i nvention rel'ates to an el ectron source for emtti ngoaj @a‘)wqu el ectr
pafticularly but not.exclusively a fast response el €tron source-for

cat hode ray tubes, image pick-up devices, 'display devices or electron

| i t hography. The invention .further relates 5 to equi prent havi ng such

el gctron sour ces. 'rme@waom@slwmﬁmﬁ%ﬁmsﬁeg&%woﬁﬁewes an
el eet’ron source conprising a sem conductor body, and an n-p-n structure
formed in the body by a p-type first region between n-type second and third
regions. Electrons are generated in said n-p-n structure 10 for em ssion
into free space froma surface area of said body after flowing fromthe
second region through the first and third regions. An advantage of this
n-p-n structure (a specific exanple of which is illustrated in Figure 3 of
CB- A 830, 086) |5 thal ihhenetbE1RReS W GF cfaLARCUAIEe WoheithiAOG ERYR! S

bel ow t hose necessary to cause 15 aval anche brea. 9 t he sem conduct or.
Exanpl es of ofheéleetiamss RRTEHEHIAELY HitcPrths¥e! ‘ﬁlgflr?blae FTeiRPBRt ure but
whi ch are opegbdctdon rhoay@d &BE hﬁtbawlfd@vm;basp iabg® pdesaip besices, CGB- A

830, 086. Each I8 |on of. the n_stny re di sclose S
an el ectrode SHEAELIHYIET grv%ﬁe‘tcﬁﬁ s’?flg‘b 85 Py o{p;l'éraflvﬁn%f’ﬁeﬁﬁgésﬁ rggis t%rge
in a manners storielqaipntent chaviagmsiushoglecThen Spumtesp-n j uncti on which is

bet ween the secong, @”@aié&é%pé&@&@ﬁohs(dﬁ' A5 930l, Hed Besd1QLU¥RTH HidRebh ON
|ike an emtter junction., The second gunctlon between the p-type first

regi on and t h¥PUFee\SABPFHiing ?e”'ng‘b?P‘}dé‘CERra ey And 1R@ PER/@r SEFWEPERti on | i ke
a coll ector Jﬂﬁﬁhteaofh t@ﬂbjydﬁ ts,:rral_t @@Eblfﬁfstod‘bga&ﬂiéltﬁeé’i{ nftypassemmndss the
second p-.n junc ﬁ ir ssgncter a%téoir&ogalg ggtrong fro;réthe
first p-n junttd SA* I"\Eg‘é’lnécu it °ﬁ‘seﬁ n‘i He P2ie§iBir USe acr oss
the p-regi o0 émdemﬁlaocmter'éuteedsp@ehfgm enenglaes abyatdfesgvt én@r alfter op

across the Sefﬂﬁ‘inQ £ oh Uikt L;Q&ndB}’e %M'Ei&oé«%ﬁ/ Y H}'s@ dhid! ¥iP&at Pég;@né egl on
coated with a 30 material_reducing the electyon work functjion, saone

these el ectrmadva%aegc%fpéhwﬂom SEresryze ifefa?@fﬁes?mﬂ%@ffr"‘aﬁérw to

the lattice. illustrated in Figure 3 of GB-A 830,086) is that the electron source

2109159 " ELECTRON SCQURCES AND EQUI PIVENT HAVI NG ELECTRON SOURCES" Thi S o
D

can operate with voltage levels below those necessary to cause
| 15 avalanche breakdown of the semiconductor. Examples of other electrom
sources which have a simple p-n structure but which are operated
in avalanche breakdown are also described in GB-A 830,086.
Each regiom of the n-p-n structure disclosed in GB-A 830,086
has an electrode connected to a voltégé supply for operating the
20 structure in a manner similar to a transistor. The first p-n junction
. which is between the second and first regions is biased in the forward
direction like an emitter junction. The second p-n junction between the
p-type first region and.the n-type third region is biased in the
reverse direction like a collector junction. Only a small saturation
25 current flows across the second p-n junction in the absence of any
1n3ect10n<:fe1ectrons from the first pn junction., The electrons
injected into the p-reglon diffuse across the p-region and are
 accelerated to high energies by the potential drop across the second
p-n junction. By having a very thin E—type third fegion coated with a

30 material reducing the electron work function, some of these electrons



The anount of such electron emssion into free space is adjusted by varyj4
the voltage of the voltage supply applied across the first p-n junctio
between the second and first regions. 5 However such an n-p-n

el ectron source as disclosed in GB-A 830,086 has several disadvantages.
electrons injected into the p-type region and the holes injected into the
n-type second region constitute mnority charge-carriers which lead to
cha\*gfe st or ageeqdame tHdloafeee ppadecbefnirechisigg rtedr ofnetine tdebhe::eat&lcm.l ar to
those 10 occur tHidam¥dt oB-dieh a'egel&{ eh %hs,’fn%sfr eTQ;k 'iJ”ahhf e
whi ch the el ectron source .can swtc to vary ectTont mtted
by the devi ce. V3Tips Jbei vel taae ffat%%ré(Pita}ﬁeothlb’o?PPéFe‘i Hél‘%ﬁ'ﬁcéb%rfalreﬁ

el ectrons emergas jhiditon teteuéd 266 cBad (dn8 Shtisterdgfiohdle coating on the

thin 15 third regign). The nuch |ar roportion of electrons which are
not eni tted£ are ex?r‘)ée(‘:'feofufcr offt Enk %3@?%@55“&"8?1raf’eﬂfs‘ﬁf’fﬁé)flf‘om t he

el ectrode conn@c#i 80,086 thse edvierdl rcigadunnthges.s Tesielabtirons dnjevadainter y
thin third regﬂ@ngxeyper d@g{maoammnh%@e; hsf,&me{m%f ehd BEE e &1 01 NO

fromthe surface area. A thickness range o cronetres is
mentioned in (I$8430 UBBLLGMNSRSVRPTIEY sberae ferraers ét%“&h r?@ﬁd ko FagrgestEnTage
structure wt ht:lﬂﬂsdaelagélti’rolthefswﬁhau(h§|i-ﬁﬁt Of thdld&fite, tsiflilart Yperhbberd

regi on of the device described 830, 086 cann doped.
conpar ed vm‘ltah cfdc%unfmrgs'fu&' & %ecoh q?égf“ﬁ'?%%’ﬁbu%&%gr‘%é% gﬁgﬁc\é
transi stor enivhich the eldctirer sooyce Therbkef evitchied for wety ¢heidlertmnt hi ckness

is significantdyxl &atebddy aPUbyikli Crometre, the third region will have a
hi gh electrical resistancé. Thus, the rate at which the el ectron source can-
be switched will bE PEREHSR IMl¥i # pap} amportion qf the Aselendted clartiong
fromthis highmeegds Eran chesm&tfaeu:aramohassﬁmea&ecthbmtmg\ oaafcCithance. 30
Fur t her mor egb & the n-t on needs .t o b doped for
good trans?‘st (;et?&g% é‘rm)eff%gl é"n‘(;:eli/ql f%e %mgorﬁé?t} Sﬁ e r?‘f‘fg b%/'ilklﬁ Sfirst
region wll haes anﬂt&eg@rsamtmﬂ:érmltbh davite s e harrgeutt \filaw tfirem bkee

resi stance of etlggtthd@néétﬁEQElo%tEPCtthur?nﬁ'g Fegibher 1 {4 WeBardblig "esponse

rate of the electron source.
to have a very th1n thlrd region in order to maximize the number

of electrons emerging from the sarface area. A thickness range of
20 0.01 to 10 micrométres'is_mentioned in GB 830,086, However in
" order to act as a E'E}B transistor structure with base control of
the collector current, the n-type third region of the device
described in GB 830,086 cannot be very highly doped compafed with the
first and second regions without degradation of the transistor emitter
25 efficiency. Therefore, in practice if its thickness is sighificantly
less than about 1 micromefre, the third region will have a high
electrical resistance. Thus, the rate at which the electron source can
be switched will be further limited by the R.C. time constant resulting
from this high,éollector’resistance and associated junction capacitance.
30 Furthermore because the n-type second region needs to be Highly doped -
for good trénsistor-emittef efficiency its p-n junction with the p-type
first region will have a large capacitance which must be charged via
the Base resistance of the transistor structure so further.limiting

the response rate of the electron source.
35



3 The el ectrode cqnnections to each region of the n n structure are
i ndj spensable to the operation of the device disclosed in GB 830,086. Thi

redui rement. for three separate el ectrode connections corrpl i cates the S
structure of t he. el ectron source'and-its nufacture in a'reliable 5

