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29.2.88 ' . . 1 e T 8528327 DESCRI PTI ON”
.DEVI CES AND ARRANC;EI\/EI\FI‘S COVPRI SI NG SEM CO\IDUCTCR CATHODES Thi s invention
rel ates to a sem conductor device for producing an el ectron current by
meand\gf a cathode.conprising a seni conductor 5 body having a pn junction
bet ween a p-ty/@9.2&88 on and an n-type rdgi on which adjoi 8828%2%naj or surface
of the body; and electrical connections to the p-type and n-type regions
for applying aDESFRERJEONN t he reverse direction across the pn junction

wher eby el ectrons aygy e ANGIARRANCEMERTS TOMPRISING SEMT cANDUETIRY CAMHDDREChE
mul ti plication and are emtted fromsaid surface of the senm conductor body.

The invention furt h@‘r’srm"ﬁf‘&""t getptes) 1y, 2 pemiggRdHet et d&HEI"pl ok -RT99uE g es |

e.g. a canera tanbelecxes®rdusrért Bjd(llhaﬁs e Ceattiodé ctbmﬁbei\sha@a Ser condulitor or
cat hode arranggments are known ig_' nL therjtands tent pI ication NL-A

7905470 of t5he f)l'faé'éﬂ? TR ope?lt"fo puls s ﬁgf) = 18PSanuary

1981. The oper degion ohi¢thedioinena dl@ndumfampﬁotissbod%bamaclgctr'aval anche

mul tipli cat | on hnEleqGhi 435 L B0erbePind WALIIE Fed forisOHEH 36515133 % voEtiaeP”

junction has - at the area 1 em t17ng surface a reduced breakdown
vol tage and i s i8cthe feversendifectiqn garestethsPraiunctjon whaceby alecsrenst i ng

llayer 20 havi nGrgUgdheratéd ri@ﬁssmdomltag Hohatbyabvsmché MR TPV cieidnage
t he depl etion zoae does, not fxten as 't'%ﬁf Ee surf ac

b
separ at ed t her 8P AR §Pitted, Tropes9ig &y sﬁﬂ"ffm"gﬁﬁ'uk??ﬁ nﬁ#‘be pass
t he generat ed dineentionsfuritheflrefates05d 4§ splay erraigemerasf bod pdcls-pjpay

arrangenent 'Sdibfm 2g. rgvéaqn%ga u?:g acotnbl'lfy1ﬁ§cﬁ{}hc§csreﬁﬁ&%l:9 H§v1ce.

activated by electrofis 0 inating froma sem tor devi ce-havi ng
group of cat hodes f&ﬁmmwg!uemrsspmqeegmnsemtehar&r knong frem dhe i n an xy

matrix and in WakRdhLaf@PPALMT ABPOTEat {6h NLLN @905470R6H 1hat Asle cdrid,Mlal a
separate em ssion region, different patterns of erictr n em ssLonggnd hence

30 differem PPﬁBr'é’sE\é?l't“pé‘EscpéFh?"aP% Fetnuaryd i PRIt O 855470
al so di scl oses thes@[sehi catidubtori Battodes isnbasedcbn ssvailsroohe Umd L1 p Cixialt dele oif S

used in an el ectr r"t“lFIg‘F "‘v?t has rgcr)“g et Lok, %E‘léitaisﬂg.s 533{9@ e ioh 1 Wi ch

I s substantial Iy nnu use of such a sem conduct cat e in
convent i onal - 33tcthenadea Mythmbﬁﬁt,hagv#lﬁfa@ﬁ as pedused kreghdanna vo Ltagetangsed

as in the is separated in situ from the surface by an n-type conducting layer
og having such a thickness and doping that at the breakdown voltage the
depletion zone does not extend as far as the surface, but remains
separated therefrom by a surface lLayer which is sufficiently thin to
pass the generatea electrons.
In NL-A 7905470, inter alia a flat display arrangement is shown
\;j - 95 provided with a fluorescent screen which is activated by electrons
originating from a semiconductor device having a group of cathodes
forming emission regions which are organized in an xy matrix and in
which, depending upon the drive of each cathode forming a separate
emission region, different patterns of electron emission and hence
3p different fluorescent patterns are generated.

The said NL-A 7905470 also discloses an application in which -
one such semiconductor cathode is used in an electron tube and has
an electron~emitting surface region which is substantially annular.
With the use of such a semiconductor cathode in conventional

35 cathode-ray tubes, a virtual source is generally not used as in the
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29.2.88 " 2 7 . 8528327 enbodi ment
sho therein, but the electrons emtted by the sem conductor cathode neet
in \(Tso-cal | ed "cross-over". The electrons then nove nmai'nly along the __ |
surface of the generated beam which, as described in NL-A 7905470, nay
advant ageous 4%-8m8&n 5 el ectron-opti&al point of viewl528327%general the™
desired electron current is fixed, depending upon the ;%Ee of cat hode-ray

tube in whi crembreTnent shawp theseinasdthe sLepstaans mmittachhy cther ent s (beam
currents) hi géemi cérietd® aehdde HBot BR Prs0desladd Perose¥sveplrs, Thy neans of

sem conduct or_ca hode havin nnul em ttin urface w
di ameter excetehy "zfpS? é’Pfx"é'oFZ tﬁ‘l‘l‘?é"éf‘é’ct"? ﬁ' cHF'F’é’ﬁfe‘%(?ﬁg'Ft y is
t hen fi xed hawhieh, r&sgdesbrhbed HlnsN|e+ﬁe¢90m0pmayem ,advinet agesusilfrorer@nt t i Ng

surface and t . . th conduct or cathode. This electron
current dén5|ét1§c§éénd Egcorre 6)‘;mltt \%t%ﬁa in 15 practice st abi | | ty problens

occur. Any residulft sgaeral theydesfived, abentiton yeureent( fisr fixedaplepentidg [err]
02) are adsordiRd fHe tise %lfeestrheae%t idti%gﬁLUhfx@ﬁeﬂﬁnﬂenﬁ%Bn&d}ttSF a{attht?]& situ

with a nono-atonmc, |la ¥er of caesium ch isgeneral| E led tot
surface to redulsedneElRFtEOR FYEFER: 6'?’%&“'«'5’1‘58?* (S'ﬁgh‘{:feﬁ 10844 papbe t he
sem conduct orprioddged,afar aikamp lept by mhnymotfhsémeoﬁducftaﬁQ:an:odd%ehSﬁrﬁigCﬁndUCt or

t al Wl | ect t. f th
sem condudt o s WEEInd s ke INFE, € asbacteR SXide i SRRV AN o bed
atoms are draaoul!d CaESMrm)GUPMOMtnchm dined hading meghrigy to
di f fusi on frcvmhae%@r@aﬂcswm {r?e%oara{rﬂd@amw.eg IsFFateNGhd Ghe el €CtTi C

fields (for ex Je the fields” produced e adjustnment current for the_

cat hode). In 9fd ?e"tcb e ¢he csami sendugtaer: °ﬂ£§’ﬂi’&m sms have sufficient -
i nfluence in overmmEg élecado®Iduirrént dedsiity €dr BEcdnR] b I AL tmwewer to

i ncrease the el ggtron unrent d by adj ust i ni%_tpe ad] current
to 30 a hmhe:’ra alTe a’r%”yspﬁ?ggﬂs éﬁ‘é'p ¥ BFLUP 095§F# B'Eﬂ e present
i nventi on hasvatcgum |sVst0bJ(éel: exempleotip@e Cay 5 @) cored adsanbed adthatle whi ch
gener at es th%l@@%#&nedmﬂt‘%ﬁé réli}?aéb’aﬁélaéa?\”%r%{ ti'an’iﬁ‘Uiﬂp aPut which has.

