" CATHODE- RAY DEVI CE AND SEM CONDUCTOR CATHODE" The invention rel ztﬁggegtj
cat hode-ray devices and sem conduct or cat hodes for use in such cét r
devi ces. Such cat hode-ray devices in accordance with the invention nmay
serve for recording pictures and have .a cathode-ray tube as part of a
camera tube with a target 5 which is a photosensitive layer, for exanple a
phot oconductive | ayer e & the invention
may_serve for dlsplaylngﬁplctu%gg”EGﬁ%!ﬁﬁgékglggﬁﬁgggp? Fsplay tube with
a target conprising a |layer of fluorescent material or a pattern of lines
or spots of fluorescent material. Such a device may al so be designed for 10
el ectron-1ithographic or electron-mcroscopic uses. In Netherlands Patent
Application No. 7905470 (laid open to public inspection on January 15,

1981) a cathode-ray device is disclosed having a so-called "cold cathode".
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cat hode with so-cal acceleratrng el ectr whi ch are on an
i nsul ati on | ay@FSPIRESENPLGkUTERe-A7d] *vrvesarqaéeed%rﬁevmsehamuhﬁtW%b\mrtaaset

(sl ot-shaped, éwyﬁa{ng al 16508k adf fRhoreRctad it arialaperat Pitte2p dMN1LM& or
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ion traps al%e gﬁgadundh1oncus bpamtedrin the reverse direction in such manner
that avalanche multiplication of charge carriers occurs. Some eIectrons
obtain sufficient kinetic energy to overcome the electron work
function; these electrons are then released at the major surface of

the semiconductor body and thus provide in the vacuum space a current of
20

"cathode rays".

electrons, frequently called
Emission of the electrons is facilitated in this device by providing

the semiconductor cathode with so-called accelerating electrodes which

are located on am insulation layer present at the major surface and which-

do not cover a (slot-shaped, annular, circular, or recténgular)'apertjre

B in the insulating layer. In order to further facilitate the emission

of the electrons the semiconductor surface is pfovided, as desired,

with a material reducing the electron work function, for example caesium.
Because residual gases alwﬁfs remain-in the vacuum space in the

evacuated envelope of the device, negative and positive ions are

30 jiberated from these residual gases by the electron current. The

negative ions are accelerated in the direction of the target. In the

case of electrostatic deflection they may be incident on a small area of




negat~ve ions is known, for exanple, fromUnited States Patent [6
Speci fication :No. 2,913,612. 5 Under the influence of accelerating

and focusing fields prevailing in the tube, sone of the positive ions nove

in the direction of the cathode. Wen no spéC|aI nmeasures are taken, sone

of these will be incident on the sem conductor cathode and a kind of
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not present (or 1°s removed enti above- ne oned
mechani sm) everSReRétingitben Ng. s%bﬁﬂéc"elzof t he semni conduct or body nay be
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the p[err]n junct kog I S. expose or surfac he sem conduct or
body. As a resd{¥*of"Fhit>25SaHdve- ‘Efe‘§6f?]bed R g“&t"t"ﬁ 8F e ptati ve
i ons present i niishppesirendd off thibepatferiakbxanpde thé hmipsre prépereidsnefpiar r| n

junction is CXRASEMkol i3y TRy SHLAER IRY, WLV orelBho (BRUAPSMIRLADI o

em ssi on behaviour. Sim positive-io |'ens” can occur 1 n cathode-ray
devi ces in whi GRtLFRLYSBY @GnMFomefGaPmetﬂsmsfm%héPi#nér even thepaaipnvi ng a

30 p-n Junctu;o!*suepﬂeataedcuens&moﬁmcwafobda @ali 08, ackh&keu0- Cﬁi_laeﬁeﬂeea&dds:
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connection | oc ed at a distance rom-t sSurtace
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surface zoney Bhed@l seifiRgba@avhtiisut faclf (S @8sdipeb A cROTRAL IS Rha A NHe
etching. In cathode no longer functions. In a similar type of cold cathode, as
described in Applicants' Netherlands Patent Application No. 7800987 (laid
open to public inspection on 31st July, 1979) the p-n junction is exposed
at the major surface of the semiconductor body. As a result of the
25 above-described damaging action of positive ions present in the electromn
tube, for example, the place where the p-n junction is exposed at the
ma jor surfaée may vary. This causes unstable emission behaviour.
Similar positive-ion problems can occur in cathode-ray devices
in which the semiconductor cathode is of a different type, having a
30 p-n junction operated in the forward direction, the so-called negative.
electron affinity cathode (NEA-cathode). Netherlands Patent
No. 150609 (published on August 16, 1976) discloses such a
semiconductor cathode comprising a semiconductor body having at a
major surface a p-type surface zone with at least two connections
35 at least one of which is an injecting connection located at a distance
from the major surface which is at most equal to the diffusion
recombination length of electrons in the p-type surface zonme. The

emission behaviour is affected by ion bombardment and etching. In



3 this case also, first the layer of electron wor k function redu0|ng
material is gradually-etched away. The p- t:ype surface zone of the .cathode
is then attacked until -the cathode no |ongey functions. It has been found
that these problens can occur so rapidly-that 5:. the |ife-of cathode-ray-
devi ces manufactured with such sem conduct or- cat hodes..i s consi derably
short ened her elslis |ces¢ salgn, objjrect thef layer ohH\edrttmm varipfawitden stedhcing
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i ncludi ng such a cathode is of no influence or | yence on
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vacuum space duri.ng operation of devi ce cat hode conprising a
seni conduct or BIRAPTaPY Fearf &f &uvirate e&FeWPEWf the semigandugter: cathoset v
i nsul ating | ayer havi iy fai'tHeQﬁ\Sie 6aSeARAI tHe Ceddgnit RMEBE, th\éhfé‘ch: that an

sem conductgr b ses unction Il C _
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mul tiplicationrsd gobe mlmnehsmmnactahw@msthé neeinfloaukec borisbedydlat the -
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el ectrode being present on the first 1 nsulating |ayer at |least at the area
of the edge of a&hithaqfarck p catheder é’Pl‘Z’@Hlﬁl%"’{lﬁhtC@H&“@@ﬁ?b(ﬂ%&ﬁﬁ%t‘abﬁdy
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aperture |nthef|rst nsul at i l% ast 1wo. defl ctlon

el ectrodes Are preé‘é?ﬁrdf‘% t§eﬁe éffnagsp§°§§ ?*é"t |18v%‘ft68f’eq}e|r§|’cf Prevatef .
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mat hemat i cal dﬁ&¥15§ opé%agiég)b? JH eh£L1c§ téﬁdbg semlconductor cathode for. emlttlng

electrons in the vacuum space durlng operatxon of the devxce, sald

cathode c0mpr1s1ng a semlconductor body at a maJor surface of whlch a';.

25 first electrically insulating layer having at least one aperCure 15
present, which semiconductor body comprises at least one'g-g JunCC1on 3
which can be.reverseriased”to‘generate in the semiconductor bodyl
by avalanche multiplication electrons which'emanate.from.tﬂe-semicdndﬁeto:.
body at the area of said aperture in the f@rét,insulating'layer;?an '

30 accelerating electrode being present on the first insulating layer at
least at the area of the edge of said aperture, characterized in that
the semiconductor body comprises a second electrically iﬁéﬁiafing layef:;:'
which does not cover the aperture in the flrst 1nsu1at1ng layer and on
which at least two deflection electrodes ‘are present for generatlng a

