I nvention relates to an electron squrce for emtting a flow of electrons
par”t'\cul arly but not exclusively an el ectrpn source for cathode-ray tube

| mage pick-up devi ces, di spl ay devices or electron |ithography E
I nvention further“re‘rat es to equi pnrent having such 5 an el ect 231 §L1r60

U.K. Patent SpecifingaiciRl 66oks &apzeﬁﬁ:ﬂw%mgﬂﬁwoﬁ%ua gegour ce
cdhpr|5|ng a sen1conductor body having an n-type first region ich is,
separat ed froma second region of the body by a barrier-including p-n
junction | ocated between .the first and second regions, 10 and el ectrode
connections to said first and second regions for applying a potenti al _
difference across the barrier so as to bias the first region positive wth
respect to the second region and thereby to establish a supply of hot

el ectrons whi Ch ar g N @ tod 1@ LS SHOPILAEH WA 957 cullEefif & Aol Nt O
the first region and whi are emtted roma surface area of "the body.

In the main fdthel %ﬁ@&?ﬁs@éﬂ“ﬁ“@lﬂ bab “9863%3”5‘@&5@ elentsAn sougse fory ne

conduct i vity aaihawrhﬁrmbes Iihagd QiR b&fvﬁ:eﬁl Qﬁ'sﬁl% aeﬁuaetmoluéaﬁaad
bet ween the p- ,‘t}ége se ond egi on_and grﬁg first.regio ﬁ si ngl- euP-n
junction is re g%ral? ?ﬂSe eBEoR\ &Y ﬁé%?%%ﬂ(&?)vﬁ“wmﬂﬁp FTRg e
sufficient!§ lamr gkqmberﬁmte.dl fference between the el ectrode connections

Loihe fhrst and seaonaral ausscldcab] €350 195288 B1bipCE ALBSELARS e

body surface area fromwnhich th ectrons are emt IS a surftace of
the n-type fi ri9uTree OBPEisipg ﬁ#’ﬁ?@%‘t&#a’t@ﬂb@‘{l@ﬁ LS Ecmeeé“&ﬁ"t Fegion

material 25 ramdch NG EE&:@E&PE&&B éNQél‘otde JJanof Icnesuud*yebpt; $$Hrieﬁoat| ng
the n-type surfa? region has |f|ca %c %e eI N .
af fini ty adj ac®§tu4nE 5&%&"?’? 'éa"f%ld it ﬁ??%erﬁﬁ ER8%* In
practice it0j sanfoelkec ttode connecspmtse tofsadqiuusltngxdasmgid kegions cfognergy in
the aval anche F%& a e ugl | t han
1% of the hotﬁg ect r%ﬂ%’%ﬁ% ledie/%e#% fag&{)sgf ?ﬁeﬁggﬁé{c% %I\/b%t E%]Eﬂl ta %g&‘%ot

el ectrons i nj &irat Tegien PRaitiveyPithf reapect topthe second region and thereby to

establish a supply of hot electrons which are 1n3ected from the second

2109160° " ELECTRON, SOURCES AND EQUI PMENT HAVI NG ELECTRON SOURCES' Thi s @

region across the barrier into the first reglon and which are emitted
15 from a surface area of the body.
' In the main forms disclosed in GB-A 830,086 the second reglon

is of p-type conductivity and the barrier is provided by a gingle

p-n junction formed between the p-type second region and n-type

first region. This single p-n junction is reverse-biased into
20 gyalanche breakdown by applying a sufficiently large potential
difference between the electrd&e coﬁnectioné to the first and second
regions. In all cases described in GB-A 830,086 the body surface area
from which the hot electrons are emitted is a surface of the n-type
o first region. This n-type surface region is coated with a material
28 reducing the electron work function. 1In spite of this coating the
n-type surface region has a significantly high effective electron
'affinity adj;cent.thé_boundary of the body defined by the surface
area. In practice it is found that, in spite of acquiring a high
kinétic'energy in the avalanche breakdown, only a very low percentage
30_(usua11y'much'less than 1%) ofgthg hot electrons can be emitted into

free space. Most of the hot electronms injected into the n-type first



redi on ‘experience, quant um nechani cal reflection at the boundary of the b
whith coincides with the surface area at which the surf-ace barrier occu
The-present inyenticon is based on a recognition by the present 5 inventor
t hat ‘'t he probability of hot el ectrons being@ reflected back into the n-type
first region from-the-surface area of the sem conductor body can be
decreased by forming within the body adjacent this surface area a strong
electric fiel d*¢gCRcEREINSE AvARtHBImesharicad reflachionsat she hoyndargeofithg,
and\that by pr bvdydiwnfct cpinicifes GARh NheCHNFABE Mok Odt ¥RidH tRe \eQEFadehbdrrier.
surface regi onoéhuirs field can be incorporated in an electron source to aid
em ssi on of th& N0t "el ectrons fromthe surface area, without interfering

wi t h t he nechani sniTherpries¢nsc invepthon isl bastedosrs s necwghhtion- by rhefpneseént egi on
and wit hout gSi giidne6aMNhlaY dHACHABIbIL yNGE %Sgulgi:h%so§e1 er&ﬁfec%f%?&?'lﬁt& n.
their passage 15 to the surface area. "According to a first aspect of the
present i nvent Fifh o hERee fizstyregiogefiromthe surfane awra ef ther semicordusgon bpdpw

3;1 _ e|h ectrons, ewgé}&diﬁa&cﬁﬁﬁiﬁb%ﬂlgl%ﬂfhifhodyhe Bayy r&ga&nmb tm_estf&f_rasélgze_ai on
ich is separat rom a_second .region of the bpo a barrier including-
D o o oo Tt AeRr B, A T a2hs izt d 508 Hosr i APty bSvaran said
el ectrode connswtfacesaree, smiddtiatr by podidiagonp-typs dopidgorompepkyitigna
potential digf bar - er 0.1 : ' rgLon
Posi 1 ve i th Faapeer? AR RekBRe PLHOR i3 Bhefudrdl 88 IEriddaibe (E0M0
supply of hot elestremi$eutgn &p adeemifsien of theohrt rdlestxansdizomgthm spsfager oss
the barrier inifeal hitholstintetie@ing M thtihehnadihanestl b dnfjeoting Kt f ace area -
of the body, 'c%qar%cteri.zed Ln t hat teg;e bogg.furt er, ﬁ%&pri,slg,%éa syrface
regi on which ati%Si-he™ ARE fPE R EVRT FA°FT SREhn &R & SR fOHsYare
em tted and whinxdressingr tiscscattprigpefdtsE hgt clecerunsain ahebepassaget 0 form
bet ween them-%&/p&gefg‘;rﬁc -%9&?.” and saird 30 surface area a potential peak
f

which is spaced fromsalid surface area to provide adjacent said surface
area a drift fiel disgardingatect dinseaseeeicofothe prRaentsinygneion Ferecitirea.

In such an el egddv@led QU E1R cFord GERFRAREE ot EFinghE F10WESH Ok tirBs NOL _
el ectrons injected,into the ,n-type first region can surnount the potential

peak of the p-%3FBELEIRST 4 AE™FERRIYAL PRABUMATIR AP Ro4ype first region which
* is separated from a second region of the body by a barrier including
20 a p-n junction located between the first and second regions, and
" electrode connections to said first and second regions for applying
a potential difference across the bﬁrrier so as to bias the first region
positive with respect to the second region and thereby to establish
a supply of hot electrons which are injected from'thé second region
2? across the barrier into the first region and which are emitted from a
 surface area of the body, characterized in that the body further
'compriSes_a surface region which adjoins the surface area from which
the hot electrons are emitted and which comprises a p-type doping
concentration serving to form between the n-type first regi&n and said
30 surface area a potential peak which is spaced'frdm said surface area
to provide adjacent said surface area-a drift field which accelerates
electrons towards said surface area. _
In such an electron source in accordance with the invention the
hot electrons injected into the n-type first regién can surmount