‘manner, particularly if" irs desired ..to fabricate a two-dinensional

arr%of such devi ces |n a comron semi conductor body. Such two-

di mensi onal ar rays Tae eeldesiddabbennkotidndBgse’ e@bﬁlﬁ-elgpord@fl a&sn-ﬁitﬁgkﬁ%td?&i ces

and el ectron Ii ;?qngp g a1l ggeghggégeﬁgégngg é%‘é' flleglcg%ﬁdoa;tée&”ggo 288.

p-type region W |C|en
connection; i t This gemeirghest ferabseae )seiperaaet ehd:tt'h& pohgqmwmglcmnvetesa

surface area akRgskG@drlovhy FlﬁeEPHn s55:%eOkha PbY éuanﬁfact rd HhSa '%ﬂ&‘ﬁ%es_

t he p-n j unction area and associ at ed capac] tance an ere ore ten
further to PedBRWEEnPFELHTLY sifedll i5f desiged) e £aknicabrirs £¥o-Himengienr i ng
to a first aspercitayodf tdaeh pde@iedd inny @Btmaéx saﬁl&heﬁétfo@nb&ﬁur C&cﬁofwoem tting

a flow of elec r-i Sing_a,sem con ctor cture
Formed tn the. P it TRHS 0oL 8BRS, Bhags Tok-vs HeVidbat Fhroiint
third regions, deiiges randselrsitnen danbogriaplly i nFertihdrmege- im Strdex ttor prdvide the
eni ssion from &@%@&%e%%p@“e%@blg eRYa 20e A tl.@ﬁt cbgm&gade’aom)t hggsecond

region through the first "and _third regions, is characterized I1n that the n-
-n structur @ nekecsrads Fe'e:‘ée%?ﬂre&ﬁb%gemﬂa}hzdlegawrm b sEtend: shel PIAEP] hi r d
regi ons, in thedgibheoveirr stsuregic@red QUbRRSEda tbﬁhl’ ﬁ+1£yrperﬁﬁlranrég&8ﬁ[ Ibﬁh:l ng the
fl ow of electra{'ﬁ f&cot%\ggse gcond relontot ? %eéig ad
potential difference 25 p@r—eﬂimb R & °8 T 5?”&"? eci?ﬁfﬂ‘éﬁ?cl of%d ¢ o
bias t-he thirtherefenen terds ﬁnmew td redegre the trgspérses epapddod ey osl eghzhrt O
establish a supr¥eof hot electrons injected into said third region with
sufficient energy to overcone the surface barrier at said surface area of
the body, s¥#i d barfFOrItegitsn? iidrht AFPaehOEt Fhsn PFERPBE siateRbiasofR 4lREtTPR ype
second 30 and #duree forgeminttingnd Iﬂaw lag Sl Brénst, Nt sulpRe 5Engd B Us i Pbitilic tor

Gopt et on' | ayeltast PeP RoBRR pFREL L 112588 W el 5oT Y 0% S9E ARy Geet ¢
di fference is kaspeend-brreceecondi dndelthitd segimennelectos beingsgedrased sai d
supply Of hot &l ggid Q\Di-n 3Rructure for emission: from a surface area of said body
20 after flowing from the second region through the first and third
" regions, is characterized in that the n-p-n structure has electrode
eepnections only to said=3-type second and third regions, in that the
first fegieﬁ"pioviaes"a'berrier region restricting the flow of electrons -
‘from the second region to the third region uﬁtil a potential difference
25 is applied between said electrode connections to bias the third
region positive with respect to.the second region and to establish
a supply of hot electrons injected into said third region with sufficient
energy to overcome the surface barrier at said surface area of the body,
said barrier region forming depletion iayers with both the n-type second
30 and th1rd regions and’ hav1ng such a thickness and doping concentration
"~ as to be depleted of holes by the merging together of said depletion
' layers in the barrier reg1on at least when said potent1a1 difference
_1s applled between sald electrode connect1ons to establlsh said supply

. Lof hot electrons.
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Such a device structure in accordance with the invention is of sinple
construction and permts thé obtaining of an el ectron source which can
~a high response rate.so pernitting rapid variation of the enitted el ec
flux and which can be fabricated readily as 5 an array of such el ectroN
sources in a comon sem conductor body. Because the p-type first region is
‘depl eted of holes by the nerging of the depletion |ayers at .| east when the
sup\p-}/y of hot el eSeclopsdevsicesttabtigiecdln dcherddneetwidh GRUEARNRLHS xasoﬁ

uni pol ar ngj o C [ n;QRer 2 ed n

vol tage | evel iﬂ%g %\r/n%:tgjaqu aq‘ge?égm slggzttge\t,\,rc])ﬁ? orgge e% of" ?ri?#”? f"&ﬁ%ﬁ ge
carriers. BecUtish ‘E‘ﬁbhﬂﬁ)l"ebkﬁj’ revmsm@tensqaehmsms rapiteyariatdon

space- char ge &)ﬁrthéeémﬁ:egd QlelGoWeEIux! BEs Rt as YeORLh 20 edd Lk ! 19%@“5 |
(instead of actln as_a bip {ﬂr transi stor base region), the n- type third

regi on can’haVe2h Tﬁ@ﬁe?ucé‘oﬁ 5F?Q/|SP9r‘Ee3?pé“cPef‘%‘P‘i‘ﬂ“nFﬁ’g‘c&B‘iﬂ"r?gr Zentration
15 than that of tBerapseyyhe pitype fizgkoregdon ﬂshdépl@i:editoﬂﬁﬁﬁds by &hpakdrg@hg
the n-type segong. £y d t i on., Thigs, third 19 region
may be very hi gh %%iQ%Loﬁ igj%ggaa"l Iiga“t e'ésfgg stﬁ“’pl’élopan‘ft BHE PR cm or
even degener a‘E%P? ’eﬁbﬁéd th§oeltelﬁz§r°4 squrdecacts @al a adpataaneeioraty b@rmry | ow.

This is inpordedite far 1826t Aedni ageztaheamoﬁyé lfibe Qb1 EALCILAUIS, WY GhoHifg
i njected i to tlhe third reg i on gt which are not enitted fromthe surface

area. The ATy 8o 1§ ‘('ﬁget?l WAPTAFY SRATER GATTAPTD | BRsorearthe n
permtting t hiapdesetchlﬁcad)eémbmbéﬂa@eswé ac:eegate«ae 3pscd-dRafpei Birrdkreni ssion
of the hot el gEEf%%t&éHno tﬁtb& rtg].l«-{ Eg&dogndt %h:.red rgé)i tO lnstead mém SO as to
maxi m se the 2 ficlrenc Feciron source nparison the
n-type secorﬂfti%laéna cb&ﬁ°bﬂ~:r tr gpmisgor hgeel regionhi Ph%uy'lgm%éhmpaeztoance of

the junction dagt NBRNatHIghEE BhddtdvEEFADHe IRALATRInd fa%péﬁgS%BE@e&f:a@m
el ectrode &o necti.on tg Lhelnter diate first region also permts
t

ar r angemen P pRhaf; 9% the RrEFRe TARAT (98ioP 228 S 9hag ]sﬁat?ﬁl thes 28%Kni ch
structure 30 ofi the Inowlassemtat eegivapatjac anc ahe sfirkurddg@on) Nk ithgrd he
response rat t ar | 19 reliable and
| ow capaci taﬁrggigt% Ira'g}é?l %{}p%ﬁ?ﬂyv\/ﬁ eﬁfb\ag&; e%a‘ ulr e?ié(ll%gu thbl ngJ°Ip5§'/€r i's
sunk over at aite'a%tpeﬁam of ¢veg #?ﬁe@Rﬁ@'@éYl nioph@. isedthatoifpekectiricebhst one

nesa portion r@kidtiAce can be very low. This is important for extracting the

20 current of electrons which are injected into the third region but which
are not emitted from the surface area. The very high doping of the
third region is also important in permiﬁting the distance between
the surface area and the point of emission of the hot electrons into

‘the third region to be kept to a minimum so as.to maximise the

25 efficiency of the electron source. By compar1son the n-type second
region can be llghtly doped so minimising the capacitance of the Junctlon
between the first and second regions. The absence of any electrode
connection to the intermediate first region also permits arrangement
of the first, second and third regions in a simple sandwich structure

30 with low associated capacitances so further improving the response rate
of the electron source.

