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electrons are capable of escaping from the metal. Such thermionic cathodes
are capable of operation at current densities up to several hundreds of
amperes per square centimeter. Such devices still find active use in high
power devices such as are found in radio transmitters, however at the small

25 scale the solid state transistor has virtually replaced the vacuum tube in
all uses.

A measure of the difficulty of the escape of an electron from an electrode is
given by the work function. The work function is the amount of work needed
to pull an electron from a bulk neutral material to the vacuum level,

30 generally measured in electron volts. In a thermionic cathode, this work is
supplied by the kinetic energy of the thermally excited electron; rapidly
moving electrons are slowed down as they leave the metal, and most electrons
do not have sufficient speed to escape and are thus pulled back. However a
small fréction of the electrons have enough kinetic energy so as to be able

35 to escape from the cathode.

The lower the work function of the electrode, the greater the number of
electrons which will be capable of escaping from the cathode. If increased
current density is not needed, then the lower work function will allow for
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emission, they present several negative attributes. Electrides are
thermodynamically unstable, and decompose if not kept at cryogenic
temperatures. Electrides also exhibit poor electrical conductivity. In my

25 previous disclosure I specified a new use for the known ability of electrides
.to thermionically emit electrons.

Disclosure of Invention

Broadly, the present invention consists of a bulk metal coated with a layer
of a complexing ligand capable of forming an electride. The ligand

30 stabilizes the loss of electrons by surface sites on the metal, lowering the
work-function of the coated surface. Rather than a thick layer of electride,
a thin layer of ligand modifies the electronic structure of the surface of
the metal. The bulk metal provides the necessary electrical conductivity.
Hot electrons escape the surface, and do not remain to degrade the ligand

35 structure.

In one embodiment of the present invention, said metal is an alkali metal,
alkaline earth metal, or lanthanide metal.

In another embodiment, said metal is an alloy comprising a mixture of one or
more of alkali metals, alkaline earth metals, lanthanide metals and other
40 metals. 2
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Conpl exi ng scription of Drawings 30 Figures la and | b show
di agr ammm a&vdnRR§E VENERE ipRBSert§ 1hvéhthioN \WOtkKad wii6ideéd@ctronic thermionic

15 devices are facilitated.

It is an object of the present invention to provide low work function

~ electrodes which in the main use similar materials to electrodes already in
cormercial use.

An advantage of the present invention is that it may be integrated into
20 current production technology.:

An advantage of the present invention is that it may be retrofitted into.
existing products.

Brief Description of Drawings

Reference Numerals in Drawings

25 1 Metal Electrode
la Conductor
1» Metal Layer

2 Complexing Ligand

Description of Drawings

30 Figures la and 1lb show diagrammatic representations of the low work-function

electrode of the present invention.

Figure 2 shows the general chemical structures of some electride-forming
ligand families:

3
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el ectrode of the present invention. Figure 2 shows the general chem cal
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Figure 3d is the structure of hexamethyl hexacyclen.

Best Modes for Carrying out the Invention

Referring to Figure la, metal electrode 1 is coated with a layer of

15 complexing ligand 2.

In a preferred embodiment, complexing ligand 2 is coated in a monolayer upon

the surface of metal electrode 1.

Referring to Figuge 1b, conductor la is coated first with a layer of metal
1b, forming a composite metal electrode, and secondly, with a layer of

20 complexing ligand 2.

In a preferred embodiment, metal electrode 1 is composed of an alkali metal,
an alloy of alkali metals, or an alloy of alkali metal and other metals.
Metal electrode 1 may also consist of an alkaline earth metal, a lanthanide

metal, an actinide metal, alloys thereof, or alloys with other metals.

25 In another preferred embodiment, metal electrode 1 is composed of a
conducting substrate la plated with a metal plating 1b, said metal plating
being an alkali metal, an alloy of alkali metals, or an alloy of alkali metal
with another metal. Metal plating 1b may also consist of an alkaline earth

metal, a lanthanide metal, an actinide metal, alloys thereof, or alloys with
30 other metals.

The alkali metals are lithium, sodium, potassium, rubidium, cesium, and

francium. The alkali earth metals are beryllium, magnesium, calcium,

4
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kel sTERTERE OBt B TEPATER SEATO0RS (FEabTGRa - bAPRHLEaF fpms make

pot assi uﬂYanlPh#t |n8mb<mdleeﬁlamrq_naye*rsoﬁhmpbemongtdhlgam n@tak catigwsed of
15- Crown-5_or n_a nonol a%]fr Both al kaline plati ng la and

Cr
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25 IUPAC name 1,4,7,10,13,16-hexaoxacyclooctadecane. Figure 3b is 15-Crown-S,
‘also known by the IUPAC name 1,4,7,10,13-pentoxacyclopentadecane. Figure 3c
is Cryptand [2,2,21, also known by the IUPAC name '
4,7,13,16,21,24-hexoxa~1, 10-diazabicyclo ' [8, 8,'81 hexacosane.