3 the potential peak of the p-type surface region without significant



3 quantium mechani cal reflection since this peak is within the body by’
being spaced away fromthe boundary of the body corresponding to the
surface area. Raving crossed this peak the hot el ectrons experience the
acéeherating effect of the drift field in direction towards the 5 -
surface area. _Thus, although on traversing the n-type first region the hot
el ectrons may obtaina broad nonentum spread as a result of scattering in
the first r eglqﬁam&nh e cHnIBAPREL Q164 isfihcd itBlif dedk " £RAFLE NN A EEADT -
component of their nomentum and energy perpendicular to the surface area.
This reduces ti2HraPased (BWeY fﬁf““q‘ﬁ‘&ngﬂmdﬁﬁbr?inmeafm‘ilb cPEFSS@ERYing £} thRe
boundary of t hﬁrlﬂﬂw agai.r gﬂ.ﬁ)ﬁmgi tpskod tthes peakate BEECR13EEHoES expetidnget hei r
em ssi on acrosg this.boundar The J pvention t .perm.ts_ il.nprovenment. in
the efficiency 8f acecr?ilgg%olﬁg o%/fff' ﬁg %o eelqgé'%r 5he dfsr"grﬁ {Eﬁ e%tﬁn?atggalérsetéhé
wi f hout i nt%®rfsarface wredr t Huusf,i akthogghl onetravdrsing tre metywenifivatf gegion :
injecting the atndil 8RLd1HGs ik Cotfedfer P b8o4d/ BpdrichilarrBHd 4 o BesPL Il ST NG
t he thi cknesses and ,dopj ng -concentrati ons of the varjous regions and by
acti.vating t hefcatreziag in 2.# First depion.steif ascelezating dniftefifld the =
el ectron wor Kifdreabédthe QvEfdgeOtoniRtétte S£ NEhél B Ondiddfi tunf Whd Merge peppenditdliar
fields in accq:r',d%pc% V\ét h the inyenti 041 can havlt_a'be 'fsti ol eLLi %eﬂé:ih%ﬁicsa .
hi gh that nor 021G RERTS, 3% he 18t TEIVEET 5P |°njae:b 5 PhABNE R ype
first regi o cesfilégiemiat: eble boondariyeos whe dedyacwxesdnding dio thrispetacer e
Known conpr i SigiQa Gund- o JadBEddsORndMY ElidsToh UcBsk itlidboladat}e SRIE EARAUEDT
body by a surface-adjoining region _having p-type conductivity and which is
oper at ed underthpd ReZmitiigpromsment ippthe AfLicippeyeAf | emisglq é%le"r'l’ée“?)"et ween
gl ecr:]t rk ode colnraﬁs'&mas £t B aui-%aze aﬁi g&lﬁﬂg iﬂtﬂrfbﬁ?ﬂ@&w&hﬁd@hﬁwiidﬁ)n.

uc nown el ectron sopurces are described jn for ex e, U. K. _Pat ent
Speci 1 cat | on 468 SEPRd Freion, vepheTiop otok, iias it e SO, SLeseEnes AREC the
i nj ected fr®mo-hppenfiyge repioshy By bpoimiaing thet hitkresaes -dodadapdng- n
junction into - VpEe Iegl WAl ,C e
di ffusion recc?ﬁgf%\%tg ?gln&%eﬁgttﬁgo‘g}tl }2@ %Iggg‘tﬁ%cz%%& ?’k _%%%E%n?;ghérrgta g#i%aél and
whi ch is coat ®dthia matenial cruchl ag gdesiumgte redusedthe otlentFem Work feBetiothese
el-ectrons dif fjgeeddnr siides Haviad %REh IRGEML 2BE1nOIPLER £14198) BRCESrdanod)

t he coated surface_area of ,this region. . . . .
with the f;vention can have emission efficiencies so high that more

28 than 1% of thé hot electrons injected into the n-type first region
" ‘can be emitted from the surface area. '.' '

Electron sources are known éomprising a p-n junction which is
formed in an n-type semiconductor body by a surface-adjoining region
having p-type conductivity and which is operated under forward bias

25 by applying a potential difference between electrode connections to
the p-type region and the n-type body portiom. Such known electron
sources are described in for example U.K. Patent Specification
GB-A 1,147,883 (Our reference: PHN 826). Electrons are injected_from
the n-type lbody portion across the forward-biased p-n junction into
30 the p-type region which has a thickness less than the diffusion
recombination length of the.electrohs.in tﬁe p-type material and which
' i3 coated with a material reducing the electron work function. These
_ electrons diffuse through the p-type region and some of them emerge from

the coated surface area of this region.
35 ) '



4 Such forvvard bi ased r n Junctlon el ectron sources are known by th@.
expression "hegative el ectron affini ty cathodes", since by appropri
chdgsing the conbination of the coati: ng -med eri al "and seni conductor materi aI
t he ‘el ectron. affini-ty-of- the p-type region can be effectlvely 5. suppressed.’
However in practice in order to obtain a |arge decrease.in the electron
affinity the sen ol ubrwer dnbties ¢d pe Hvot tidnagkecsron donrdsanareykpowrh Ay theat - -
of si licon. fy*gresqabhI'tﬁ@gﬂﬁen&f&trwlakrmtph@ﬁbwﬁ am,ceos;uaapwﬁeatéq@nd

gap_naterials are used for these electron squrces. The injecied electrons
have only | ow*Pﬂ%‘t”igcﬂé*néPW“éﬁtP"t RE e catdpe l"(?tEEﬂ'arleﬁ?d 39‘*‘??9?‘\":&'% by -
carrier recomnai-ialntlm:emédﬁrag affihhey pftghpep_ﬂggeomxhﬁ rdakii ise leif Pectdfrelshe
t hi ckness the e ion to re uce [-eco t ff |
conplicate uP 'ﬁeesﬁégd %k' |3're5v1%i rac 1c8d"%3f ‘Erte)llnpE 8 38 4?‘%“? ?%% dgcrease
region and a sepdrcatebeeﬂreutaﬂfdelmnhe@temgcpnfdgct@ aetwgabmhaekfbwveﬁ Vb‘ief

hi gh dopi ng f@m&*}%{:ptﬁdﬁp@hi@%%lhéonw ﬁﬂﬂesghqlihﬁ dr@e&idiergil.qlﬂﬂl%&ﬁﬁde .-
reconbi nation effects in the p-type regi-on and to paintain ection

efficiency at apf P YheF i dgr b‘?‘&ée&l’pmﬁt?ﬁ}ﬂ&? %56, “seﬁom&Pe"lenéi‘?‘?ﬁr Etsé’ ces.. -
el ectrons consmetm;ecmmeleémﬁawabercﬁanwmhﬁeﬁlypae&gglama te ehidsidbhe -
swi t chi ng rﬁte of these e e.cttr sour ces |S°H€ pw due to mi.norjty carrier -
storage ef f ect¥TTHF tBrEGVERS Fg Yo GAFTI%G BICORRIRALISR OCSHRI R tﬂiﬁge@ &% on
wor k functi on regiwi.ovMinindsatidarefighepbickiesn of thhe'étf%trﬁsmﬁar%@é“s% L
limting the ldt&udhatiln SOEUES- meo&mﬁLeéassyvuhrehnéAaess grooIMe Begdl ve

electron affinity sources, the present invention provides an electron,. . L
source in whi CHTFRRt BRRct i ide B PP cRagieon (Bdad ﬁpfﬁesﬁﬁﬁ%d%FQ“@féﬁé?’ht ed’ -
Wi g h hi ghdkl n%tqueaeﬁgy»ubyosreeverﬁeebj gsgtlnglobm l!a{*rﬂhargbgbueﬂgt ibheisf i rstb -
and secon {e ns a pad el ectron _em s e an be
obt ai ned evgn e‘l‘ﬁéﬂg"r é‘?e?ﬁ:\,% Tof° g’lgi‘ﬂllzﬁc’é PHIREF Thutt fec ’j’ ﬁ%ecg%g .
materi al . . TheeBidn ehéofor painthin' & hzg!hanmvepnstﬁfcdmt# ftb¢ f@m!#wbllﬁ%esl '

substanti al | yﬁgtg{ I%a &, LRARVEE Sk Pz\?}ieeké&' SER0s | o%ﬁ:ﬁ&ttﬁ hihok iy

sem conduct or and so can traverse e ICI ent pe f| rst

regi on and surcRztiersecip che lBnFyRg weeien GRnEral Hhe t‘ﬁét%‘rlﬂér“&f’ ? &EMB38 | istic S

mean free patfRiecthd® fodrtB® [WOPLRO dGONGLRIJAELP LarPidr @ tonugbactteegi ON
20 Moreover the coating of material teducing the electron work function is
" slowly lost durlng‘operatlon of the electron source so 11m1t1ng the
life of the source. ' o _
' By constrast w1th these known negatxve electron aff1n1ty sources,_
the present invention prov1des an electron source in which hot electrons. :
25 directed towards the surface are generated with high kznetxc energy by '
reverse-b1a31ng the barr1er between the first and second reg1ons and
for which a good electron em1s31on efficiency can be obtained even
in the presence of a surface barr1er and with sxlzcon mater1a1 The hot
electrons have a characterlstlc length for enexgy loss substantzally
30 greater than the1r ballistic mean free path in the, semlconductor E
material and so can traverse efficiently- .the n-type “first reglon and
- surface region having a thlckness of the order of the ballistic mean
"free path The thype doping concentratlon in the surface region
prov1des an advantageous fleld dlstributlon assisting emission from the L

% surface area as descrlbed herelnbefore, and this surface reglon ‘of an JLV':'



surkface area as descri bed hereinbefore, and this surface regi on of 5
el gctron source insaccordance with the present invention does not re

separ at e el ectrode connection and can be sO thin as to be depl et ed

t hroughout its thickness at |east during operation of the electron source.