A particularly compact, reliable and low capacitance structure
results when an aperturedlinsulating layer is sunk over at least part
of its thickness in the body to form at least one mesa portion of the

35 body bounded laterally by the sunken insulating layer, and at least the



35 body bounded laterally by the sunken insulating layer, and at |east t
5 first and third regions are forned within the nesa portion and are
bounded around their. edges by the sunken insulating |ayer. Such nesa
portion structures can also be fabricated side-by-side in a conmon.
sem conductor body so as to provide an advantageous 2-di nensional 5 array
el Qi(_:-t/ron source having a particularly sinple interconnection arrangenent as
wi I'Y"be descri Bexbthendithafd eegidasr atwe foomel trichipotientesd pbaticncand aeeed

bet ween the n- L&Hﬁeﬁe&%ﬂd %gll' mdégs It 3y ?x?stﬁgl: Hig ! ?9 ebzx Cé]u%?xsllzlg :
appropriately the dopi ng concentration and thickness of & ne? it e fredr at e
first 10 regi oRPSE3OR R uEFHEreRotanepbta Penabaicated] sickechbyisite imha ¢dmmpy)
region at | ustsédiRofidudtbr B5¥AF 06 b € @eSvilde iNAdSagES:s2h CFinRAL I dnA1
overcone the surface, barrier huys eff.icient el ectron

at that area. . . T
emi ssi on cah b& AXhT 5°‘\'/\/isf°ﬁr%1%g'§¥)’mgi BPPSLEHAFLY s3PPreABHERSOMPEAR s not
significantly graagerentham wiihe bei flesrribert bessimaftémr overcomng the i5
surface barrier sop{N@bridie %f%&é&ikl RAWEEed B5nel blnleldE ﬁle)e/g%fggg source

can be kept to a mininum .For the same purpose It 1s genera €sirable to
reduce the sur$efOB8d ARdr Fithrd Fegiops #5| be ndiveted) by chhesingr4nprerriadalnher e
]'Ehe el ect rons €Hee deplingt €6hcdht i td o BindF Sﬂckﬁ@@@f?ﬂ\eﬁl Per2hELLa e NE 1Rk K
unction. 2 . According,t second aspect .of the present .i nven{ion
there is prbBvid&i®edd 5?%?11:% hﬁg'r?%r ]‘sselc(r)‘iﬁmbs \?gﬁm‘é‘?ﬁ%?‘% etgﬁt i"ﬁg\ﬁﬁﬁt‘ﬁ‘ a
vacuum can be ataijmaithedl;igandemngn_elwctrm smmheesdnfaae_cnedanﬂetaviotrb;&dm_e
first aspect Ofyel BErfaQ¥ HUrrOLy a8HIeCARGLT ON SAYL %?f?%ﬁlg praliingsle e}é&{ﬂ'oﬂ

the envelope for emtting electrons into said vacuum uring operation of

the equi pirent .538ubt ashifnderitthay appliebpotsanipl cliffexranchodichals rabe, an

i mge pi ck-up gdguifiRantlyigopdty €M ¢Re mTniMintabéRatly tF30 WvaRbomRgUinyTENt

for the man%f as%t f _mcromniat .reﬁ{sol | d-state devices., These and ot her
e

re
features in-acc ?ﬁ%%gér’f/ﬁﬁrhs? f&2pr eqth POTPT30°% MR IRe bEHe8EE™ i bed
wi t h ref er enceouoce randec dapartgi aonidimgr.anfet ithe hamel puyposé |ittsis Fehetaldy

way of exanpl &esYAH18US GTROH RO urelcd Iﬂgr{.'ﬂ\f?ngrogx“lp'htg}eéga&%gv@l{égs:

surface area where the electrons are emitted with a material reducing

the electron work function,
20 According to a second aspect of the present in?entiop there
. is provided equipment comprising a vacuum envelope within which a
vacuum can be maintained, and an electron soﬁrce in accordance
with the first aspect of the invention, said electrom source being
mounted within the envelope for emitting elecéroﬁs into said vacuum
25 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 equipmént for the manufacture of microminiature solid-state
devices.
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 examplé, 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 Figure 2 is an energy diagram through such an electron source,, both

under bias and zero bias conditions;



Fi gure 1 i s a cross- sectlonal vi ew of part of a sem conductor body of an

el ectron source in accordance with the invention; 35. -  Figure 2 is
energy di agram t hrough such ‘an el'ectron source, both under bias and z O
bi as condi t.i ons;- 6 Figure 3 is a crossésectional view of part of a
sem conduct or body of another electron source in accordance with the
inyention; Figure 4 is a cathode-ray tube in accordance with the invention

and=ncl udi ng an EIiEEFE oh 18 cEessfeatiasrlisriew off pArt [0 # mesitdndngtds body

Figure. 5 i s a dfakhdthler C41RGSr&LebndRakn %Qéomli&éahtﬂefh%p%e'n\é% i ew of part
of a sem conductor body ,of, a fu er el ecéron source in accordance wi th the

i nvention, and Fi gUEe™® % &4 55 ‘1 STTTh SYRe JBcGORARNCENYL hathe dpvention
per spective viaad D‘fClpé.Il‘tz ofi dlleetirmdyowricet fre aebt@nianod wionrthe Hdvehti{pt:;e 5,

taken 10 peypendi Gilae (5054 1 pik M1 0L J5L UM G 301l b QML PG NOLEGL NAE a1 |

the Figures are diagranmmatic and not sca
di mensi ons andif¥ 0P1‘T"0ﬁ§ "\‘)fsegb“r?édb‘a"ﬂfsb?ﬁy Pﬁe%é“ﬁ"gﬂrelsﬁcﬁwe sperge $mown

greatly exaggakcassiinee wiedugrdidntide, sake of convenience and clarity in
t he drawi ng. The m‘s % Lef erence, nuneral s as Lised in on 91 enbodi nent are

general |y used to r t 5% FoPPREBbNTRORY " e tipTal apd paF tiali penspec biviger
enbodi ments. Tiew eifeeaxrtonfstrhgr baly bf udier eleedrom sbigee of ]I-'ngﬁfmrs,sescea

nmonocr yst al jyi ragr&&h&plrhrsggntgg%gtgf ﬂg&lly 10 in which a n.structure is
f or med by a p-type first region bet we type second and 20 third

regions 2-and 3. Elte%*t‘%"éﬁsbezwﬁ?"e thehalhtde Figurhp s2re- plagrammardc and nok

eni ssi on i nt o dk&ae tSD%QeZO Théqrmatisw Hakehsdb@ attd OJrowﬁnbaslyoflgoﬂ ter
flowing fromthe segor}\ 8gi.on 2thr3,6gg he first andthlrdr{]e? ns 1, and