35 static dlpole field. i

It will be obvious that the express10n "dipole" is not to be

considered a strictly mathematical dipole. A dipole field is to be



4 understood to nmean in this connection the electric field which occurs @
bet ween two el ectrodes which are at different voltages. As a result of this
fheasure it is possible to create an electric field in the proximty of the

sem conduct'or cathode in which the said 5 4 positive ions do not reach or
hardly reach the. enissive surface of the seniconductor body. In general

these fons ar e ASELAH 8 Alacopl%ufl) SLANCS LML DF S2E1 GNMNCHIL, CALIOe 10

t he vacuum space, exanp ectrons, - after havi ng Lot hed
stif'fi ci ent en@wennt“thelwtghdeﬁoWba@e aperat, d%@m'eweétamtser actions with
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di fferent fromt ose o ect ons g ner at I'n't a result
of this the a¢titgncs fromcideosenifendusithokatbsdrerinetheesacnssrares afdry exngmple

detrinmental iplHencAetrdle RAREE INRihONDca MQOSEHIGiddt Bu&gGOMl chgpect of
the invention there is provided a,cathpde- ray. devi ce conp a vacuum
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di stance fromddier nod @his WikA&R@nde Mhicgdbdis atergpsaeteémlthé Qokheivdi Edaksi on
reconbi nati on | engt h of electrons in the p %/1 surface z characteri zed
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zone, and in { Jfl Fgﬁf LRES tenb 0. 961 | %8%%%60‘?'&%" QAR f eQEetgi%99£@§Jb@Qﬁ9tially

static dipole are resent on nsul at1ng | ayer. For suc
devi ce again mméesmnaﬁhanﬁbg@s Afplthe posiieiver Lodd above in connection

with the device I&&QQQ&@%BC@ S0l laBfedt b8t tHRSPRRntoén (therd NYepidv@led One
preferred enbodi rrent of device in accordance with elic?‘er the 35 first or

the second ash&efPeste Tt dieﬁb"e%tcf’ﬁ?f'llsén%t‘?a?’é"c‘t“@r FBASE T Phit TREUHSRT to
the maj or Auricase dirihhepreativandficherddydidy, amd 4 veméaindodeen aythode for

emitting electrons in the vacuum space during operatiom of the device,
said cathode comprising a semiconductor body having at a major surface
a p-type surface zone with at least two connmections at least one of which
is an injecting connection located at a distance from the major surface
25 which is at most equal to the diffusion recombination length of electrons
in the-gfﬁype surface zone, characterized in that the major surface is
covered at least partly with an electrically insulating layer which leaves
free at least a part of the p-type surface zone, and in that at 1east two
deflection electrodes for generat1ng a static d1pole f1e1d are presert on
30 the insulating layer.
For such a device again the same advantages apply as described above
in connection with the device in accordance with the first aspect of
the invention. ' |
One preferred embodiment of a device in accordance with either the
35 first or the second aspect of the invention is characterized in that the
normal to the major surface of the semiconductor body and the cathode;ray
axis intersect each -other at an acute angle. Tﬁe oblique arrangement'

of the cathode with respect to the anode which results herefrom hardly



axi svntersect each other at an acute angle. The oblique arrangenent of th
cathode with respéct to the anode which resul ts herefrom hardly

infl uences the generated el ectron beam ; has been found that the

potenti al lines of the el ectric field generated by the deflection

el ectrodes start extending parallel to the anode (display screen, target)

after a short lgkﬁle%&se -tk ge%ewﬁel& Elgéuwlbsea&he I%nmtb%m LA &30 BE 5

directed in a sinple manner respect he axis o he cat hode-ray
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vacuum space IS prov ectron optica |'eCt i on neans which an
el ectron beanPyetrarateld ebsctrhe PdiRdde and defl ected by the 15 def | ection

el ectrodes can beAQSEH&Cbﬂéte'rPeéléﬁbod’mﬂﬁerofaS devité avehcSIHaSREIQDER YiBheNg
sai d cat hode- rg% ‘ﬁam S. n}beadvantd?ge of t ,% epbodi ment, |c21that t.he c.at ode
can be connecf® SASEPTeRRE REFPILASESRE RhtHRERTERG PP R AT ACETAF A8 :
manner. Thw@r etEe(i@tBodieverpiiovdeSBblds tods korertinéc twipk wHspaeyritooruct or 20
O oM eSabalecdi™Gs BAL ARl e fn SLPANE 6 cHESLIchBEE palipv e, Dased

on aval anche Break junction e used hus, according to a
third aspect 6?b%q4ét}%i\léntqr(9ﬂn1’ﬁe'llérlt§ E‘FQ)\S‘FE%QP&“s‘grrPé%ﬂ]dEié‘foranéa‘ihﬁode

conprising a ss&uu&o BeleGt 04 pt}Qdi/de%twﬁtml&ftrSHer%Q@apfdem&hoﬁi ek S by

electrically ins | | ayer. havin east one 25 a re is vi ded,
whi ch seni cont Fn tfgg§ ??’%§§“%‘tgatﬁéab§t ?1é‘a|5h?1d2°] ﬁ?n‘gt‘{ %ﬁe?/\tﬁl C‘F?chgﬁ be
rever se- bi isedetlecgisre kdé ctrioded anskride fhatized cin bochy mbynexy ab atec heavel

mut | i plicatiogels 8&&825 %’g?dgc 2 TRDA G fi%&{b: SEA“aQQMJ—g oge hpgy at the

area of the apert r'st 1nsulati'n an acceleratin
el ectrode bei pRPQdimeRNLS oFhathEhe icaShodensan éﬁl ‘ngmsetqda%ra“a?“‘i &adl oft thee
area of the edg@oab-&3 dem@riﬁjraesu@ﬂmraﬁﬁeuzed in that the sem conductor

body conprises a second el ectrica atin ayer mhlc does t cover
theyape?{)ure in t AR F§’fs'isn§ﬁ‘feé'f‘#n%°slsé L&r“éﬁ?i%(?ﬁ Ig e&’sfw‘? ftor

def | ecti on2k| egthodelathiah ecqw bsased. For example, a cathode as descrlbed above,

based on avalanche breakdown of a p-n junction may be used. Thus,
according to a third aspect of the invention there is provided a
semiconductor cathode comprising a semiconductor body at a major surface
of which.a first electrically insulating layer having_at least one

25 aperture is prcvided, which semiconductor body comprises dt least one
p-n junction which can be reverse-biased to generate in the semiconductor
body by avalanche mutliplication electrons which emanate from the '
semiconductor body at the ér?a of the aperture in the first insulating
layer, an accelerating electrode being present on the first insulating

30 layer at least at the area of the edge of said aperture, charac;erized
in that the semiconductor body comprises a second electrically
insulating layer which does not cover the aperture in the first
insulating layer and on which at ieast'two deflection electrodes are

present.
35



35 Y6 Afirst type of thi-s sem conductor cathode is.characterized in that
the p-n juncti-on, 'at least as viewed within the aperture in the first
electrically insulating | ayer, extends substantially parallel to the mgjor
surface of .the sem conductor body and has,, 5 within the aperture, a

| ocal |y | ower breakdown vol tage than the renaining part of the p-n
junction, the part of the p-n junction having the | ower breakdown vol tage

be_ng separat ed ”g”k*ljl‘% egéfstlﬁggaecemtnggt{d%@ﬁe thPt? efl coRALELQL; ne

havi ng such a thickness ‘a tha breakdown Vo tage t
depl eti on zoneidftheheths p-3 uneﬂl@n 14 deest mstvieweddthin tthe @SFF‘&‘@e but

_remains separ al@@khtehﬂz%ftr@mcfeh@aﬁrrfﬁﬁ@adﬁgefay\e/@l Cdkresidss Whbd nepddy thin
to be traversed ge generated e %trogs which are to ei’ngnat fromthe
ety

surface. A secH &Ooft% R FHE e{:f‘ﬁon"é“lﬁ‘é%"é’&t% 2031 5P s
br eakdown and sishtiabtle bpértuse, |anlacﬂathﬂerla;eadémmeolngacﬂandame 15
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in the operating con art 0
associ at ed wi t Fhe Revwer r’erpw@wmlutsgeekpmdemratthé fsrem emmmroﬁugﬁfﬁf—'ace

within the apes$ WnenddypkhferfitbiducebL Cohi qaalvhug smaulaatchn&deayeernd Jwbmg
addition, the use of other sem conﬂuct or thodes f or

al ready nenti of?f ABgREi PReakfa Vahtase F*Pﬁ §p1c:e<ft"ﬁ502é’“e|%g(z§F§(¥'§oé‘§1cﬁF%n

