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ABSTRACT

The layered cahodes are mnsidered as
perspedive materials for the field emisson
devices. The theoreticd solution in the
framework of norlocd eledrostatics taking
into acaurt the spacedispersion effeds in
the metal and deledric film has been
found The deaeasing of the external
potential barrier for the dedrons emitted
from the diamond film can stimulate the
lowering of the threshold voltage of the
cold field emisdon for the layered
cathodes.

1. INTRODUCTION

Recetly the layered cahodes are mnsidered as
perspedive materias for the field emisson devices. It is
known, that the deposition o semicondwtor (metdlic)
coatings on a surfaceof the metal (semicondictor) resultsin a
significant modificaion o the emisson charaderistics of a
baseline material. The emisson properties of ultrathin films are
expeded to deviate from those of the @rrespondng bulk
materias [1] and can na be predicted simply on the basis of
their bulk structure.The influence of the potentia barrier to an
inner interface on the performances of the layered cathodes
wasinvestigated in [1-3].

II. THEORETICAL CONSIDERATION

In this work we propcse the theoreticd method o
the diredt caculation d the potential barrier V/(x, F) for the

metal/thin semicondictor film intimate junction based on the
acour of screening properties of the metal and semiconductor
in the framework of norlocd eledrostatics. It is $rown that the
potential barrier on the internal metal/semicondictor film
interface ca be theoreticdly cdculated withou introdiction
of the aditiona parameters. For the system in the airrent
regime in result of contad the @mmon eledronic subsystemis
formed (the common Fermi level of the meta and

semiconductor film). The potential barrier height /71(L) on
the internal interface is determined by the mntad potential
AD and by the screening properties of the metal and
semicondctor film with thickness L .

In the present work we @nsider the n-type

semicondtctor film onthe metal substrate: thin heavily doped
diamondfilm (n-type) on the molybdenum, when the dedrons

emit from the diamond film into vaaum. The screening
properties of the meta (Mo) was taken into acourt in
Thomas-Fermi approximation (TFA). The screening properties
of the semiconductor film &, (k) was taken into acourt in

Deby-Hukel approximation (for a nondegenerate eledron gas)
and in the interpadlation Inkson model (for the boundeledrons
of ionidands).

On the Fig.1 the potentid V/(x, F) for the considered

system, when L =15 104 in the eterna eedricd field
F =310"V/cm
F =600 V/cm (solid curve 2) is shown. The foll owing

(solid curve 1) and

paramrters were used: temperature is T = 293° K; for the
molibdenum: 17, =4 [10% cm™ is the concentration of the
dedrons, @, , =4.6eVis the

nt* = 0.7759m, is the dfedive mass 11, is the mass of
the free éedron; for the diamondfilm (n-type): bulk density of

work fuction and
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the free dedrons is 11, =5 10" cm™>; dieledric constant
is £=5.6; effedive mases are 1, = 0.36 (transverse)
and m; =14 - (parald); eedron affinity in the bulk

isY=—E,=334eV, whee E, is the bottom of the

condtction kand. [4].
In the cae of intimate mntad the thickness of the

doule dedricd layer ontheinternal interface d isabout one
lattice @nstant (or close it). In ou cdculations the thickness

of the doude dedricd layer is d =2 A. For the above
mentioned parameters the charge densty O(L) on the



internal interfaceis 0(15 A) =2.276 L 10% %mz , the
contag potential is AP =0.985¢V and the potential
barrier height (withou the image forces lowering) is

h(L) =1316eV . It was shown, that the potential barrier
height /(L) esentially depends on the thickness L and

the doped concentration 12, of the diamond film and is very

sensitive to the preparation condtions.
The gpropriate dotted curves in Fig.1 show the

distribution of the potentid V' (x, F)in the wnsiderd

structure cdculated in the franework of the locd (classcd)
consideration.

[i. CONCLUSION

As shown in our preliminary cdculations the
existence of the superthin heavily doped diamond coats on the
metal surfacebrings to the significant downturn of the external
potential barrier in comparison with the clea metal surface
This deaeasing of the external potential barrier for the
eledrons emitted from the diamond film can stimulate the
lowering of the threshald voltage of the cold field emisson for
the layered cathodes.
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