3, as represefted By eFS gQﬁeﬁ 2 ow ETERELY §ARERSTAFE OF ke BF%%ent
i nventi on t hefor phe sdkeucf woevéniknde 2mdhalsaré by dinr ticke deawingct iTheSsadel y t 0

the n- type ﬁecefaeﬂeg fﬂgf.«.ﬁsrwu@@a d& gﬂ? eﬁ.bo&”a,%ﬁ aq'le géJeQQ t@g&ﬁh' ons

my be forned X net al ayers, orm ng ont ac
regions 2 andTS$f4Ye$PROET FEROPILNg, OF csimilap PéFéi‘:tHnoHEe eéhﬁree—vbwmtq he

p-type internedi atiRe ragwfbnlsmc@hlnrue&ma fn F9pEFLN EMPrOsed @SL T CLINg
the Tlow of eLe§§c299ELI%1ne silicon sem1conductor body 10 in which a n-p-n
structure is formed by a p-type first region 1 between n-type second and
20 third regions 2 and 3. Electrons 24 are generated in this_gjg-g
structure.for emission into free space 20 from a surface area 4 of the
body 10 after flowing from the second region 2 through the first and
third regions 1 and 3, as represénted by arrows 24 in Figure 1.
In accordance with the present invention the ETEﬁE structure 2-1-3
25 has electrode connections only to thc.E-type second and third regions
2 and 3. These electrode connections may be formed by metal layers
12 and 13 forming ohmic-gontacts to the regions 2 and 3 respectively.
There is no electrode comnection to the p-type intermediate region 1
which provides a barrier région restricting the flow of electrors 25
30 from the region 2 to the regioﬁ 3 until a potential difference V
is applied between the electrode connections 12 and 13 to bias the
region 3 positive with respect to the second region and to. establish’
a supply of hot electrons 24 injected into the region 3 w1th suff1c1ent
energy to overcome the potential barrier present between the surface

35 area 4 and free space 20. The barrier region 1 forms depletion layers



30 fremthe region 2 to the region 3 until a potential difference Vis .
appl i ed between the el ectrode connections 12 and 13 to bias the region 2
positive with respect to the second region and to. establish a supply ¢
hot electrons 24 injected into the region 8 with sufficient energy to

overcone the potential barrier present between the surface 35 area 4 and

free space 20. The barrier region 1 fornms depletion |ayers 7 with both

th&'ﬁ- type redit6RsPorhafhe 3-8 Regiossch aad thiaak hesssushda ddirkress and

concentrati on dping coreditpheiondadicohpé @ephdtiher HBLEE By é@ﬁé%ﬁ;ﬁfo‘c t he v
| fference

depletion layers j.n th egion 1. at_ 1|east. when the tentj al

is applied toet8§fl§ﬂﬁri %ﬁ tﬁlﬁeéespﬂﬁb’r‘ﬁf' 53VE8t i € Fe%etgrl?)'ﬁ 35 leastiheRstheated in
Figure 1 an apetentied diffetertcieny dsagpplitd tos establ iglv aheaguppdpsif part of its
thickness ip the.faQdy A0 to format |east one mesa portion 9 of the body 10
bounded laterally by the sunken insulating layer 11. The regions 1 and 3
are formed within #shélluptreted porRigere d am@rarunsduinselatingukayerhtl isedges

by the insul atsufig ﬁiv&ﬁ%t liaaschaiaxst lo@Sikst %bidkn@syq&lytﬁl;é)lﬂad’s‘:tlp tOWosRRACI t ance
structure in ich the el ectrode copnectjo can . be provided in a
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the p-type r egiokenl infulat beg rteyer tlhe Mheategiayerl hod 3 ace tthendb witteint ristle
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an extended contact area to which _external connecti or exanple I'n the

form of wires)s¥emlbe FoAscesuTtre inop very fagmeassi. Lowe capacitaneq sspugfure

provides the SHrfitdAcR @ecalé tirb@MNcvhhédtibheletas beOpovidedlii £Heliffle | f the

nmetal |ayer 13 20 is s&%%flment}%gth n.it may ext.end over the surface area
e

4. However pr8FRFEbRY *TRgBEL LS Pk PRI EERr PARTACR oh FACINE FAREPELT SN 3 at
t he edge of t ltke rpesapporgionl? Furthdmote athednétalFlaperefcmihg) thee el ectron

source 0f Figgi & ckolfioheal 32 £2ln NS LOr T80, Wha2allodh 6i85EakpNELY N-tyPe

epitaxial layer (n-Y on a lowresistivity ype substrate e
substrate 2a PRYAA déston Prevddecat sxherdedcenntaet iasgatty vhichextgrnphyer 12

which can ext ebgh&R¢@snd NeomhebfpiRack il fdtacopiwikBs) SURBL BbRiedd. Such a
subst rat.e arr?‘ggetg%nguxjfsace of the ﬁesa portion 9 provides 'the .surface area &
from which the electrons 24 are emitted. If the metal layer 13
20 is sufficiently thin it may extend over.the surface area 4. However
preferably the layer 13 is thicker and contacts the region'3 at
the edge of the mesa portion 9 as illustrated in Figure 1.
In the electron source of Figure 1 the region 2 can be formed by
a high resistivity n-type epitaxial layer (n-) on’'a low resistivity
25 n-type substrate 2a. The substrate 2a provides a low resistance
. connection to the metal layer 12 which can extend over the whole back
surface of the substrate 2a. Such a substrate arrangement is
particularly suitable for a device having only a single electron source
in the body 10. However it may also be used for devices having a
30 plurality of these electron sources in a common body 10 with a '
common region 2 and common electrode connection 12 but with separate
individual electrode connections 13 for the individual electromn
- sources having individual regions 1 and 3. - -
The manufacture of a particular example of the electron source

35 structure of Figure 1 will now be described. A phosphorus-doped



the body 10. However it may al so be used for devices having a 30 pluralf
of “t hese el ectron sources in a common bodg 10 with a common region 2 an
common el ectrode connection 12 but with separate individual electrode
connections 13 for the individual electron sources havi.ng individual
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ener gy of 10Cti<evoma f"grt#t e P?rﬂ a b ]F{" aH“ﬁeaﬁ"fﬁ% ltoﬁ'g

i npl ants, thea r#estaloflsa?etr sxmlandz 1!210\§ ch miydb%t eh enlengy rvifunfer examedei ded

to formthe ¢, fSCké\PQQ{CEH‘GEé‘J it8NForm! Phd HegidiPY , AthiCh fxlsbRik 38H4 GG Having a
response time of about 5 nanosecondsmr eyen | &ss can be obt ai ned 20

permitting % A8 NodEPRte*ERPISH ?He 18ni tPed #dett AonePsm8X o 108 R hg t he
appl i ed vol t afpem\kisy aufyi;earégi‘bal 30f Afbéruandealdhg She Thipdanes,y the gh

oper ational spee reslt se .the regio lete lLgs en
the supply ofnp% F eal eg r%n :{339 ‘gmegta 1o ?sher}dal%mqgg) g grtorguc ‘ﬁrg ?o\mt he
mesa portion qyehagpcwgpge|cgppqp§gemﬁ.at§m]thzs way an electron source having a

response time of about 5 nanoseconds or even less can be obtained

particularly suitable for a device having-only a single el ectron source g i

20 permitting rapid modulation of the emitted electron flux by switching
the appliéd voltage V around a level of about 4 volts. This very
high operatioﬁal speed results because the region 1 is depleted of
holes when the supply of hot electrons 24 is est#blished, the
n-p-n structure in the mesa portion 9 has very low associated
25 capacitances, and the n-type region 3 hgé a high doping concentration.
The active doping concentration and thickness finally obtained for
the n-type region 3 depend on the particular ion épecies, energ& and
dose used and on the annealing conditions. A region 3 having an
estimated thickness of 0.025 micrometre and an estimated active

30 doping concentration of 5 x 1020-¢m-3 can be formed by annealing said

implant of 5 x 1014 c:m-2 10 keV arsenic ioms at 700°C in vacuo.

