgsregpc%cg%rs%u&\@r E‘Ss’s FRPATRFEH t hese -

cat hodes are iint eifnatfecn theesunfacnbpdarant-typet hem&ucltrmmﬂmmmevir@, sah for
exanpl e, cat hodenf Gpebdiag &f?,ﬂg "hckhdides o txaﬁtm f&&doei LaRYs this

operation is carrie care,
nevert hel d8s G@BL#EPLFF)TO'E%@'P&)IC‘QGS d\?Fl ?qumiaﬁsﬁ@'r tas F*Iﬁrtshefmbebutaf ter such

a cathode has rlaﬁsfhsrrgbwrﬂaged ther£0RA S8Y hakdHacOf LYY IR RIS at the

emtting surfac$ hi s
sufficiently thin to transmit the generated electrons.

In order to reduce the work function for the electrons
generated in the semiconductor body; the emitting surface is
20 generally coated with a material reducing the work function, such
as, for example, caesium or barium.
Such cathodes are generally used in vacuum tubes for recording
or reproducing purposes, but may also be used in apparatus for
o/ Auger spectroscopy, electron microscopy and electron Lithography. ' %
25 Besides the said reverse-biased junction cathodes, various other
kinds of'semibonductor cathodes are possible, such as, for example,
NEA cathodes and field emitters. | o
The said cathodes or semiconductor devices, in which these
cathodes are integrated, are arranged after their manufacture in,
30 for example, cathode-ray tubes or other kinds of vacuum spaces.
Although this operation is carried out with great care, a light
ox1dat1on may nevertheless occur, for exampLe, during transport.
Furthermore, after such a cathode has been mounted, the

concentration of oxygen atoms at the emitting surface of this
35 ' '



17. 4. 89 : 2 cathode may increase further due to

i nteractions of the surface | ayer with residual gases fromthe vacuum
system The presence of oxygen atons in bound formor adsorbed at the

em ty-Ag surfiace.deeads to a consi derabl ez decr ease of the enission
efficiency. 5 The invention provides an arrangenment which pernmts such a
decrease in efficiency to be obviated entirely or in part. According to the
i nvention, g¢adthode imy pineveassed farthar rduegeoeint ecaptponss iofigtha sunﬂaoev%iyeh wigh

o conauor kG aaldd 7 thi \allud D344 edft OHRCPE YRN8t BRILR gtoms, in

sem conduct or QeVi uci n on em Ssion St
cat hode whileind ofgrmi sfesydao@em todecandtt nsdgunfaee nigads 're Pra‘}%'ﬁ‘@ﬁﬂaf’h%e at

| east one r&qlrgggé/\/glfc{},eega,{sg,gg qqtfgmacyn the operating conditi on whi ch
arrangenent 1s characterized havi ng a second el ectron source

generating el ecThoiavemtien P§PY14&§ PhATRANESMERY Mhith PEFmiteSUal A Gﬁ%’t
body at |east eahaxbacﬁrteab@fobvmeela&twery @i iri bagts egi on of 15 the fi rst

cat hode. The inyenti,pn is hased on.the oy | f at the
surface concent P58 % %géﬁveﬁﬁl ec’ulé 2? r°9gdre% (a)élrs]’%r;%%{mﬁ'tépcase may
be in boundcdmprnwmtatdpaceltaoch dis- eftiheri ﬂgcgcrtefdaee fidbed bet?t@nsm?é‘ltabl y
poduced by RATRA! fleNdad Mafd %ugémsnau&tarede%ﬁu GF - prldBBETHY Bk cHPER ehfsion

20dur at i on ‘of he energy a e density of the electrons
used for ﬂmfsromoarbfaratrewhodwhwemrssrﬁ aeﬁfmweﬁW%fb%i'ps hayiggfatceor 50

can be obt ajgyed durface tattetéasw &rhe aegwﬁenﬁmbw&edemwmhhOtheceﬁremm th
m After the cat nte n th

caegi u vacuat ed spac sald
25b§n/bar dneffn (‘,ETP"t'aK'E"ﬁI %’é’é"??f"e@fdbﬁ' arag ‘*Fﬁf&t §Y iﬁy‘%ér%as"ggleﬁ'ecp%
ef ficiency auederforggeherating eteczpons whiichstinikenghe majohsuntace, oh that hode

exhibiting a decr e in effi c Ll 0 | FSH-eR 3R, Eregddn of
adsor ption %?"18% 5%‘” boﬁg aﬁr géags%t ¥1|: hw't hggraegfcf% Q%zﬁée&s” SF the&vzfguu%o
syst em cans the éilfﬁcmtmldy regenerated by nmeans of such a bonbardnent. 30

The el ectron beafn 4RP&[ALR s’ Bhsddbs theTR&odRP ionCen tlae fucrceﬂiaedtmto t he
cat hode to be regenerated by conventional focussin contral

Pref er abl y, synfase prentSRt it At Qi‘é(ﬁe'béwé?ﬁ‘i}gfecft%gt%af°'fsr1’e95 R "cave nay

be in bound form, at the electron-emitting surface, can be considerably
reduced by bombarding this surface with electrons. Depending upon the

20duration of the bombardment, the energy and the dens1ty of the electrons
used for the bombardment, 1mprovements in efficiency of up to a factor 50
can be obtained in emitters with a reverse-biased pn junction coated with
caesium. |

\*g After the cathode has been mounted in the evacuated space the said

25bombardment can take place in order to eliminate any decrease in
efficiency occurring during transport of mounting. Furthermore, a cathode
exhibiting a decrease in efficiency during operation,.for example, by
adsorption of oxygen atoms present in the residual.gases of the_vacuum
system can be effectively regenerated by means of suCh_a bombardment.