Thus, accordi ndpdsonat featiedd rasghec butfact hautpresdnt sepaeatddophédediren iby a
provided a se 99%2 gﬁ&@t‘?d&; L&’{fﬂézgndlgve %akb%‘le(ri{%r%a/ g Ch

accordance with the se aspect ntion an conprising a
senmi conduct or BUWyarRd ehectEons Yafbrargurs geanatepfrgpéhe rfet® -zone with at

| east two connectlQ%@hdlmstop@emmonutu&h e&haaelwse@tdnnavmaamtlon
| ocated at a dj stﬁnce fr19 ?%D or surface whi

Is at .least equal to the
di f f usi on- r ecoNBi2KAHAR %T &efrohé ﬁlthf’ﬁ%'rﬁyt @“p"éCSU’r“f 8E&8 %Sﬂ‘ée,
characteri zed witht blad flihet &Qpenaq of ther imemtisn doverazdctdrizedsin phat,l gtwi t h

an el ectrical | Ve JSQSH{ Q:Bénﬂ:elrgﬁqg E‘@H:fﬂél&?a\é'éslege?e %ta,rLeo%SEhé’- dQBiénQL the |

p-type surface zone, at at |east’ two |'ection el ectrodes are
present on t heldvesussporheradayeth thmiprai stioniist srposedsiinthe $eRIRAGHCEAT |

now be (195(”'|b§3*fa3¥ WwiNin the aperture in the first electrically insulating layer.
" In addition, the use of other semiconductor cathodes, for example
20 the already mentioned negative electron affinity cathode, is also
possible.
Thus, according to a fourth aspect of the present invention
there is provided a semiconductor cathode for use in a cathode-ray
device in accordance with the second .aspect of the invention and
25 comprising a semiconductor body having at a major surface a p-type’
surface zone with at least two connections'at least one of which
is an injecting conneétion located at a distance from the major
surface which is at least equal to the diffusion-recombination length
of electrons in the p-type surface zone, characterized in that the
30 major surface is covered at least partly with an electrically
insulating layer which leaves free at least a part of the p-type
surface zone, and in that at least two deflection electrodes afe'
present on the insulating layer.
Embodiments of the present invention will now be described, by way

35 of exaﬁple, with reference to the drawings, in which



35 of *exanple, with reference to the draw ngs, in which 7 Figure 1 sho
dj agrammati cal:ly a pick-up device having a cathode- ray tube in accordancel.
with the invention, Figure 2 shows diagrammtically a display tube having
cat hode-ray. tube in accordance with the invention, 5 Figure 3 is a
di agrammatic plan view of a sem conductor cathode in accordance with the
invention for use F¥uwach sbavhodesrampatidsddy Fipdokwridewica kEvige ameathade-
CrQss-secti onadayV e @ iakedtoRBaddeCwl inN@nd Unb¥ndiRnli gure 3, Figure 5 shows
di agrammatically the var%agion qQf the potential 10 lines as they are .
generated in the opetdfing 8‘6?1&1?1‘3’6&}?‘“8@1%#? Ry ELSBhaY VR BRYimeng Atheds 3aes
and defl ecti ontubkeid rsedesdante stich ehesénverienct or cat hode in accordance
with the inventiong: Fi gu 6, i ' [ r - t | vie

anot her se conduc%l‘ﬁga{ﬁgd%tﬁﬁgaggggagﬁggaﬁﬁfﬁ %ﬁ%’?ﬁ@ﬁﬁ?@%ﬁ?¥éﬁﬁm§gf
Figure 7 is a ¥ agrendsnes @igh ods- suentrdmifoviwr &t spck casbedrmray tubes,

sem conduct or cat hegRrk . 36COTHAREEmSL S drB8ssRY E1Hna® NvieliOEaédCon tha

cat hode-ray tube in accordance th the invention. The Figures are not
drawn to scaléﬁ“ﬁnﬁ”ﬁx thé*8rtsd2sectional views in particular the

di mensi ons i n the Eigueetd chowd dihgcdmesicadily e coriattier abl gheepagoeiat ed
for clarity Lcond r..Zo t LVi: e

gener ai 1y Shadadey i part are HReeSied B SFARRRELbId ol e Bl ree o 1o
are general | y atereselegatinebgleateodesmend ceélesrdenmirerrtdes ¢ guel 2 shows

di agrammat i caldethiforfudt BexIRaErdbel 8 ctofdincHSH thNedd idvditgka Up device. The
pi ck-up tube 1 coggrises i.n a herneticallg sealed,vaguun1tu_e 2 a -

phot oconduct i ve t e dAq? £18BTWBACYHT GO SPAFIMEL oPEV ath GROTIRE target 3
I S scanned by semdeendottan cetisaler bm dteardabOe geinbr etecdn¥ntdoscrméonduct or
cathode 20.g |n orgigl,Lor e 24igel udEld Qehed 18 DRAM Whew 8P 1B CliiReS UDE 1
furthernore”conprises a systenlof coll's 5. A'scene to be rcked up is
proj ect ed on tse@ieqndgetor3 cpyhadeat asroxdamce ofidhpthe haventdonfor gsefint he
vacuum t ube 2 DehfhderASRABENN Lk orath@l WO WhLUinvedfiRngnd wal | 8 of the

vacuum t ube. 2 conpLi s | eadt hroughs 9 for electrjcal connections. In,
this exanple therrp'l"he gls.gures "are noLg drawn to scaele, and gn the cross-sectsmnal views

in particular the dimensions in the direction of thickness are

20 considerably exaggerated for cla;ity. Semiconductor zomes of the same
conductivity type are generally shaded in the same direction; in the
' Figures corresponding parts are generally referred to by the same
reference numerals.

Figure 1 shows diagrammatically a cathode-ray tube 1 for use in

25 a pick-up device. The pick-up tube 1 comprises in a hermetically
sesled vacuum tube 2 a photoconductive target 3 and a screen grid 4.
During operation the target 3 is scanned by meéns of an electron beam 10
generated by a semiconductor cathode 20. In order to be able to deflect
the beam 10, the pick-up tube 1 furthermore comprises a system of

30 coils 5.

A scene to be picked up is projected on the target 3 by meanms of
the lens 6, the end wall 7 of the vacuum tube 2 being tramsparent to
radiation used. The end wall 8 of the vacuum tube 2 comprises
leadthroughg 9 for electrical connections. In this example the

35 semiconductor cathode 20 is assembled obliquely with respect to the
end wall 8. This may be donme, for example, by an assemBly on a

wedge-shaped base plate.



A
35 sem conductor cathode 20 is assenbled obliquely with respect to the end jl)/
wal | 8. This nay be done, for exanple, by an assenbly on a wedge-shaped
base plate. - 8 The angle [err] between the normal 11 to the major surface
21 of the cathode 20 and the axis 12 of th& cathode-ray tube 1 in this
exanple is 45. Dependent on the voltages used and the geonetry of.the
el ectrodes of the sem_conduyctaqr cathode, a,djfferent angle chosen. 5
The :sem conduct or @‘eﬁ ﬁ%%feg%obetq:ﬁ’eee%otr}fgt?dur %gﬂnltg R B ‘frr%éegésg?itb‘eaq
herei nafter irragbeds 20camprheexis W déftihectitindetmut rdted B BB cXamsle is

defl ection el egr Od%%eﬁ'&&ts&P%@t\%icL%QsmuEQ@ a&:ﬁ”&leﬂw&ne&% tofOthd REectrodes
sem conduct or cathode by an-electrically insulating_ |ayer o exanpl e,

f, for
silicon oxide.°f W BpANPRYPEEEWRERal & ShAFEERDHIFPRLE Y obR thoseich ot her to
sai d defl ecdion elBct setizondistdd, cithedel2ectid @ohd rudt PRanef aheech Ranelme wil |
defl ect the pa f. the el. rons ' | eave the sem conduct o ody fr.
the maj or surfc{zfgépbbffl %‘felggéﬁeﬁ frhee[%%glsé:ﬁ?préfg?r&w&g;t%gce°élc_i;e(§§é:° Pg’r@ 3
positive with Thespeieflecripheslelcbradesdired sepataged rfanmt thegreadairmpabearh 10

will be defl eGhedsddlchbitficdbt &Glkhodt 8 élnséiéﬁr@@iﬂl@ciﬁmaﬂr&cﬁ.ﬁfgeogz-fbl:t'
has been found that with a suitable choice of the angle #_err], nd of t he
potential s at S*ABPfef FEtPB P Erect MBEREPRYY I8 PRYfRtidls Kl inhedi HiGT PTtA™ent i al

|l i nes extend pacbldoderttr shid dadiaalibn @lettiddes vEGABMthdbelettaic Eisral |

di stance fromt t.hode, By rect ,posi.tioni f the 20 seniconduct or
cat hode 20 relggF %/agt%:td 219 ?rﬁgya‘%(/‘ilg ?L%IS gttﬁg %aat%’h%géb’?' rgaé;letcgﬁc’ensi {"hl_lcgl RS _
possi bl e to cdhereemipendussor bedul g the daipd sunfacpedlor elft aexisethermresenthe

i nfluence of thempleSt BdR QfelQobs 2 iJNRsPL Bl WP WhSpdcdr LN QRBDLIR E LI BEES
a grid 18 which serves, as a di aphragm ure 2 shows a cathode-ray tube 1