an increased stability. AcCording to a first he i nvention there
i s provided 3!9"%?"9@?& C‘@MGﬁcﬂfoPaﬁFé\S‘Pce""f‘éh Hréﬁ‘lﬁfahgyeﬂﬁpéi%ﬂoﬁméurrent by

nmeans of surface to reduce the work function of the electrons generated in
20 the semiconductor body, and also interact with the surface of the
semiconductor : crystal. However, under the influence of the
electrons emanating from the semiconductor body, compounds thus
formed can be decomposed and adsorbed atoms are drained
(desorption). Adsorbed atoms. are also drainéd by diffusion from the
25 emission region under the influence of electric fields (for. example \;/
the fields produced by the adiustment current for the cathode). In
order to ensure that these mechanisms have sufficient influence in
overcoming adsorption, it is often required, however, to increase
the electron current density by adjusting the adjustment current to
3p A higher value than is practically possible or desirable.
The present invention has for its object to provide a
semiconductor cathode which generates the emitted electrons by
avalanche multiplication but which has an increased stability,
According to a first aspect of the invention there is provided
3 a semiconductor device for producing an electron current by means of



4.5.88 - 3° 8528327 a cat hode

: conpr|3|ng a sen1conductor body having a pn junction bet ween a p-type .
reglen d an n-type region which adjoins a major surface of the body, said
sur f eing provided with a Layer having at Least one group of openings
at each of whi‘%fl-8benings a separate 53 el ectron-eni ssB283R&gion is
present fromwhich electrons, are em tted in the operating condition, and
conmon el ect r ik FthAgtneMPr §$ng; assamd eorAUEtoR G°9¥1é’aﬁ1ﬂ9)/ﬁep'hriﬂ"ﬁif’9pe regi ons

for L0|oer at i ng HeltGeddv E Up-t9be &%{gﬁa@tﬁae&eat—fm e&tsaﬁ,al ﬂﬂcheé}h@ﬁlﬁs |anm£jUF1T?n by
a ing a co volLta n . the rever i r.ection ction
B hereby oruerpimat he bier SeleE SPHAERSUBR SN 570 a0fmB) SWFhncne
mul tiplicati oratahdasaremt laeoure if t dpethi figsoat t daeheod wibidn opexginossa Separaitd
surface of the e GORMHCL) :Q S’é(n 1Eh;§‘re§9né %Sﬁ'u%@cl?&ﬁ{%’ﬂoﬂ? e ERATE 2!

the areas Df the el ectron- ems ioh re the maj or
surface and Id@aﬂwOHQRAtﬁgga=qﬂdv\b1r°"153"dbFM@GOMC‘&OTQ%Q@@FCF‘?R%e ar eas

than the remiipgctagety. QB the P?deuw InOfypet P@gimagtﬁ:rhayeaawdm&ow’er |

br eakdown vol t age bel n ar a from The surface an n-ty er which

forms part of &fwP @f |eéﬁ°%f'r?8'mlséh°%£§9%h"h ?H?@kﬁ%sﬁ"’éﬂiy %8pi ng

that at the bl’c@ﬁd@ﬂ}ﬁﬁlt&ﬁet&g&hbh&v@ﬁfﬂ ]firédrion ez ross tthe mn;unmah?n dogs

not 20 exten sur refromby a
A Blohohd' Br8 drBFEsaibn ' RIEIIRCSERREA Bdal 5 O

surface I er "v\ﬁ IS su I'n as W
el ectrons to paatanchermtltipligation andw'bethﬂm eumrttthdtfruvmtfedem:sgdmm pat ent

speci 1 cat | on rGhidhslaB 32187 Surdhel | ASER BeffioRBiitod Bdiy) Ui BRTRAEFIOAT 2 25

sem.conduct or substrate of g pe conductivity An arrangenent of -
conductors o®&tendisg Ate LS%ﬁ"-T At cthsr areps Sﬁﬂé‘f’rﬁlteét'é?m‘eﬂb?%"ﬁ@a't"@@’éﬂ ectron

e][n' SSi ;/e ar egj&aeﬁlysawhme w&ﬁam;betsu?met BRd aeaﬂu@t E%\ﬁngpil wwéangenent

(0] Surrace-a acen -t e.re S are (0] n the substr |

oor T o pondbnc bTa R N Rerk A PlkseChieas R s raBrinitg mans cof hbe o

provi de a pot dnnétionparhei partsohaviegf thewlokere beeskdowrs vobtadeebeimaduct or s when
the cat hode Sg@ggﬁd{"eﬁ fr%mbﬂfe;‘égr J}B%P%ﬁrﬁit?%‘ Layef n@%ﬂ%?m?'ﬂ%‘r?yéf a

f or war d- bi ase ect
efficiency is tf‘ﬁcﬂ"éé@%d‘ egion 9ed High ipsneeshs ar '\ﬁb'??esoP"‘EG'ﬁHU'& ghat @fi ch

trap few el ectthema%un voltagd héhePB&FRR o R8REIIFOthe Bn DAMRE SN dbEE not
recogni ti %Q of, x?éé& as’ far as the surface but remains separated therefrom by a
surface layer which is sufficiently thin as to allow the generated
-~ electrons to pass therethrough.
It may be noted that United Kingdom patent specification
GB-A 1 335 979 discloses a cathode structure comprising a
25 semiconductor substrate of n-type conductivity. An arrangement of
. conductors..overlies one surface of the substrate and delineates
electron emissive areas of said one surface between the conductors.
An arrangement of surface-adjacent p-type regions are formed in the
" substrate in correspondence with and underlying the conductor
30  arrangement to provide a potential barrier to the flow of electrons
to the conductors when the cathode structure is biased into
- operation. The cathode employs a forward-biased pn junction for
electron emission, and the emission efficiency is increased by the
heterogeneous network of conductors which trap few electrons.
35 The present invention is based on the recognition of a quite



29.2.88 " _ 4 ' ;8528327 different .
situation, nanely that the stability of a sem conductor cathode which
-geneia_t es its emtted el ectrons by aval anche nultiplication with a PN
reverse-biased, pn junction is increased, by nmeans of the nmeasure accordi ngs=
to the inventi® 2i-hs\/\,hi ch a group of snl | enission regi§§ﬁ§5 an he

hormgereoueL AT FHuabiSh, e EhEE ShEcEioB ot BE GBS
consi derably scatthode whiigh dehetates 1itse evittydnelecsatrnscby. avallanghei nci ple this
applies to ver u&;{glica‘%%ﬁ.%i?@ a[ergdf 'SeRE dsel oh ﬁaﬁ%t‘;rgnaiss%&f’e%ﬁﬁé”@a of,

for exanple, 1 proxi mate err] and al'so annul'ar patterns havi'ng a
di amet er from BgAMSOE the chepsury dsLofding ota they invemtions Imwhi efkianarampyof

0.5[err]. In agghA\i &issRorGegidhanesh Wel Honodenddué€ytdigtriiRed over the

el ectron-efi ssi on regrA gns_ maﬁ each haye a syrface area of at st 100 n®,
for exanple. THYTAES Aetiningohhe ofdginatemissionpattsros the pvenradl sirdeet ood
15 herein to asanof hvhie emnicsiokarygias beéing adisidefastilyopmalaer ahah ehditust nent

is practically_eq £ | gi ons. ki i t o\ f xanpl e,
by the use of -%"c?rr#g#wé!'aﬁaﬂtik%éﬁ og'gsnfrloqﬁl:%rr%ﬁogﬁﬁgsg{é’mug%g&é%gr zones
or highly dopeemissidoredregion pattaroshavipacs sunfacehateat of c Fonecexamale,

seni conduct or §i.mte§81 mE S 305 famﬁa;?ebsml-ﬁf 51?91:96“3 Per ffBAN an

annul ar tyH’e of 'sem conductor cathode sim|lar to that, des‘crﬁ)e In NL-A
7905470, the a?RPERYERALALY JOHmpeitd 8 (1 iPA ¥ idtheofymBRriPXiPatatycl s enins i on
regi ons i s hong@deeoiss laycshidahté itk CtheV iventig thé aflebEbireBmisdlibn p-type
regi ons of the %:1 bunct i Onﬁ??e re tahenfi nterconn c%ed itn @1 35 ., electrical Ib
conducti ng manfEO0F FaY 8350 PaYY 2, 315785 TP Y’ PSS ts1 {moe fofcexample.
sem conduct or bodyThenitere 'common eyectmicyi copnestdonsit ds ctonbe cursldrstorddeep
n-di T usi ons OpdraliiCel REprP &hiff! sl hddslIbe Uil Aakin thal Ve 1dlE