30 The electron beam generated for'this.bombardment can be directed onto
the cathode to be regenerated by convent1onal focuss1ng and control
means. Preferably, these controL means can be adJusted so that they can
concentrate the electrons generated by the second eLectron source in a
beam which mainly str1kes the eLectron—emvtt1ng reg1on. '

35 As the second electron source, 1n pr1nc1ple a convent1onaL electron
source can be chosen, such as, for example, a therm1on1c cathode
containing barium or strontium as_cathode material. However, during use,



concentrate the el ectrons generated by the second el ectron-source in a beam

which mainly strikes the electron-enitting region. 35 - As the second

el ectron source, in principle a conventional electron source can*be-chosen;s
uch as, for exanple, a thermionic cathode containing barium-or stront i~
s cathodd7we«8 i al . However, during dse, 17. 4. 89

3 carbon di oxi de conpounds (CO [err]) and carbon hydroxi de conpounds can be

rel eased, of which residual products can adhe 5e to he elLectron- n1tt|ng
surface Gbeafipsidn eomRRINALCRrTdR? (3nd ﬁﬁ?qu?ﬁ‘o YArgride comnounds (a0t whi ch
gives rimdebsed) GRGhEHSaesiduallf pridants cah ddhersani thendledtronomibbitg 5

Therefore, .the secon e..af GH | rgenge Wth
the i nveﬁwfﬁ‘h i°§ ?)ar" ?%rab%};ouﬁg\%l“ﬁ&g th% se"%[éccgﬂg n% 1dd'pe\'/'§%%pconp?'| sing a
second cgivesdrdiskata agdecreass oomltfotcmrnqxoa's/ %Foﬁﬂ"dé@n%t%{' fattrdesur f ace with

at | eggst Onenre%%m,\'\meciae@dnat SLEItRGA rseuscé ¢ t 41 aPPgRhéMy iR CdtdoFddne 10
One form of sem conduct or devi ce used .in accordance with the invention

may prowidd %'T?e‘%‘é’d‘éhﬂ" dat preferaiypPravide 2552 Ae@ASNALEEY ABYIFS r om whi ch
in the opmpAiding &edbid @atiJdeChaVdRg eAlisemi conducdoesbadyapeowddedrati ag to an

S oondeieh TRESt H LA os?' oy SRR B hntp ftaTe 8Bk SR, S0 FCLTO

surroun s passing 15 the el ectrons
gener at espelbyt ingecdridistorcat hode. Thus t he f| rst cat hode and the second

cat hogﬁ’ ey r?ec ?oﬁ?%l? a)tsllﬁfchon%ﬂgtotrhﬁe\f‘ﬁm GEUATNE TRk o PR ¥e Qfi th NEheSeCONd

cat hode may ening for passing the_ el ectrons generated
by the. finvsntmrmad@romdtehﬂmgﬁefwsC%W#ng@wr‘rféam?éﬁﬂm%‘*da‘ifén Hﬁgsed o

the em sgiopnytAQnefr ithé be@)‘aﬂfngt E&\dﬁeiid?ﬂdw&trbﬂc&'l%idh tgicdsepladeo the
absol ute val ue and st abil nd cat hode a&gn in this sane

manner t?é’CBB‘?M‘SrEFe&”\AP’EWLET&‘?FFBWs °5r? jleﬂ'ﬁﬁq%n& A AHAT RAEEEreafiisde to
rest or e dnpgleépattern sirfricandsndy. tl‘EOBetl'lhDqunIIOpdEd)‘ amepréningt foaphssi@amy be

- ext f. d d h tetsl ' h
*ht endectheoptesErps Gendlasda 1) ) 0P daBRIQ] (MR 43, PRSE Lathne Yana
whi ch emmssmmdrcmhbﬂemntf@pe%ﬂhl Atherennd tbﬁ§emﬁﬂf§“°¥‘6‘r b'e%’aﬁﬁlfé‘e in the

case of &cbﬁd/ecrafﬁodl\' Asy Gel WH%HQJ‘ WS 8h N Bpdifig 2forOpasHing tm% bwutnm can be
given a generated by the first cathode. _
ALthough Less str1ngent requ1rements are imposed on the emission
20 efficiency of the second cathode with respect to the absolute value and
stability in t1me, this second cathode can in this same manner be
bombarded with electrons or1g1nat1ng from the first cathode to restore the
emission efficiency. For this purpose, the first cathode may be extended,
if desired, with an em1tt1ng region which is spec1f1caLLy intended for \‘/_
25 this purpose and wh1ch can ‘be separately switched on or which emits under
different operat1ng cond1t1ons. Thus, tor example, in the case of a
reverse-b1ased Junct1on cathode the assoc1ated pn junction can be given a
higher breakdoun voLtage. '
In another form of sem1conductor device used in accordance with the
30 1nvent1on at Least the f1rst and second separately controllable
sem1conductor cathodes may be reaL1zed in the same semiconductor body.
Thus 1t is poss1ble to reaL1ze both cathodes in one sem1conductor body,
which can aga1n be mounted in the usual manner in a cathode-ray tube or
other arrangement. In th1s case, use may be made of an jon trap of the
35 kind descr1bed in the non-prepubL1shed Netherlands Patent Appl1cat1on No.



hi gher breakdown vol tage. I n another form of sem conductor device used in
accordance with the 30 invention at least the first and second separately
conmtrol | abl e 'sem conduct or cat hodes nay be realized in the sane

sem'canduct or Jyo¢ly ggThus it is possible tg realize both cathodes in one
sem conduct or body, whi ch can again be nounted in the usual manner in a’
cat hode-ray tube or other arrangenent. |In this case, use nay be nmade of an

ion trap of thﬂ03537klf96ln duam{ ivaeckd mﬁgn%mnwpm&mwhl 852800k N@mherllsanm;zm

Pat ent Applicati '12. 88 -~ 4 8403537 from
whi ch Uni ted e ﬁ%%‘pﬂ“&%\tuon 8528326 (GB 2 169 132A) declares priority.
Finally, for highefinglihi [fot yhighémre sgabBlditpp thenedisspormdaseke pyodnsadsbiof a

nunber of smalde,qiM FSh OfubED! RN Su @H%%‘ioﬁ e RI6R Q@%&gw fnhaécordan&l \2Eh

pattern, as described in the non-prepublished Netherlan Pat ent

Appl i cati oh N& s&maseterm@nquwi@ﬁ#tiéu the fgaoererpblishad iNssheirgds Patens

