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OF THE CONCPNTRATION OF SPACE CHARCE IN THE VICINITY OF AN INSULATING SURFACE.
The purpose of this investigation is the determination of the order of mag-
nitude of the highest densities of space charge experimentally producible in the
immedinte v'i‘e!mw of an insulating surface. The firet section of the paper is
& theeretieal 'amly:cu of the problem while the second section descriVes some
simple axperiments undertaken in order to chtain the neces s&ry data to get a
numerical snawer for some particular ineulating surfaces.
1. o will first solve the problem of determining the statistically steady
distribution of an electron atmosphere between a plane infinite emitting cathode
and » plane parallel anode which reflects all slectroms which striks it. leme®
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has disoussed, in a general way, the statistically steady distributions of elece

trons betwsen parallel plates, He integrates the equation %—; = —4TTYE '%

generally, leaving the integration constants undetermined by the boundary condi~
tions. ‘The resultant solutions involve the integration constents in a compli-
cated manmer in which thelr physical significance is mot clsar. However, for
our special problem, the sotual solutiom involving the boundary valves is very
sizple and can be obtained as follows:

Measure V¥, the pctsatial from the point where the potential gradient i\;
is aquak to ( __I;LEK,)"@' if such a point exists., Here b= -k—_-);wkmo € 1=
the lonic charge, k 1s Boltzmann'e gonstant, abd | 4is the absolute temperature;

Y s the charge mmuy when V O .fhen the first integra} of the eguation

zv _ 7 6\/
‘Ag“;(‘z = -4y € KT ()

which was obtained by eumtm&ing the charge density between Polisson's eguation

and Bolismannts d&stribution law is
(,L)'/L -V
(2)
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The Justification for sssuming that the potential gradient can take the shove
value at some point is that thad assumption leads to the desired solution satis~
fying the proper boundary eonditions, “

_ The fimal integral of (1) 4is then
- "4

A

kb
X+eC = (7_'!"F’)’b>| e (3)

whore ¢ is an integration constant. If the distance ie mwasured from the point
: [
where \/=O then C = C}Wz. Pxpressing \/ as a funoction of X gives the

solution ,
2 1 (2T rb)"" X + |
=~ — 1O )
V b 9’ [ ] {4)
Now suppose there is & surfaecs at Xi af potantial Vr which freely emite posi-
tive ions, and that there is 3 surface at X2 of potential VZ vhich perfectly ro-
flects all pesitive 1oms strikine it without discherging thewm, Then the
distance d bebtwean the surfaces is X.-'X;, ard the potential 4ifference M betwaen

the surfaces is Vt‘v . From the solution (4)
Ik +
M> 2% log (zTmvb) " X /
b 0% T2y —d) F

or solving for X

v . (e -~ Czmabyrd e & (5)
‘ Czmab )z ( |—e‘£¥-)

Lot us take mew variables Z = X-Xand 43

V’ Vz 80 that < is the distance
from the reflecting surface and Cib is the potential relative %o that surface.
Then (4) becomes

b= 2 log [ (@*{—r)z +,] ©

which gives 4)7— O at ’Z>=O_ , and 4=Mat Z= d. Evidently this distribu=

tion wﬁyi hold for eslectrons vhan the slestronie charge and the potential differ~
am'_‘M are both regardsd as positive.



By differentiating () we get the potontial gradient as a fimotion of the

distance M ‘
VAN ey |

2 - J) EC= ‘-’ , : Y

d«‘ , J ( . )z_ + 1))

The potentin) gradisnt at the eleetron reflecting swrface is

oL (e¥-) ®

and at the ems'mm eleatrode it is

(c!) L (1-e¢ "%4') o)

The density of charge wil) de given by

YES

b 2
R ~ 1)
P~ Zwbd* <e = —1 ).z +1)*

from which % mnm that the charge amuy at the reflecting surface is

p(o) = (e Z -/2 8Tr dz @) (11)

(10)

217 bd*
and that the charge demsity at the surface of the emitting electrode is
p(c() = ploe -6M | (12)
The total charge por unit area of the electrode purface is
Q-' Sod{o dz = T?ibd<cc;$h% —'I) (12)

The electrical cspsclity oer unit arsa between the reflecting esurface and the
emitiing enrface iw