By having such a small thickness for the region 3, energy loss for

the electrons 24 in the region 3 is kept low so enhancing the likelihood
for emission of the electrons from the surface area 4. Those electrons

35 which are not emitted from the surface area 4 are extracted via the



25 capacitances, and the n-type region 3 has a hi gh doping concentrati

on,
The active doping concentration and thickness finally obtained for the %
n-type region 3 depend on the particular ion species, energy and dose us%%j
and on the annealing conditions. A region @ having an estimted thi.ckné .
of 0.025 mcronetre and an estimated active 20 -3 30 dopi ng concentration
of g x 10 cm can be forned by annealing said inplant of [err] cm
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pr edet er ni ndd nPRieREHG L 41 erf“ﬁ%yr?f’ e P%“aﬁpﬂ"ieéatemB?eddH‘ﬁEan sai d
I-pl ant of 2 magfitudenisdapplde¥. b@yoanrneahinfiisajdrimplint vAQa, lalﬁecﬁé’sul ting
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and an 18 -3 estimated activ concénftr a Fon O
15 whi ch resulcgnhevy Fpeafinagpd U&#Pk@sso‘?f aboet 040y gliccomesre| @@ﬂrim flow

fromregion 2et@inse8d W tdve Ebsu{gesyhéénmgamwwrabs@:glm fo'Bscatt’so
undepl et ed Igf 10l.es over , - t hi ckness z}' the depletion | ayers
St

formed with t KB FGHEY é@.aongtez'taﬁh %ﬂraferzefoaba"a vohEs FBptiecsTrLALeY
potential diffesremregioh af tatrepbmst. a Thecteud tthig®drrier region 1 is also

undepleted of holes over a part of its thickness by the depletion
layers formed with the n-type regions 2 and 3 at zero bias. The
application of a potential difference V of at least a predetermined

20 minimum magnitude is necessary to spread these depletion layers
across the whole thickness of the region 1. The magniﬁude of the
potential difference V needed to wholly deplete the region 1 by so-called
"punch through'" of its depletion layers in this manner is determined
by the doping concentration and thickness of ihe region 1; Until the

25 region 1 is fully depleted, the undepleted part of the region 1
inhibits injection of hot electrons 24 into the region 3 and the effect
‘of the applied bias voltage is to increase relative to the surface’
barrier the energy of the electron distribution to be injected. In this
way when injection occurs the energy of the injected electrons 24

30 can be significantly higher than the surface barrier so permitting _
a high emission efficiency from the surface area 4. This situation
is illustrated in Figure 2.

Line a in Figure 2 is the electron energy and potential diagram

through the electron source into free space in the thermal equilibriuﬁ,

35 zero bias condition. Line b in Figure 2 is the. corresponding diagram



the whol e thi ckness of the region 1. The magnitude of the potentlal

disf f erence V needed to wholly deplete the region 1 by so-called "punc

t hrough"” of its depleti.on layers in this yanner is determ ned by the doping
concentration and thickness of the region 1. Until the 25 region | is
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deplete the region 1 may be, for exanple out 4 volts ependi ng on

10 thickness ARkP Gb?)lrﬁgl‘t‘bﬁcentratlon of the region 1. Increasing the

appl i ed bias V abeyg ﬁehgﬁt BeNEHE BhyAileiCnd (UK Ahel h@gllaﬁé Phndf3 LBE thatidseh
bet ween the_r.egi ons nd 3 and so_increases the electron flowintqg the

regi on 3. 'I‘Fnesﬁe"lhgﬁt“t?f e%?férﬁ%ﬁr Rietnisstod dpte Hoer 2fivaasresiand bavedupe
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in the case of a ¢lean uncoated s;11con surface. However, as 111ustrated

20 m Ai num magni tude is necessary to spread these depletion |ayers ac@

in Figure 1, the surface area 4 mhy be coated in known manner ﬁ%tb a
20 very .thin film 14 of a material reducing the work functioh! for example
barium or caesium. In this case the surface barrier is reduced to
about 2 eV. Such a caesium coating 14 is incorporated in the particular
example of the electron source of Figure 1 previously described in which
the barrier region 1 is depleted by punch-through and has a barrier
25 height of about 4 volts. On applying a potential difference V of
about 4 volts to this dev1ce, hot electrons 24 are injected across
the barrier region 1 and emitted from the surface area 4 into free
space 20 with good efficiency. '
Instead of a punch-through structure, it is also possible to use a
30 barrier region 1 which is depleted of holes even at zero bias by the
merging together of the depletion'iayers in the region 1 at zero bias.
This may be achieved in the Figure 1 structure by increaéing the thickness
of the region 1 and increasing the doping concentration of the adjacent
region 2. Barrier regions depleted even at zero bias are already known

35 for majority charge-carrier diodes, hot-electron transistors and



Figure 1, the surface area 4 may be coated in known manner with a 20 ver
thin film14 of a material reducing the work -function, for exanple bari

or caesium In this case the surface barmier is reduced to about 2 eV.
Such a caesiumcoating 14 is incorporated in the particular exanple of the
el e-g;,ron source of Figure 1 previously described in which the barrier '
region 1 is dept-dbie trangiarobs tfirooufitahdthass Rabaitr peciZbedtdbght of about
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depl et ed at Z&itd theadiginduhbityadirdesi deschdberhiinfS-Abbultt931 40| ttis sheireai ned
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and i ncreasi ng g¢ht™h ArcHTes b iPRgieERoN Lt &7 (PTESS R LRGRRART dDewtRaTEY
decreasi ng t hef dbeidlgctnneect? riajecsedofndohehe aggivn 3.t0 2.5 x 1017 cm 3. :
Conmpared with theghi j t jodes describhed in US-A 4 149 17. ie
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energy of then®igstd 888ried +dYish! Pleh¥t@d! € 26BYiils Shas the advantage

20 of being substantially depleted of minority carriers (holes) even if

in the case of a ¢lean uncoated silicon surface. However, as illustrat e?@

the applied voltage V is switched to a'very low level (at or near
zero volts). However such very low voitage levels are not
necessary to switch off an electron source in accordance with the
invention, since this may be achieved by reducing the applied voltage
25 ¢ just below the level needed to establish the emission of the
electrons 24 which as previously-describe& mAy be between 3 and 4 volts.
Furthermore the increased epitaxial layer doping concentration of such
an electron source having a fully-depleted barrier region 1 tends to
increase the capacitance of the junction between the regions 1 and 2, and-
30 the increased thickness of the region 1 increases the distance between
the surface area 4 and the point of emission of the hot electroms 24
at the barrier region. Thus, in these respects it is more advantageous
to use a punch-through barrier region 1 rather than a barrier region 1

depleted at zero bias.
35



Corrpa:ed with el ectron sources having punch-through barrier regions 1 as
described with reference to Figure 2, such an el ectron source having a '
barrier region 1 depleted at zero bias has the advantage 20 of being 2
substantially depleted of ninority carrigps (holes) even if the applied

voltage Vis switched to a very low level (at or near zero volts). However
such very |low voltage | evels are not necessary to switch off an el ectron

sourte in accordamge Mghie uheodﬁagemtileﬂ haVifEQ bdikenBbuldgidghi fnvediby
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fabrlcatlon a very si n regl ructure havi ngy
associ at edWc apHape aﬂ?@ésctlmne§§smﬁanwgeo§‘sencaw Ghe HUPP Pérh%nesectrons

gl ectron SOUFﬂBe{nﬂt@&CQﬂQ@@ﬁ@ Siirkdtel Beed mvegltelseabmhéd | ¢8é rpaegs i N Figure
,|nV\/n|chthe|nsIat|n 1}(lgrﬁ 1.is not sunk in th ?ﬁ%%Ooverthe

depth of the Y38 " RT9RE ?)é’t‘ﬁéé’ﬁ YPEAE 2 and 1
and 1 and 3 abeawbemwglatn-tugpé hemxp 23uaddache gf-tirpe epdthxial ayenelansThd deep

annul ar boundglyyef Glleoiz 1s9m82;s 9 cith¥DGedith Hr Nole) REra108tkiEEbI 1Y,
Etvg en t

respectiveg e supply ot el ecCtrons fromt
surface ar & The segiopgpty SR L3 ere fﬁ’!‘%é“r%ﬁ;’i"ﬁ#?£°P’§‘8n6¥ep(§eb?fé’tféd of

hol es across smphahniingf tid sepivneknama bet ween the n-type region 23 and t he
n-type epi taxial bayer 2. T0e LIPS AL 33 FU TSR cduigiiact Fogion
" with the invention can- be 1ncorporated as electron sources in many
different forms . of equxpment hav1ng a vacuum envelope F1gure 4
20 illustrates one such equipment by way of example, namely a cathode-ray
" tube. This equipment of Figure 4 cemprises a vacuum tube 33 which is
flared and which has an end wall coated with a fluorescent screen 34
on its inside. The tube 33 is hermetically sealed to accommodate
a vacuum 20. Included in the tube 33 are focussing electrodes 25,26
25 and deflection electrodes 27,28. The electron beam 24 is generated
in one or more electron soprces in accordance with the present invention
which are situated in the semiconductor body 10. The body 10 is mounted
on a holder 29 within the tube 33, and electrical connections are formed
between the metal layers 12,13 and terminal pins 30 which pass through
30 the base of the tube 33. Such electron sources in accordance with the '
present invention may also be incorporated in, for example, image
pick-up devices of the vidicon type. Another possible equipment
is a memory tube in which an informa;ion-representative charge petfern
is recorded on a target by means of a modulated electron flow generated