A 7905470 ubdi vi ded into

accel erati bn el ect rogteng?lown In NL- may In turn be_ s
several parts,adiystpentaiis Reaptiradhy engal fog akl,Zegienspbrlonsging 0 ongowever,

this el ectrodegrgup, fdreexanples|ty BRe W¥et s domidn hetal l9zat BnPafor. A
preferred enbodi nent of. an ai an nt _accaordin | nyention is

| . h
charact eri sed FIERRANGIPG S§P %ﬁf‘ 1(2 =l §89?sor?fel?ﬁ9§§;gq?tp?ggl?"&ﬁgEi""'s. ar ranged

accordi ng to asemiconduxitopaiones).whiSudintercodbect arbosEmieoriductompaptescolfar |y
sui tabl e, fbs St %gm@l{9¥§’befl.gﬁg'ing to one group. With an annular type of
semiconductor cathode similar to that described in NL-A 7905470, the
arrangement can be such that the group of electron-emission. regions
is homogeneously distributed over an annular region, all p-type
regions of the pn junctions are then interconnected in an
25 . electrically conducting manner via the metallization on the Llower
side of the semiconductor body, while the n-type regions are
interconnected via deep n-diffusions outside the actual emitting
surfaces. However, the acceleration electrode shown in NL-A 7905470.
may in turn be subdivided into several parts, which can be brought
30 to sepafate potentials. However, this electrode may alternatively
be omitted entirely or in part. _
A preferred embodiment of an arrangement according to the
- invention is cﬁaracterised in that the group of electron-emission
regions is arranged according to an annular pattern; Such an
35 embodiment is particularly suitable, as stated above, for
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- electron-optical considerations. Oher arrangenents of the emission regions
are also possibl.e, for exanple, Linear arrangenents for display apparatus
or the activat.ion .of |aser material, as described in Netherlands Patent
Application No.298208831 and No. 8400632 sf the 5 Appli8asa8327Due to the
sai d neasure in accordance with the invention, a high local current density
i s obtained, wtilehttanadst iical pransideriations.t hethee sammedaenteabs | Gft yhefemfi$eion

cat hode. Nevert.fagl.&ﬁsagflm &J&she@Igf&a PQ-E’;R% e Jﬁx@g&sn@ gsgd pn

junction, it is desira ect| e current densl ta/ i's al so as
hi gh as possi bidisplaphaRPrafdsus qrnthe astivetfiemiofi kasesovaterialy pp|dasspitedct or

(quotient of thg ﬂwneetartdsepﬂernftax@meﬁa%noﬂo 8300831 tdridNo ] BB00632 afdnkhe
whol e surface 3‘, ﬁ s to be as high as possible. In this type of cathode,
Bhlsate:

however, ansin *filling factor gives rise to current supply problens
due to the seri es rm@i s4 aheecsaid héusune tinpaceorgance adttoithe ninveheiongj or

surface. Thi s iyighUiial CAH% el i G016 it 6Hed, WA ch Lk S BRnclpld Foonces

to inequality of j ust ment uncfions
el ectron-eni ssithn ¢q§gra¢1§tab\bﬁnwferthe d!?éh?'!ﬂ-t hievesthelespe sinpe the said

n-type region, daRfoded! RARE al Fbvléi-?é%'iﬁ?e&%ﬁV%t%rﬁowairsaaééﬁkt{lé fadlipde
current (about &J’%to 20X of the i num perm ssi ble current as determ ned

by the cons®ru ¢t iye 'E”rfé'eﬁfatdﬁﬁﬂbty a8 AP A8 Digh aspessdb ’e‘s This Beansce of
the p-type regiiongr abésivhas, tm;o*uaglue«ttﬁllemg dactoirt (potient bé thet y@e of

surface 25 T SRLOAUBY oJb¥E dr P RISV ElTEN e urR! fRque bdcd™ Lead

tQ caesium migration, as a resul alrn inst
i Ntfonogenei ty @ireahdagntes b o9 irdgh @@cmssm\lpart i cul ar errbodl ment of a

sem conductor devi o iﬁfsort%é‘%ft Eathidge ) ri.xse&wronan '1Hc¥@s@hgtﬂ‘i§?ngo"f9ﬂo‘?-”5

are solved at least for th maj or pa ’s characteri sed In th
n-type regisn iHVeHAEn FH""&“FaW'-bfP"BPEﬂSr Aye, 'tpy the, saftas; ﬁ@)"‘ﬁﬁ?@’rﬁ aI
whi ch contacts fnhehé1nt-yRe FegioANadiddnisg Rh@\ﬁaqed sirFéceQPETH 805N alurhhe area

.
be operated at of 'i:ibqgladjustment of the pn junctions in the various """
electron-emission regions. Moreover, due to the resistance in the
20 h-type region, the cathode in practice conveys a comparatively low
diode current (about 10 to 20% of the maximum permissible current as
determined by the construction of the cathode, especially by the
series resistance of the p-type region). '
Besides, any high current densities in the n-type surface
" regions may give rise to high electric fields, which may lead to
caesium migration, as a result of which again instability and
inhomogeneity of the emission may occur.
A particular embodiment of a semiconductor device according to
the invention, in which these problems are solved at least for the
30 major part, is characterised in that the n-type region is coated
with a layer of electrically conducting material, which contacts the
n-type region and is provided with openings at the area of the
electron-emission regions.
Thus, a low-resistance current path parallel to the n-type
35 rggion is cbtained so that such a cathode can be operated at a high
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“current density whi I st avoi di ng the aforerrentloned probLens. A preferred
enbo nt of such a seniconductor device, by which a high fiLing factor ,can
be attained, i§ haracterised in that the 5 el ectron- emttlng regi ons arg@gw
practicalLLy st rg aped. The sem' cond tor body of a d89¢83¢7 accor dance
wi th the inventio

regi ons, ‘the 565?%”8n°‘8'f'ﬂ8§1e e&?b %Lﬁtgra‘?‘lgigﬁﬁ? ’ihél ?/ o&éﬁg&{i?ﬁ OAccor di ng

to a second appektemst. t he |nvent|on there is provided 10 a canera tube

having means for Cﬁ'&ﬁ-&fﬂ#&&%ﬁ%g.ﬁébrﬁ%%%cheé‘ 3%&&Jau§f@n§e@icﬁh 89%%&1‘1396
m cor

the el ectron bea el'n roduce a sem conductor device in“a dance
with the firs@ high FﬂétqrnﬁﬁhﬁeoﬁttaAEE‘br deneparacteriped dnathatcthef the

i nvention thereetet@row-emtdeag aregii &y a)‘eadrraaamptsthaymﬁpé@ans for
controlling an el ectron ea@v\hlc%%& ﬁs Aan %6 he el.ectron beam
bei ng produced by MEafEMiGPnductar; R q? tao eS| b’éﬁ foegapse J4R MG th t he
first aspect dhvédicionmenicompriseSsmeral dirsppspfaetezngmrenission fedons,

fl uorescent S%Se%‘f\’gtﬁiﬂ. o; &gcg;a&&sl Qﬂé‘gcy%g%f% dlagiuasggg of a few

mllinmetres fr e senico een 'belng activated
by the elLectron betespoding taitd sgcdndoasndes gérﬁhsonmotmn tkeriec s proidédnent s

of the i nvz[ﬂt 'aOEaerla tmwhb@iraeﬁesdsb% t&nw L@ﬁg easamc%rm tbhaﬁ. gigERNCe to
the acconpdhyi ng di agranmatic draw n gure 1 is a

pLan vi ew: of écg'é?nacGWlﬁ?t dpagsey the e gEEUPﬂl?F@'“t Be’t'ﬁep"‘ﬁ’\')‘é?ﬂ |b<¥na Figure 2

shows a cross-semtédndictarkdevive iheaaclcoRdante With the/ first aspect of the ,

8528327 29. 2. 88 II-II in Fig. 1, Fig. 3 shows on an enlarged scal e the W/

segment 18 of BV g 4 shows another realization of 'such a segment,
Accord1ng to a third aspect of the invention there is provided -

15 a display arrangement having means for controlling an electron beam
which produces an image, the electron beam being produced by means
of a semiconductor device in accordance with the first aspect of the
jnvention. .Such a.dispiay 5rrangemént_may have a fluorescent screen

which is located in vacuo at a distance of a few millimetres from

20 the semiconductor device, the screen being activated by the electron
beam originating from the semiconductor device.