In a particularly preferred.embodiment, metal electrode 1 is. conposed of

30 nickel substrate la, with metal electrode plating 1b being sodium, potassium,
francium, or cesium. Layer of con@lexing ligand 2 is composed of 15-Crown-5
or 18-Crown-6 in a monolayer. Both alkaline platn.ng 1a and crown ether layer

2 may be produced by vacuum sublimation.

In yet another particularly preferred embodiment, metal electrede 1 is
35 composed of nickel substrate la, with metal electrode plating 1b being
sodium, potassium, francium, or cesium. Layer of complexing ligand 2 is
composed of hexamethyl hexacyclen, known by the IUPAC name
1,4,7,10,13, 16—hexaaza-1,4,7,10,13,16—hexamethyl cyclooctadecane, in a
monolayer. Both alkaline plating 1b and cyclen layer 2 may be produced by
40 vacuum sublimation.

5
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S prodLg;&qa btegg t%ogg rllthonal fashi on, and processed prior to coating
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w t h | ovandopkedesned ipzthor S‘qeec¢afuingnsﬁttal Fayeitdof icgmpibkihRg\ld ghre 2 desaishbed,

however p;ﬁer PUIN- TN ggytht;es q%%gth 3s X\F” as other |igands. For

exanpl e, Stable transition rre Such-%4s copper, gold, or platinum nmay
have there work function reduced sufficiently to be usef uf . Al t hough the

above spprahsepiAPASHNi@hBS1BPY specificities, these should not be
construed as limting the scope of the invention but as nerely providing

i | | ustSr aétheprssapicesofiithefprelsentprinsentiiloy eﬁerusedoenieedt@msc @il Eiehbate

i nventi ofkgah@S +@X8¢0dYi%12d1@ns péﬁ'sgi&@tokoéheléﬁx?ozﬁe?i’:‘ong' Vﬁ& 107 mal bAGA des

nor phol o e.speci at i pnis for a layer of [igand upon a
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20 such as copper, gold, or platinum may have there work function reduced
sufficiently to be useful.

Although the aone specification contains many specificities, these should
not be construed as limiting the scope of the invention but as merely
providing illustrations of some of the presently preferred embodiments of

25 this invention. For example, no specification has been given for surface
morphology. While the specification is for a layer of ligand upon a surface,
this surface may be flat, formed into a shape suitable for a particular
application, microstructured to enhance emission using field emission
techniques, microstructured to increase surface area, or otherwise altered in

30 physical configuration. '

No specification has been given for electrode size. While large area
electrodes such as are used in conventional vacuum tubes, thermionic
converters, and the like are facilitated by the present inventicn,
microfabricated vacuum electronic devices are also possible. The present

35 invention }nay be used to. facilitate the production of flat panel displays,
integrated vacuum microcircuits, or vacuum microelectronic mechanical
systems. '

Thus the scope of the invention should be determined by the appended claims
and their legal equivalents, rather than by the examples given.

6
SUBSTITUTE SHEET (RULE 26)



t echni ques, mcrostructured to increase surface area, or otherw se altered

in 30 physical configuration.—Ne—speei-fH-eationhas been given for eI ectrade
si ze. VWDI%HPWge area el ectrodes such as are used in co 7 vacuum

t ubes, therm onic converters, d acilitated by the present
I nvention, mcrofabricated vacu Imll evices are al so possi-ble. The
presentc]_%a,ﬂéwent i on may be use t he production of flat panel
di spl ays, 1 ntegrated vacuum m cr00| rcuits, or vacuum m croel ectronic
rrechanllcala:szysterrs Thus the scope of the invention should be determ ned by
the appended clainms and their |egal equivalents, rather than by the

exanpl €4 giAReplecsrode biyigg) 2 ovegl TunaFire Pf deas rhhan )0- 8 FV o FRRRTLBERS,
conprising: a netal having a surface which is directly coated with a | ayer
of a het er @dyclai setmd| bawdegitatserfacgamdl said |igand S bei ng i n nutual

contgct Wity Sai thyRl 6 a KiterdBR1eLaRh DA e GhAIN dodREI G SRlOnd@EAl 1S

chosen fromthe group consisting of alkali nmetals, alkali earth netals,

| ant hani de net aius “and actini de netals. 3) The el ectrode of claim 1

wherei n sai2d nBpga|elestrode 0] Gyaimd| WiAtAip grid getal is chosep dixem thRcIFAYPal
sel ected from tchesigitongp of ot slkald wétadbkahe aixbnd :ared katdlsgardeh netal s,

