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An analytical express ion  is obtained for calculating the cur rent  density of I -F  emission.  It is shown 
that the magnitude of the cur rent  depends on the pa rame te r s  of the cathode (the work function ~), of the 
p lasma (the field strength E 0 at the cathode and the ion concentrat ion n), and on a value charac te r iz ing  the 
joint proper t ies  of the cathode and plasma (the neutralization distance 1 ,) .  

The idea of taking into account the effect of the individual fields of ions moving in the layer  near the 
cathode on the cur rent  density of the field emiss ion (F emission) was expressed  in [1]. There  also calcula-  
t ions were made for  the concrete values of the p lasma and cathode pa ramete r s ,  but analytical dependences 
could not be obtained because of mathematical  difficulties. 

In [2] an attempt was made to obtain an analytical dependence for the calculation of the field emiss ion 
current  density with allowance for the fluctuating electr ic  field (I-F emission).  The resul ts  of [2], agreeing 
with the resul ts  of [1] in the concrete  values of the work function ~ and the neutralization distance l .  of the 
ions, show that the cur rent  density of I -F  emission can considerably exceed the cur ren t  density of F emis -  
slob. 

The resul ts  obtained in [2] a re  valid only for high ion concentrat ions in the cathode layer,  but the cu r -  
rent density ] I -F  of I -F  emiss ion can be considerably g rea te r  than the field emiss ion cur ren t  density ]F 
even at n ~ 1017-1019 em -3, where n is the ion concentration. 

Allowing for the discrete  charge of the ions, the e lectr ic  field strength E at the cathode can be con-  
s idered as a random value, taking on values f rom min E =E 0 up to max E = E . ,  and then the emiss ion c u r -  
rent  density ] I -F  can be determined as follows: 

E. 

/r-r = I /F (E) f (E, Eo) dE (1) 
Eo 

where f (E, E 0) is the distr ibution function of the e lec t r ic  field strength at the cathode in the presence  of an 
external field E 0. 

In [3, 4] a distribution function was obtained for the e lec t r ic  field strength ~ at the cathode produced 
by the motion of ions in the region near the cathode 

! ( 8 )  - 5 8';' - 

Here the ion concentrat ion n at the surface of the cathode is expressed  in em -3 while the field 8 is in 
V/em. The distribution (2) is obtained f rom an examination of the wnearest neighbor" model [4], when the 
effect of the ensemble of ions is neg]eeted. Such an approach is admissible only for large fields, although 
in this region the nearest  neighbor distribution function approaches the distribution function for an ensemble 
of part icles .  But a large field is of interest  for field emission.  

In the presence  of a super imposed field E 0 the distribution function of the resultant  field E =E 0 + c 
takes the form 
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Fig. 1 

6ooq l ' l  
/'(E, Eo)= 5 (E--Eo) 'l'exp \E--Ec] J (3) 

F o r  the calculat ion of JF(E) the equation [5] 

1 5 5 1 0 ~ E ,  r " t "'85  (4) 

is used, where 0 (E) is the Nordheim function. Usually 0 (E) is given in the 
f o r m  of tab les  or  graphs .  An ana lys i s  of these  data shows that the depen-  
dence 0 (E) for  E ~ [107-108] V/era can be approx imated  by the l inear  func-  
t ion 

o (E) = ~ - -  BE (5 )  

Making use of Eqs. (3)-(5) we obtain f rom (1) 

E,  

i55. t0 ~ 2 :  (600q),/, exp (6.85. i0~T'l'~) I "E -~o) '12E2 ]'I-F = An" r 
~o ( - -  

where A n is the normal iza t ion  coefficient  of the dis t r ibut ion function (3) 

(6) 

- '  / 000q ':::l 
.% = / (E, E,,)}e~] = exp L ' ] ~  \E-::--~-- ~oi _1 

An approx imate  calculat ion of the in tegra l  of (6) (the calculat ion e r r o r  in all  c a s e s  does not exceed  
10%) leads  to the r e su l t  

f I - F -  -'~ ~ exp[-- ~o O(Eo)J X ~- Eo~(E._Eo),/9~p,/, exp \ Eo -- E. 

The dependence (7) for  ~ =4.5 V is p re sen ted  graphica l ly  in Fig. 1 for  different va lues  of n and E .  
(curves 1, 2, and 3 co r re spond  to E ,  = 6 �9 10?V/cm; 4, 5, 6) E .  =9 �9 107; 7, 8, 9) E~ = 12 �9 107; 1, 4,.7) n -  1017 cm-3; 
2, 5, 8) n=1018; 3, 6, 9) n=1019; 10) n=0,  i .e. ,  F emiss ion) .  

As seen  f rom the graphs ,  the cu r r en t  densi ty  of I - F  emi s s ion  can cons iderab ly  exceed  the cu r r en t  
densi ty  of F emis s ion  for  the s a m e  va lues  of the field E 0. In con t ras t  to [1, 2], where  the field E 0 was taken 
as  the f i r s t  moment  of the dis t r ibut ion function of the probabi l i ty  densi ty  of the e l ec t r i c  f ield s t rength at the 
cathode, the field E 0 which en te r s  into (7) is the field which can be c r ea t ed  at the cathode and is not f o rma l ly  
connected with the ion concentra t ion  n in the cathode layer .  
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