_ Embodiments of the invention will now be described by way of
example with reference to the accompanying diagrammatic drawings, in
which: _ : :

25 . Figure 1 is a plan view of a semiconductor device according to
the invention, o

Figure 2 shows a cross—-section taken on the Lline

30

35



5 : Figures 5, 6 and 7 show'in plan view other sem - conductor™ ~
devi ces according to the invention, Fig. 8 shows a cr.oss-section taken on
t he I‘;}‘-.rqe VITI-VILI inFig. 7, Fig. 9 is a plan view of a sem conduct or

devi 66,10 accor.diong.¢®» the invention having7a high filling facB®832Fig. 10
Is a cross-sectional viewtaken on the line X-Xin Fig. 9, Fig. 11 shows a
di spl ay device manufactured with a sem conductor device according to the

i nvention, whil eIISII in Fig. 1hig. 12 shows a pick-up device which

conprises a semiconductor ¢qyi ce agrdigg érptftrﬁf‘aliébvae@é%bn apd f%}%nerl‘? i$

a plan view of still another “sem con- ductor- device accor gtot
i nvention. The FP&uFé€-arle not drawn to scale, while for the 20 sake of

clarity, in the cross-sectiFags WolsoRd ety Yrdd16i £l $E56 | M Ssuidh tdEsegment,
direction of thickness are_greatly exaqg%e- £7at d. Sem conductor zgnes of .
the same conductivity typelafBY§&neral V& ds <SP HEPIFE (e Jiher semi-

direction; in theoRdgertes, desricespercdionylipg tto arhe gonarmationdesi gnat ed by
25 the sanme reéference-numpial sg Thewsey St | f o L :

and 2 conprises a_sem congg‘é?or. _bog/% 2, f%%%(%nﬁceﬁg%\ﬂ gﬁ}flecrgn?&h%\% ﬁfg”;‘? a
maj or surface 3 ¥IpFaVafi: ynofi€ni dsi on regions 4, which in this enmbodi ment
are arranged according to #Rg309anRUkARIRH Waldw Id¥iL A eth ddhdidbor ddvide
dot - and- dash,l i nes 5. .The actuyal em ssiqn _regions 4 gre situated t he
orea o the Bpenfrgersife 8 e, AlveRyYen G  Hier A Yaditon
oxi de. The sem conduct or d&igce 100HSI RS &3 03 sp1s ¢ cinicinadn Biews tekeream athe
p-type substrat e}?ngng_ﬁnipf y,_%qrgl’?i'on 9, 11 consisting of a deep n-type

t

zopne 9 and a shallow zone 11. fhe area of the enmi ssion regions 4, the pn
ju ionis 29.2.88 Fig. 11 shows agdisplay device manufgbuyyrped with a

forned between ageiniBbali:8€op- H¥RE c208R corfngNad Nthes aldeivt Zaie wilieh i n
situ has SUCE a thickness §9g.d99i2%ows a pick-up device which comprises
a semiconductor devicé according to the invention, and

Fig. 13 is a plan view of still another semicon-
ductor device atcérdingitc~thé*iﬁventibn.f’“”

The Figures are not drawn to scale, while for the

20 sake of clarity, in the cross-sections more particularly the
dimensions in the direction of thickness are greafly exagge~
rated. Semiconductor zones of the same conductivity type
are generally cross-hatched in the same direction; in the
Figures, corresponding parts are'genérally designated by

25 the same reference -numerals::

The semiconductor device 1 of Figures 1 and 2
comprises a semiconductor body 2, for example of silicon,
having at a major surface 3 é plurality'of émiésion regions
4, which in this embodiment are arrangéd according to an

© 30 annular pattern indicated in Fig. 1 by the dot-and=-dash
lines 5. The actual emission regions 4 are situated at the
area of the openings 7 in an insulating layer 22 of, for
example, silicon oxide. _ a

The semiconductor deviée'comprises a pn junction

35 6 between a p-type substrate 8 and an n-typeregion 9, 11
-consisting of a deep n-type zone 9 and a shallow zone 11.

At the area of the emission regions h; the pn junction is



o .t
e N

that at the breakdown voltage of the pn junction 6 the depletion zone of
the pn junction does not extend as .far as the surface, but remains
separated therefromby a surface |ayer ich is sufficientlygsbpigy to pass
the ‘el ec- trahs2.§8nerated due to breakdown. Due to the highly doped p-%gpe
zone 10, the pn junction has within the openings 7 a | ower breakdown

vol tage so t e og..eq.s§l -ttfili_:%? | ace ti,al 'y solely
in the regi oﬁ?%ggt btgkl%ggg?legrfo t_hg%oquig%gs . et'heﬁntgféer?cpt l'g';arrange-
ment is proviBRYlert FORReWBiChodR Bituniias dAuch rpdricknemiandletbping hi s

embodi ment i phettwe sHbebeehkaden Vifagk0 dfMaind sh QAR BiGH &l4agd rons can
be defl ected The el ect é%di 12 need not, al however. For

1 s be present
cont act | ng (AePRetIRE FoRE 8T FhEoRPacEndie™ faee Fak SRR (97 (TRF
I nsul atisng |ageth@2sonfbekal busl remadmisasie pantacidd ZHeroafridly twhid e on the
| ower side t t¢ate 8. can,be _c q@\:ﬁ ' | oped, .p-type zone
15 and a 20 %ﬁ%gté:tig tggl r@%g?l gr? %g ' ?%n\r?lt%rhgtﬂo}ﬁgmyngf%s%e 1:arp":‘rrD‘}/n“'l.(;e-c'[ ayer
of caesi um i ¥ eppl gereratededugr tacbreakdevgy.ddue ¢tq dhr dighl ywstdped
function of heygbecismns. 161 chel il Nancdani idd AL lid Nnsldpbiidtgs the
operation and t manu actg{il ng met hod of -sem conductor 25 "devices, of the
ki nd shown i Fi ’S‘&Y%’é TaRAEIVT PR E SRa Y I HP fRission
Net her | ands fektest plopei sabsoankliaAlFo854 20y lim arhee muggliorntly spwn
t herein, an €0k S34.Si rg i ' i y n_annul ar
opening int eg;%(flée %cé?gdggﬁgtah gSt?r'f ?gg‘f}%\%it ?r?b’v\h{%ﬁ%tsrﬁg eakdown 30
of the pn jURRR% oks | Breeddeddviithhapespectnodeot®er Brigmeleiktodm inul ar
p?t_terg }_s ié\ﬁg&ﬁfﬂg&niﬁi gni_é_ahﬁﬁbhgméa:t- iMe dwth dfdﬁkfl%b cEErBO-HE’s a\m_u: art\.ﬁd
strip defineddor IS pur-_pose has a strip_ w of abo um ile the
‘ring has a d matb# _o?°a5%ﬁf 886/ §ﬁf‘_e§%%ed elec““ﬁcc"cﬂ’ﬂiltffg ‘{‘?f]tefﬁated°
i nventi 0%, tTree delecerodesiRoheednpbitselwnysnibel gresddi, Mpwegiron Fdaut it