Thus el ectron QQUELRSsbdkce i@%?@&lqﬁﬂgg (}Wﬁft mhtehgr%;egﬁ e:%‘le{xégl}\é?xﬂage%n can have

négligible mnority storage effects an ence S W g speed. :In

el &ctron sour AW§ FeAUAER G AaPRTatai electrrdepeennentiqmerditcanrbe she t hi ckness of
the surface regififas So Wechoptby Brohdtdue’ A8 tRickhbss R2! 1dSt @ur’fﬁ?n free
path so as toomaxi i se r}:g effect of the surface 10 field in accelerating
the hot el ect PORE2YHT"t frBEEFTAR oFOHRRE- s PR &leskR sauTses imor exanpl e,
t he thi ckness agkoxdapce wwitthceher poesent nizweheichl cab hiavd GepbigibRe mbaoridych a
thin surface rgegj p d_of, _hol hroyghout its thickness by
the depl etion sﬁgﬁa&r& Egéf/errcgg éviﬁ%t #ﬁ&;scgi a %{s?y%)@%fﬁn g?“?’aeg@;dil{on even at zero bias.
In this 15 nmanner 1@ ¢beofran Peutieest inf4asprdange wikhotheipreskntainyenhions| &lad r on
source may al $6i6iakes Bt/ ehd durfilkes ¥oifhl 1Y pREEds1 YV tw?r?éé ¥RCefd I St
region is proxyg d with a peak doping concentration spaced-fromsaid.
surface area, "fOr*s&x4 8 gVenP‘E?‘pé"cﬂ?péﬂt“‘?bﬂlﬁﬁrﬁ\‘edﬁféf‘%ﬁ? theesyrfiagpe
dopi ng cond@nifield dn saelératifgitheoliqnedéatohetine ehe dicestibh asie thé €a and

t he peak dopi o r at of the n-type first _region wthqut .
si gni fi cant| ygggfr%lgi %ﬁe{aﬂngﬁt & Er‘r’ﬁrnﬁ il P‘%ﬁ ‘f)t?lc?%'é X 8? rthﬁes'ér%%f’?grtﬁgé?‘? on
of the first 2AY bseabrmestelfl samcmeitres: g8waly at thimheutface ategion amy. be
Furthermore t @eprtehasenbfdl eRrdlgRSut Qs " GALKAG sy WRE Ml eblidl L e
connecti on, s? that 25 ingorporation of this p-type surface region in
accor dance w ﬁ“’l‘%e"b‘ihe%’rﬂ o RYRS £ B Re#kPoneYenc hAeTe Rigst helte kit r ode
connect i on 1Bombhrpnr atveas. highhisi fits fhadt banllbar dbtaddydnt age@He oleefrdnOr M Ng
an array of el ron.soufces in the sane seni.conductaqr body.  Thus, the
region struct ﬁ?‘g o?ar?éail%ﬁ/ e %Href%lcelgl?eséﬁ%ﬁhlé‘ﬁds?% ‘first and.second
regi ons 30 need h¥ben dheyn-ttype diiget rregdor disnprrviided withea pkakloping s to

said first concentration spaced from said surface area, for example by n-type

provi dés an advantageous field distribution assisting emi ssion from 35
re

a

dopant iom implantation, the p-type doping concentration can be
?“ incorporated between the surface area and the peak ddping concentration
of the n-type first region without significantly complicating the
manufacturing process or the configuration of the.first and second
regions which generate the hot electrons. Furthermore the surface
region does not require a separate electrode connection, so thaﬁ
25 incorporation of this éftype surface region in accordance with the
present invention need not complicate the electrode copnection'
configuration. This is particularly advantageous when forming an array
of electron sources in the same.semiconductor body. Thus, the region
_sfructure formed by the surface region and the first and second regions
30 jeed have only two electrode connections, one of which is to said first
region while the other is to said second region. Furthermore the
electrode connection to the n-type first region may also contact part of
said surface region.. Such contacting of said surface region can result
when the electrode connection to the n-type first region is used as
35 a mask during the introduction of the p-type doping concentration.

This is advantageous in simplifying the manufacture of the structure.



regl onwhile the other is to said second region. Furthernore the el
connectjon to the n- type first region may al so contact part of sai
regi on. Such contacting of said surface region can result when th
el ctrode connection to the n-type first region is used as a mask 4Uri ng
thé-introduction of -the p-type doping concentration. This is advant ageous
in sinplifying the manuf acture of the structure. 6 The hot el ectrons can
ba. generated in tHBeRRtyelRrtaons sarrhe Beranebeduinothenhody by davadpaciieon. .

ghu\,,/ salﬂ sfea:easkabeguda.-nbmdeb@-eats@:&lypqnqspcuasalsélcwd &@glamaapaferl er
etween the first .and se L egi ons rovi d unc i on
which the p- typep-§ gecgg by eg‘f’gﬁ W’?ﬁ th}‘féw?lent §€% Etéf?%ta

However, in acegvuanuay Mtﬁrovh@dpbzwnt pimyemttiion whiible ghet mpdopl ng
concent r at igon RSN Bbdi%nt e difeh Edeld JRY el Lgorated in an electron
sour ce whi csﬁ gsenerat eéslg,ﬁot el ec]itrons a‘ttan o%gsrtatp%ér% RvoI tage below the .
critical |evel nedg¥evary jmpaceqripner Wa thrthgkerasant ]EGV?‘!#’-%xé#ﬁl Prtyge

di scl osed and d6i>ﬁig”€6hdeﬂtiiﬂoﬁ%rBGMn@gtl{@ti?:Mt 2pIld ga¥ iveNistbepSdtedur
reference: PHB 3282@] which is - f q}d on the %1"’ ]ga as the present,
appl i cation ak8 #h# cﬁrgnaﬁ?ﬁceer‘fh‘f Sgne e (hosne Q%F%'é‘s ahff BRTHATRSt
havi ng el ect r voltsagerisdoWw. thBhusitigal devel ordessagy oformayalascid bresidoen,

conducti vi ty_gpg &sm%%ogg aélsglssregmmlglﬁ.gﬁ 1yRfe dLpaeinEAaEY. 2 bar ri er

regi on having a p- ng. concent

unctions with
both the n- tylsevlrncmonaﬁa biur, eefieserce: AR 3383 whick $%cé3-ﬁélda’5‘p§¥3 of

the present .i py@ldaPrast B Presedd’ ypidedt RAULITORLCH QEP41sS! &@tﬁwaacuum |
envel ope w thla}Wh' ch a 20 vacyum can be mai nt gi ned, and an, (@Etron source
el e

in.accordance WMaAHTPhEOPFTas: 2ad Fapipmept having elactron S%Fas Yan3¥ur ce
bei ng nount edse¢dndi regilos wEyvBé afenttypeebontiudiy vety ahd drs sepunateduﬂi-oﬁaﬂmum
during openat |0 f e t y. ke r a
cat hode- ra;gt %b%pg H}gt &%‘,_9%9 3 bg,g\g/b%rggggp{;(eg;‘rq? %&Vt{%@ % eI ect ron
| i t hogr aphy eq'mqsnémumrwmnb mfm-et wr@teﬁnwwbrbpﬁh aﬁhsrrterem%frsf-a%né .
devices.  Thugecdd@Pgdpdbng, on the type of equi pment, the sem conductor body

may conprlse a S|ngle el'ectron source or an array of
AZcording to a second aspect of the present invention there is

prov1ded equipment comprising a vacuum envelope within which a
20 yacuum can be maintained, and an electron source in accordance with
the first aspect of the iﬁventioh,-said electron source being
mounted within the eﬁvelope for emitting electrons into said vacuum
during operation of the equipment. 'Such equipment may be, for example,
a cathode-ray tube, an image pick-up device, a display device, or
% electron lithography equipment for the manufacture of microminiature
" solid-state devices. Thus, depending on the type of equipment, the
semiconductq; body may comprise a single electron source or an array of
such electron sources. '
These and other features in accordance with the present invention
30 will now be described with reference to' the accompanying diagrammatic
drawings illustrating, by way of example, various embodiments of the
invention. In these drawings: | -
Figure 1 is a cross-sectional view of part of a semiconductor

body of an electron source in accordance with the invention;
35 ¢ ) '