35 by the electron source of the body 10, which charge pattern is



15 The regions 21 and 23 are formed in separate doping steps before
i mpl anting the regions 1 and 3. The device structures of Figures 1, 2
i m accordance with 'the invention can-be incorporated as el ectron sources in
many different forms of equi pment havingld vacuum envel ope. Figure.4 20
iIIustrat es one such equi pnment by way .of exanple, nanely a cathode-ray

b& Thi s equi pnent of Figure 4 conprises a vacuumtube 33 which is flared
and“'vvhl ch hassukfedtrathi|neag Pt dcUlstAnt et peidoBsResm seeratst srefsrablx -
i nside. The tmpendBans 1REERdH addas.seal ed to accormodate a vacuum 20.
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I ncor por at ed up, Ei'g jces.of .the vidico type
Anot her posm%lagdeqdlg GLHFL? s°“§ ? o b en v’\ﬁ’“ﬁ’ﬁ“al D&y & S8

i nf or mat i on- redjgcesENEAticee Qm:argfewpacn ean be ipdidddeyopontrodlegetoby neans

of a nmodul f 60 .61 £GI 10D ofhOVhIGTRIA! E1bcRPo eml 508! ECIEOBLEFOYS GF Bie t he
body 10, I ch cha:og £ pattern is 13 subsequently _read by a, constant
t

el ectron bearfeyas® okt Btguseer22as) 4 by ﬁ%en%mméweef%nasw gimeng
technol ogy usfi@a$ Gt mbsa IﬁBﬂtﬁfo&ﬁtgll’chﬁfha&h.hg (‘a&nn-lf*-hegl’e&lte&l emittért s can. be:

used to fabri cate el ectr, sour the i n as
an array in a ¢ORHEE TEH ?}’(')nt u&‘t9 %g‘(‘f}a/t %n ¢ | SRR tacfweae’f)r%?'ﬂ%u% npl e
n-p-n struct urfetid bsdzriosmelrmsltmnwgiooaﬂm-swg@maoele-aéomeibmlbrtbet@cmé
two n- typelﬁoﬁt%gggr?sr %g‘q‘? pfov fde guise% %&n‘is@aﬂdgl us%étﬁd%ugiaémkgr&; a

t wo- di mens such el ectron sources each of which can be
i ndi vi dual | y sogRe¢oRFecompeqted: teaathee int an n¥ 98P RaFuaYs emectMgnR-tyPe
em ssion. TheeBosys 1300 Oimebl GodVdrze iR feach XHIGPedriaf (o the ardhy taven@j Of
surface a two CuIengl ONAlse Aadle Mo 3R PO 4(29N% 2 . S35 A0S 30 K- "
el ectron eni t
X-direction to contact regiomns 3 at top surfaces of the mesa portions 9.
20 The n-type islands providing the regions 2 are in the form of stripes
2(1), 2(2), 2(3) etc. which extend in the Y-direction of the array
to connect together in a common island the n-type regions 2 of the
individual n-p-n electron-sources in each Y-direction. Each of these
n-type stripes 2(1), 2(2), 2(3) etc. has an electrode. connection
25 12(1), 12(2), 12(3) etc. which contacts its stripe via a highly-doped
contact region, one of which 22(2) is illustrated in Figure 6. These
contact regions can be fdrmed in their own separate mesa portions by the
same doping treatment as is used to form the n-type regions 3. These
separate contact-region mesa portions are masked against the doping
30 treatment used to form the p-type regions 1. Individual electron sources
of the X-Y array can be'controlle&'by selecting the electrode connections
12(1), 12(2) etc. and 13(1), 13(2) etc. to which the operating voltages
V(Y)-and V(X) are applied to bias the region 3 positive with respect
to the region 2 for electron emission. Different magnitudes of bias
3 v(x1), v(X2) ..., V(Y1l), V(Y2) etc. can be applied to different



body 10 is now lightly-doped p-type material in which the second 15 regi

2 are provided as n-type islands. The individual electron sources are
connected together in an XY cross-bar sy¥tem The n-type regions 3 of nesa
portions in each X-direction of the .array have a conmon el ectrode

congection 13 2),.eLc. Lch extends in_fhe X-direction, to contact
regions 3 at 'Ecé%)m%cu%’g%esso %att \é\g%%é?‘ééﬁgfﬁrﬁﬁsf xes l“l’ﬁé“%-et e tre 1 Bnds
provi di ng t he diffexsms Slegtron goutnesf o Pevératting pedeirkb), eRc2¥on Z(@ etc.

whi ch extend igactds ¥eohd rtggt‘;hg@eojrrg?.e array.to connect together in a
comon island the n-type rggi ons, 2 ot the individual n-p-n el ectron-sources

in each Y-directioichphdiocfinepdiana)_g5rgy davirpds perticulgrly uspfal ast an

has. an el egt reodetlzmnmt'eoth 35dilsp( dy ,delzZ&e?)wh_iét]?(cah tﬁﬁ@-a\éﬂl?@&hﬁ@f&lxﬁﬁt S i tz
stripe via a hi - e nt.agt regi qn,_on lch 22(2)_is illustrate
in Figure 6. Hgge%cgﬁ{)nag?g‘?é’%i ghr?s c(a:%'r?% Jérﬁ‘yoﬁﬁé% °\Ie/{r¥.’tgﬁé?r24’ovx}f' s’gf)léraa?ga'fresa
portions by tHeviemeth® piatpner e2n enprodyced onsedluordscent tskeeen B§pe regi ons

3. These sepanatsnd M ck- 10k W5 SFeddPhiing g1 gt the
dopi ng 30 tregt ment UEEd to form tﬁsgeé)e mgr%%ﬁ%“ﬁ@%&?&?ﬁ&%l el ectro

. p-type - | A
sources of th@3%EF g, iE8P Ebs apEaY: 3Rt Fhs) P%‘ic)y B0 mqunged jaggthe,arpesite rvide
connecti ongg13€13he tafel) indtradadfl bF3delllec ding2d sIhgle lededdtoahbddacapdarati ng
vol t ages V(Y) cgggod\é(_%gy CIRN applied to bias the region 3 positive with
respect to the regron-2 o7 el ectron emission. Different pagni-tudes of bias
35 V(XI), V(X2) . Such\y¥W-digeionat mrrgnrishelsppbefad for @ilédmoant 14

connections sQ;tfigkaphy (Rl Gl mSh@at £ b WeRScaibubadt A6y &Ll { GilefVated
different el ectron sources so generafing a desired electron flux, pattern

from the whol §*EF44§ . anduethe PIGFoRiRATET o Pl Ldratage deviess i sTpahifcul arly
useful as gy apgliratisnthéWredy ii3 doulitepl sy tHe\d1eeti Sdureanidavehambbt adft er

vacuum t ube 3? jhan tah%ticOf t he cat hodgﬁray ub% og Fi.gure 4.t I ntsuch a
flat device, fhe prEtihtac HROBESPBRATEEE® on T8° (AR Y A2 P BEF 8N 32 at one
si de. of the t ubeuupypgemdenrtgengraliinges gatuwl dot thenchidmber plort thnsxpesmret he
array in the: goghpe18n MOWRL Gladlod BRe YRPSItG s diGidD v@ind BEnd #Gurddanst ead

of by deflecting, a single electron beamas 1n a |
is "introduced into the chamber and has on its surface an electron-

structure simlar to that illustrated in Figure 1. However the bul k of @

20 sensitive resist which is ;hen'exposed to an electron flux pattern
from the electron source array, for example via an eleétron lens
system. Thereafter the body of the solid-state device is removed from
the chamber and proceSse& further in known manner. The use of a
semiconductor two-dimensional electron-source ‘array for display

25 devices and for electron lithography is already described in U.K.
patent application 7902455 (Our reference: PHN 9025) published as
GB 2013398A to which reference is invited. '