compri ses a SNl { AP bhe 2R ¢ 9heSEBRTDS SMRSHULL IS 41 AL ar e

29.2.88

vided in the insulating layer 22 on behalf of a contact
metallization 13,wﬁhile on the”deer side the subsirate 8
can be conne&fga'iig‘é highly ddped P-type zone 15 and a
286 contact metallization 16. Within the openings 7, a mono-
~ layer of daesium is appliéd to the.surface.S in order to
reduce the work function of the'electrons, _
 For a further description of the structure, the
operation and the manufacturing method of semiconductor
25 devices of the.kind shown in Figures 1 and 2, reference -,
may be made to the said Netherlahds Patent Application NL-A
7905470. In an embodiment shown therein, an annular emis-
sion pattérn is obtained by means of an annular opening in
the oxide located on thehsurface, within which the breakdown
30 of the pn junction is reduced with respect to other areas.
Such an annular pattern is indicated in Fig. 1 by the dot-
and-dash lines 5. The annular strip defined for this pur-
' pose has a Strip width of about_j/um, while the ring has
- a diameter of abogt 200/um. . .
35 According to the invention, the device does not:
'comprise an annular emitting region, but it comprises a

number (about 25) of separhte emission regions h,_which are



arranged in a ring-having a di anetér of ‘about [err] The separate enission
"regions 4 are preferably circular and have a dianeter of about 2/um The
overa_r--ﬂ emtting.surface area is thus reduced from about 1800 [err] to
about—Lerr] 5 . 29.2 88 Wth an unchangec overal | em ssion cushgdt;, the
em ssion current density is now much larger. Such an in- creased enission
current density contributes to a nore rapid desorption of ions, atons and
nmol ecul es [err] aUZP“&Géo#E’e& Ainghdayiag gmdiameter7 offtabdut s'wﬁa/wrl-rrd,‘he

due 10 to the sgebheltdi EBASsAR HegithsLWl SHed HrdFH AW W {11 THY
density through the n- téﬁg ggl onz_ 6, 11 i s higher. The higher electric
fiel ds associ at ed®¥RePelrPMedESc Pl 2P NG Aik-f l}gﬁ%ﬁvﬁraédsﬁnﬂé&ﬁ’{ﬁﬁ?qrrf@me

t he emi ssion reghoradisThaust aeiduiced dfrotrh @ behec 11800 1'/emﬂzsS)tmora‘m:ﬁv& ey nﬂre
con- 15 sidgrably increaseg; g dpn gncga%ﬁgld?%v:%%\xlg catesé(f%g%relr‘% the

Fig. 1, only the em ssion region
dot - and- dash | i ne®isspepngusrewt, dengity gﬁomwmmqh Ila#reﬁe'gmﬁmcman dn-

cross-sect- 20 Ieﬁeaéeabeu&sk%iﬂ ch@k@ﬁtcmsﬂlitfyorcotﬂ‘&l%ﬂt%%' QY WIS 4
Wth the same em SS|§n current % flurrber of em ssjion gl ons |ncreases in

i nverse proportioaPt ?ﬁ§°ﬁP§f‘r§f’eP offa &1°8S fRd &G lefy (0 CO,,
unchanged patter®, 3 #dvonped ditatbtecaabiamolnyleer I1]7.aAd:ew1'ﬁe s\aunteh tiuet] due

smal | em ssi [k 2150 Eﬁ?ogﬂﬁliggpﬁﬁﬁlg sggﬁgt o?‘otF)ren %ﬁ'rl%@:.o?ﬁé‘%%ions llln t

general , the gainin current densit ¥l anet er of %t he
eni ssi on regi onsCWrrentndenei tyr fhxoughnd er..pl’téﬂper Fielgyl omise & sbdilwden highem.

and 10/um 30 The hlgherTbﬁeeﬂfiﬁlQﬁeQaEtEEQSCEEXe@|%ﬁe@%quhfﬁkgkﬁeQEQe
Fig. 5, in which a segnent

tributed over an, ann atter hown

of slch a patterH Ysél?'g’é\‘g%%ﬁt% ?ﬂrg an 4PR%o Erf’ﬁ‘e tP@gl"'&‘l’rsﬁlGF‘ TE&ICTS Aum
and a di aneter dfhe hetabitstpnofegheneldcofoabemtskhiom i35 therefore comh
the other hand, dfteeSieP)! 1h¥r8hs8q5€m con- ductor cathode can be increased
by reducing I n the same manner as descri bed above for an annul ar pattern
the overall emitting surfatt€ardaipyadpieni vierwngfathenseement 18 of Fig.

1, only the emission region 4 and the region indicated by
= : the” d6t-and-=dash  1inés 5 beihg shown.
Fig. 4 shows a similar segment 18, a cross-sect-
20 ion of about l/um béing chosen for the emission regions 4.
With the same emission current, the number of emission
regions increases in inverse proportion to the diameter of
the emission regions. With an unchanged pattern 5 having a
diameter af about 200/um, a device with such small emission
25 regions comprises about 50 emission regions 4.
In general, the gain in local current density
is larger as the diameter of the emission regions 4 is
smaller; this diameter preferably lies between 10 nm
and 10/um. ' ‘ '
- 30 - The emission patterns may also be uniformly dis-
tributed over an annular pattern, as is shown in Fig. 5,

- in which a segment of such a patiern is represented with a
width of the region 5 of about S/um and a diameter of the
emission regions 4 of about 1/um.

35 o On the other hand, the stability of a semicon-

" ductor cathode can be increased by réducing in the same

manner as described above for an annular pattefn the

overall emitting surface area by distributing a number of



©29.2.88 ~-10 - ’ " . .8528327 smaller enission
regjons uniformy over this.surface Fig. 6 illustrates how, for exanple, a .

' reglon 5 having an original diameter of _about 1.5/ um can be sgé)sgi - vided .
into three em%3i%h regions 4 having a dPaneter of 5 about FBM Suek a

subdivision is particularly suitable for patterns having a dianeter of the

region 5 smal le han . 10 . r I | F4Sh 4( ey UM an
arrange- nent-s%%%ifxgre'?ggtg%g% §H§)\%ﬁ§%n“@§%§‘%§%ﬁeﬁ‘ﬁ%§rﬁ ageofus- |y be
used. An arrangenent acEdgdi Rgildushzaitesehomon fom errmRde I R DUr e
is used in a ﬁ&lwﬂﬁﬁ &H1 851 2Ainh8JugBmeRdirCalred vt NE FlRim anih drshsdddie- 5 i s
shown in Figures 7, 8. The reference nuneral s |r2&th| s,/case have the osjame
nmeani ng as i n"Fied. inte {RFPE PEIFSIPH FEEIOMEd ﬁ’zftv%-aelémeoﬁfé'l is
shown onlsy di#géasnat B;ainLysuu_h_i aeh subddvdeibm e eaart icudiaxdy guitatild hi s
O o ooof bafFEERR kb bt U adLHRD %M LI AAL YndiOId than

arranged in e PEF Form sl on regions: so be arranged
according to #beretr 1paumer AT 18rsexafjPacties? 1S n‘Qﬂ/é’(ﬂ)af‘fhrﬂﬂIian%
A gt R e e Kol g g

plications . an : : e sem condyct o evice 1 shown
in Figures 9 thdPaoudedpr fBeBTTADERMENTIAECEF e B2 g#fe gt Rt e 12

silicon hevi nghBéh athBjoneasutacas3uaed umalal tsyusirecransisi s regiam ons,

which in this, embodinmeni are _strip-shaned,and.ar e |; i £ hig [Jcul ar
pattern indi c]a?é;gcg*ﬁgii {g’?' %ﬁﬁyaf’hga%gfga%& gg"s Ie5| #Cegcggr%%\ﬂ:{e,?n&%%g
regions .are |Ds ZatTBoearefprenceanvmezgdsi idgs this qafe haps the sfanen-

ducting naterhgdnisgClsasn FegseXanRl @nillantial 4B 3 be noted thatethe

sem conduct or devi ce_has a,gn %lunctio 6 he- tween a p-type s.uc}strate 8 an
an n-type zon®l®ctqqdeoh? PsFPRY oL Ydé‘éﬁﬁ’f-af'%?et’z‘:c?ﬁehé' RSP SHuIRRF
zone 11. 18t therérs#a phdibateénnsthen rtdgdisoredectrde nestinot necesssatimt ed

bet ween an i npl ante -t yp L.on 10 and the shallow 35 zone, which in
situ has s-uchn}')“éa%I i%ﬁﬁ%&é '§ﬁéggggi'ng that at the breakdown vol tage of the
pn junction 6 the depl efpghead of being arranged in circular form, the

emission regions 4 may also be arranged according to
" linear patterns, for example when used in display appli-

20 cat.ions or app_licutic_mé such as described in Netherlands Patent

Applications No. 8300631 and No. 8400632.