sucth el’ectron sources. These and other features in accordance with t
present invention 30 will now be described with reference to the
acceppanying di agrammatic drawi ngs illustrating, by way of exanple,
embodi ments of ‘the invention. In these drayings: - Figure 1 is a
cross-sectional view of part of a sem conductor body of an electron source
in.accordance with the invention; 35 7 Figure 2 is an energy di agram
t hvelugh such an el @dguen 2siiabcenen@PrdilpPem ¢RFslighi Atk aficdbEBrod bdurde -
cross-sectional yiey; of o gé.ttig;s,a sem conduct or body of another el ectron
source in accordance W { hé°Mivention, and 5 Figure 4 is a
cat hode-ray tube i AigexsoBdimeeccmisshsedtdonaly eiew off paxdt ofi@ meivgndurterect r on
Source in cCObERNGE et N3k MbENLdAe i 1S0RMLEDGIAPURS {hahe Al L
Fi gur es aresdlagrannatlc and not drawn to scale. fie relative di nensions
and proporti‘ons of Fig#Re pata & efthedesayrivhe: ba asgordapee vishothe imventign
gx agger at $ﬂ . or aﬁcﬁ@iﬂ&fﬁiﬁiﬁ@hﬂ@l&&t&ofi adoared ie.gaé/&&hﬂ&ezﬁﬂg the Snvbytilol. t he
raw ng. e sane re nuner.al s as, us N one enbodi rent are
general ly used to &gfszP“?%ebc?o???élngﬁﬁ ﬁbij(fﬁes#‘rﬁ‘?%‘r age (41aermafiic Ardepot
enbodi nents. THeawsl ectscabe SOMhe erelativet dialetdions Ead)pkepalrtd a8 bif SEMmeaparts
nmonocrystallin L L ' r ay] -lype.h fiJ
rogi on 3 whight Sreee LgREY RRRTVELE anBRterdskiy il Pel b RRahid 5L
barrier | inclHf fake WS peavepisncei ands clexidvetn he virawingre The samemefersnsad
regions 3 and gumerdld/Ss bdbdl B® ddeCElYOAIMSRULFE gRhefdlTY Red td REESEEENT
region 2 is of n-type conductjvity and the barrier i rovi ded by a region
1 having a p-tf/?ﬁfeé%fﬂdﬁ@g ST EMLAL (R BHS IR & eé’(fh?’éreﬁg"‘i)‘ﬁénﬁ/\b p-n junctions
with the n-type relhordedtmndschircesildabtratley. inlRiguect tdoapris@sr &€ has
el ectrode Com%&%a\%ﬁi%giﬂﬁok%éﬁgoﬂﬁgk {-‘_Sooﬁ A3 i%%sBx?%t-%V%' y. These
connections 2 an whi ch ey conprise netal ﬁyers ?o_n1ng-o c
contacts to thEinsEgregion 3 shichs igcyaparaend fpom v sepond pragdar i Zalof dihef er ence V
across the bargddyr 10 b90a urkPeP1asnAadiAE thé PN johcRIShd 1Y Eactlu! BedveeR ARl 10

the region 2 ap.d therebz, . : . _ -
o irst and second regions 3 and 2. -Thus, in the electromn source of

Figure 1, the second region 2 is of n-type conductivity and the barrier
. is provided by a region 1 having:a p-type doping concentration which
?ﬂ forms the two p-n junctions with the n-type regions 2 and 3 respectively.
The electron source has electrode connections 12 and 13 to the regions
2 and 3 respectively. These connections 12 and 13 which may comprise
metal layers forming ohmic contacts to the rggions 2 and 3 serve for
applying a potential difference V across the barrier 1 so as to bias
25 the region 3 positive with respect'to the region 2 and -thereby
establish a supply of hot electrons 24 which are injected from the
region 2 across the barrier 1 into the region 3 and which are emitted
from a surface area 4 of the body 10.. ) _
In the electron source of Figure 1, the region piov{ding the
30 barrier 1 forms depletion layers with both the n-type regions 2 and 3
and has such a thickness and doping concentrétion as to Be depleted
of holes by the merging together of the depletion layers in the reéion 1
at least when the potential difference V is applied to establish
the supply of hot electroms 24 with sufficient emergy to overcome the

35 .
potential barrier present between the surface area 4 and free space 20.



establtsh a supply of hot electrons 24 which are injected fromthe regieq 2
acg(o.gs the barrier 1 into the region 3 and which are enitted froma Fga e
4 of the body.10. I'n the electron souce of Figure 1, the regi o
provi ding the-barrier-1 forms depletion layers with both the n-type r&grons
2 and 3 and has such a thickness and doping concentration as to be depleted
of hol es by tf?@“ﬁ%ﬁfgﬁih@ negien Repayevem deddsrileted of| hples by the merging ofi 1 at

1'egst when thanpoigiktfdn dhfdrar eres ééz‘osbf’&okbﬁ‘ditl&ses'fé@c'é& tsbem%_uppl y of
hot el ectrons 24 wth suffiem ent energy to overcong the 35 potentla

barrier presef@VhRs Rueh, depleted, baprder megions, Jqjaze, disclgsed, apg claimed g,y cr
the region 1 rmhy saidncdrgedépigepetbnafl agpdliestion 1RSSOV Jowy re‘r‘ertelﬂeedepl etion
| ayers under zgp030i,3S) Ct%“v?el {chOPSre EJ; eCtiL o &9&!{ €67 thurgr'lrlg SP Qeoo' it
barrier reg? ons 1°are disclosed and ¢l he" sa co- ng patent
appl i cation 813350 e&mdﬁw%weﬂtéhe@ﬁmﬁ’éswt)mtlcthwmhﬁdw& ofethee is

invited for fuibbefon SHcBBIE @DgurleN1 A PhERRGEp sk 4 Qﬁrﬂc@sﬁiﬁkoﬁ v GRidioN
the body 10 of ,the electron source of Figure 1 further nprises a,surface

regi on 5 whi cifdaeinsi Hee eHefaqs pepaebaton ‘Ahlrﬁhomwwt:rflfﬁ%r%at%rﬂét&t%ﬁsedz4
are emtted argddwhieh cdamaiseses p}cppé Vi1t RbiiEent OACiDdR! §ariviifig) tsefomngemen

f or m bet wee n-t n and.t he sur ace
ooty e kExBe  XREs e shBlon S e BPEICaRl B0 SoRLe AT fhnk
surface ar ea wht@,psovhldetmiaedcsnﬁ‘lgm 2urisaepacedefrom theisiuffacei ated 45 for-

accel erating g 86 sdfaldMOEHlS saftdeSida0k Ca ArEft Field 15Nk HBIUICLaiRg
advant ageous field confiqguration is obtalined adjacent ,the surface area 4 to

assi st’ 15 eni 83PEHToBr ¥héotrnds etaddi Fentaceatratyy f fRehipMagneD an #ivaptageous
devi ce struct tﬁewfcoEﬁguwcﬂont he oSHifn’thadjagéﬂﬂ the i surffied Qbéa &t télrasapet t ure

in the el e\(;)%rode |.a er %g hlc 3. ggnu ar.confiquration. This el ectrode
layer 13 (wRi SR-19°ReC% Sﬁn% 55 5?1“% 1050 E75€0FPHF A%y al so contact the
surface regi on 5 florthexdepiee atvietdre @£t Figunhol ahpourfines yegion ﬁeia' @resengn
bet ween_ t he r%G'QP§P§:L%QQ th tﬁ@eelél;‘léio%%eu%@alfwﬂieﬁ he §EUhffLar | S coated-

vmthaverythlnfl a materi al C|ng( wor k function, for
exanpl e caesi Gpnfiguration. Th:.s electrode layer 13 (which forms the connection to

the reglon 3) may also contact the surface region 5 for example around
20 the whole periphery of the junction between the reg1ons 3 and 5. The
" surface area %4 of the region 5 is coated with a very thin film 14

of a material reducing'the-wbrk function, for example caesium.