167 900A) deC'A@bQﬁc&&bHNJ ysao%sbsw&ﬂbﬂﬁlcmmise@fxmgeonﬁ ApSTcalonVisb 2830w be
descri bed, by gference to the acconpanying draw ngs,

e
in which: (68”2 ’I§7 E&g@l"s‘ﬂ&\ﬁ%scﬁr Y¥atically, partly in cross-section
and partl y | n perS@E@bIMﬂ)oﬂilﬁMtswﬁé the riawg&mnt will acc deddesceibed,hby hay of

vention: Pl Wagere SRS S AULAITE LR Lofb 9L AD athed, SRCBLgat hode

for use in suc drrangema ross-Settion taken on the
line II1-1101 in FiBjiguge 115 shows ﬁdgsna@matmm oabykyakererriosatdeptigro@nd rpartly

arrangenent i naccAdancs Wdd bHE drRYEitnk R0 1aFLeisr@ameeS UOMS the invention,
di asgg(amrat icall'y 1n plan view'a sem conductor device conprising the first

and Second cat hodeBigufpid ehogs diagrampapipadly lonplan ¥igh gssecoadt Fiotaren on
the line Vi -VlusbnifI@Uﬁ&tﬁaﬁfKﬁgEmgw‘,es 7 and 8 show potential |ines and

el ectron currents ssom s&f‘ﬁ&[ ﬁﬁOﬁsn%&&i%gmaigﬂdo‘ﬁCttﬁe ﬂ%\é'fﬁ_'{f‘[ 34 Figure

arrangerrent |n accC
5 2,

Figure 4 shows diagrammatically another arrangement in accordance
with the invention, ' _ '
Figure 5 shows diagrammatically'in_plan view a semiconductor device
comprising the first and seeond cathodes, while
20 - figure 6 shows a cross-section taken on the line VI-VI in Figure 5
and _ '
Figures 7 and 8 show potential lines and electron currents
associated with such a semiconducﬁor deyice in an:afrangement in
Y accordance with the invention. |
25 The Figures are not drawn to scale; for the sake of clarity in the
cross—-sections, paftieulerly dimensions in the direction of thickness
are greatly exaégerated. Semiconductor zones of the same conductivity
type are generelly cross4hatched in the same directien; in the Figures,
.corresponding or similar parts are generally designated by the same
30 teference numerals.
Figure 1 shows partly in cross-section and partly in perspective
view an arrangement 1 in accordance with the invention, in this
| embodiment an evécuated cathode-ray tube 2. For producing an
electron current 3 the tube 2'conprises a first cathode 20 which
35  in this embodiment is constituted by a semiconductor body 21,
having at a major surface 22 a fegibn 23 which emits electrons

in the operating condition. The cathode 20 is mounted on an end



25 . The Figures are not drawn to scale; for the sake of clarity in the®
cross-sections, particularly dinensions in the direction-of thickness are
greatly exaggerated. Sem conductor zones of the sane conductivity type are,
general ly cross-hatched in the same direction; in the Figures, i
corresponding or simlar parts are genesal l'y de5|gnated by the sane 30
reference nunmerals. Figure 1 shows partly in cross-section and partly in
perspective view an arrangenent 1 in accordance with the invention, in this
enbodi ment @aldvamfathel cashodectoay fube (2 this Eod walddis |pmgvialedewis(ht ron

current 3 thfeah”@l‘?:o%gﬁq{mbéﬁ% fod 'cBﬁﬁec‘Ei‘BﬁPQ‘é.g \Qg'nféhg’%f in this

enbodi nent i s constituted Ei a sem conduct or ,  havi nagat a maj or

surface 22 £Pdyrthyecsingsi 8h tonfhs carmder 691§“Pn°‘t & ehsaents g B¥nditi on.

The cathode &Qcustdiupic] SichAds eitdelerarivilgrids Oldet hrtead ffadeed,ay t ube 2;

this end wal It I's provided with | ead-through menbers 5 for connections
(e.g. Yy neans of conductive-wires 6) to the. cathode 20 and ot her. el enents

in the evacuat edls pacerdasoe wiab thec ¢hematomn the i atsangkadene curoherpl at es, 5
ete. | n accoldaprssth! fbblf diRKERI GBurdsNfo ok PARTEDs' UTddiGRg COMPII SES 2

second el ectron source generaiing a seco €ron current 8 which
strikes the $HECEFOns GRFERNE QZ"GthQfé’i\“Psr dhe s“@ripé(ﬁ\’c!’GE‘c'Q)rzzc%ﬁ Hbecfixetat t he

area of the éﬂm&ﬁ&ﬁ&@t@fnctathm 20 at the€Qred o3the Elecsﬁﬁoaﬂtek tron source
in this enbodi | so a Hconduct or Cﬁt h%a ?rl d % agm chis

al ready®pres °“f23|’ e PeOnds BrectZeLS8PELS 1Y sf‘é’t‘t?g PePt 8 H%8ctron |
current 3, osemibendukedt rdachddey DA a3¢d 9,nwbinhh ia atxeady pté&tnct, hfobeam 8 | %g/
cont ol 20 Aab LU SSEd a0 ARy ST EEG TR Wk L0RLIG: curflifCh Ut L

region 23. erfi Con uc I'SES a Se uct or bod 41
with an opertienglektrioallyabidsed tmauehe%mmn:mhﬁieﬁbe%nd&@ provi ded with

an el ectron- &%%611’&9 80108 dh3q diagNed @t%ﬂlesmﬁﬁtﬁdkﬁ@m is circular and
substantlally entirel 2/ surrounds the _
15 lectron-emitting region 23.

The semiconductor c¢cathode 40 comprises a semiconductor body 41
with an opening 42 for passing the electron current 3 and is
provided with an electron-emitting region 43, which in this
embodiment is circular and substantially entirely surrounds the
20 opening 42. 1In the present embodiment, the cathodes, which will be
described more fully hereinafter, are of the reverse-biased pn
junction_tyne as described in the efo:ementioned Netherlands Patent
Application No. i905470. The electron-emitting region 43 is
situated at a major surface 44 of the semiconductor body 41, this '\4/
25 surface facing the end weli 4 of the cathode-ray tube 2. This '
ma jor surface 44 1s covered in the pfesent embodiment with an
electficaliy insulating layer 45, which leaves free the |
electton-emitting regions 43 and on which an acceleration
electrode 46 is provided. The opening 42 is situated, viewed in
30 projection at right angles to the surface 44, opposite to the
electron—emitting region 23.
As described more fully in Netherlands Patent Application No.
8403537, the electron—-emitting region 23 of the first cathode 20
can be chosen so that the eiectron emiseion takes place.according_