The semiconductor device 1 shown in Figures 9
and 10 comprises a semiconductor body 2 of, for example,
siiicon having at a major surface 3 a plurality of emission

25 regiohs,_which in this embodiment are strip-shaped and

| ‘are located within a circular pattern indicated in Fig. 9 o/
by the dotfand-dash line 5. The emission regions are lo-
cated at the area of openings 7 in the layer 13 of con-
ducting material, such as, for example, tantalum.

30 _ The semiconductor device has a ph junction 6 be-
tween a gét&pe substrate 8 and ah:g-type zone 9, 11 con-
sisting of a deep n-type zone 9 and a shallow zone 11. At
the area of the emission regions, the pn junction is si-
tuated between an implanted Ertypé_region 10 and the shallow

35 zone, which in situ has such a thickness and doping that at
the breakdown voltage of_the_pn_junction 6 the depletion
zone of the pn:junction does not extend as far as the sur-

. face, but remains.separated therefrom by a surface layer



. -

zone *of 'the" pn junction does not extend as far as the sur- face, but

remains separated therefrom by a surface |ayer PHN 11. 207 C

11 =4 " 26.9.1985 which is sufficiently thin to al | ow t he
el ecions gener ggﬁd 19ue 40 t he breakdown pass. Due to the higy dfggad
p- type region 10, the gtr?oj unction has ngﬁl n the openings 7 a Iovver

breakdown voltage so that the electron em ssion 5 takes pl ace practi cal |y

solely in the rqaiens iat shhel%rﬁaany ML IO RN G - tﬁ@tﬂﬁﬁ%@%}l&%i’n
a nonol ayer 17 f o2 mat rlg) g‘um ng the vvork functiaqn, such or
exanpl e, caesi u % §°a|5§’1 J & - PRSF 3 Dugy to the highly rfi‘lffﬁ% R-

enbodi nent, thetypeypegiome 19, ¥hel prcomtracticoch haspanhiod the oentlingd rvg
layer 13 via a goaogg@%rmh‘%o% VR 13RS Al Bl Y1 e M il SOUGL S

the surface 3 outside the type zone e to the now
current supbly takes place mﬁﬁltyw\?.l&yt welféy |layéhe13”ealr@5efaf1ecthe/@rea
current densi tyogamhaeoggash@gr . bly increased. The potential differences

in the layer 13 also remajn small _so that, secqondar effects e to high
field strengths, such as, 1“113 1R A6 EPerIRES u?ﬁn'traa a¥efo 1g]t °fH&kur. 20
At the | ower si deterhelsnbducahg Sheawolrk d‘amctﬁmt,eokuataaas,hlm Yechaopeick ,

p-type zone 15 gggsguﬁon?gc%pggtl%}jl lezathQn s1o-ra kR 38th p- shaped openi ngs 7

in Fig. 9 have a w umand are locatéd at a relative distance
25 of abodf 1/um In theIBoihiguerbiogdmerdun tlhﬁ B-FYP® Zzone |9 rig fifct or

of about 50% casohbastbe BSrt akaad. oEO&hbheo@a&@tta&igngaly@terwlauaa dTed g al

is pre- ferably ch h.does n r .subs antlall n use |nto t he
silicon, such a%3¢ ? g"é%ahﬂ%l an ?Enflglsﬁ%atéﬁ‘g 18%er"22, w%rf@q’d in
Figlres 9 and 1@u1:aacbe3nanmsxﬁactth|eed-ltupa giomel @ ,merineDue oro ebmarrﬂaa;t by
st pro- vidipfial hiol- LHBCCEARER:Osubb1$Y cakddl B HliHhy RN Y,

t he net al pattern 13 1s provi
laver 13, the effective current density can be considera-

bly increased. The potential dlfferences in the layer 13
also remain small so that secondary effects due to high
Tield strengths, such as, for example,scaesium transport,
do ‘not occur. _

20 At the lower side, the substrate 8 can be con-
nected via a highly doped p-type zone 15 and a contact
metallization 16.

The strip-shaped openings 7 in Fig. 9 have a
width of about 1/um and are located at a relative distance

25 ‘of about I/um. In the configuration shown in FPig. 9, a
filling factor of about 50% can then be attained.

For the conducting layer 13, a material is pre-
ferabiy chosen which does not or substantially not diffuse

_ into the silicon, such as, fof ekample, tantalum.

30 | The device shown in Figures 9 and 10 can be manu-

| factured in a simple ménner, for example, by first pro-~
viding the n-type zones 9, 11 bylion implantation.
| Subsequently, the metal pattern 13 is provided,

_ for example by means of a lift-off technique. Whilst

35  using the metal pattern thus obtained as a mask, the p-

. type zones 10 are then provided at the area of fhe openings

7 by means of ion implantation, as a result of which the



fo.r,.'exam')'I e by rreari's of. alift-off t‘ech’ni'que: Wi | st 35 usi ng- the netal °
pattern thus obtained as a nask, the p- type zones 10 are then provided at
tthe darea of the (z)é)enl ngs 7 by neans of ion |an antation, as a result of

whi ch the 8527 O
br eakdown voltage of the pn junction 6 is decreased in S|tu For ,a rmre ;
detail ed descri of th struct and the operatiaon of the

sem conduct or (5’2' %gc’évﬁ’o\ﬁr? tRee é’dueg’er%d’ufﬁ: Ho&% réﬁcé’eﬁﬁfat?@dnﬂ@e to

t he sai d Net heslitmds For aPatogvet digpliilest idersdhdpti®es 470 . thEhe towmerturgs ahdnay
be chosen 10 Dyl logilal soastodad el sHfil RrRRANGT: de WY ShottP i Figures

emtting surfaces a di stributed substantially honogeneously over
whol e surface. TR&ICH hFgLeTease Mmay be Madee e Fhgh&tido Nemberwamdw of t he

openi ngs 7sandpatkkead mlalce&t;rc@nmn t7t9|cm_r;7roeg| ons are reduced Fi g. 11
shows di agrammatically i & | evati.on a ers %ct di spl ay

he openin §% Vqu % c lar
arrangenent which com p |sespbe3| &Ss tt"une sefi F5& &P Sdfflf .y
f1 uor escent 15insteedn oZ3 skiiiplr shapedt,i via eldlulyy! etvend| ddver emictdment 19

originating frQG}?Q%egeg&QOHQQQEQ%uQQ@ysdgy%dwt359399hgﬁoééﬂa%%sh@eover
sem conductor ‘body and the fluorescent screen i s, fqQr exanp 5, “whi t he

space in whi chtf‘ﬁeyh&ﬁlé pyrinss - Ihey satkeds. sﬁa\?&llﬁé’@eiéf iﬁ‘fé' L "’B‘PnS
to 10 kV i® 20thepplidet bet when opeaings (oatdchenhckodhe? eded trdt-emiteang3
via the voltagg og;lg % V\/glch | eads to such a high field strength

bet ween t he scre A°8Ra>f Re Z5PPSHfyenent that the picture of a cathode is of
the sanme order as this cHiBeddl Bhows diagrammppdcadilysiisn edeyaddionsaare