Fi, _ ]
whi ch serves &8¢2mraping eleffaon Peagnkd h'é? i ¢eflegted dpcthey dLTRFMPUISE 2
opens into & fthanddflebicipa, etdteredwl 30al | . 7 being coated on its inside with

a fluorescent screen 17 he. t furtherpore canprises f sing,el ectrodes
L3 14%ana. dof | ect 1Y BedS tpbHPENGi G ENS AT ERSES (0 UE AhiF B°Hh0D
seni conduct or ofatirodet2Fiakd ¢t the defincadomeledrrodns IZaPP, hefassheiatede

ei ther directlou8Qcehti TBARSeMend P81 Bl 86 LhE UDNEGE A0S vREuduBube 1
cathode are again |l ed out via |leadthroughs 9. In this exanple, the

semi conduct or 2¢a? ﬁ@aél ?GSFE“Cﬁ'DGFﬂ“bahe cathode. By a correct positioning of the
20 semiconductor cathode 20 relative to the axis 12 of the cathode-ray

tube it is thus possible to centre  the beam 10 aiong said axis 12
before it experiences the influence of the system of coils 5. The
pick-up tube furthermore comprises a grid 18 which serves as a diaphragm.
Figure 2 shows a cathode-ray tube 1 which serves as a display tube.
25 The hermetically sealed vacuum tube 2 opens into a funnel shape, the
end wall.?7 being coated on its inside with a fluorescent screen 17.
The tube furthermore comprises focusing electrodes 13,14 and deflection
plates 15,16. The electron beam 10 is generated in a semiconductor .
cathode 20 which ‘is mounted on the end wall 8 of the tube either directly
30 or by means of a holder. Electric counections of the cathode are again
led out via leadthroughs 9. i ' |
In_this.exémple the semiconductor cathode 20 is mounted
eccentrically on the end wall 8 of the tube 2. An emanating electron .
beam 10 is deflectgﬁ in the direction of the axis 12 of the cathode-ray

35 tube by the electric field generated by the voltages applied to the

deflection electrodes 32 and 33. The electron beam is then deflected back

by means of a magnetic field in such manner as to move



eccentrically on the end wall 8 of the tube 2. An enmnating el ectron beam
10 is deflected in the direction of the axig 12 of the cathode-ray 35 tu e(;f'z
by the electric,field generated by the voltages applied to the deflectio
el ectrodes 32 and 33. The electron beamis then defl ected back by neans o
a magneti c fi ebdbdtansiciiynalungr tiesaitia dfo¢ke catBodntbs anbe al ITHe Heangld,he
axis of the ca t e fter -havj. _ u by
means of the f%gﬁ%ieﬁéggqgeg?%oégg&fg, %}Afn,me%gs toﬁerrtlﬁa lf?f‘héelggc%%t% ?5%%§d§§y4ﬂeans
of ‘the defl ect idrthshafunshes congroified tyammanteof athet dotlechiathelatsse 15gditn
conprises a grise k8chstierRBy aGB): fud thermore T4 ABARARLL Sl bed.d aWid QR i gaflagss S
the el ectron beam Qack. can be eﬂj:rat%g |Fter alia P%/ mearés of, coil's, shown
di agrammati Gal |y i M EitfErets Sge shtofet s thr heeAlF9mE™ Aol Reckocanrhe
coils may be npendreted nNaitee adiacyt seges bhecdilibe shoed dilaktammbricede of t he
assenbly on theg.jnsi 0 e - n 14QN$q f O i i are

al so 10 provi dgﬁédv%ﬁ'%t %eo Ié?:%l{r}'i 8Eg%%n§f:&tl{;§ngﬂ{\}i ggﬂ[éégdt?%'r oﬁté%go 1%%&&#%& end
wal | 8. FigureBoditgddingidpow onesidrathel suld 2t pe Wik cdnderseopt ceheiembhil ch
can be used inoh heseigaybosie thayeevs G8e QnnEL&ibn8Stor 8BEH 20ild ac@MsbsSes a

sem conduct body, .35, .ip this exanple of silicon. The senjconductor body
conpri ses a nPfVééegd?‘Fgc%lercéﬁ’fcoW GRAPH L8 lﬁagﬁﬁé‘égﬁt 11ﬂethfS‘*‘i"f’fitj"’@?fi 8.

surface 21 of the Fégimensiusciios dhodyorndxaplehof ahessemipontiul boX iciaoltbd24wivi chh
a p-type regi Ogar?% ,?Q’edaEP'éﬁ'e”Q caatgyjef-lrﬁl ec{LtvL.XeJ“ogth/Qxlx'L?‘ eaé& Zt.heIJ %xgé%%es
ﬁe p Juncflon 4,7 e 4 ed by he

direction across the p-n _ ectrons are dgenerat ed aval an
mul ti plicati ondaiRhicendusiemdredy f3Sonia Hbisanaspirdft Hiliporly . Thegeni¢anductor

i ndicated in thsuyFicOhs@sedan"BARDeOiurd@c@Fe@ ol G2 JHIRnS B8N pzahtlsat o cdevi ce
furthernore_ conprises conne‘gtlon- el ectrode not, shown w tg which the .
n-type surf&te®™ g BHF 25015 LontRECERRECOMRE ST IRATY PUGMBHSREOTHF BhR R dXBTTICR
i's contacted o iwish|Dpetymd degivyn a3eBaldppipidgpa suifdeiedily Thigh esitageting
preferably tak vi.a_ a..hig oped_p-t.v: ng Ac 5 __In the
el A S M8l Ot R YRS Sy 60 ]
region 22 at tgrRnegarehd¥ suplanghe mnbiiplécatdor ag camtepandtenfesn the while
ghe accept or CoMIRBAdWREbP I, t MBiP-1Y PRITRAUL® N n28hd FTifWkdd bpPWRlans IF
. 20 arrow 10. ' : :
The semiconductor device furthermore comprises a comnection
electrode not shown with which the n-type surface region 22 is contacted.
The p-type region 23 in this example is contacted'on its lower side
by a metallization layer 26. This contacting preferably takes place
25 via a highly doped p-type contact zone 25.
In the Figure 3 embodiment the donor concentration in the n-type

18

region 22 at the surface is, for example, 5 x 10 atoms/cms, while

the acceptor concentration in the p-type region 23 is much lower,

15 atoﬁs/cms. In.order to reduce the breakdown voltage

for example 10
30 of the p-n junction 24 ldcally, the semiconductor device-comprises

a more highly doped p-type region 30 which forms a p-n jupction yiéh the

n-type region 22. This p-type :région 30 is sﬁtuated withiﬁ an

aperture 28 in a first insulating layer 27, on which an accelerating

electrode 29 of polycryétélline silicon is provided around the aperture 28,
35 If desired, the emission of electrons can be increased by covering the '

semiconductor sﬁrfaée 21 within the'apérture 28 with & material redqcing

the work function, for example with a layer 34 of a material comprising



for exanple 10 atons/cm. |In order to reduce the breakdown voltage 30 @
the p-n junction'24 locally, the sem conductor device conprises a nore
hi ghly doped p-type region 30 which forms fop P-Nn junction with the n-type
region 22. .This p-type region 30 is situated within an aperture 28 in a

first insulating layer 27, on which an accel erating el ectrode 29 of

polycrystalli B@rfid beOfhds$uP! O¥bHletlr i AUBE:4i18 SMPBLEN L sBicorudbrdesired,
t he-em ssion of electrons can he |ncree}sed by coverjn e sem_conduct or