For the sake of clarity in the drawings, a coating 14 is not

shown as included in the structure of Figures 5 and 6. However

30 such a coating 14 can be provided at the surface area 4 of each of the.
n-p-n electron source mesa portions of the device of Figures 5 and 6.
Although Figures 5 and 6 show by way of example substantially square
apertures in the electrode connections 13 at the emissive surface areas 4
these apertures may be of another shape, for example circular. Especially

35 in large two~dimensional arrays a highly-conductive n-type buried



cat hode-ray tube., Such a two-di mensional array is also useful for elect ro
| i thography in the manufacture of sem conductor devices, integrated
cifcuits and other m.crom niature solid-state devices. In this 15 .

application the array is nounted as the electron source in a chamber of a
|'i t hographi ¢ exposure apparatus. The charrber S connect ed to a vacuum punp

for..generatin he chanbe the sur peration. The

body of the s% ?a&gt&g?esnm(fgw cé’rﬁse?n% r’fﬁlﬁu 8F%°d“ Fg grfb(ﬁf&%o“lrh?’o t-he
chanber and ha1dn Z(23, A(BP aets.ate akduder earleaorssemsmqwe resist which is
then exposed to anv&kesine@Nnddi¥XcA3bhE el Lﬂ;‘ewﬂ: { EQ@&%QH% 68 a{er ay,

for exanple via an el ectrqQn | ens system ereafter t

solid-state dRFEEERY inyentdory F%ﬁnatlﬁ‘w@ha?hfeﬂ'ermsetltséeseéélf%w%rham
knewn manne§ . eIIaetmte €fnndc Bivils COHIGUES Whel WWydk NRIShORAE €ieatFRRosPEr CE

array for display,25 devices and. for el ctron Lithogr s alre
described in ﬁ 3% pat Shi™%aphiGtEals SRR IB SO B ngt‘atgg#c‘é rmﬁan%S)me
publ i shed as @@(@399&& ebeatirpt sougéerisngecordanaey wigd thé&dmvemeiopakay béve
clarity in theaddtmnggsele@tfmt'mcﬂ, r.le 8ot oﬁn&%da& 'cﬁ‘&'nllgeﬂ' dtfulfife.

structure of Eigures 5 and 6. However 30 such a coatin be provi ded
at the surfacé &tta Igh 8a@lestram,goyres- in diceerdaspe %ﬁ?c@‘enﬂwepér’t“i"eh@%f

t.he dleVi ceblof mEygdeleSJ.&taaI]ﬂ el bﬁmeféﬂﬁﬁﬂé &eamat@ ﬂmw hy ﬂi/&)’laQ%d
exanpl e su stantl uar ertures 1 n. the | ectr e COo Ctl ns at
Tha D solve: 2t The s ltBE.cTBRLIRESS, bhls WISl R e 8RS 55t
exanpl e ci rculsarfaCEsewe&a' &l 4% tB& nryparthérd wegdomsnEramahicr mg/s:oa

hi ghl y- conduc yfe r 18 1, € S long t he
bot t om of eactﬁh%&txggge jsz't i? :me((J d ?“2 tﬁg& én&')e Hf%& Peciﬂrég gée%?gs?
¥c

resi-stance. MSAY b5t ReRtags Bt Gﬁ%“dfpée p‘f5’§§F£ﬁ1@“V\H Nig & JeeR @IFEPDOf t he
present i nv@nicbtactThaE oal 5&1@Hg&efah?eﬁbtﬂ frott E&HJTsUEﬂac% i-re% R’Uﬁﬁomh&\/ﬁh5

electrode conngct.i Qns onl the n-t S ons 3
(i.e. no el ecttrgo c Ot éE%/'? (r%l’t‘?)ret ﬁ’@"%/'%?er ﬁé&l%ﬁ %° 9e‘dﬁ 6%3'?)“‘% HE°H ti‘?ﬁ of
an eI ectron sebe@erom faccardiffiesenti type hé élecerdn eourteyoltmide adhei §¢apeal

el ectrodes V"%@hch%r Bréidhne CORAGELS] 15 Oaltrggd}n B3l 18L4 UG VA& cB 2013398A

to which reference is invited. It is also possible for such an

20 additional insulated electrode tq be split-up for defleetlon purposes
" into two or more separate insulated electrodes around the surface area 4.

Iqétead of having a monocrystalline éilicon body 10, the
semiconductor body of an electron source in accordance with the invention
may.be of other semiconductor material, for example a III-V
25 semiconductor compound, or polycrystalline or hydrogenated amorphous
silicon which is deposited on a substrate of glass or other suitable
material. _ _

In the embodiments so far described with reference. to Figures
1, 2, 3, 5 and 6, the n-type third region 3 provides the surface area 4
30 £rom which the electrons 24 are emitted into free space. However
the n~type third region 3 in an electron source within the scope of
the present invention may be sepﬁrated from the surface area 4 by at
least a further region having a p-type doping concentration which
introduces a potential peak in the body to form adjacent the surface

35 area 4 an electric field which assists emission of electrons 24 across



2-1-3. Thus, an electron source in accordance with the present inventi on )
may additi onal ly include an accel erating el ectrode which is insulated fro®

t e sem conductor surface and whi ch extends around the edge of the surface
area 4 of the n-type third region 3 from]\ﬁ/mch the hot electrons 24 are -

emtted. In this case the n-type third region 3 can be cont act ed: by its

electrodeconeC|on13vaad p ype 15 cont eqgi on at al
rendt e from tﬁe %8?’1‘%@ égef o]rél\ﬁ% @h fhe otq:“ei °£ Tong 2. saragln%%uf
The use of angtmalmpedganmeémnmg eééezrtlpoﬂlelﬂoregaomh fakerdascribadeand
el ectron SourQfalgxuwndeogmm{gsta& amﬁseeﬁnmwg%gon is already.

described in sal reference is invited. It -is al so.
possi bl e for SQuhrefereceddiB|F§aP) |"ﬁé€ﬂ deefilledeen thacsams $AY &35 (p for
dﬁf | ect :c 0N 5PUp PRSRE a;mocécwen Qi’ndmi{ﬁ:hSEsp&Ilab eeﬂtlswdat'mcekactsb@dm atdound
the surface area 4. avin pro]g! sta l.ne _si | y 10,

t he semi condu T‘B‘rpmﬁtbrtj&a%’fngaﬁ?%‘it&?rs gr‘é%ur’cglgl N accordance dc%ﬂ {)ﬁg

i nventi on nmaycdepeodingt hetensecapmdnaticnor material, for exanple a II1-V 25
sem conduct or conpound, or polycrystalline or. hydrogenated -anor phous

silicon which is deposited on a substrate of glass or other suitable
material. In the enbodinents so far described with reference to Figures 1,

2, 3, 5 anae 6, the n-type third region 3 provides the surface area 4 30 ,
fromwhich the electrons 24 are emtted into free space. However the n-type
third region 3 in an electron source within the scope of the present

i nvention ray be separated fromthe surface area 4 by at |east a‘further
region having a p-type dopi ng concentration whi ch i ntroduces a potenti al
peak in the body to form adjacent the surface 35 area 4 an electric field
whi ch assi sts em ssion of electrons.24 across. 16 the boundary of. the
body 10 at 1she -area 4. El ectron sources having such 2-type doping
concentration electric field regions are described and clainmed in. - _
co- pendi ng patent application 81 37502 (Cur. reference:’ PHB 328209) mhlch is.
filed on the same day as the. 5 present appllcatlon and which is al so
entitled "El ectron sources and. : o

20
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EqU|pnent havi ng el ectron sources". Reference is invited to this co-pendiééj)
pat ent. appli cation. 10 15 20 25 30. 35 17 CLAI M. 1. An el ectron sour
for emitting a flow.of electrons, conprisi:ng a sem conductor body, an n-p-n
structure formed in the body by a p- typel?lrst regi on between n-type second
and third regions, electrons being generated in said n-p-n structure for
em_ssi on frquQ%ﬁssurface area of said body after flowng fromthe second
regton t hroug e first and third regions, characterized in that the'n-p-n
structure has el ectrode connections only to said n-type second and third
regions, in that the first region provides a barrier region restricting the
fl,ow of electrons fromthe second region to the third 10 region until a
potential difference is applied between said el ectrode connections to bias
the third region positive with respect to the second region and to

establish a suppli/ of hoetlec 1gaoctrgnrsée 1_e%tne ih tof§§¢%ft€niercd_r !gQI on with
sufficient energy to 8% S1ESHE™ RS ace arr sai sur ace area .of