In the case of a clean uncoated silicon surface 4 the surface barrier

is between 4 and 5 eV, but it.is reduced to about 2eV'by providing
25 the coating 14 in known manmer. ' _

Figure 1 illustrates a particular compact, low capacitance structure
for the electron source. An apertured insulating layer 11 is sunk over
at least part of its thickness in the body 10 to form at least one mesa
portion 9 of the body 10 bounded laterally by.the sunken insulating layér

30 11¢ The regions 1 and 3 are formed within the mesa portion 9 and are
bounded around their edges by the insulating layer 11. The electrode
connection 13 can be provided in a reliable manner at the top surface
of the mesa portion 9 without contacting the barrier region 1, although
it may contact the surface regionm 5. This electrode connection 13 can

35 extend onto and across the insulating layer 11 to provide an extended.



between 4 and 5 eV, but it is reduced to about 2eV by providing 25 th

coafing 14 in knows manner. Figure 1 illustrates.a particul ar conpact,

capaci tance structure for the electron soufce. An apertured insul ati-ng

Iayer 11 is sunk over at least part of its thickness i-n-the body 10 to.form
| east one ' t he bod 10 bounde ateral sun en

i n\s.ul ating | a%orctﬁ?gg erg C,eWirHéch (Q)lﬁtser ng 3es et dﬁ ﬁ"éae*ﬂ“f’*#/ﬁ' 3

portion 9 and ¥ixespoeandbe lvméemd ﬁeltppedgéecéayftﬂe nes patting Qayevxdb:s

The el ectrode eNRgetdceNared &3 oRSucRViHied ddtrBnd %'ﬁ@ En{ERGET at the top
surface of the mesi?portlon 9 without contact |lnghthe arrier.region 1,
T

although it may coh®dOf EIRETIR Parere afifisuse & TegiRn 2ofAR Berfeseed on 13
can 35 exterﬁd b taoh ighd raﬁmemyhﬁ-tmul@guca&ﬂays,ferl@n-t)ooﬁm\zbde an

ext ended ern nec exanple in
the form of wi r%é%gg‘é’ﬁ% Bﬁd’m{% ﬁ"ﬁ:& %—%’p ?i'ﬁ %tré‘% ?{%p vslzgef)dar Bn 9
provi des the s¥gsfiatancar eennéctiamrtoitihemetad laémt I wbid can cextend fowelr the t he
el ectron sour cgob fd&uéﬁrflacyﬁ Eﬁg'sgﬂ frate 436 $hE buBs Yatd Mggement

resistivity n-g pe e_pltaX| al n- on atowresistivity n-t
substrate 2a. P%hYeﬂz'aFa ib ogcd deviesyhpwingerlice em%ecﬂeeﬁr% t he

met al | ayer Wl?sddibs hinC &ie %aﬁﬂ@ Oiwelrére lwﬂﬂyeabﬁfi KeSWJdaﬁ& Qbvide8 having

substrate 2a. SlrJ? Qraq&ub rale ai atﬁgerrent IS, artlcu a% %’%‘ﬁo le for a
devi ce havi ng DAY 2 'sTnyl € el eCtTor SotfrEe®s r’f th&BBW, °2 Weve? S¥ Ry
al so be used fregide\4 gnd dammglacqﬁodeadomttycnbntmwetetwhtsmrsmrces in a

conmon body  10;:i {1 COEEREo deS Gb ko130 15%40&.&'13&4.49 G20 gs
but with separate individual electrode connections 3 for the in |v ua

el ectron sour CE¥Rgrdlvidval Feghens deg?bis 1 and 3. 15 The nanuf act ure
of a particl ar exmEhandfactiie ekeé:tpammw GRapleUsE LWhe @IecEi:&ure 1 will

be d i bed. A h h I I t t
o for oxanplBeres AP A FRTRAAT . FO1 PP S3ELor o PAPERROFPEY 1] )
and a thi cknesioped sildcorelayet bavingnacramietivsyi of ,efort’ @xampley grown in
known manner 20,00 & PAGBRAIHE1FORBY Sinbb Hidtus VARKE Aduf) 260 d 13V i1 kRess

resistivity

In the ‘case of a clean uncoated silicon surface 4 the surface barri er@

of, for example, 5 micrometres is. epitaxially grown in known manner
.20 on a phosphorus-doped silicon substrate '2a having a resistivity
of, for example, 0.05 ohm-cm. and a thickness of, for example,
240 micrometres. The insulating layer 1l can be formed locally in
the major surface of the epitaxial layer using known thermal oxxdat::.on

techniques to a sufficient depth, for example 0.1 micrometre or

2 more,below the silicon surface. The particular depth chosen is

determined by the height of the mesa portion 9 needed to accommodate
reliably regions 1, 3 and 5 of particular thicknesses. The reg1ons

1, 3 and 5 can then be formed in the mesa- portion 9 by ion xmplantatzl.on.

Boron ions in a dose of, for example, 2 x 1014 cm-2 and at an energy

30 of, for example,' 4.5 keV may be used to form the region-l. Arsenic

ions in a dose of, for example, 5 x 1014 m.2 and at an energy of

10 keV may form the n-type region 3. A localized implantation of boron:
' ' 13 -2
cm

ions in a dose of, for example 7.5 x 10 and at an energy of, .

for example, 0.8 keV may be used to form the p-~type doping concentration

35 )
of the surface region 5. This second boron implantation may be localised



of, for exanple, 0.05 ohmcm and a thickness of, for exanple, 240
m ¢ronetres. The insulating |ayer. 11 can be forned locally.in the
surface of the epitaxial |ayer using knom-et her mal oxi dation tech
a sufficient depth, for exanple 0.1 mcr tre or 25 nore, bel ow
silicon surface. ~The particular depth chosen is determ ned by the height
of the nmesa ppytdiep gzl elelnange) li ably.regi L, 3. and 5 of
particul ar th%knesgiﬁeﬁﬁggrée%i gﬁs 1, %qug%{ gscg‘ﬁ a%éﬁe% B‘gﬁgr Ea A t he _
mesa portion Yy | BT thif aMreaseothe behrofordayen 13 vasbeoif, for esamphehe, 2
x [err] and ah-eypecn@igyry¥taiDine £XAMPhEL, Afrdr knbaTBNg Rfe UnRiad@,f 844N t he
L .a.dose of , for e and at an

region |..- Arsenic_ ions le,. .5 X [err .
energy of 10 %é%"(rirﬁy o?énébtchén rY—af%et?%d‘}%ﬁi(g‘.@% Ilac'étf‘i‘ge‘l’fy! Bl o e Lmg fumy ¢
boron i ons 5i ni& pdovkdedf to fform ghanpleetvode xofmecriommnd tie subszrete2apfandf or
exanpl e, 0.8 kg egiseq {0 : - 1 WD i cone ] 35 of
the surface regi gg%a.chﬁ% ge%oﬁ%%g%gn@ﬁ Errt]:l) %%%n%y%%%%%%gi gg’d 10
by first providi nghe REeeisecehydetenipsics) abtaingdt fors the ellagtizont sauree nask.
For this purpasenthé thé ectivla EodcantBdtibe &d th RiknEsd TRhS 1y HodafREd
pol ycrystal ripe silican,. Aft.erobmr%ea?i 9 thé‘L L npl a'rzlts, nfor. exars;pl e, at
[err] in vacut® EAS ﬁgtg?e F%ﬁ/’é’?‘si{; &h‘?’t‘ﬂgrra?‘dbég%e deRfRe 98 is provided
to formthd¥ ebarticuds tonspeties) dnergeandudoser ade! 3ad oanthd keneulihgce area
4 1s pr OV!-de%dn'aigﬂQt\_Q":‘ an?relm:Enﬁnt Q&xﬁg%ﬂgaéﬂi eI m% Qggc(i'llﬁgd above the
characteristics._obtained for the electron source Eepend on the active

dopi ng concenk98&PR ch iarkptimeten 62 ave rmideptivof a2 odndmstres@nd ofn mhtiveegi ons
1, 3 and 5, apihpavacenraporoBrtNg 16°Pantd cuhapehR SHELESs energy and
dose used and gn the annealing conditions., 1n an electron source .

nmanuf act ur ed €S+ %%‘F%é’&c'éﬁtﬂg@“? PTG Fres EE“EH“F HEERFS &+ hdVeb &y @ept h
of 25 nanoifetsueb arshadh depth \ferdue regimandcrnesgyt dosoffod the| eledtrbhe 2peak
of which is Lat.ed. (o] t t,eS, r f . 4. By
naving 15 such gz 06F WepP X3 od SoRANANE' G251 AT eBL Salifich

el ectrons 24 afntheeleetpons Bromsthecgurfass axeachhaTbpsry elbetronk ethiiieb caref or

em ssion of the ehitekd NOmf AT LNRCEULACE RleCixttactldi¥FEa AnBCLIRRS A Ch
are ' - :

connection 13. By having such a high doping concentration in spite of
20 its small thickness the n-type region 3 exhibits an electrical resistance
' which is sufficiently low for rapid modulation of the emitte& electron
flux. The barrie;_region 1l is estimated.to have a thickness of about
50 nanometres and an active doping concentration of about 2 x 1018 cm-3
~ resulting in a potentiai barrier of about 4 volts to electron flow from
25 region 2 to region.3. The fesulting barrier region 1 is undepleted of
holes over a part of its thickness by the depletion layérs formed
with the n-type regions 2 and 3 at zero bias. The application of
a potential difference V of at least a predetermined minimum
_ magnitude is necessary to spread these depletion layers across the
30 yhole thickness of the region 1. The surface region 5 is estimated to
have a thickness of about 7.5 nanometres and an active doping