35 to an annular pattern, the cathode, a first grid and a screen grid



20 opening 42., tn the present enbodi nent, the cathodes, which wll be
descri bed nore fully hereinafter, are of the reverse-biased pn junction
type as descrtbed in the aforenenti oned Netherl ands Patent Application No.
7905420° The electron-enitting region 43 is situated at a major surface 44
of the sem conductor body 41, this 25 sy face facing the end wall 4 of
the cathode-ray tube 2. This major surface 44 is covered in the present
enbodi ment with an electrically insulating |ayer 45, which |eaves free the
el ectron-eni ttifumuisgiopesitivanelegnrovhiletis anBacadkallyt chésetl eedigadendd6 i s
provi ded. The o ' 2 | [ d [ | _praj [ I ght
angles to the sur zkil?:%m 4?15 (S)th%o%%teegt%ﬁ;éhgxx:?g%ﬁ%gf?n% F ?ﬂﬁg‘g#e%%(jjﬁé 2{3.’ As
descri bed nore ¥afregtivelRetfex: pxanede Phrcdneulagpfarmds i o siteatiogn 0B3then he

el ectron-em ttijihieosd QR WBich thd'@nisdioh Fpi1BRID 20 &%ﬂcxb%nif%epoéﬁiwat
the el ectron enj ssion taketgl pl ace accordi ng)e35 to an annul ar pattern,
e g PR petwesn £h

the cathod®, a ¥IMBsBeRfTRY 3 smailcresd ® (rakhede BBsAnd; g firs
‘el ectron | ens. ghtdsufémlekympliaosiad cortiodngenad9¢li- mMhasd Aons tavkhe screen grid

and the electron-enitting reqgion 23, r ectively (for ex |l e, a circular
form), a situat{d aE%ttnivteg%nl g’ee%ecrﬁ?'e?/"e%ﬁgﬁ r\t}bﬁi Heph é’ﬁﬁ%‘&ggﬁ Yeegion 23 is
struck only by pusitentially not adwessgbneff¢aedi by anynaluktexigrovt lpesivdan t he
cathode 20 and gods! Eddn Ghibde’ BheettR{1PleGet 113, CAIH ERLugll) drdn JNESE 1ONS

£
have a conparatively | ow energy SO t m ssi on behavi our is
subst anti al0l y ntaPoygvAapselsedafsvan &Y afy cassivaputlnder edven qisewmstercesons
frowg cat hode megir is@dondS d&thode, 40 Qhy ECOHRAPAR abldHereck grid;VaPahy EROBe t ed

| ayer 59 of caesiu nder given circupstances,, the second t hode 40 may
‘then act as a s’&er"égiwi’gﬁgi’d?“ig ¢ h%h tgé ]r?é'f"élﬂ’idfe&-ﬂo?heefg‘ﬁ’plré‘,‘°‘ifn t he
‘| ower side (i.efromhehesinddor anmfacel HOM t Rertivprnsresulf athe diectrémibeler nor e,

the oat hode. 40 SEetatet B BeHahodt "% EBRAPHS, € o Rhnfdert chE fERE 4P

t he cat hode 40 € secon [ na ona
screen grit 10 sndy the gecond cod wallt fmof Bhewn), an additional screen grid 10

may be provided at this focus. ) _

In the normal operating condition, the adjustment of thé
cathode 20 is such that electrons are generated by the |
electron-emitting region 23, which:gives rise to an electron

20 current 3. Any oxygen residues (molecules, atoms or ions) left in
the cathode-ray tube 2 or released during use can adhere gradually
to the surface 22 or can react with it. A light oxidation can also

take place already before or during mounting of the semiconductor

\MJ cathode 20. The presence of oxygen molecules, atoms or ions (as
25 the case may be chemically bound) gives rise to a decrease in
efficiency.

In order to eliminate entirely or in part this decrease in
efficiency, the present invention permits the surface 22 to be
bombarded at the area of the electron-emitting region 23 by

30 | electrons ofiginating from the cathode 40. The semiconductor
cathode 40 is then biased so that an electronﬂﬁeam 8 is obtained.
'The oxygen atoms or molecules present on the surface 22 are removed
by means of the electron bombardment and the efficiency of the
semiconductor cathode 20 is increased again to the original value

35 within a reasonable time duration (} to 2 hours) (regeneratibn) or



In the normal operating condition, the adjustnent of the cathode 20 is such®
that el ectrons are generated by the electron-enmitting region 23, “which

gives rise to an electron 20 current 3. Any oxygen residues (4ol.ecules, ,
atons or ions) left in the cathode-ray tube 2 or rel eased during use cag
adhere gradually to the surface 22 or c@n react with it. A light oxidation
can al so take place already before or during nounting of the sem conductor
cat hode 20. The presence of oxygen nol ecul es, atons or ions (as 25 t he
case nmay be iehevanc thprovbd uias) 1@:\1&5 byl aefdctof SFCEBARSG0] MePéidimgency. In

order to eligf E%“p%g gr[gelx‘%ﬂ ¥ of" tHe Pgn?bratrﬂltzh' s decrease in efficiency, the

present invention t Re SUr Pace %% be bombarded at the area of the
el ectron-emtti ﬁ@lere@isnndz@tby ®Fice 49| ef tFlgneesoRi gndndt comprisemmat he cat hode

40. The segafuid6idr sawweomnﬁcohhﬁm%aé@q 28] ot:hte‘% rfalle eziaest ron beam 8

I s obtained. The oxygen atons or nol ecul es present ‘on e surface 22 are
renoved by mEmbRX of ‘l“ﬁésé?‘b(?ﬁ’cﬂ?sb%’b%%r’rf‘ HH@ erhoddmentcaracy of the
seni conduct @&-rﬂ@ehodﬁ:o&lm§ tb & @anekhrapidtarh Olnldeatadi Oh Fural2UBy 35

vmthlnare e ti.ne rat err 0,2 hours ene atlo) or 7
is even i rrp?ove OFED HAFE 3) bi;" 1% ; Piﬁ‘btfﬁﬁi%‘%f Qé E‘gon t he
intensity oRtttie boehafdeganings 46 e mEnc besmidet ng demmészkﬂf ofoxFl gures 2 and