€ g th
sutface 21 w CRFPPENEGFEP t TS 9B WP L 1R 24T Rt FROHLY, RUITEAR S Nethggtgnds
function, for Pexempleplickhien Nayer90347mfladd npbericapultldrpinspention od0 bari um
or caesium For_further Lls_ o a_.sem conduct or cat h dits
manuf act ur e rg té‘?%r cgg’shlggE ?hﬁeconr{at gy{gjfl\gﬁfg‘rg%n gc?f%fé%%dAggﬁhggt i on No.
7905470 | aigd dpehicasieruiblyi teflemepessti on on January 15, 1981 the contents of

whi ch are incor porgtegkdilohdlictor bo@PPd ¢atiHaRmbde es&dﬁieegee sd&hd
sem conduct or body 35 furthernore_ conprises _a second insulating.|a éar 31 on

whi ch two def FBRE1ASARE | WBIET oeln 3B 1clFvg, defiretian elerodstanpt &3 8

al umi nium Bypresaits fir thesdeded atinimiuel ey rmeadas e dhédec datizeltbsmt i ng

el ectrode 29 e ic.fleld. | n £ | not e [ opdi tion
near the sem %gﬁcdélfgtﬁ%%.aé‘&r#hfcg?é%%gﬁ%%gg%&?\gd%?gg%haﬁ’?ygﬁtggl f&%lgo?é;nt i al

| i nes 36 agpoEFRerated) it the drenstimgeeqnditidn apak ithe viemépondueren surfregl-at i ng
| ayer 27 havi pggdeseindudNdBigebitdt@c 28yl fod¥n@¥iriagndd 38 SABLCHNRAUGLE body
35. An accel erati ng el ectrode %(? s pr sen{_ on the i I‘_lSU|fltI ng J ﬁ\éer 27 at -
the 15 edge of“théMapteitare B8ld Ngr Byl @ Fifgt dioerlatingnlacEct’ 8a¥Res2, 33

are shown whi chestria sepapeateed £8 03 prvided elnen ademiigoreluecédr ddéy [B.a Amecond

insul ating | al%‘ééef%%aghg Li‘{‘ 2688 St i?’}'\%ﬁgé gk J“Qeit?gqu%{i%cl 3}54 d71dneRe 36
are shown in Figure or ‘The case In Ich a voltage of 5 volts Is set ‘up
at the accaperedss vf Eheepevdee2B. \eteeven, \Fup tdeféectipnoelestrodesd3233vere s,

respectively, sfbéh $8ictHRratsedphadaf Fahl tRd RLELdra@USS e3ectBde I3 a second
respectively. _Electrons emtted at the major surface 2}1"(%)fe | | ow t at h
f

. e p
i ndi cated by ABEHLEEPE tEe R A ow Ho T FEFSTHe PRI BERL & RE St e i ng
el ectric fiel dindks 3al sreadyowdhcdnriilgete dbdve, theatabecieohion a2%oaigh i S

Jeflected undgp 4 080T UEHEGp0fc EheChdchferadih @8RS SLfLS 0des 32 and
33. A'nunber of positive Ions | ch may be _
20 Vvoltages of 0 volt and 20 volts, respectively, are set up at the

deflection electrodes 32 and 33, respectively. i
Electrons emitted at the major surface 21 follow the path

indicated by means of the arrow 10 under the influence of the

prevailing electric field. As already described above, said electron ;

95 path is deflected under the influence of eieCtric voltages on the
electrodes 32 and 33. A number of positive ions which may be
generated in the vacuum tube 2 by collision of the generatéd and
accelerated electrons with residual gases and electrodes are accelerated
in the direction of the cathode by the prevailing'electric fields.

30 These bositive ions reach the electric field near the cathode, for
example, along the paths 37, 38 indicated in broken lines in Figure 5.
Since they have often traversed a part of the acceierating field of
the cathode-ray tube, their kinetic energy gemerally is very large.

As a result of this, these ions generélly have a high kinetic energy

35 when they reach the electric field of the cathode shown in Figure 5



generated in the vacuumtube 2 by collision of the generated and
accelerated el ecttrons with residual gases gand el ectrodes are accel erated
the direction of the cathode by the prevailing electric fields. 30

These positive'ions reach the electric field near the cathode, for exanple,

al ong the patBs s 36 il RALREANLIIGKSD. | ADARUER FHegUlBeDierdenesy they

have often traversed a part of the accelerating freld of the cathode-ray
tube, their kithEtieacemér g genesiatey qlecheicy fpEqegeonlys 2asmadd (Rathof t hi s,
tlhﬁe'se i on;s gFBefxfiz‘dthﬁe Renve ca;chi.—gi\xekiw%ieer aﬁ@hgyin%uvv@aarwa %’ﬁ@ﬁ&d he
electric fie of the .cathod Fi,qu 0 e
potential. Ii %é T e ta#] lﬁ‘ u>7ee%<g’é’r !ﬂgen(‘:’51'J’ta|"|:é°ﬁl r#l é°lfﬁn ﬁh‘ées
associ at edsel 8¢t3¥8.c 4&)racees'~drwl, ysupssamtiilal e ewiondy u«eeyvxfdvd pogitdve dwest 0

their high kipgt 'r%a@lpqhQYexﬁ§sE.§e %QQMn@h@w@mabgal Itfetdkolh OHeC 2tRMe t hE
variation of the broken |ines 37,38. As a result, substantially no or

only very fe\/\f’b’cjlsﬁ‘??/’@-ef‘ﬁ?lé‘a&éw ABY drerAdatdAn 2fifpets @i & gautt OFf irhiARe.
Therefore theoea;tdhededa\ﬁnagingewefrdnenﬁq;.obafiirleyumsy degradatlon effects as a
result of etching.or other 0S t| he .exanpl e
shown the seni condtictor S8 HEbw the3§em1° Xu&é’s cf(f °o¥1e§ ef%"éqnses
sour ce havﬂmgomheoapeerltegmonzsouﬂqe ba\m}g eley ppeaturai28. nuhbelthmydebtaces this

ext ended; for ,eRIPLS bBOJx:QR&éH” f&#'e‘iﬁﬁx&ﬂeonf@do%l&ﬁi 'cQﬂa?nEﬂ{r?% Fflcq'af.@ns
apertures 28 may be provided the area of individuall contror

junctions, wi F‘l‘Fe(?oﬁﬁﬂ‘P?rﬂeifHeéé?Teénzél"?@t'P%)d’ég"’s"fdaﬁﬁl the, a%ﬁd°%1r+“3t¥9é’i“é} i ng
el ectrode 29. cddtrollablki g-ufquﬁctl:.sna @wﬁﬁﬁ&oﬁﬁsﬁ idefbdctibf e 1ef tvde hEr and 33,
enmbodi nent of add saenlccco uactt ar e? 29 based on aval anche breakdown of a
p-n junction. *Th Fni<eibbd feht™® n conduct or body 35 conprises an
n-type subdirate Zﬂgum ohiscla exq;%quwnﬂ atew rdgamthes embodimenendf aAs a,
result of thig,nidoRadtcbiNClchOlle 26 ¥MleaNoR Dol I nk NG TRIRR §JE”J ifﬁ’ J%Jmi:ﬁn

formed 20 the_associ at ed, depl etion zone of which_is exposed

seni conduct or I% L8 ERPodiFeat sEhe a&‘é"“ﬂd‘l“tﬁ"f’h'é?%?'% ‘i?&Pr’b‘rﬁeéeén &’FYR%t
electrically sustratd 2¢ iwRick? &, Ei@rpeea«&rfﬁée re@iomi2l3i L‘@@r@%@rd:e Asn at Pdsult
llayer 27 at |easj.one apert%réal 28,) S provided w.fhin. which:at g e%rt
of the p-nju ct o 2R ISPRE NS VST 29dP1I8c 57O PadPT (WEE4Ssy onduc 25
body. Furt nﬂarﬂmessmaamelhetamongzmeeef rbdeh 28 wrposkdiat the §eexenqslhetqrs of
al um niumis grouided s heralLeel réu‘}@ﬂéﬁ{uo'ré‘swm?{-is@ Laﬂ%t 2 ettridagipdge

of the aperture 28 In the inmmediate proximty Q
insulating layer 27, for example, of Silicon oxlde In this layer 27

at least one aperture 28 is provided within which at least a part of
the p-n junction 24 adjoins the major surface 21 of the semiconductor