19

concentration of 5 x 10 qm-3, resulting in-a poténgial peak of 0.7 eV

spaced about 5 nanometres from the silicon surface 4 and a mean electric

field 15 of 2 x 106 volts cm-l. The resulting surface region 5 is

3 substantially depleted of holes even at zero bias. Such an electron

source can operate with a voltage V of about 4'volts.



connection 13. By having such a high doping concentration in spite g

[ tsf_‘s?:nal | thickness the n-type region 3 eg?i bits an electrical resi(si

which is sufficiently low for rapid nodul ation of the emtted el ectT™On
flux. The barrier region 1 is estimated to have a thickness of about 50
nanonetres and an | e pi n ' .018

resedting in a pot gg%dlr\él 2(t:)k(agr %P%ng%ﬁgbggi&khwgﬁt%&?g“&eIpégté?%l%%fT%\%ﬁﬁ om 25
region 2 to refiroysh thehelacksen spurrehanka dree sgrem with thanblias| valedgeV hol es

over a part of apgiied [Hetkdds $hdlelkberodePtdinkOficndYEY Snd IIMBSH Witk chBe n-type
regions 2 and ation of a s_otent al differenge V

3¥a't Zero bi-aﬁ. Tt}e appl i

of “at Teast a BIEHECL ARG IR AT ArAAFIE P AoV rebB Eione Hie heFRiAESe
depletion | dyeregiasrbas illesBfatedole deplatiedost holes hg thegiepletionlReyensr f ace
region 5 is estduRbEH § 0K tbéﬁ%ﬂsszs aBh APORle (niy QQQP:‘-[L? p‘?% apg, an
active doping concentrati on-o'f_ 5 X err], resulting In a potenti af peak of
0.7 eV spaced swrdace 5 anaddnds riddusenated as ajsurface slipdlecdayeraredusingan

electric fiel denkdePdctzoX WoRk! func¥Pod.S TR pttype TibHihgSddnkédidatild 3€CrHegi ON
5 is 35 substantially de&l eted of holes even at zero_bi as. é'us h an el ectron .

source can opetURfACHITERIR YoFesuyLs \FipFhe Bgusntasels glectrig; 2is a
schemati ¢ elbcésnEignrumtioy adjacandt ey isatfabeagreans tdy QLB trheedeie igare 2our ce

into free spacg wWith.the bi.as ol e V. applied.bet N ..l ectrad
connections 1gﬁ'aenauﬁ€fc5n?gv’\'n°?h§/tl HEe _eug% %oﬁogegg%% pm?gs?'g ggs’gagéaé:te go%ém in a
vacuum envel opthe Fhxfagerarneers mndegliich dambe|drogsed dycthe botjedretrogsof hol es

by the depl etignnbay &ush fz‘é&"ﬂ?&i%_tilnkbetﬂl‘st Yk {£WieRsn 2h8dag: inBRBad hi N
coating 14-on the surface area 4 is illustrated as a surface dlg‘g’l e | ayer
reduci ng the eteCPirfidiRg Fiflyfcbrwpdaryturfacs o9& thenPA -c oHAEAB: o8B of t he
surface regionehd peswilchs tos éhe cashsn 2t agfetbentectlid deift €ieldl@5 in a
configuration adjacent . the . surface area 4 as illustrated.in Figur.e 2 h
Cort ace. eq o EeRERR, stk FuslEAlErcta®y dy sdatBL tntll, SullliSplacelIE
surface area 4thdacbavedery canfise of dbsctbdyyandidnhoithel eaupmrdd.wi t hout nuch
reflection since t§ih REAlrhe Wek{dd Stﬂ?a@&'é’dah@?fﬁﬁ@ﬂ e gaht GiREntcnh @
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boundary surface of the body. Having crossed 15 eak the hot electrons
24 experience Webﬂrqnpprgqrégﬂi 48 papyydifferent hot electron source structures

and in different types of hot electron source whic@ use a different

not emtted fromthe surface area 4 are extracted via the el ectrode
e

injection mechanism. Thus such a surface region 5 cam be incorporated
in a non-mesa form of the type of electron source illustrated in
Figures 1 and 2, in which the insulating layer 1l is not sunk in the
body 10 over the depth of the regions .1, 3 and 5, but instead the
2 Pp-n junctions between the regions 2 and 1 and between the regions 1 and 3
are brought to the top surface of the body 10 by means of a p-type
deep annular boundary region which is not fully depleted even during
operation of the source. In this case the n~type region 3 can be
contacted via a deep n-type annular boundary region present in the p-type
30 boundary region. Such a modification uses the same injection mechanism
from an n-type region 2 across a p-type barrier region 1 and into the
regions 3 and 5.
Figure 3 illustrates a different type of hot electron source

% as a further embodiment of the present invention. In this case



directi‘on towards the surface area 4 so assisti ng their em ssion across
this boundary surface of the body and into the-vacuum 20. Such a surf ae
regrQn 5 in accordance with the present invention may be incorporateg i
many ‘di fferent "hot el ectron source structuges 2 and in different ty
hot el ectron source.which use a different injection mechanism Thug§ Such a
surface region 5 can be _incorporated in a non-nesa formof the type™o
el'agt ron sour cE'S BT t’Rer d9rigs; spuceniragion fapming the, deplesind t4vrfaces mhaidon g

| ayer 11 is nois iua&#olﬂaiélle1@%Yn4@pﬁVﬂrsEh&gdeﬂt31wﬁ{cﬂ ke 4. e?gfﬂgﬁbiﬁom?’aand
an el ween

5, but instead the R; n nctLon en.the r and

the regions 1 Bnd’3 % rrSEb?ﬂ %’ &h artrd‘ﬁrsfl?ﬂg‘f:gyo‘f sinele) 838 Bt elng
of. a p-type deBe amm:lrate Reuisl dighlyedomni phtype. silinod hiawidg tHepdoat ed even
during operati r t S n e | an be
cont act ed via GBIl nityon dnterid Dt fh MECHIECHEY B %0 (Ve
boundary regi o#d suxfase regdem 5 are i formede fox wemby rijoacinpd ankatd pRni sm
froman n-typesdsege %3141%0&& 2ePioh¥ PP aRars- laeaeé;ﬁql-%el nl 34 st he
regions 3 and 5. ‘? %elllustra]tﬁs a different %Pe of hot _el ectron
source as a fUFtHE ef‘rﬁo nBRTast 3t Y e EBN EXPIRISN DY S9Pant, diffusitese 35

12 the p-type Thepimtypeorspint r28t i®ranf sumilag Howadsigpregion @hilchaingsegihen 5 is
i ncor porat eg ijl,a f s h separ m type
second region Mt&é‘??lle(rge?& e&?% gﬂ"% g@r?%l %’ %c'najpeun:g ur%'f $ e
substrate 2a |‘§’dﬁ|£ﬂ1la9dcﬂfﬁ%ldﬁé eyqy@tsw |re§1=pnh£v¢ rvgetmpemesc@qsctwem
silicon epi taxnhal cén&!-QI p%rtibdl\/efcdihetﬁé‘n Ruhdti®n’ £19i£6Fned Eﬁdzhéuﬁ-f pE FeRULPB S
are formed, fﬁ- gng bg% 'E‘%"’F‘ antation. Befare ,tprow di Bg e regl ons 3
and 5 a deep M3y i sn%r‘B%“r daami Wethﬁlébf al, pogtipts,

exanpl e by domntmhci:tomlfomedThf thet y{rypeegigion 23.i s an annul ar boundary
regi on whicl bringg .t be e n to the
top surface of the 5‘5’ 1‘8 gor?ge%ﬁ}\%u sgog C((?n L%&;%%Q ! agdo?%agt% dh‘Taect rode
connecti on 13.10TKRP“Bcpinngr $bithitpreskdown 9f the me:mbtiserdonmwy 2lhe
n-type regi on ozchas v Jnmmacw eaiadaion/ 0l 5y GBpifiaR 4 RR1BSd RheE @l portions

of sai d

suitable magnitude between the connections 12 and 13 to bias the region 3

positive with respect to the region 2, breakdown of the central portion
20 of the junction 21 results in a supply of hot electrons 24 injected into
. the region 3. The field configuration resulting-froh the p-type
doping concentration of the surface region 5 assists emission. of these
hot electrons 24 from the surface area 4 in accordance with the present
invention. Thus, as described in the previous embodiﬁents, the region 5
25 in;roduées into the electrom source of Figure 3 a potenﬁial peak
spaced from the surface area 4 to provide a drift field”fbr accelerating
the electrons 24 towards the surface area 4.