I ant hani de net abgenaRde ghg{:élry dgndehel Srifhlde ddte1 6] ectrode of cI aim1l

vvher i n sai al s c a nfo,a conduct i n strate eIe trode
of laim 1 \(ihg‘ra&e’e SSSFEP g A i EBSESTR saéﬁ?'sggffg & S11) 1nd "S %
chosen from t héegto@pe G‘Gi’"ﬁ’r #Fﬁ@tedf IxQroRR GrPiT sonsdsyindanfsche alkall

aza- cr own- et hemgtalsyctheC askdliiCenes, métnds | hhe- Dintisniak htals 6 hnd Ehe

el ectrode of clat{Rikeraein said heterocyclic nultidentate ligand is

Gyptand (22 TP ThCHEREES P doitrett Aoty pecah 45T davpbas b i 1
wher'@i n sai d | apermisron inetcbest Featrdl trodentandudtiiyak®d¥s a nonol ayer. 8)
An el ectrode, caEpsliestigle of claim 1 wherein said heterocyclic multidentate
. ligand is chosen from the group consisting of the crown-ethers, the
cryptands, the aza-crown-ethers, the cyclic-silicones, and the
thio-crown-ethers.
20 6) The electrode of claim 1 wherein said heterocyclic multidentate
ligand is chosen from the group consisting of 15~Crown-5, 18-Crown-
6, Cryptand (2.2.2] and hexamethyl hexacyclen.
7) The electrode of claim 1 wherein said layer of a heterocyclic
multidentate ligand is a monolayer.

25 8) An electrode having a work function of less than 0.8 eV, comprising

a) nickel having a surface,

b) a layer of a second metal coated upon the surface of said nickel,
and '
c) a layer of a heterocyclic multidentate ligand coated in a monolayer
30 upon the surface of said second metal,

whereby the work function of said second metal surface is reduced.

9) The electrode of claim 8 wherein said second metal is chosen from
the group consisting of the alkali metals, the alkali earth metals,
the lanthanide metals, and the actinide metals.

35 10} The electrode of claim 8 wherein said heterocyclic multidentate
ligand is chosen from the group consisting of the crown-ethers, the
cryptands, the aza-crown-ethers, the cyclic-silicones, and the

thio-crown-ethers.
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a), nickel having a surface, 25 b) a layer of a second netal coated
directly upon the surface of said nickel, and in nmutual contact -with-said
ni ckel SN 9%{5'01 a layer of a heterocyclic nultidentat epdgrggrgossgat ed =i n
a nonol ayer rectly upon the surface of said second netal, and in nutual.
contact with said surface of said second netal, 30 V\/nereby t he wor k
function oflldaiThe sIeEHEPIRERTaICLaR Batherpin said deferogyclifhaultiidentiasde of

cl ai m 8 wher ei nigaidlis amoseh Febmlthi Sgmhp S s{dtiny td¥e1 SHORUIM-GO NS -Skbwtg Of

10) The, gl cot 1 ae aF Ao o aar iPBIEEA 2 T Mentate 35

10) The Iectrode 0 rein sai

ligand 12 dRo&HIFEFP err?‘fﬁ‘é‘gg? wﬁkc%“ﬁ‘é':}:’s"t“l R 15F¢ "1?‘8 2-&t Wer oA $H%ands,
aza-crown-ethers, cyclic-silicones, and thio-crown-ethers. 7 WO 98/ 20187
11) Phe el Bt r GdEuRsisten Sepd B iR MeVHRS & thrfaee@ddyclic mul tidentate |igand
i s chosen fyomat heyeyr ofip bersbeydlig mfltidenthoevlifandl ediile@Wn: abmonClypirand
[2.2.2] and hex@ggtml SJ}%@@)&IQQ‘ 4,3.%,5@& aketlkodie, corrprl sing;, a tungsten

derivative havi.n nono

ot o ey el ey e iRt FeReSiensst B0 whosten SEARER TH0RT SeciReRET i (h
sai d tungstgn %Efé(‘e%tréﬁéeéflaair@ﬁzv‘ﬁfelfeﬂj RGid Qﬂnﬂteﬁ%&19¥l%tﬁn

derivative surface In reduced. 13) The el ectrode laim 12 wherein said

tung en deri varteEredstOm B gEOYH Bﬁ?ilﬁélrt?r 85ptb€6+?st|e§t"rlﬁﬁs%?“'t frPr st 35e

t ungst en, car busbpriated(tungsten and cegiptefdtundstamgst en and cesi at ed
tungsten. I1d) THae &&GEJ&d@f Qhafr abnme%eM%aea ﬁ\eﬁt?i&iy&ﬁtcemggﬂtﬁte

mul tidentate |i gand I, S oser} orotrltget éau ré)u ; Gansi sftt H‘tg rown etggrs
cryptands, aza-¢PoWhi&8tHSPE TEGRITE. LTF BRELS TR ?%nmﬁ B§ifar B

15) The el ect r cuEPEmdg} dibm z2- WFFW’EFFP%& thﬁeﬂé’rl%jFéH?P“ﬁE} tindefieat e | | gand
i s ctrosen fromtnhe-goenetbensi sting of 15-Crown-5, 18-Crown- 6, Cryptand

[2.2.2] 15%”%!%%?45%&9&@ o?eeiq(fﬁ{(:llzewherein said heterocyclic multidentate ligand
is chosen from the group consisting of 15-Crown-5, 18-Crown-6, Cryptand

[2.2.2]) and hexamethyl hexacyclen.
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