arranged on thgesdpackace oaeuhefsanrqa&duqeenaQOeraﬁgehehﬁgwhgcw RS-
patterns 5, which are_ activat i1 ary | ectronic system
(not “shown . "WRFERS=; PEFLREFr Ehe Pemareadtntag: JPBY Pn e AOVCER*eaMIuc or
body 2. 305 screen zgxmhdchnmseagrtdurpsedv\,{blycIthemeﬂeactmmdlcngrteutl i1gear
patterns, are gach;hhiEnd’ b¥ER el B8miRTRATRELBE vody. The distance be-
tween the semiconductor body and the fluorescent screen is,
for example, 5, while the space in which §§¢y qre_located
is evacuated. A voltage of the order of 5 to 10 kV is
20 applied between the semiconductor body 2 and fhe'screen
23 via the voltage source 24, which leads to such a high
field strength between the screen and the arrangement that
the picture of a cathode is of the same order as this
cathode.
25 | The emission reglons 4 are arranged on the sur-
face of the semlconductor body accordirg to 1inear patterns\)
5, Whlch are activated by means of an auxiliary electronic
system (not shown), which, if requzred. is also integrated
in the semlconductor body 2.
30 ' One or more groups, which emit according to
linear patterns, are each time driven in the same manner
so that in the preéent embodiment,*dépending upon the
‘drive, characters are displayed on the screen 23.
Fig. 12 shows diagrammatically a cathode-ray
3% tube, for exaﬁple a camera tube, having a hermetically
sealed vacuum tube 20, which tapers in the form of a funnel,

' the terminal wall being coated on the inner side with a

%



so' t-hat in the present embodi ment, depending upon the drive, characters are -
.di spl~ayed on the screen 23. Fig. 12 shows diagrammtically a cathode-ray 35
tube,f for exanple a canmera tube, having a hernetically seal ed vacuum t ube
20, wahbich tapers iin the formof a funnel, the terminal wall being coated on
the inner si d2%Neid8 a 29.2.88 13 8928327

8528327 flworescent screen 21. The tube further co ses -focusi ng

el ectrodes 25,flpgreasgnticicreen i2dm dhectyhedfurther mpnﬁﬁé &ousinon beam 19 is

generated in Q@cHFodd®’s5,Co8 fmeseﬂtcém ki regscerhes. abmxéeetéfa!ebw are
| ocated in a em conductor bod i's nounted on

whi a hol
El ectri cal 8P 1%AS Qﬁ"ef?\fédyé'i‘n%n%d"f’ﬁ? @thodes of éhﬁa@é@ddﬁ?"ﬁ?ﬂé’
out side vi a Iemdvéhruaugh arentozatedGn &fsemdtoriiactdrebody @t ihdithi fs Welntleldni t ed

the scope of (ot IVARY 18n 1 cbhisel “SRIereitme ot 1Be caepl Eofliitor okvify |
regi ons need rare pdssagstohdhe puteide mi)d.eedf‘mn‘bagh oenbansad®., but they may
have various othergd QB&‘%eaE'E‘e fRve oaew gg%?h%lif‘ed E@%%“%Uo%im&fta shown

elliptical, which esgema in_t own In Firgures
f avour abl e fr d¥#Fén bt ctavesh d’}?fi‘%’fafpnf)cﬂ"ﬁt pessiblewithin the scopp afntherg upon

t he p055| bi | | tiingéntSilont fir tREEC eRFlU@HOTn tthe @l 0gy, the dianeters of the

em ssi on regions be, chosen to t val ue, of O 5[ err]
menti oned #n the € oﬁ‘?‘rﬁ?ﬁ?" JRGNS, Heﬁgﬂ*eﬂé‘ays %ﬁ ’E\h"é eBnt® REGEFCPHRT r egi on
5 may then be ogubgliaregduti they may dagervardodseothér Forms iaod maggbeyn for,

wher eas on theuahbRl Pleraliithr'bt BUUTAIRATEUNIUTIShe AP ietnd @URICT

be chosen for t sane nehner as tern

Figure 6 may tséoummnfmg@easﬂ e s ctayounakier f%nmaeaéestw-av‘@ucﬁéul ar
(i.e.. annul ar JpoRa¢ tdqro,e,,t,he strl p pattern 5 of Figure 7 may be repl aced by
25 a rectangul ar pattern 5. ) 3. Further, in the
arrangenents of Fi Jispending; 1"&9" FrF‘f tﬂ°ﬁ§)’ ‘é@?ger?s %%ysﬁ'é‘c%‘f‘%ﬁ tABd by a

uni f or m n-t ypeaekhylogs,l thummewhsonflstm emisisdor répidnss may be, clioses dtec ed

br eakdown Vol tb%ggmﬂq szh'aﬂcé}lé ¥aﬁRt 3 Qﬁgyw Jeng'ontelaeig Rﬁ@%ﬁd?melm Hens of,

for exanmpl e, a boro e ie e mrn e g e
in F1gure 4. On the one hand, the region 5 may then be subdivided

into a larger number of emission regions'4, whereas on the other
én hand with unchanged number a smaller diameter may be chosen for the
o regibn 5. | _
In the same manner as the round pattern S of Figure & may be
'advantageously replaced in certain cases by a circular'(i.e.
annular) pattern, the strip pattern S of Figure 7 may be replaced by
L 25 a rectangular pattern 5 as shown in Figure 13.
Further, in the arrangement of Figure 8, the emitting regions 4
may be obtained by a uniform gftype.tayer'11, which adjoins a
'contact diffusion 9, a reduced breakdown vqltége being locally
obtaﬁned within the openings 7 by means of, for example, a boron

3g implantation.

35



30 ., inplantation. 35 _4.5.88: o o . 14

8528327 CLAIMS) 1. A .sem conductor device for producing an eLectron
curreht by means of a cat hode conprising a sem conductor body having a pp
junction betwegr ggp- type region and afy n-type regi on wWasgdszadj oins 5

maj or surface of the body, said surface being provided with a Layer having
at Least one ofiaz@¢Hf open| ngs at each of which open| ngs a separate-

el ectron-em ssi on Jegion i.s ‘present, fromwhi ch electronsg are emtted. in the
operating conditiofr, AntP® ﬁ%‘?gﬁié’@f’?? JE'&JRH%'&WO?& i@%ﬂé’etf‘ffélevt tbé’ t he
p-type and n-tmeaes rmfgaocshaxﬂe cofipr i sdpg r s tsemirdndeciprobedyo haviewaa aine
eLectron-emn ss QPR i.ng rr’t%g

reverse di rect1%ﬁtg°??g§£ﬁtehna&nq unctgyoo‘inp\/\Jr?yar;s nﬁtgﬁgc oﬂ'}s{qﬁ'g‘ggg gr’f’ﬂ ed in
t he sem caducd m:meyrfgpeav’anancmywumdpawcfawdwanopravedqmuntrem tted

fromthe em ssiggy rtﬁ@'iﬁd‘%talea“'s%' &é'é%@ﬁ%foépehﬁ'ﬁgssﬁm ERRAYE LR cpOdy, the pn
15 junction extendi ng easﬁTEI td'P .areas of  the el ect ror}ﬁem ssion

regi ons nai nmpﬁa?%ﬁewa"?%e "’%ﬂ‘rsa&@ zi'ﬁﬂ“fbéélﬂ"ﬁ”% o Shiher

br eakdown VﬁLta@etﬁnsthmamarmsm lhthe dpeeat ERicondig iy andfcomhien pn J
junction, the par vin yoLiage heina, se arated from
the surface byGR $p%orﬁ§§/{ﬁn5h¥gh Poﬁ%ls!('gpart oE g%’ lg(ﬁ% rgﬁy?{/)ﬂg Pé' | on
and whi ch ipas @mcwqatmmkhewoumwfdeﬂﬂgtc rele ctiton-iei ssiomkegiens, dnt age t he
depl eti on zongdahod by mwﬁ%ta eshmesomE e &3t QH‘&’ .%seés%r am&lﬂ@n aur»éace but