3 conprises o3, condush Gxipedy 41 of silicon having at a major surface 44
ab nunﬁerﬁa@ e%ﬂsglgon xriggl ons 43, which in this enbodinment are

arrangddl accor dithg sepiganduear fAevhes thap @ iPRdenatien i49 Petgeer @ Phfyrehe
broken i ne%uﬂs?trawescﬁahwan ﬁ-nﬂﬁﬁl £éhe sgmnshﬂ& Qbfs13th UGt glacalp the ar ea@j
openings 48 in an Iat ayer silicon oxide. 10
The seni con8u8Wr iﬂ ‘H?gl ﬁﬁ“ff?%ét i 4 tg?) ad’&f‘a%eﬁhﬁ dPE1O ype
substrate SGegtnizsam;w-thypm Zonextibd, ﬁZsmtuaﬁedcmlesﬁ anofmglade@p n-zone- 51
) LB Fa, 8, S Bl DTS GO b
15 thickness and doping that at the breakdown voltage of-the pn
Junction 49 the depletion zone of the pn junction does not extend |
as far as the surface, but remains separated therefrom by a surface
layer which is sufficiently thin as to transmit electrons generated
due to breakdown. Due to the highly doped p-type region 53, the pn
20 junction has within the openings 48 a low breakdown voltage so thét_
the electron emission takes place practically soleiy in the
regions 43 at the area of the openings 48. Furthermore, the
arrangement can be provided with an electrode 46, with:which the '
generated beam.8 may be deflected or mbdulated, if desired. The W/
25 semiconductor body has an opening 42 within the annular pattern 47
for passing electrons 3 generated by the cathode 20.
"~ For contacting the n-type zone 51, a contact hole 55 is
provided in the oxide layer 45 for a contact metallization. 56,
while on the lower side the substrate 50 can be connected via a
30 highiy doped p-type zone 57 and a contact metallization 58. Within
the openings 48, a mbnoiayer 59 of, for example, caesium is formed
on the surface 44 in order to reduce the work function for the
electrons.

For a further description of the structure, the operation and

35 the method of manufacturing the semiconductor.  device shown in
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p-type region, 53,and the shall ow zone 52, which in situ has such a 15

t hi ckness and dopi ng that at the breakdown voltage of the pn junction 49

t e .depl et'i on zone of the pn junction does not extend as far as the
surfaee, but remains separated therefromby a surface layer which is
sufficiently thin as to transnit el ectronsggenerated due to breakdown. Due
to the highly doped [err]-type region 53, the pn 20 junction has within
t he openings 48 a | ow breakdown voltage so that the el ectron em ssion takes

EI aCﬁ practi Calﬁiguseﬂ @l gnd 13, tﬁffelrggéa)mwb(’ji g&dé h_ﬁ a{éeg?g NLH%@E%JH ngsh48.
urt her nore, ided with an el ectrode wi t
e aht MRREIGLa A0 “PodunY

whi ch the genera cted or nodul ated, if desired. The
25 senmi conduct or Thfodgvanteses ofpthe sybdivieiarhiof tﬂeeentmmbmrpapaéﬁremn 47

for passing el Q@Eb%e@ag%gl&ked3b&%et b&&%&w%:@%ﬁf& Cofy acting the

n-type zone 51, a cont I s provided in the oxide layer 45 for a
contact netalli"8F ?'Eﬁ?“gg "\ﬁa f"é‘?'ﬁﬁ lands Passet @a?aéc%enst{ms%@@é%o can be

connected via a 30 'l‘he blédtirgngl o€ dbdnda fdmeny Péh 208 Ecathodd) @040 R1 & tbe
netal | ization 5§ in the ' r 59 of, for exanple,

enj.ngs, 48, a ol a
caesiumis forne a%‘hedt near a?c:bga4ﬂ'°%ﬂi%'§&ef;‘5q‘gg?w%§§“’t%é $ho¥ #unct i on
for the el ectr @¥sangement K apmmsiubscnamoideﬁrayf tobe 25 twhich ias, at he

operation and %imico&dh@t#%b%q’ @Ba%ﬂffscthHlLLQ h&&iﬁ? wcigﬁ'dt yet or devi ce

shown in 8 Fi gures erence
Net her | and% Pateéﬂt‘tmﬁﬂ“t‘éﬁ 6#1!%6‘:10?‘90%?01 Thadnekreadnetibs 'tﬁfleheion

sukdi vi si on of delfs an, Sﬁdﬁ'ﬂoﬂéﬂlt Qéﬂe@Ziéd"tha%VQf 3Jndr G&HeAPS1 Mt R 1on
descri bed nore fu]l non bl i shed Net her| ands Pat ent
Appl i cation NoP T)%;»%gB(Shf’HE 4iagre ég‘?lc}gslb‘{‘fr?ba}?ﬂ@ﬁt“s&ﬂ -t Hdecalasdaen 20
can al so be obtbaaneﬁzl fby thRaBbectfroR Hoabirdwent Ciscaahadﬁpliﬁugw @ deddnaWs an
cat hode " 20 and el Prisdert JREG, Rhelrtarer o Bhtoten Brade: Bhmgner i c
defl ecti o® neameurtied on r%theh@lelbiﬁt héyd@édnecof suitable voltages at the
' cathodes 14,20 and the control grid 9, the electron beam 8 can be
deflected so that it strikes the electron-emitting surface of the
cathode 20. _ _
The use of a semiconductor cathode as a second electron source
20 has various advantages, however. Firstly, in this case no carbon
dioxide ‘or carbon hydroxide compounds are released, such as can
occur when using thermionic cathodes. Moreover, when using a
X semiconductor cathode as a second electron source (cf. Figure 3),
any decrease in efficiency of the cathode 40 can be eliminated
25 again by an electron bombardment by the electron beam 3'originating
from the cathode 20, which beam then strikes the electron-emitting
‘regions 43. If required, in order to increase the intensity of the
electron beam 3, one or more additional emission regions may be
provided in the semiconductor body 21, which regions surround, for
30 example, the electron-emitting region 23 and have a higher
breakdown voltage so that in these regions no electron emission
" occurs under normal operating conditions.
Figures 5 and 6 show a semiconductor body 30, in which the
first cathode 20 and the second cathode 40 are realized together.
35 The first cathode 20 has a practically circular electron-emitting



means 11, horizontal deflection plates 12 and vertical deflection plates 13
(shown di agrammatically) may al so be used. The el ectron beam 8 fof the

el ectron bonbardnent is now supplied by a second el ectron source 7% which-
copnsists of a thermonic cathode 14 15 mounted on a holder 15. By HBQQS
of suitable voltages at the cathodes 14,30 and the control grid 9, the

el ectron beam 8 can be deflected so that it strikes the electron-emtting
surface of the cathode 20. The use of a sem conductor cathode as a second

