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- Abstract L : : . _ ey ‘
The fraction of an emltter surface occupled by patches hav1ng a glvpn worx funcUlon

can be determined from the ion current-voltage characteristics of vapor diodes. The-
analysis assumes that emitted ions and atoms -are in thermal equilibrium wit pe'emitter
surface, transport or space charge effects are negligible, the surface co e

age of vapor-
- particles on the emitter is always too small to alter its work function, and the ion ’
emission from each patch is uninfluenced by the‘neighboring'patches. - A general ex~
pression for the emitter work-function distribution is derived in terms of the first: ,
and second derivatives (w1t1 respect to the applled vo’tave) of the observed ion current- :
voltage curve. : : . :

v.Dlscu551onv . ;
. The “orx—functﬂon dlstrlbutlon ona patchy emltter surface can be deternlned from
the electron current-voltage characteristic "a diode.(1)(2) Thls‘method can te

extended as follows vo 1nclude the ion current voltaoe cnaracterlstlcs of “vapor diodes.

. The analysis assumes that transport or space charge effects are negligivle, the
surface coverage of vapor particles on the emitter is always too small to alter .its
work function, and the emitted ions and atoms have a Maxwell—Bo’tzmann energy dlstrlbu—

tion characterized by the emltter temperatur :

The saturation 1on-current den31tj Jls(ﬁ) emltted by an 1onlzlng surface w1th work
. function @ is : R .

vhere ng is the vapor flux incident ‘on the surface, e is the electron charge, and a(ﬁ)
-is the degree of ionization (ratlo of ions to atoms emﬂtted from the surface) given by
the Saha-Langmuir equatlon, : D S : : .

‘ - Ll , _
¢ ¢ gi ¢-V' TR S ’ s

: a(ﬁ) = -; e < akT : _ETf‘

- where g; ga is the ratio of'the”stapistlcal Weights of the ionic and atomic states of the
.. vapor, P, and @3 are the atom and ion desorption energies respectively, Vi is the
'~,1onlzatlon potent:al of the vapor, T is the surface temperature and k is the Boltzmann
constant. : S SR o

" In analogy to the thermlonlc em1s51on OL ele0uron, the appllcet on of a retarding
potent*al for ions VD(>O) is equlvalent to 1rcrea31ng the ion: deso*ptlon~ nergy @ by
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the amount eVD. Assumlnthhat the elecurlc fleld at’ the emitter surface is to0o small to

affect ¢ , the effchlve degree of 1onlzatwon is then equal to ‘ S
gi‘ ¢—eVD-V1 T

a(¢-eVD) "z exp(——kf'_—_'),_, L B

.and the collected_icn~current”dénsity.is ,

Consider now the ion emission from.a patchy emitter of a vapor diode. The inter-

electrode potential Vn is related to the applled, ext ernal,emitter—potentialiVE (relative o

to the collector) by the relatlon

where §. is the work function of the collector (assumed wniform).. At an operabting’
emitter-potential Vg, the ion-current density j; (¢) collected from an emltter patch
with work function 1s, from Eqs (1) tnrougn % : S

3:(@) = en, [1 ‘ §— exzn(—.l-'-ﬁ-r’_—f‘f)] =33 (fereVe), for el < pm g (D)

. If it can be assumed that the observed total ion current J (V ) collected from an
m1tter of unwt area is the sum of the contrlbutlons from each patch then
. (06) , B

J, (V) =] ji(¢>~f(¢>_d¢ - N ¢
5 . e L .
where £(2) d9 is the fractlon of the emitter surface hav1ng a work functlon tetween ¢

and (@ + df). - The desired function f£(@) can be determined. from the observed ion
current-voltage cqaracUerlstlcs Js (V«) as_follows Equatlon (8) can be written in

terms of Egs. (6) and (7),

: ¢c+evh‘ i. © . S
Ji = dg(vy) = [Jls(;é) f(¢) ap + j'jis(?"’*evg) £(@) af . | | | e )
o v : ¢c+eJﬁ. R - '