remai ns separated thérefrom surface Layer “which is sufficiently thin
as to allow tI‘Fé'eg@'héﬁ‘a'é@&“e!"&fﬂ%rféefbr%‘&s%" & ﬁervtaﬁr%u‘g‘hthezsemco"ductzr A

sem conduct or Ky 5 adsLdhchb Mdt igLicheidh dnd GIFer EHenCeniXedd i froh e the groug
of elLectron-eni Ssipn reqgions. is

d stri bute ubstantlg ké g,rarog eousl y
over a part of*™MA® el °§ﬁr?ta§§1 fur 0§ nRRICEBPIUFEOT BO%%e TOE PNed in
G aim | ons CLajuncRionc kxtrending iaseleast ahauhetmagroﬁjphefelehm-emssﬁcss| on

rogions 1930 regBids NI ABEALET ol e hadB UopfadiPbhd Beally ohying o

sem conduct or "33\,, ce as &’ n ané prece
charact eri sed lower threakdawnswalitage Rtct sebansﬁ%éhm |t§és"°S'EWFELPWoeﬁs of

eLectron-eni Ssﬂh@nprf qﬁhm%n,aﬂ\@ biﬁs having the lower breskdeun voltage being
separated from the surface by an n-type layer uh1ch forms part of

20 the n~type region and which has such a thickness and dop1ng that at
the breakdown voltage the deptetion zone of the pn Junct1on does not
‘extend as far as the surface but remains. separated therefrom by a
surface layer uhich is sufficientLy_thin.as to allow the generated
electrons to pass therethrough _ | | |

25 2. A sem1conductor device as claimed in Claim 1, charactervsed
in that the group of electron-em1ss1on regwons is d1str1buted \~4
substant1ally homogeneously over a part of the major surface.

3. A sem1conductor device as cla1med in Claim 1 or cta1m 2,
characterwsed in that the group of electron-em1ss1on reg1ons is

30 arranged according to an annular pattern. _ _

4. A semiconductor device as claimed in any one of the
preceding Claims, characterised in that the semiconductor body
comprises several groups of electron~-emission regions, and the
operation of the groups is separately adjustable.

35 5. A semiconductor device as claimed in any one of the

AR



operatlon of the- groups is separately adj ustable. 35 ' 5. A -
sem cf nductor device as cLained in any one of the . 29.2.88 ,
15 - . * 8528327 preceding dains, characterised in that the
el ect+on- eni ssi on v egi ons each have a surface area of at nost 100[err] 6.

A seni conduct o#9®#e88ce as clained in anl5 one of the pr ec 88285270 ai ns,
characterised in that the Layer wi.th which the 5 surface is provided is an

electrically |WsﬁfFQi'?%&l?‘dVer°W9FW‘Gﬂ%n’|"n§%atth§)r?éﬂcwwne'!’ﬁéwn

el ect ron- em ssieyiohe Ja@hShavala fs%vw@ \mehlom wﬁho@@qnnﬁ\ﬂ's the parts of the
pn junction with tge sem conduct or device as

owner,
clainmed in.daimé, ha?%'?:‘tcgpﬁ%c arv%‘“ﬁe taﬁafladf"e'i’e'é'st’"’br?éee‘f etP®ode is
provi ded on atprreesadingacpamrts,oéharhetemsedl dni tl@ptLalyerlay&- wAtlS ailiti elortlgct or

devi ce as cI a| thg i%”)‘r&ﬂ@e&’fwoa@' J‘f‘?‘% ik Q%{ F?grd hla‘r)H‘tL?E?It Vtehe

Layer wi th %h e surface 1s provi ectri con
mat eri al , and QR?@‘M% whianed withi she |eéeetmmemwsu¢n trhssorEam he¥ing

electrical |y cORHYAtINRToPEHIRGE Ahe Wirgh SORhEGNS jirta 18n WARE thedi&Rrand whi ch.
is provided with gg?nl ngg at the area-of the electron-em ssion regions. 9.

A seni conduct dt"8 *88Fained in Caim8, characterised in that the
el ectron-eni ssi on PegiAosemiaonduztbs tdent éelasyc Amed nir:pf:Ed’i&pe;i chdFactefised

sem conduct or S i ed 8 Claim9 ract er| sed..in
hat the elfbct 7 AngE S Els® IR eldedolh oo Rhsited oF g, (CA% Fobgtn, BF ciney
circul ar surf athsutatjingnlayer. A sem conductor device as clainmed in any one

of the 25 precedangAqémsnamaf el/$td 8dcldimbdah LA}BOH@J cE.-Hr...Eaf%o' S
C@ed at the ctron em SS|1 on I edgl ons with a ayer

el
material redu méﬁf'l"?é’téfts&f’rlfh%? ’g FuWFo’i’l‘thl'zh"’A therswuefacgpis haV| ng
means for contgrevidey 1arbfeleecdtrreaa|k19aaand&bﬁve8ﬁa&&1alphaagﬁmel ke

characterised 3 semn.con uct or
device as & al#@a&?ﬁitsa%a one” 01th % i ggyﬁ el"fCt 1‘§3qu &PE%?/C&Q"%r“Pﬁﬁ@

havi ng means fwivickogentatts niye axrtepeccegion bwmm dis provdded: witin dpeniyeys
characteri sed étn th@%reh '$¥ the electron-emission regions.

EE PR OIS

© 9. A semiconductor device as claimed in Claim 8, characterised
in that the electron-emission regions are substantiatlly
79 strip-shaped.

10. A semiconductor device as claimed in Claim 8 or Claim 9,
characterised in that the electron-emission regions are distributed
over a substantially circular surface region.

11. A semiconductor device as claimed in any one of the

K,/ 25 preceding Claims, characterised in that the major surface is coated
at the area of the electron-emission regions with a layer of
material reducing the electron work function.

12. A camera tube having means for centrolling an electron
beam which scans a charge image, characterised in that the electron

30 beam is produced by a semiconductor device as claimed 1ﬁ any one of
Claims 1 to 11.

13. A display arrangement having means for controlling an
electron beam which produces an image, characterised in that the
electron beam is produced by means of a semiconductor device as

35 claimed in any one of Claims 1 to 11.
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eLectron beamis produced by neans of a ‘sem conductor device as 35 _
clainmed-jn any one of Clains | to 11.-. 4.5.88 16
8528352_/‘14. A di spLay arrangenent as clained in Caim13, characterised_in
that it has a flgiggescent screen which 46 Located in vacgeagpra di st ancewgf
afewmllinmetres fromthe sem conductor device and the screen is, act I vat ed

by the el ectron beagm owaimhyragranigmehhassemmadmtwudew ce. 15.+° A
sem conduct or cat hode .subst a as dﬁSCI’I bed wi t gerence tQ F| gures

ti
T or Bl oflsaSeRREE I etk heoa CFilRERSIERe et ShREF OF “edafe
4,5,6 or 13. 1 vaﬁudlasphaqﬂsaanangﬁraetﬁeu imid Lintitnes a‘rsnmheosﬂuco'uducdem ce as

10 claimed ig {EE ARl A 45U 18 ety AR L eREForkble R GRS

Figure 11. 17. anera tube sem conduc ce as cfa med
in daim andf@!l‘byf%lﬁﬂ"?aﬂq"f‘"ﬁ@"dé%‘@ﬁ?bed with reference to Figure 12. 15

20 25 30 35 15. A semiconductor cathode substant'lall.y as descnbed with
reference to F1gures 1 to 3, or F1gures 7 and 8, or Figures 9 and
10, or any one of Figures 4,5,6 or 13
_ 16. A display arrangement 1ncLud1ng a semconductor dev1ce as
10 claimed in (:la'lm 1 and substannally as described with reference to

Figure 11. . _
17. A ea!nera tube including a semiconductor device as claimed

in Claim 1 and substantially as described with refe'r_ence to Figure u

12. '
15
20
25
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