25 body. Furthermore, an accelerating electrode 29 which in this example
is of aluminium is provided on the electrically ihsulating layer 27 at .
the edge of the aperture 28 in the immediate proximity of the p-n
junction 24. The semiconductor device fgrthermore-comprises connection
electrodes not shown which are connected-to the n-type substrate 22,

30 if desired via a highly doped contact zone, and to the p-type surface
region 23. 1If desired, the semicon&uétor'surface 21 within the
aperture 28 may again be covered with a layer 34 of a work function-
reducing material. For further details of such a semiconductor cathode
and its manufacture reference should be made to Netherlands

35 Patent Application No. 7800987 laid open to public inspection om
July 31, 1979, the contents of which are incorporated in this Application

by reference.



junction 24. The sem conductor device furthernore conprises connection

el ectrodes not shown which are connected to the n-type substrate 22, 30 if
desired via a hi ghly doped contact zone, to the p-type surface region
23. |If desiired, the sem conductor surface 21 within the aperture 28 may
again be covered with a layer 34 of a work function- reducing material. For
further details of TaacdzfaeéﬁrzshCMHs&ws SAl R0E ®gurelsS3 TR US AElyUbE

ref erence should h to her | ands 35 Pat ent plication 7800987
| aFd open to pBBTY™ e?h éc‘f’f"&‘ﬁi%h by F§7ng10¢ f9§7§p 'Pﬁg CEERR e s y‘% i S gﬁ are

I ncor porated i nemxhloadwqxplrl cahbdes byve dken ennefacturd® afhéesteibaCtinothe

el ectrodes 32, D efd sPESVi f Xa bggs-py nmeans
of alift-off teﬁih e érgyifss PgterheA pelmq%gf)% ucl{]‘gr 7g§%ﬂ8d%§d ﬁave% been

manuf act ur e asheblé@eh lseafaqe inecovaref Nétther Famnm@samalicent PAGPPIACIES DR LM,

7905470 and Nois 7&@9&&%& att e whed @ eseid a«;@cdr&l@@\eerwl f%aéra frr

exanpl e, a phot ol agg}lé s then renpved he area 9% tr‘]h | ect r odes
to be formed. YHE"3sEerbf “i §°‘ﬁf§ﬁ et e y\?&ft T“éf}?é}’m of “&F FRPRT T " She
phot ol acquer | sy withh théie labimiuni depodépals ithexkonhiy aben iremb¥rsin sp et@ved so
that al um ni um,yGIREge rg.qmsaanfwsta{h%aapéa t,?ech@eééﬁ%um ELaGLbaEeS, 37 33

10 -and connection tracks, Ay. In anot her method the sem conductor body
is covered Wi tf‘Pdaﬁ°P?P§l§Pa¥|=ﬁ§°'FsayéF &Mi-ch can be grown thermally or
deposited fromt hema@auﬁerphamd the Sse{nmauw B&[}SILStcdiferSd |wileﬁ)l’hn0XI de
-and/ or silicon, nslé li ? gh metal_is vapol_6 05|t d \é\/ntec fr ¢
patterned by rRIETEe 8, FAYGE FATSR AR PSR & ‘ﬂ‘ﬁlg esc,'r t ‘ﬁ“ he

i nsul ati ng | ayespous w@rsaved‘hby Imyan snagf cdasdan oft ehlwgnrmtlhedehrlaallcon
covering the ngigli@lon B x“n@:aqf il h»%@&’#ﬁ%?&ﬁ%ea&nh@bbfs {pQELrQ%Qed HiCmeans

cat hode again conprises a second.electrical i nsul ating layer on whi ch
defl ecti on %l ek nEﬁE%“ﬁQ%Fﬁ(BhB‘B t&F%‘“ﬂPé&erﬂfter AYacth tgﬁcWSZéa%Bt Layeg thy be
set up at sai drépivkedyi ﬁé‘a:ﬁ| eﬁtwuedleSec?:R;ngB&eﬂmisthﬁlacaﬁieemg ithg #dtattr ode
29 that the assoctéated eI r|c flteld ggé rt§ n;llar i nfl uence on :
positive ions &t %fn heevaa?ceﬁu‘r‘ﬁetsu &8%Ti bed above with |
reference to F| gur &hés chrodehegat hodwieés Ei g@nrc@d3e1e25ncally Angutatingf layel| 31

showg .t he crosg; SREM qg?iec\f:iigﬂveggc@roggg hgdg_n@fﬁ are present. Again such

20 voltages may be set up at said déflection electrodes 32, 33 and the

accelerating electrode 29 that the associated electric field exerts a
similar influence on positive ions present in the vacuum tube 2

as described zbove with reference to Figure 5 for the cathode of
Figure 3. .

25 Figure 7 finally shows the cross-sectional view of a cathode of
the negative electron affinity type (NEA-cathode), in which a p-n
junction is operative in the forward direction. 1In this example,
the semiconductor cathode 20 comprises an n-type semiconductor body 41,
for example of gallium arsenide, with a concentration of 1017 donors/cm™

30 and a thickness of 0.5 millimetre. Present at a major surface 21
is a part 42 of p-type conductivity having a thicknees of approximately
10 micrometres and a surfgce concentration exceeding 1019 acceptor
atoms/cm3. The B4type part 42 is covered with a coating 34 of electron
work function-reducing material and has two electrical commectionms.

35 One of these two electric connections is an injecting connection which



t he ‘megative electron affinity type (NEA-cathode), in which a n junctio
|s operative in the forward direction. In this exanple, the sem conductor
.cathode 20 conprises an n-type sem conductyy body 41, for exanple of

gal | i um arseni de,: with a concentration of 1017 donors/cm 30 and a thickness
of 0.5 nillimetre. -Presént at a major- surface 21 is a part 42 of p-type.
conducti vi ty Havitig eegehiiekivamed dly SippiPoR| jracelon 40 tetweonehe s tapd a
syrface conce@u@;aeoaaﬁa@emdnghé%l SAC6R Al S 1 %Omegn&onnlbﬁog Lype part

477 s covered Wth a coating 34 ectron wor unction-reduci ng nmateri al
and has two -elF8Rt35tEatt & BRFEREL Pﬁfs“Mecoafa%e@edmLeuneeerqlecmcally
gonnﬁctl ons i anamatlngqrgwg nonrlﬁ@t bt aehért And ma.'h3féd“tu'&5llcﬁ sa&F al Sathedeed
ytepnjunct 0 between t t.ype sur

body “41. (Lesrcréoeﬁiné%t §A* %e Fiac : sgfaﬂee"cﬁfypeertlﬁfé ge Vi g"%“tgég tep
wi ndow 44 |n éln ell5869% itbal ¢oyltemmjlo§twmghlac)eeﬂe®fad tifhe bporaciasrdaind this
manuf act ure ofy, §Hggt§o[p@§,h£gﬂfgr5nce is described in greater detail in granted
Net her | ands Pa ent Speci fication .. 150609 the contents of which are
deenmed to be i ncoPfbteftéanigterhiadepnid BrdtIoATHPrRE T eRdde BCtEitaldn

el ectrodes 32iasdaldngnayer esentne@awi&meaelaetftﬁatigadl a&ulbatgagrhegter 31

rerewl th an, eLEcLihC Thebd fan he geiseatedidd. ool a il ahRRg.LTk
manne_r. -SI ar ’[O hat SCri e above -W r-ererence O 4" an

positive ionsrafirehcarts Bigaleratead 3.0 positide rimmsi i chf an%ecs@we@n’dam or