‘the body, saicbupaigingra reegicrnductari hgduieph atpon skBuferer Sorped hihshe bk

n-type seconc,aRdyddypk des 891 QI35 o M thidd Hgtﬁécbe&nkhé&kﬂﬁlﬁ&i fagiodepi Ng
concentration’as %o e depleted of .holes™by the nerg gPH ether of said

‘depl etion | ay&hestrops; heingapenrasateddnoteis: “Tb&s?tﬁmé )01 0 =
differencegi sa apptdcedabat weghlaabayehewrr qd&zﬁx@nrﬁrohlmssé@néstmbnsh said

suppl y of hOt]hxgqlpe tr ang rs%oand th1rdi ﬁa%ibérr]\secf:%%tt%gﬁr% %{ q a&tclcl?é I'Ta‘g-

Claiml1, furf harac eérized In safl gi on
hi gher conducttiructyret hame edet ode mqwgedwnﬁgO@Mn@bﬁPF%tﬂ'GYPQ H&FPftdha?d of the

p-type first fgghofegansk ! hatcak e lf@AK rbfifonPpfdviats tdBafrikyPregionond
regl()n aﬁ“ aceizgtilgilgéréﬂ; Ef§¥ gf electrons from the second region to the third

10 region until a potentlal difference is applxed between said electrode
connections to bias the third region positive with respect to the_second
réegion and to establish a supply of hot electrons injected into said
third region with sufficient energy to overcome the surface barrier
at said surface area of the body, said barrier region forming depletxon

15 layers with both the n-type second and third regions and having such

'thickness and doping concentration as to be depleted of holes by
the merging together of said depletlon layers in the barrier region at
least when said potential difference is applied between said electrode
connections to éstablish said supply of hot electrons.

20 _ 2, An electron source és claimed in Claim i, further characterized
in that said n-type third region has a higher conductivity-type
determining doping concentration than that df the p-type first_region
and that of at least the part of the Eftjpe second region adjacent.
the first region. -

25 3. An electron source as clalmed in Claim 1 or Claim 2, further
characterized in that at least the part of the n-type second region
adjacent the first region has a lower cdnductivi;y-type determining

doping concentration than that of the first regionm.
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25 v 3. An el.ectron source as clained in Cdaim1l1l or aim2, further A
characterl zed in that at |east the part OE the n-type second region @
adj acent the first region has a | ower con ﬁctlw ty-type determ ni ng dopi ng

concentration than that of the first region. 4. An el ectron source
as claimed in any g recedin Cla | s .further a}(r: ized in,that an
apextyred insul at| | &Y ef'smé‘u?t e, A8 chpined iy aB‘ér |pf§°etdt’ff‘ﬁk%é§'§s’| n

said body to fﬁmnheu chemtteoiuedntxsa:hpordm aperaxhréd éndndoy i laged ik aguwkal | y
by the sunken %@%%@‘HEQ garé Cles %ch n@s£ tsa'gieg&y n%'}ﬁ ilb lggs %géons

are formed wthin sai a portion an are boun hei r edges by
t he sunken i ndtgisat pargiemyedy thesbod}' Rauededciatnyatbhu by ethes senkepninsul atimeai m 4,

further chag actsgetzQddi ih thad chberitrQP Sdr bfGQ pégltahs d¥eSBorall l4iRRi M sQYd des
sard 10 surface area from which, electrons a d in _that an

;
el ectrode conrﬁ?é?lQﬂ’ftb%‘htaa’ﬂt%resﬁ?‘ﬂ‘dﬁdtVﬁﬁn‘t htSFbF Fgﬁ?’br'?ya&eséﬁ“&‘ef‘op surface

of the nesa pombubatmgdl@et-ends onto said sunken insulating |ayer. 6. An

el ectron source ass ol aliedel fhedo ke HIC RIARACUN G Hh urtfed Ur L her

characterized in t at sai as at one mmj or sur t wo- di nensi onal
array of said Wpa%eﬂ-ﬁj’ctiar@s‘t the tcmtsurﬁ@enotﬁe B4fiar BOTAGR AFEVidesopwid

direction ob theradd ayeitéﬂ@mam@ammecaloast;&demmeasa%uom whi€hmmext ends in
said one direction, . and in that the n- ﬁg) second ?t.%g ons in a transverse

direction of t 8°%1?°F5y°‘t“8Ffﬁ’a’“c8?ﬂF6ﬁtszéa {87 5P (P L T8RN BF 1A " %®ai d
t-ransver se di rsaefac@enof 7fthe melya - ebwtdiion oands exitends amto| @didesuriken ainsubé timge
preceding d ai1g§er.f urther characterized in that said barrier region is
undepl eted over~a part of its thickness by the depletion |ayers formed with
the n-type second &nd tmieiactrregiwscatasmi/ jmgd oin aphOfaphn PERR9dIRE dHlajms,

potential 25 dubfdrebRfraRterilzeleasihat Rued oy a3t Hndi MajEr "AFEaéade bei ng
necessary between said el ecirode ¢ nnections to s read sai de | etion

| ayers across % R WABFE PRFLIBRERE °6f S48 BB & Ffré‘rc PESFioh® R8T ey & EvPe
establ i sh sai dh$upplegiofs hwtonel ¢ixtecoirn bfivihegastdyl havecat cmeng#et:t;rmer cone

the surface b%%ﬁﬁ@d‘tigﬁ Y&Qkﬁi &Qgtflfscgnasraqg one direction, and in that the n-type -
a second regions in a transverse direction of the array form a common
20 n-type stripe extending in said transverse direction.
7. An electron source as claimed in any of the prece&xng Clalms, -
further characterized in that said barrier region is undepleted over
a part of its thickness by the depletion layers formed with the n-type
‘second and third regioms at zero bias, the application of a potential
25 gifference of at least a predetermined minimum magnitude being
necessary between said electrode comnections to spread said depletion
layers across the whole thickness of said barrier region and so to
establish said supply of hot electrons having sufficient energy to
overcome the surface barrier at said surface area. _
30 8. An electron source as claimed in any of Claims 1 to 6,
further characterized in that the thickness and doping concentration
of said barrier region are such that the_depletion layers formed at

zero bias with both said n-type second and third regions merge together

in said barrier region.
35
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30 ¢ 8. An el ectron source as clainmed in any of Clainms 1 to 6, further
characterl Zed in that the thickness and dopi ng concentration of said
barrier region are.such that the depletion layers formed at zero bias h
both said n-type second and third regi or’rg nmerge together in said barrier
region. 35 19 9. An el ectron source as clained in any of the precedi ng

G ai ns, wherein §a| d YL { age area of t éalabodé/ J4S_Ccov r%d reced -I’I al

uci ng the el ectron WOr TheECTER. 210° el'8ctPon” sourte su’bnsgt Tar y

as descri bedvhgneinr efidr eynfacd area R fyghe b_bdyars Foyared Withor niaiteriad eedusrmg_

Figures 5 angpd fQkctddn @GSOFRAYELRY drawi ngs. 11.. Equipment conprising a
yvacuum envel ope wi thin which a vacuum can be naintai ned, and an el ectron

source as cl ai med®n A&nﬁll?fltr?%é°ﬁ¥“écéﬂ?§f§“8%ﬂlﬁsas deperibpd (LR FeEBERTcE
hei ng moust edo Hilght& 11,00t e gerw @l, 0t Figireed] trl Ppuebe 3 GANS bBtthesai d
vacuum duri ng.oper atd on,of the eqw prent. 15 20 25 30 35
ccompanying drawing
11. Equipment comprising a vacuum envelope within which a
vacuum can be maintained, and an electron source as claimed in any
of the preceding Claims, said electron source being mounted within
0 the envelope for emitting electrons into said vacuum during operation

of the equipment,

15
20
25
- 30

35

-
—

A O L A