- C, Q - _______.., ‘, __M..
C= 9%~ zma *" a0
It is seen that the capacity incrozses very rapldly with the potential and de«
creases with tha temperature.
‘Iet the reflecting surface be an insulating medium, of dielectric constant K
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and thickness T , covering the surface of a conducting electrode at potential [V .
In order to find the distribution of space charge between the dielectriec and the
emitting karfm we must determine M ¢ the patentiﬁl at the surface of the
dielectrie, in terms of W and then the distridution will be givm&u before,

i/ The capnéit; per unit area of the dislectric is Cp- p- 477_{: ¢ The
capacity of the space beiween the emitting surface and the dielectric is given
by (14).  The total capaeity U7 1s |/(1/C +1/Cp)wnicn 18

Cr = K Sk %

=S

] 4T4 swmh 2Lz kd 7)
that is
L d_ < CosL,M - ;>§ Sinh (bM) s wh M
Tod W * Tbd 4rch smhﬂ‘i +grr/¢(~)
Integrating gives
.4t M7 4
W = 9 [ cosh Z l] bdM )

which gives the total potential exactly in terms of M . If M is greater
than sbout .3 volts at ordinary temperatures and 't is of an order greater than .

roughly, !O"cm. and d is not extremely large, then to a cleose degree of approximea-

tion
M.
_ W
\/\/: th’" or M—%log% (19)

Also, under these conditions formmlas (8}, (7), (B), and (11) can be approximately

written respectively as

o= &log[i+ P @

s W
%% b 2td + kW2 (21)




J _ 2k W
LE- % bd (22)

When W is expressed in volts s V and 1 (0) is the particle density at the
surface of the insulator then
2 1\1/2
nio)= 1.5 x107'° ,.’9_%2%7\—/—— 20

It is seen that the charge demeity that can be reached Just before the diee
leotric breake down is proportional to the square of the dielectric strength of
the insulating film as prastically the whole drop V is across the film, The best
insulstore in bulk have & dieleatric strength of about 2 = mﬁ volts per om, Yor
euch aAn insulater such as thin mica with ; 25, Te 39&%, and the emitting surface
Placed 1 mm. from the mica we get for the maximum partiocle density 1,358 x w“
slectrons per fom? 1t 1s Jmown that thin insulating filme have a greater dielsotric
strongth than the bulk material, The following experiment gives some additionmal
support to this observation from which it follows that the above maximum density
can be somewhat incressed without decreasing c! below 1 mm, or inmcreasing the

temperature,

2. tal. The breakiown voltage of an aluminun oxide film on an alumirum
plate was messured experimentally by a very simple arrangement. The apparatus
consisted of a large evacuable duld about 10 om in diameter containing & hot fila-
ment over which the alumirnum plate hmng frem an xmulaﬁaﬁ:’x&pam fon. The sue~
pension was fastened to 2 winding cock which enabled the adjustment of the distance
of the plate from the filasment while the bulb was evacuated. The plate could be
made positive with respect to the filament up o 150 volts. A microameter was
Placed in the plate cirouit a.m‘l the current which it indicated was plotted as a

- funetion #f the plate potential,

fhe plot showed that the current increased linearly with the potential until
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a potential between 25 and 30 volts wes roached, when the current suddenly in-
cmgaa& greatly in an erratic mwm The average value for the sasples tested
was 27.4 volts. The slight linear incresse was a leakage current as it was the
same whether the filament wss lit or not. Any affect of the distance of the plate
from the filaxent wse nod noticeable in the weaswremenis of the breakiown voliages.

If the AL Oz film ie assumed to be m"“ ¢m. in thickness, then its dielectrie
strength is about 2.5 x m“" volis per om. %akmg,g’/ to havs the low value of B we
get (o= Z.2XI0" A% 1east this density wae cbtained experimentally, TUnder
the optimum conditions it would seem that this value might de incressed a thousand-
fold bnt not much mere than that. Thesa concentrations are far below those neces-
sary in order to mlke the electronms behave as a degenerate Ferwl ges 80 that the
use of alaaséical gtatistios in the deriwation of the formnlas of this paper seems
Sustified.

The ordar of magnitude of the dielectric stremgth of the film seems to in-
dicate ¢t tm nm,k»a of the brealiown ¢f the film is that of the field pulling
slectrons out of the A’; Oa molecules and that no ionisation by collision takes
place,

An nnsuccensful attonpt was made to see whether o layer of electrons concens
trate close to an alumimam eloctrode 10 cms. inm length would show any absorption

ef visible light. The experiment was preliminary and doss not :preve—thxt—wach
dis prove the existence of such an effect,