cat hode 20 do :ROtq;}rBP4 iRYCO enb e Yord dHRESHH R aPlbdeN S0 &3 A1 ‘iﬁpﬁtﬁref@f:@rarkiy
W || be ebvious that' the invention is not restricted to the
above- descri béﬂp’é’>$3n?ﬂ &he Rpisf g sﬁﬁ‘?ﬁ?evarl ations are possible to those

skilled in.the artrewilnobé cbepsus ithge fthenmvese H@ope nok idycsmmeamma For

.exarrpl e, a al £<>ead eécqrqbcgte?cgmlla est AT F U 4 v%@og ortrlg P :Blf & of
apertures ‘fehe I nsulatTng Tayer ere S para ely COﬂt O e em SSi on

occurs may. al Sb%besmdtlsddgd tb@ axiyr eethonttmazangFf-m!r shy Sceleellocffetﬁﬂér col our

tel evision apphiHAksONS Fol %%Eﬁm 0£s rsquaédyngn&ﬂ%csétﬁoeiee @B 8! dnbRiRRRYN
in:Figure 1, .an eblique rear wall may al'so be .used. The sem condyctor

cathode it sel Fhendpmbey QSV%RerS%"er?aﬁﬁflé'cttm dgsplatingi loyer gtweer seRARETdY as
described in Ebt&raboatﬂenaﬁﬁdsemdckbfdﬂ%& ad145 RAteRBéndeBdePahesd in the

- 20° Figure 7 'device for colour telev151on applications.
- Instead of mounting the cathode obliquely.as shown in Figure 1,
an Obllque rear wall 8 may also be. used The'eemiconductor cathode
itseif may moreover be manufactured in various other manners, as
described in the above-mentioned Netherlands Patent and Patent
25 App11cat10ns ’
o Many variations are ‘also p0351b1e for the shape of the deflectxon
electrodes. This may present advantages in avoiding deflectlon errors.’
- 1f desired; a split pattern may also be choeen-for one of the deflection
eiecttedes.(or for both), while'nonetheless electrically comnecting the

30 split parts in such a way as to still obtain a dipcle field.



25 'Appl I cations. Many variations are al so possible for the shape of the 22/
defl ection electrotes. This may present advantages in avoiding deflectio

errors. |f desi red, a split pattern may al so be chom .
defl ection el ect r odes (or for both), whil e tdonet hel es’

connecting the 30 split parts in such a way as to Stlﬂmm M@Mﬂ L

field. 35 1. A cat hode-ray device conprisirfg & vac

whiich is evacuat ZeAI¥E:| east during operation of the device. and a

sem conduct or cathode for enmitting electrons in the vacuum space during
operation of the device, said cathode conprising 5 a sem conduct or body
at a mpjor surface of which a first electrically insulating |ayer having at
| east one aperture is present, which sem conductor body conprises at |east
one p-n Junction which can be reverse-biased to generate in the

sem conduct or bo;"jy by aval angggdrrul t |‘$I i.cation gl.ectrons which emanate from
t he semi conduct or® body 10 TREY FHACR CORRT IR F (YBFEH APR9% fi r st

i nsul ati ng | ayervhizgh & esheuated ) dkaglt durtiingbepergtioe o€ntheodetive,f i r st

i nsul ating | ayer efi u
characterized maﬁmt ?ﬁ%mg&élrﬁthglg E@?%e(r)&%:z' Baﬁu gg%%r 'lgisee%%&ég% &I(f Vhicum

el ectrical |y inseRagei $hyinganerakioshofidde. cho\ﬁeldtmhmﬁvaMt he
first 15 insul atd Ngmi sAGCEHId oMYy %l&fauaasr lsa?ﬁécetw?mu%?trw& BLEGS

are present for generatin statlc di A cat hode- ray
devi ce conpri si niPSEEHCsu ﬁ@?ﬁa’&%‘n&ﬁlﬁ F?%Vﬁ%lﬁﬁﬁ'&f% is prepentiyr Vinsh

operation of theseifvbrigictan body 2dmpriseahe QRESE bas %a et ib0 wheth tdahng

Compr 1 8ing & serite SRITRPoP AEE, BTG CR L Che B StHAREERY Hoqy B piredar e

zone with at | easitiplicabinme el echrons twhiein smansiae ﬁow%theksemicm&znﬁq:etbbdmg
connecti on Wocat | h rf ich is at
nost equal to thag;daﬂ%fa%gigoo? ?%‘gr?%%na% }eoﬁn @%S’fjﬁ% %Fgcil%ignsq% the p-type
surface zone, clrecateratingelentnodet being msent onr the dirst domgdatingflayemst
partly with an eleelddiCat!thel Bodd 8k 11 Bf"!&ﬁhaaﬂeﬁ-@é(f‘é bhfclirizedst a

part of the p-type. surface zone, and in that at st. two deflection
el ectrodes for in that the semiconductor body comprises a second electrically

V(®)

:Lnsulat:.ng layer which does not cover the aperture in the first
insulating layer and on which at least two deflection electrodes
are present for generating a static dipole field.

15

2. A cathode-ray device comprising a vacuum space which

is evacuated at least during operat:l.on of the dence, and a

20 semiconductor cathode for emitting electrons in the vacuum space
during operat:l.on of the dev:.ce, said cathode comprising a
semiconductor body having at a ma;jor surface a p-type surface
zone with at least two comnections at least one of which is an
| injecting connection located at a distance from the major surface

25 which is at most equal to the diffusion recombination length of
electrons in the p-type surface zone, characterized in that the
“major surface is covered. at least partly with an electrically
insulating layer which leaves free at least a part of the p~type
surface zove, and in that at least two deflection electrodes for

30 generating a static dipole field are present on the insulating layer.

.



30 “generating a static dipole field are present rmg 1ayer.

15, 3. A cathode-ray device as claimed in CI i zed i
that the normal to the major surface of theqgeni con ﬂ!ﬁ ll“)“wnmml AN
cat hode-r ay . axi s of the vacuum space intersect each et her wat Mansacute

angle. 5 4. A cathode-ray device as clainmed in aimi,

characterized in Bhat the %mmndemodembmelaﬁnqﬂrmmiaﬂnsn as to be

ecgentric with reg ggg acu but
Wi t\h the maj or surtace ’?1% Ee ca%]%?g%eb su%stantdgﬂ?ﬁyy pe?’ qﬁl ar to
said axis, and theemicondwatopabasyi anartbmmdow-trhylms Oiarbbetmnmmpacal

defl ection means By:ibsh 20neliaeh r&na}g%geﬁgét ed by the cathode and

defl ected by the geflectlon el ectrodes can Tected in such manner as

to travel subsequéntly al ofgeatdiodecsavsdewce as claimed i Flaimduceharasteniced
for use in a cat hﬁda:haaytutegéﬁ%aau&bal mﬂoa@ IBMNYrd¥idéd @oMBs ko Be Vecdntric
havi ng a sem condugt or 1} gts a ga surface gb which a first

el ectrical l'y i nsufath ﬁ@s?%fé ° ¥86i FFha °‘Tr€§s‘?n8n%f & Yarrem | a5P p\Pfed,

whi ch sem conduct eithoéby mﬁprsusesceabflﬂasbamaerhdayj subataptiadMych can be
reverse-biased to 53;& LN d o b aval anche

mul tiplicat ilﬁn el %%repr%gns | gt‘h g%%a e ’fra%}r%é eev%%qn%&c%aﬁuc% lprB“ddS‘/’d e
area 20 of the apekaatreniopti¢ad fieflstctiorns means iy \Ir!ay:bran ahecitros! byamt gergarated
electrode being PLesal! cAobltnk! v okt Lol 0o ALBE1Y ol 6AThABE cah%el! o2

of the edge of said aperture, characterized sem con ody
conpri ses a secon#efdested |5'-t‘}a¥"r°}n PRANGF o35 ¥ trayel subsequepfly iflgee Sapdiaxisver

the aperture in the fi rst ANSdtli Bbhdi@tbR athadd £oF uMai G adkatiRasirdy\@evice
defl ection electrode

re present t hode-ray device as
claimed in gpy of%% dl 3*”’8’r°§ cgﬁ?““sa"s«a?n"&'olr:ﬁ %ﬁ&&ﬁdﬁ‘g’%lﬁ?dﬁed
in Claimb5, Charagt ermaji:d- smr:ﬁabatoﬁ iigh & fim:tt eMtrﬁéamyaﬁisuastiﬂgem
wi thin the apert f el ectr ,
ext ends subst ant| 8p"’e‘atr a%%lsﬁt Q?o Jtpﬁgéurfaﬁ (’5% psrﬁr %e(% o&#hg% “‘%’%ﬁaﬁcﬁ?-
body and has wthmprheeﬁpérlaast arel pemljupctionevhivhecdnd barremerserddasétin t he
remaining part ofyd henfrdtel #) Gh OfbmibiRuRESH 1Blty 438 aburhnkhd) Ghb 84b11cation

electrons which emanate from the semiconductor body at the area

2 of the aperture in the first insulating layer, an accelerating
electrode being present on the first insul_ating layer at least at
the area of the edge of said aperture, characterized in that the
semiconductor body comprises a second electrically insulating layer