"The electron sources of Figures 1, 2 or 3 in accordance with the
invention can be”iﬁcorporated.as cold cathodes in many different forms
30 of equipment having a vacuum envelope. Figure 4 illustrates one such
equipment, by way of example, namely a cathode-ray tube. This
eqﬁipment of Figﬁre 4 comprises a vaéﬁum tube 33 which is flared and
which has an end wall coated with a fluorescent screen 34 on its

ingide. The tube 33'is hermetically sealed to accommodate a vacuum 20.



p-n jUﬂCtIOH formed by the n-type region 23. 15 The dopi ng
copcentrations of the regions 3 and 2 can be chosen in known nmanner so 4{~
bré:';kdovm of the reverse-biased junction 3% occurs by avalanche i oni Ao.
By dpplying a voltage V of suitable magnitude between the connections ¥
and 13 to bias the region 3 positive with respect to the region 2,

br eakdown of t hecladed rial :wrtub@mszgr@ffo&mlhglrb.%h%dza 25536/ dnd aéhécﬁléﬁm y

0 ot electro to fleld confi gurat iFon
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assi sts en ssi ekecsron [foyecdsotin cgdcgetdamge: Withf therprénens uidvastion elsich are
accordance W thédl%ecPrﬁS@t{E s R r bodFuSo. a?h&'%%ﬁf 12e4s iduhfiy Previous

enbodi ments, the re j on 25 1 ntroduces 1 nto el ectron source of Figure
3 a potenti A PRABS e%P i bhin fhe fybe % a%&lacqrecﬂr SORRRCLAORE jare fiel d

for accelerati ﬂg.-ntehet:et’weéﬁ r:aa&e%atwa{-dsut, D® aad' ict@endll fand 30 WRficR| ffslr ON
sources of Fi IML S8 et ' th2 accol ce,w.th the invention ca

i ncorporated as %oFt(Ij 3 e 2 egé {Lrtfen%u g:?‘f f BPBhELeTTRR SHy* 58S é’&uﬁfﬁﬁﬁfnce
havi ng a vacuuwitbnyks opeselﬁ trpeg tilor Imhlusthsatlas ioearpovatededni [foerdxample,nay -
of exanple, nafgRlx ﬁc%%@%@%xé&yoﬁ Ui vm'cﬁnelgﬁbp%tﬂtri F&Qiﬁfe% G%ESES

a vacuum tube 33 V\/m chis flared and which has an end wa coate
f1 uor escent sc+seén‘“%‘ﬂ"'8nt‘*bﬁs“? ffaiche anTinRformpidiogareprepantasive shetses patteant o

acconmpdat e a iMedcsBded. o3 targhkd Hynehmhedflmmbbﬂat:ubeel%&ﬁfnefiaclgssémed
el ectrodes 25,b26 gnd de el ectr.on beam 24 i s

| ection eI r Q¢
generated in ore SHSFEFoR B8 n° SEE]F gaylﬁg g&bﬁhd @e\/\}’?%eﬂ'ie present
i nvention whi c#ubaewmtmatesd byn at trnssemt edeckronoreapogenetdtediipeefrydhlio is

nmounted 5 on & hpk cg%ege%;gy Bodd¥g tube 33, and el ectrical connections
are forned petween the netal layers 12,13 and term ng%tpl ns 30 which pass

through t he™ase OfM9WRetqchBelogy used:fiow|tbernanviachnrecat shlicogoinkeszated t h

the present irnsieatiwsncambeahssd Be fabedEdiQr at&d-rw,sotxeéesemrualcerdam@age
pi ck-up devi ces f the vidicon t¥‘8 Anqt her ssi bl.e %g:tept 10 is a

menory tube i iRi T ARTSINAGR A%t PO ATFRD RS R '?n?ef,‘h &t i s
recorded on a '!halsg:ei foyiligansd bf a:amthd;at struekend p@r‘s_tfchosmg:eaertate_éthg

only electrode connections to the two regidns 3 and 2. Thus the

20 gevice quj may comprise a two-dimensional array of such electrom
" sources each of which can be individually controlled to ieggigte its
own individual elec¢tron emission; The bulk of the.body 10 may be
lightly-doped material which is 6f opposite conductivity type to the -
- regions 2 and in which the regions 2 are provided as islands. The
25 jndividual electron sources may be conmected together in an X-Y
cross-bar system. The gftype regions 3 in each X-direction of the
array may have a common electrode connection 13(1), 13(2), etc. which
extends in the X-direction. The islands providing the regions 2 may be
in the form of stripes 2(1), 2(2), 2(3) etc. which extend in the
30 y-direction of the array to connect together in a common island the
regions 2 of the individual electrom sources in each Y-directiom.
Each of these strips 2(1), 2(2), 2(3) etc. may have an electrode
connection 12(1), 12(2), 12(3) etc. Individual electron sources of the
X-Y array can be controlled by selecting the electrode comnections -
3 12(1), 12(2) etc. and 13(1), 13(2) etc. to which the operating voltages



by t he* el ectron source of the body 10, which charge pattern is subsequent|
read by a constant el ectron beam generated preferably by the same el ect ~
sognce. 15 Known technol ogy used for ahe manuf acture of silicon "v

i ntegrated circuits can be used to fabrlcate el ectron sources in accor aghce
with the invention as an array ina commopn sem conductor body. This is

facilitated byytd)easi Wiks &Eré’gﬁﬁ%@ thbéiéCExéQ'Héﬁﬁxss(f}ﬁﬁ@kM QD rSLfé&'f:r ode
cagnections to the two regions and 2. s the 20 dey,

i ce :
conprise a t wotitheraeP™I2 &PF é}e‘b‘fr%uﬂfséF‘é’bL-&ﬁrF@o{ﬁ%@E %acﬂy i ch can
be i ndi vi dual |1yaghﬁlﬂﬁdd3| bedu.h@ daagbid arpelietds:@vuneséldhfféhmt hnaettrions so that
em ssi on. The I be, i ap r chis
of opposite con IVI ‘iet)" d%iux?%e rceagnl Bﬁs%rtg%dd% QGC} g&r?% %@?ﬁ%‘ ons 2
are providedl asoursbzarvdsgeﬁtetﬂfz Bndkisiret @l ectront flovs meesfrnuythlse"mle
connected togefhar in an X-Y cross-bar system The n-type regions 3 in each
X-direction of the array may_have a _common el ectyode connection %ﬁli %
13(2), etc. which %B&heﬁd?q'ﬁl‘!"ﬁ’élwadl AERAY] BeVicenis partigylaniyousefiuh A4 AR
regi (r)]ns 2 rra3d/ SRcitford BOuf¥ Th Of dSéplapedevdcd)whidh Lan Rivd) acflattavhivebuext end
in the 30 Y-di ct' pnnect, 19 n, a

the regions 2 %“f% h ﬁ'c’jlit?agu:ﬁr tﬁ%e@t%ror?-ga rt"(‘:ﬁésq’?f}]P é‘ch A2 digergcﬁz?o%\%lgach
of these st pdevigd) thE(Qf)ctuﬂ( 3pn diec produget ane agfluoresgeng decreeméct i on

12(1), 12(2), J26RA HUE-of bk WebUaly ShaGlatOl IVREGREE Ul ek BonXeMnd bifskraan
be controlled by selecting_the el ectrode conpections 35 iﬁ% :\9{,%

and 13(1), 13(Pomethe argaxuipcthe; hedYopR mounked 36| 'El'%?gggp“"tizf‘ef\‘)]tz
are applied toid¥tasd lodfeby egfDécting s Lshgd.e ¢l ddtrow beestast dn td’leath!@BOtB}Q thbkg.

el ectron em ssion via the reg ffe ggglp S¢fond!
applied to theéserﬂdl e el en(s:o?\nr?ec% s ali?ﬁé‘ts fé?geﬁt%cg{ ecltl?%r?g?fbuxes 24
can be em tt5edub)thel|mfmrelﬁc§¢m°§duo§eur@3°% detrerated gizcwidsi 4dd

el ectron flux mfetremrt.m{{awfe \efepiaeseu@mevﬁégh fh eHs dwm&tmlmarray
device is particularly useful as an electron soyrce in.a di g devi

whi ch can have®&Fa¥| 4 fPepntedcdt fhe piecs™n AW Enat Hf T‘?'l’érc th?éf/a‘i u5e
of Figure 4. |é&xpodGle appariitus. Therchamber is connected to a vacuum pump for

generating a vacuum in the chamber for the exposure operation. The

20 yse of a semiconductor two-dimensional glectron-source'array for display
devices and for electron lithography is already described in U.K. patené
application 7902455 (Our reference: PHB 9025) published as GB 2013398A
to which reference is invited.