el ectron sounegi@ 23 hddagVardross-sadyioi age&ouhonmvermisﬁdgabhyis in this

case no car bon &)ﬁg oranpgt{ﬁggon dég Sgg réové]‘ vﬁ%ﬁ %%:0% sauch as

can occur whén us ermoni ¢ cath
sem conduct orpreatmaéy annglaxe pehteryl temircenet’s(burb:@kéuflinﬁsg‘ur end?.) any

decrease in hf; %gcy ,gjnbllhq,fcgl{,ect r%ﬂgg@& g el il NQy gfiag?gmerﬁgai n by

an el ectron bo nment eam Ol’lggl natin e cat hode

20, whi @h beéﬁﬁtﬁéﬁ-%ﬁ?‘k% Powa, ofdde r iaterf the nepeleng 333 14533b?4t ABmwi red,

in order toincreneséiitohdéRe tx)ay0§o tHag £dreehé Qachay 20, Q0€ fHa 49 e

addi tional em ssion regions i ded in the sefd conduct or body 21,
whi ch regi on&™ ﬂrﬁ’y@ﬁnﬁ'ﬂ’sﬁf"%@g gg 8 AR eT 8088 1 Uh 2B C'l’k&ﬂ’ﬁ"g regi on 23

and have a hipybetddd.cakiiaha p-alypagegsen iRaire lprdi\hﬂse thRgcaitndad 20l aad r on

€m SSi 0N OCCUA$ r r t| ure 6 show a
sem conduct o;éro &FL%% &9, Qg*]ct(lﬁﬁ % i rs?EI lttlkoéc}‘e § %Sthe él%(c:l:ond cat hode
40 are neali zcedhﬂz@géﬂmﬁ Figeres 2T4nd B} r Shusatthedesctel rﬁiscerq@rantntéasl y

circular el eGlegPgh£LPBI33 NGre si%wew 20 9d DAl bo @eﬁfﬂ%sw%t" 0 agaf about !
1[err]. This region is_surrounded by an additi onal ode 20', which emt

accordi ng t o 12spladngclaney Zhndhigh Gaverer A Badar curéecy?2ptbken |ines 27 and

conprises a nunbern the gi¥itihé NBgL&YilONSn Jancribhe 2ol aﬁ'epﬁéﬂmea bekween has a
di anet er of 3

2 b Th
seni conductor ;f]ygﬁ ?ﬁ%%o&afﬂ‘g%gfﬁ (fgge%(r}?n?%tigﬁc?% e%?n E‘r']%sypee
substratie 26,31, 81 Wand hslpllypeonegii?nd2’.0 Andhelameacof the emitting =

regions 23,23', these pn junctions are situated between the shallow
zones 32,32' and implanted p-type regions 33,33', which locally
produce in situ a lower breakdown voltage. The respective dopings
of the regions 33,33' are such that the pn junction 29’ of the
20 cathode 20' has a higher breakdown voltage than that of the
cathode 20. As a result, during normal operation, the
electron-emitting.:egion 23 can emit electrons without emission of
electrons occurring in the regions 23°'. ‘When a higher reverse-bias.
~ voltage is appliéd, the cathode 20' also starts to emit and a more
25 intense electron beam is obtained, which can be used for
bombardment and hence for an increase in efficiency of the
cathode 40.
'The second cathode 40, which in this embodiment entirely
surrounds the first cathode, has practically the same comstruction
30 as that of the semiconductor cathode 40 of Figures 2 and 3. For a
further description, reference may be made to the description of
this cathode, while for corresponding parts the same reference
numerals are used.
For contacting the various semiconductor zones, the insulating
35 layer 25 is provided with contact holes 35 and 55. Through
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provided. In the, p‘type region 19 are provided the cathodes 20 and 20',
whosge. constructlon I " substantially the sanme as that of the 10 cat hode
4F of =Fi gure$ 2 and 3. Thus, the actual electron-emitting regions 23,23
aresttuated at the area of op.eni ngs 28,28 in an insulating |ayer 25,
whi ch covers a major surface 22,44. In theip-type region 19 pn junctions
29,29 are fornmed between the [érr]-type region 19 and n-type zones

consi sting of deep zones 15 . 31,31 and shallow zones 32,32'. At the
area of the enindiviguabdiodas 353, @éialli.#né,enaprsq.nmm:omcaﬂ& a-typat ed

bet ween t he shebhéafvaaoslﬁsaa@ é%uﬁ%i&@hﬁ”&ﬁ 39:4 ¥RE g2l per§F§3 3, 39,0 which

| ocal l'y produc% |tu a |l ower breakdown vo I'vVe “dopi ngs
of the regions "35°uFy logiyidual, holes 5pphmesallizaciony§6 xpnteadts hbe 26 type

cat hode 20' hagosme tﬂlghﬁ& net £Eltdatton’ 68 cdgCadtaabnd hatyel zbhe spat pde L0. As

aresult, dur| tio tron-emtting region 23 can emt
el ect rons®wi t hog'f r}’gmggeslcgﬁg%‘?at hf’g‘éﬁ %gr@% LfrrFl shevenin ﬁgs?‘@gﬁons 23' . \Wen
a hi gher rever se- biFdguxel7t slpwsi potepplaledinédd6caddnohe eZQctxﬁ:hSﬁatEHsaéis to

emt and a noreh@Seiectidy %Qé@selﬂ&tléo&cﬂe%‘icag?%@i@' r?gdiem ~Lan be used

for bonmbardnent and hence for an I ncrease In at hode 40.
The second cat fidthedgs ofythe rrrrangeseat éh?!sdlirmﬁ%zmsl-’rél yn%d-PrQ)Lﬁ‘Ldstt he

first cathode, ghod Ipaidta ea&dn)d 1 32¢ ] mmfhaGOﬂﬁt elédtr0R Bdm 8 o28gidadin®f the

- sem conduct or %mh(?:ge Agh% 2 gulaii fg'ﬁ For a further description,
ref erence 0may 2 Fa5hPRR “Qettiikpt i 6%e°ttﬁ?‘é'et‘!'éfﬁr9§ere%ﬁ¥‘l%f fBe

co\&pespondl ng paﬂtosletma soathatr eﬁanﬂacasauamrmbmmenuaadefﬂieleﬁ‘d;nwcti ng

t he vari ous sepj u in 5'is provided

with contact ho ﬁﬁié%ﬁgéwﬁ?e%% LP%O e %I?Jal v ied':lh i

metal | i zat i onssB’Bm:‘!r(S Rigurect shous nnlwpepzu:nes 13@ Qithoslﬁdrayemlbel 2zation 38

contacts the pkidhephdiz@nsd:@ned Wiaeedy ikpdi Yadtidrobol &350 (HRL. 'fka&atlon