'25 which does not cover the aperture in the first insulating layer

and on which at least two deflection electrodes are present. -
6o A cathode-ray device as claimed in any of Claims 1, 3
or 4, or a semiconductor cathode as claimed in Claim 5, characterized
in that the p-n junction, at least as viewed within the sperture

30 in the first electr:.cally insulating layer,. extends substantially
parallel to the major surface of the semiconductor body and has
.w:.tha.n the aperture a locally lower breakdown voltage than the
remaining part of the p-n junction, the part of the p-n junction
having the lower breakdown voltage being separated from the major

35 surface py an _r};-type semiconductor zone haviug such a thickness



havi Rg the | ower breakdown vol t age being separated fr iQr F 30)
surface by an.n-type sem conductor zone having suchu a’ *I “ 6 and
daopi ng that. at the breakdown voltage the dgpletion L ey unction

does not: extend to.the surface but remins separated therefromby a surface
| ayer which is sufficiently thin to be traversed by -the generated -el ectrons
whi ch are to engngtdopdng thatrgimthe dregkdowpevoltage the deplAtimt zode- r ay
device as clai mgg¢ {xe a0y @ BBesl s ¥ & ' dyd hode as
clainmed in daim5,. ch‘a'r'ajg%gﬂ' zed ?nn?ﬁat ,-e%ﬁ" Feg?ts%%&t%%e opg‘rgma%itﬁg -
condition, at |&gBEarearheraframby deprefaconlaveyevhishsisisufsirinntly thin p-n
junction is expesesk draddrsed ty18ns YPneARYCL QI LSS F6EcnMaEDIR) LG gperture
in the first electrically insulating |ayer. 8. A cat hode-ray device
as clainedSin CEEPMtheofiTfageof Cains 3 to 7, or aseniconductor cathode as
clainmed in any @L J ai N £ chthole-fdin8aeicRr b @ aided Ralany et bbsimscop® i ses
several i ndependgptztl 3\(} controll %bl ea_(fp- n %:Agct i ons. at, which_el ectrons, can be.
generated and is provr ddFeRIIBR-Tc crRets: 39 §Lated: o fdadm P geharact sged
el ec{_rodes, 9whi d¢h that, catnIe tﬂsifje.nthfe gﬁﬁfa‘:‘cﬁlﬁ@&‘coaamal' f hgt@dwaémd _ asﬁazd:z' pEN
junctions. 9. sam A cathode-ray device. as ai-ned in.Claim :
characterized Zéh? ndepﬁésfmfl h ayﬁ%r ﬁ%%cf‘%t%dh‘é”'%hjtg? ey ?%cgl%’? :'Tshgxp‘)sed at
seni conductlor béby semdiciniactent Isoritaceayithih sthef apdreuvacinuthes ficst i nt er sect
each other at ap -8 - A : cat hode-ray device as claifnmed in
L8 L EaDN0 et tbing payeds

Claim 2, characteri ze sem conduct or _cathode is provided
so as tod be eccatric w #herehogectan devire auntchaired iy CA31% loPT i vhdakms

space, but witly the7 TR Alseftddn@Ebto cdiiBde Ad10ELiARA0N SHPHPBILAL ¥ to 7,

perpendicular to said axis, and.-the vacuum space.is provided with el ectron
opti cal .def| ect FRAFasEarieenyitthah the Aod¥t rofrpbinh seTRerhti®denspdentlng -
cathode anlf def beeirediiniet b dahtsaohk ot ehedd eps@Tosatahehslebh@aited i n such

to travel sub tly al id axis. 11 A
e conduct or  cARASGPTORAAL K S PRINIBARLIE, STRRTFle 28 ASTARHPn any of

Cainms 2, 9 or alecte08sy, shixh ars edmiaductiy apertures associated with

said p-n junctions,

9. A cathode-ray device as claimed in Claim 2, characterized
in that the normal to the major surface of the semiconductor body
and the cathode-ray axis of the vacuum space intersect each other

20

at an acute angle. _ L
10. A cathode-ray device as claimed in Claim 2, characterized
2 in that the semiconductor cathode is provided so as to be eccentric
with respect to the cathode-ray axis of the vacuum space, but with
the major surface of the cathode body substantially perpemdicular
to said axis, and the vacuum space is provided with electron
optical deflecti’on -means by which an electron beam generated by the
30 cathode and deflected by the deflection electrodes can be deflected
in such manner as to travel subsequently along said axis.
1. A semico‘nd;_zctor cathode for use in a cathode-ray device
as claimed in any of“Claims 2, 9 or 10, conipfiéing ‘a semiconductor
- body having at a 'major surface a p-type surface zone with at least

15 two connections at least one of wt;;i,ch is an injecting connection



body *having at a major surface a p-type surface zone wtirat—teast—35

tyo connections at |east one of which is an injecti
| ocated at a distance fromthe major surfdte which ﬂglm”mgmm"ﬂﬂl to t
di ffusi on-reconbi nation I ength of electrons in the p-¢ ace zone

characterized in that the major surface is covered at Ieast partly. with an
el ectrical |y i nsgcatehgt| aydstance from\fhe majer \susfqsqecuhinh foadt leagbart of

the p-type Surfaé‘qﬁaZbeethé‘rﬂffﬁbﬂohaiec%Ebi&é%n tl\éﬁﬁﬂf’fakeé“lfeb%bn%' ectypgdes are

present on the insulati ng | ayer. de-ray device or, a

sem conduct or c@TiFeR SYEIqe PR F?Prér‘?fre’ﬁi‘fzeﬁh? Rt &be Rf-Jer Frtace is

characterized | reolrbpdd &9 leasttliiui-ta# efthf ad hﬁedﬁhmiﬁaﬂatﬁg l&ﬁer

sem condugt or g’_yL ﬁ t he e#ect rons gnap%g cover d with a

mat eri al reduci fg~f @'eg‘f’%%t FeR ot 5 “type s"ﬁ & ARfe- 23S
device or a semmohhb.mabrle:aathbd:edaﬁl.ectmmﬁwtro@éalammeseﬂanacﬂa| zed in

that the electr %%&,Oﬂ reduci ng material conprises one of the
materials from the grou caesi um and barium 14. A cat hode-ray
devi ce substantil@kly as desebhsedray devies er@@em%@némtoef cathgdecas 1 to 7

of the acconpanyBgndl i HgS of%(ﬁe reck@ing cm,%&eabsaagy&tﬁrtw hode
substantlalhl y as_descri bed W t.h xf)erence to Figures 3, and 5 w%lcﬁo

Figure 6 or to IﬁpglﬁréaW%fthFh%aJ&EcﬁFﬁ&ﬁ?ﬂfg b SRrtrpade ?5"'3??"?58'{’
the electrons emanate is covered with a material reducing the
electron work function.

13. A cathode-ray device or a semiconductor cathode as
claimed in Claim 12, characterized in that the electron work

18 function reducing material comprises one of the materials from

the group of caesium and barium.

1. A cathode-ray device substant:.ally as described with
reference to any of Figures 1 to 7 of the accompanying drawings.

20 15. A semiconductor cathode substantially as described
with reference to Figures 3, & and 5, or to Figure 6 or to
Figure 7 of the accompanying drawings.

25
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