A surface region 5 in accordance with the present invention can

25 be incorporated in the n-type regions of p-n electrom sources of the
3~electrode type disclosed in GB 2013398A, both single sources and
arrays. Thus, an electron source in- accordance with the present
invention may inclﬁde an acceleratiﬁé electrode which is insulated
from the semiconduétor surface and which extends around the edge of the

30 depleted surface region S.aé the area 4 from which the hot electrons 24

are emitted. In this c#se ﬁhe n-type first region 3 can be contacted

by its electfode connection via a deep n-type contact region at an

area remote from the surface area 4 from which the hot electroms 24

are emitted.
35



10 devt ce, the picture can.be produced on a fluorescent screen 34 at
Si of the tube by-generating different electron flux patterns from
arg-ay i'n the body 10 nounted at the opposﬂﬁe side of the tube, insteae
by defleéecting a single electron beamas in a cathode-ray t ube. Such- a
" two--ti mensi onal array i s alsq, useful for eIectron Jithogra 15_.ip the
‘manuf act ur e of seﬂfﬂ%ﬁ&[}%’fd’f’ b%‘\??&b@s PTR @OPSEPAE HthiR; P g‘rﬁ%’ o‘tfhéF ,
m\gF omi-ni at ur gres@lnl:dusﬁaatmndevnmes farnegduiple aipbtemit bHrhavingg array is -
mount ed as th %g%%ﬁ'il&é)‘é EPcdn”r;é‘df*ié”&%r sﬂlcénidcttbp%ﬁpméiaﬁ&%é%
appar at us. I'S- connec to a vacuum punp .f gener at1 ng
vacuum i n thes%mﬁrbeft acgerdange asishsthee inyratden oay "Fhef zvehaséeercqa!ductor

seni conductgor phii-di rrffesl Qb1 £1aCe11-9Ns SREbRGuRbE aabmtarndql @plpawcsieumanand
for electron Irthog E Y s already descri bed

Ircgtron
7002455, (Qur PEIUAEHEARSLSL@matRSye ILFShaR e Lecienststadath 1% SRS
reference i s bf\glaes orAoehsrf sirabbginamefialn accordance w th the present
invention can 25 be incorporated in the n- type regions of p-n electron
sources .of the 3-electrode type disclosed.in GB 2013398A,. both single
sources and-arrays. Thus,. an electron source in accordance with the present
invention'mgy include an accelerating electrode which is.insulated fromthe
sem conductor. surface and whi ch extends around the edge of the 30 depleted
surface region 5 at. the area 4 .-fromwhich the hot electrons 24 are enitted.
Inthis case the n-type first regi-on'3 can be contacted by its el ectrode
.connection-via a deep n-type contact -regi-on at an area renmote from

the' surface area 4 fromwhich the hot electrons .24 are em. tted. 35 15
Many ot her nodifications are possible within the scope of the present- '

i nvention. 4 Thus, - for exanple, instead of having a nonocrystalline silicon
_body" 10 the sentconductor body of an el ectron source in accordance with the
-invention .may be of other sem conductor 5 naterral for exanple a Il1-V
sem conduct or conpound, or pol ycrystal | i ne of hydrogenated anor phous
“silicon which is deposrted on a substrate of glass or "ot her surtable
materi al .
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10*15 20 25. 30 35 16 CLAIMS: 1. An-electron source for emtting a fl ow
of el ectrons, conprising a sen conductor body havi'ng an n-type first redMoA
whi i.s separated.froma second region of the body by a barrier includgE#d-
a p-h junction'located between the first mwnd second regions, and el ectr OUE
5 connections to said first and second regions for applying a potenti al
difference across the barrier so as to bias the first region positive with
regpect to theC¥¥8fd region and thereby to establish a supply of hot -

el ectrons which are injected fromthe second region across the barrier into
the first region and which are emtted froma surface 10 area of the body,
characterized in that the body further conprises a surface region which

adj oins the surface area fromwhich the hot electrons are emtted and which
conprises a p-type doping concentration serving to form between the n-type
first region and said surface area a potential peak which is spaced from
sai d surface area Lo pABBlgstum seprrecfior smittivard fdew nfcelestdoad,t fiel d

whi ch accel er atdifpres fifgl & Odbhit MREESe B8l HIVIdPGR Mt§Pe frst Aﬁi@d whidPn
further characteriZed | n that e

source as claiped in im1, the, p-type :
dopi ng concent?satsfgﬁragfgt%@msﬁﬁfﬁﬁ‘éd Fagt BNt Shgebdd: by ‘of’ameés“{il]ﬂ"%’dt?nﬁut
its thickness pin titme tdepl lzicated Betweppethe @il red aud tdecomi degiomst, 4migebittevdn

at zero bias. I [ ' i : Qr LM
further ohat acianectibaf BF pbel M Watecind dMlald) c6t Jofl e o dotefiian
nost 10 nanomeliféerence aczegscthechbamniescam e tosbiamithefirat snegiert popitive

precedi ng C aiwikh 2&spedt teths haeadd @b Zadand) thbalby! b6 flae,ﬂimhsai lsipply €
e

formed by the SHhLReteBua i 41t ih)dctha Mon 880 0eand It i3n PaT000 the! WO

barrier into the first region and which are emitted. from a surface

10 area of the body, characterized in that the body further comprises
a surface region which adjoins the surface area from which the hot.
electrons are emitted and which comprises a p-type doping concentration
serving to form between the n-type first region and said surface area
a potent%al peak which is spaced ‘from said surface area to provide

15 adjaéent said surface area a drift field which accelerates electrons
towards_said.surfaée area.

2. An electron source as claimed in Claim 1, further
characterized in that the p-type doping concentration of the surface
region is depleted of holes throughout its thickness by the depletion

20 layer formed with said first region even at zero bias.

3. An electron source as claimed in Claim 1 or Claim 2,
further characterized in that said surface region has a thickness
of at most 10 nanometres. o

4, An electron source as claimed in any of the preceding Clainms,

_25 further. characterized in that. the region structure formed by the
surface region and the first and second regions has only two electrode
connections, one of which is to said first region while the other is
to said second regiom.

5. An electron source as claimed in any of  the preceding Claims,

30 further characterized in that said electrode con&éction to the n-type

first region also contacts part of said surface region.

e



connect’i ons, one of which is to said first region while the other is to \
said second region. 5. An el ectron source as clainmed in any of the Q?—
preceding C ains, 30 further characterized in that said el ectrode

connection to the n-type first region al solZcontacts part of said surface
region. 17 6.... An.electron source as claimed in any of the preceding

.Cl ai ns, wherein the second,  region is of n-type conductivity and is -
sdparated from the n- tﬁee}‘?crté?nrs@t}?"iﬁlaﬁyc]élﬂ%‘? Afefny 8§ the PERSeA® p-type
dopi ng concent cakindn mxehnfmrrsedanm #elgEBﬁIJ.QHSE 2-typd Iaoiimichﬁhe n type
first and second,regions tﬁ tron f$ou‘gce as ¢la ge

Clains 1 to 5, *Whéifer Py ﬁ@edsgt’f%'ﬁd %gﬁ‘- GAPT SAEFC FEBI P "¥ch ﬁﬁ’f’ie\ﬂf 1°3nd t he
barrier is prohathe!t bypttiype plopijaicondemtr atiophwitich ﬁemypg-nsemndonegl on
forms with tihewf.‘ﬂ{ XB&fdhESE Srﬁg'ﬁ'}st ]and confl: regibifs € ECLTON source as
claimed in any of the prec‘ecf Whereinecsal d surface area of the
surface region is (?over"édeW"ttha sﬁ‘ﬂf‘éﬁr a8 cladmed iifgawhef ladns dn totk

function. 9. wnm-eeheaier eacoeﬁU{-&ge.oﬁumberﬁ-lc%ékoaau&assfy bﬁﬁh\MhEh reference
to Figures 1 apd 2 or, ure he accomp

Equi prent conpPPEi*f3 ’as \9 i e"r?'vé#‘%;?eﬁv\i‘ﬂ‘fl %/\Hpgﬂ‘ égﬁaﬁ:%ﬂ?ﬁ é‘&ﬁ“b%regm“

mai nt ai ned, at Eormmnwitheche grrtgpairfies@xegiai.ned in any of the preceding

ol o3 th ol ect hon SQULGeRE NGB QL S Hald'aD LY oPTUE! G shRls Tk, "0

el ectrons into said vacuum duri ng operation ul pnen
wherein said surface area of the surface region is covered with a

material reducing the electron work function.
9. An electron source substantially as d'escfibed with reference
to Figures 1 and 2 or.F;'.gure 3 of the accompanying drawings. |
15 10. Equipment compn.smg a vacuum envelope within whxch' a vacuum
can be maintained, and an electron source as claimed in any of the
preceding Claims, said electron source be:.ng mounted within the envelope
for emitting electrons into said vacuum during operation of the

equipment.
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