56 contacts the n- txge one. 51 and netallization 58 contacts err]-type
zone 50. he ax + The grids 9 and 10 are situated at about 80pm and

about 200pm, respectively, while they have voltages of 0 V and
-600 Vv, respectivély. The voltages at the cathodes 20 and 40 are
500 V and O V, respectively.
Figure 8 shows the same arrangement, in which noﬁ an électron
20 beam 3' is produced'by the cathode 20', which beam is deflected by
the grids 9,10 ;o'the cathode 40. The voltages at the cathodes 20'
and 49 are now 0 V and 500 V, respectively, while the grids
9 and 10 have voltages of 0 V and -1500 V, respectively.
Of course the invention is not limited to the embodiments
25 described herein, but various modifications are possible for those
skilled in the aft withput departing from the scope of the
- invention. For example, it is not necessary to use silicon for the
semiconductor body, but other semiconductor materials may also be
used, such as, for example, silicon ca;bide of an AIII_gV
30 compound, such as gallium arsenide. The p-type regions 19,50 and-
the n-type regions 31,31',51 may be contacted at several areas.
This provides the ﬁossibility of subdividing, if required, these
regions into sub-regions, which may be advantageous in connection
with high voltages at the connection conductors. Furthermore,

35  semiconductor cathodes operating according to a different principle



5 few of the contact holes 35 and 55 are shown in Figure 5. Figure 7
shoms potential lines 16 and the el ectron paths of the electron beam 8,

whi |l e such voltages are applied to the cathodes of the arrangenent* shown -i n. :
thures 5,6 and to a first grid 9 and a second grid 10 that the electrong_z
beam 8 origi nating 10 fromthe cathodg;40 strikes the electron-emtting
region of the cathode 20 so that in this case an inproverment in efficiency"

is obtained. This also applies to the cathode 20', which is al so struck.

|FI gui ed7t Sho"iﬁylofﬂé MzsédpaduEh?is lchendaat hedeat s meﬁng Woi exe Ba{ﬂc%gsefurg heg9 '
imted to a half cross-section e grids
and 10 are sﬁ?uﬁ?%‘ﬁ' 13¢ %SEf%GBH‘ﬁﬁH %gufa%ﬁfﬁﬁ °Fe§>&2§t %F?“‘whl Ige t hey

have vol t agesilsb {x Isamst ab@dysVpecesspeyifovethe. cdttedes| toahearadngedeirat hodes
20 and 40 ar % Ug xﬁﬂﬂ

arrangenent, = %Q\/\)r‘{}‘l ggg%evf/ g‘r’lt etl ggt rg i‘ee(g‘\éun'!:ébd(\:’larr(1,?r3§ o%cedﬁ%E t he

cat hode 820", cmite%nitysam ilgerefAreeectd ve\8ashe Afr ilﬁ%rtgpwepéivqwsaéait%éae 40.

The vol tages st ua&@.—seawca;desea%ohemd 4 Q28" Gn1EA\dEks/ndt) Grobbs¥antially
respectively, while the qgri have, vol f 0V and -1500 V,

1
[ eopect i vl y no6 Leiuente e ShehIcuR R ABIRE FhTSEIoF o HEEABb A rent s 25
descri bed hersmBarduént vay idesisrived i sboeat i ons are possible for those skilled
inthe art without departing fromthe scope of the invention. For exanple,
it is not necessary to use silicon for the sem conductor body, but other
sem condoctor materials may al so be used, such as, for exanple, silicon
carbide or an [err] 30 conpound, such as gallium arsenide. The p-type,
regions 19,50 and the n-type regions 31,31',51 may be contacted at several
areas. This provides the possibility of subdividing, if required, these
regions into sub-regions, which may be advantageous in connection with high
vol tages at the connection conductors. Furthernore, 35 sem conduct or
cat hodes operating according to a different principle may be used, such
as cat hades operating according to the principle of negative electron
affinity (NEA cathodes) or field emtters.
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Also it'is not always necessary for the cathodes to be arranged in a vacuum
space, but_ t hey may be nounted, for exanple, in—aspace 5 —  containing an

i nert protective gas. An inert protective gas d to nean
“hereda a gas which does not or substantially ng‘ljmgnﬂm“ﬂﬂ ‘“F

efficiency-increasing effect of an el ectromzbo esc'rl bed above:
10 15 20 25 30 CLAI Ms: 1. An arrangenent conprising a space which is
ei ther evacuated or filled with an inert protective gas, and a

senmi conduct or &&4I¥8s for producing el ectron enmission froma first 5

cat hode whi ch conpri.sesam a$ea4 Q@WQ:BQ{S:&QQ% 3Yad0wiic? 188 Qe ur f ace at
| east one regl on whi C emt ectrons I n the oper at | ng condi ti on,

characterized i*f2 f‘f?eff f&i’r Yithdp Lnert prosestivecpatt ABH &ource for
gener at i ng el eaembromdubitorh dsvidek fort heoatazjiag clectosie enfsdibf HREI £ FIFHEL OF

body at ast ron regi o f the
Firot cat fode, 3choe,Bhidh Logelied s senfeehitdril By, havids’ £ Rafor
characteri zed isprfdret at hieasat rcalegee&iml wlgcprm:dedlamttdmscmttﬂml opexansng Or
concentrating tRBRafliea! f&ﬂ%a&‘“é}%@& Qﬁ Bact e %%FM&&@%EOJ‘ sﬁgéﬁaﬁe Ina

‘beam whi ch ‘stri kes mai nl | ectron- emttlng lon O e first
cat hode. 3. ,&He‘é?%ng‘éﬁéﬁtf%s 3&‘1‘9&'3%‘%5 iehectrons, whigh strikenthe majorher

characteri zed isartdat of hﬁ:ese&ﬁl&dn&i&ﬁ‘trmyswflﬁesd 2tPEney adledl oy second
sem conduct or gathode havin e, surface gof a sem conductor body at

| east one?'i egi oge%m@he tfgg rleég?n sﬂfe g%ﬁset 268' depperating condition. 4.
An\arrangenent as d.ai d arrangeaent 3s élaimbdrincOtwiacl erfiurehked n t hat t he

first and Secor&ﬂa?fcttlagflfe% i‘trxethra@aéﬂ ggtﬂn'}ement is provided with control
means for concentrating the electrons generated by the second
electron source in a beam which strikes mainly the

15 electron-emitting region of the first cathode.