364t
_ Equation (7) is in contras+ to Eq V1I. 2 of reference 3 by the author WH¢Ch is
unfortunately in error and led to erroneous conclusions. .
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' The derlvatlves of Jls(¢ +eVp) are obtalned by dlfferentlatlng Eq. (7),

‘lEquation (15) is. 51mllar to the expre351on for f(¢) obtalned from electron emission,

| B | . UCRL-17437"
Dl ferentzatlng Eq (9) with respect to eVE S
oAy -djis(¢c+eVE> P :

and
vd2J-.' : Jls(¢c+evﬁ ' dejls(¢c+eVE) [ o I
P S . — 1. £ ag-- - .. - {11
G(GVw)e f(¢c | _(eVE) o d(eVE)2 o (#) ap. I .< a)i

3
-

:¢Vc+_eVE S

djis(¢c+eVE)';. JlS(¢C+eVT) 'f:_}__; :? 13 '} }‘H..'v " .(12)
TdleVg) enoxTa(ﬂcfng)y S AT T

and

4 jls(¢c+eVE) ) 3;.{2jié(¢é;évgj" }djig(¢c+eVE)y .l;f}fieMMfli_'ﬁiil'f: _;'*-(13) :
d(eVE)2 T enoa(¢c+eVE) ﬂd(¢VE) v._) yl’;wﬁ-&:"“ii': ] _e o S 

where a(@, +e1p) is the d gree of 1on1zatlon evaluated at ¢ Q +eV;. Comﬁiniﬁg Egs.
(lO) through Tl}) ylelds the de51red expression . . e .

‘ | . , | . .} ) - ‘ 2 e - .. ‘ -v
(l+a) l-a\ dJ; d%y -
f<¢> - f(¢c+evn) - [( ) e S ]

enqa l+a-vd(eVE) ~ d(eVg)

'~where-for convenience'We have written a(8, +eVn)'=va.ﬂf

If the 1on1zat10n potentlal V of the vapor is. greater than ‘the maximum emltter ,
work functlon then the degree of 1on1zatlon 1s always much smaller than l and Eq. (lh)
reduces to : : .

1 [ dJ ' 'kT,.dzJi ]' o (15)4
1s(¢c+eVE) d(eVE) dgeYE)Z T..f 1 7

f(¢> = f(¢ +evm)
(2)

[ —=
es(;6C+evn) d(eVg) _,d(eVE)_

"dJ &g, _] ‘e .

- r<¢> - r<¢c+evE>
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.where J_ is the observed electron—current den51ty ab V., and Jes(¢c+eV) 1s the saturation
~elect ron—current den31ty evaluated at ¢ ¢ +eV L’ 1e, O - T oo

es<¢ +em - x? exp( ’ .°k;1 .") o

Jhere A is the Rlchardson constant

.dlmltatlons :
The appllcablllty of the ion method descrloed here 1s essentlally llmlted to

.- vapors whose ionization potentlal is greater than the average emitter work function.
- Further, the emitter temperature and the vapor flux are restricted by the- requlrements
that the saturated ion-current density be several orders of magnitude. greater than the
saturated electron-current density, and also that the fractional surface coverage of
vapor particles on the emitter be small’ (less than 1%). These restrlctlons may be
"expressed quantltatlvely u31ng the follow1ng practlcal con51deratlons. o .
3-Viv3'¢’f: B ;7f' ie“»v'cﬂ.' '7-s e ff}“_if,,(ls)';‘

| Jes AT2 e L e

>surface coverage‘v en 10 12 exp(p ) < 1012 partlcles/cm .:}lyiiﬁ*fﬁ U f;;f"(ZO) g

The last two 1nequa11t1es can be comblned to yleld the range of vapor flux for whlch
this ion method 1s appllcable, ‘ o AP L e S

| '-JT"I 5 gl o }I:¢?,‘T;;f:j~‘t e
7 'exp*('-‘ HL )7 o 17T @ ) s e (21)

-_“)!heré en, .iIS :m unlts of -émp,er-:e./cmz‘ :
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