3. An arrangement as claimed in Claim 1 or Claim 2, further
characterized in that the second electron. source is provided by a o
second semiconductor cathode having at a major surface of a
semiconductor bodj at least one region which emits electrons in the

20 operating condition.

4. An arrangement as claimed in Claim 3, further

characterized in that the first and second cathodes are realised in

.separate semiconductor bodies which are arranged with their said

ma jor surfaces facing each other, and that the semiconductor body
25 of the second cathode is provided with an opening for passing the

electrons generated by-the'first cathode. ,

5. An arrangement as claimed in Claim 4, further
characterized in that, viewed in projection at right angles to the
ma jor surfaces, the opening is situated opposite to the

30 electron~emitting region of the first cathode.

6. An arrangement as claimed in anyone of Claims 3 to 5,
further characterized in that electron emission takes place at the
ma jor surface of the second cathode according to an annular pattern
6r a segment of an annular pattern.

35 7. An arrangement as claimed in Claim 6 when appendant to



separate sem conductor bodies which are arranged with their-said mjor
surfaces facing each other, and that the seM. " of the

isecond cathode is provided with an opening for passi ectrons. -
ggnerated by the first cathode. 5. An arra \gﬁ\m‘ din caim
further characterized in that, viewed inl:pro Isght angl es t e
mej or surfaces, the opening is situated opp05|te to the 30

el ectron-emtting region of the first cathode. 6. An arrangenent as
clai med in afjbhrr Slaim 4 e Claim 55 fynphenetharpetrexdzed ilnethatnthenat el ectron

e ssi on t ak@pesdndC es Appk b nee B civéJﬁGearﬂf 14 fh%cﬁéép@dn&él&@éaﬁl19000r di ng

to an annul ar pattern or a se%‘ment of an annular pattern.
An arrangemeﬁ'fl b Fegpesthdq e WL ePaKTEF appendant to e| t her d ai m 4 or
G aimb5, further &har&acsetangetentn ak hclaihbe iapey Bge i oF awlrnﬂxi.r&t ely

circul ar and cate cent with.res 0,t nular attern.
8. An ar"range%g'h}{eQT gﬁaﬁdacggﬁﬁ e?n{na%ﬁ‘aé geo?eméc%'ﬂ%\?% Lb8d}? ‘& ¢ 8efMY her
- char act eri zeg¢atrhkedehis Ptrlqei‘!ﬂinﬁcmhduetdsr rématy Ofomt hise snadmd:ucﬁadeodtth s
provided at Lhgeshdgayirote fromthe major surface with a netal -layer. 9.
An arrangenent as claimed in daim3, further characterized in that the

first and second cat H¥d@Eransement,Be Gigiped dg Claimnd, £aeheseni conduct or

body. 10.  ARafdctaRUaEDA a.stcml EPfbti BndllsRbsNd catttidebCdreC RadBGEE iz i N
that el ectron,_em ssion at gPare of the second cat hode takes pl ace

accordi Mg t o Bh ERRUTEBAUCEPT B98Y5 segnent of ‘an annul ar pattern at the
maj or surface oflO-he Aerrrangduettonsbcidjned 3n Claim 9,1 ¥urthedn arrangenment as y

claimed in CahiBetOridddl 18 Ghat WWRELS REEILN 4 Bhe 0180 AR UL {JA“' ng

region of the Tirst cathode 1s [ ocated approxi mately concentrica W th :
respect to tR&athadsurekespatacer according tanammnawiaresttess o ai seghent C(ﬂ aim 10

or Caimll, agQnnuldt!igabeérnCBardiet 84 ic2C6uitfachk N tweseﬁf&rﬁggg&cigﬁy.b()dy has
an 15 1ll1. An arrangement as claimed in Claim 10, further
' ' characterized -in that the electron-emitting region of the first
cathode is located approximately concentrically with respect to the -
annular pattern.
12. An arrangement as claimed in Claim 10 or Claim 11,
20 further characterized in that the semiconductor body has an
additional cathode, and that the arrangement includes control means
for concentrating the electrons generated by the additional cathode
in a beam which strikes mainly the electron~emitting region of the
second cathode. : o/
25 13. An arrangement as claimed in Claim 12, further
| characterized in that the electron emission of the additional
cathode takes place according to an annular pattern or a segment of
an annular pattern which is located approximately concentrically
with reépect to the annular pattern of the first cathode.
30 ' 14. An arrangement as claimed in any one of the preceding
"Claims, fﬁrther‘characterized'in that at least one of the surface
regions in which electron emission takes place is subdivided into
separate electron-emitting regions having similar electrical

connections for corresponding elements of the separate reglons to

.35 permit common operational control.



¥ .
addi tional cathqde; and that the arrangenment includes control neans for
concentrating the el ectrons generated by the additional cathode in a beam

whi ch_strikés mainly the el ectron- emtting regl on of the second cathode. 25

13.;~ An arrgngeggnt as clained in Caig 12, “mmmil Eﬂlﬁ | ﬂed in that
the el ectron emssion of the additional cat hode rding to an

annul ar pattern or a segnent of an annul ar pattern Whi'ch i s °l ocat ed

?ppr?m mta}1 eldy C@ﬁcenhﬁlﬁkﬂn&m\%é ttoms.sar;eﬁa 4t0 14 armutﬁfcoaatét%rrn of. the
I rs ca (0]

r een imed in an e of the
precedi ng C Vﬁﬁe body ¢ tf‘é‘PsH?atM@t’e z‘gdgfwef’h‘éf?'afeﬁ%é'ﬁg‘ie dpef ’(9?‘/"'? @ surface
regions in vén Ehiguriesc2 ramd B)viosst iguré sdoeor (Aigaces § andhd) \ordeigures o7 separ at e
el ectron-em o il el ectrical connections for
correspondi ngg dle gorfeg é%’l? {h}\e"%s]%p gq‘e%rgegl ons to 35 permt conmon
operatiosal control. 17. 4. 89 14 15. An
arrangenent conprising at Least one sem conductor device body,
substantially as described with reference to Figure 1, or Figures 2 and 3,
or Figure 4, or Figures_ 5 and 6, or Figures 7 and 8 of the acconpanyi ng
drawings. 5 10 15 20 25 30 35
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