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INTRODUCTION

A* Ion source constating of a  plana em itter of ton* 1« taken a# the 
aaro  potential; it la followed by a grid Oj maintained at a negative potential 
-V j, which extracts ion* from  the am lttar. Tha following work showa under 
what condition* it la poaalbla to place after G x a aacond grid G^, a t  m 
em ailer negative potential -Vj* ao that tha loon will be decelerated, without 
reducing tha currant, (ftee F ig . 1.) Thle problem  la eiseaUally tha lam e 
aa that of tha trtode. which ha* been analysed by Sale berg and Haefi* and 
by Fay. at aL 2 A good sum m ary exiete in Spanganbarg.3 The following 
la a  derivation of tha reeulte  in a form ueeful for thla problem*

(Em itter) ‘

f  • 0 # * ♦

Fig. 1. Schematic diagram of ion source*
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We make the following assumption* i
(1) The current from ih« anode A la space-charge limited*
(2) Ho returning current ie emitted at Qp
()) No lone treveret O | more than twice (l*e«, no Kura- 
Barkhauaen oacliUtor effect).
(4) That Q | tad dotermiae the potential in their own planes, 
Thie cannot Ue exactly true unless they have no open spaces, in 
which caae none of the tone would he transmitted, DUgrame 
•bowing actual potential diatrihutiona near gride are  a hewn in 
Spaagenberg* (eee p, 262, especially), A grid actually given * 
fairly uniform hut lower potential at a plane apaced eomewhat from 
itaetf. The 190 volt contour on p. 142 of 8paagenhtrg ia an example, 
Thua the grid potential which ie effective in determining currenta 
may bo eomewhat different from ita actual potential.
Then there a r t  three poeeible typee of solution, according to the 

behavior of the negative potential, V(x), aa indicated in Figs, la, 2b, and
lc. I
V
i

Fig, la Voltage plot for type I 
solution.

Fig, 2h Voltage plot for type 2 
solution.

V(x)

?
Fig, 2c Voltage plot for type 3 

solution.
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In the type 1 eolutioa, (rig . 2a) V(a) la monoton# between A and 
and between Gj and Om

In the type 2 eolution* (Tig, 2b) V(a) b&i * minimum V at
m • ♦ *m between Gj and Gg,

In the type I  eolutioa, (Fig. 2c) V(x) U ta ro  at a paint x • 4 *|
b e t w e e n  G J and Gg,

la tha type l aad typa 2 eolutlone, all tka lorn amittad paaa through 
to Gg. The currant la tha full value gWaa by Chlld'e Law between A and
o» .

In the typa I aolutioa aoma of tha am ittad iona ara turned around 
a t tka potential aero at a  a « j 4 and only a  fraction ara  traaem ittad  to 
Qg, Mara tha currant will bn laaa than tka value given by Child's Law a t  
appiled between A aad

CONDITION TOR TYPE 3 SOLUTION

In tka type 3 eolution wa have dV/dx > 0 i t  A, becauaa the currant 
ia apace charge limited, and a lto  dV da a 0 a t a  ■ ♦ MU Thus Child •
Law applies in each of tha th ree  regions (I), (U), (111)* (Sea Fig* 2 c ,)

Let Ij be the cu rren t density emitted a t A and lg the cu rran t 
dajiatty transmitted beyond *  * * 1  + \  i°  Gg. Since the apace charge 
affect of a  current is independent of its direction, the "011112*0 Law" 
cu rren t in ragloai (1) and (11) is  2!^ • lg, and wo have

.  v , V *
« » * * *  " ”~ T  ">

*1

'z  ■
<»Z - V

where e ia tha Child* a Law cone Kant for tha lone. From  (1) aad (2) wa 
aaa that

*. • *i
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U follows thst s  type 3 solution i t  impossible unless x̂ , > « j, From  (1),

(*)» Hk * • i i |  - 1| •  ij  ♦ x(i| • y  > i2,

.  v,V* .  v,V*
(» , -  « , r

•o that we obtain, as tbs condition for ths possibility of •  type 3 solutlon,

<V«1* i  »♦ ( / v v “j /2 (#1

CONDITION rOH TYPE 1 SOLUTION 

Wo now consider tbs typs l solution* la  rsglon (1) (8ss Fig* I s )
ws have

«■

and in rsglon (II) ws bars Poisson* s equation*

i-X  ■ const i  s •  const • » const '•— sssszczz
d * *  v  / ( I s / H )  V

w bsrs p  is tbs charge density, v tbs spsed of tbs tons, 1 tbs cu rran t 
density, (*/M) tbs charge-to -m ass ratio of tbs ions. Tbs constant is 
given by

a*v . /*< i \  i
* TV

where s  is the Child•• Law constant tor tbs loms«
Multiplying (4) by 2(dY/dx) and integrating, ws obtain

« f  ■ Ofi)
where c is a constant of Integration.

* *

Tor Vl S V,.  &  .  . ( J )  I7Z •
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v .* /*
Integrating thU ov®r region (UK ■ •ttliig t  •  •  ...\ ....  * w« obtain

0/4)

• ‘/v^ /4 |(W, - d*/* i/r, ♦ ic). (/irj. t)1/* t/v̂  ♦ i«|

« He)
1(c) CM have value* ranging Iron)

1(c) • 0 i t  « •  •  •

^(e) - 0  - / V V / I  0  ♦ 1 ^ , 1

And 1(c) U m ortovar a monoton* Incran*lag function of c. Ha net (7) 
will have axactly on* lolution if

0 < « j /» ,  < (I - J T J T x) / l  (»♦  (•)

Similarly, 0 < * j /« ,  < l A ^ l  * U1̂ 1 ♦ *) «  V , > V,.

Thi« i t  th t  condition for a  type 1 solution.

CONDITION FOR TYPE 2 SOLUTION 

H art wo have, In rtgion L a t  before,

In rtg ion t 11, III w t have

C S )‘
and Lara c ■ JVT , tinea, at V • V , dv/dx a 0.

.

KH
WM

MC
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H«ik«

and in XU

(ft)- ‘ <*/.. • ^ lVi

(if) ■ f ' (3/4)
(/V - JV jV *

In in. II
C^2®) ■ ^ (3/4)

( jv  - y v - j1/*

Adding that# aquations and intagrating, wt obtain

whara

(jf) ■ jT7i

• t i j r j
y

Tht function g ( /V ~ ) has a maximum at /V “ ■ ■■ ?■—?..■■■ ,
TO m /T , f j r T

S/E 1 *

__________ 114̂ >
Ua minima ara at . ;  >

7 V ^ «  0, whara g{JV ^)  • i ♦ ( /P y V j)  '  ,  for all

vaiuft of Vj/Vp and at /VJ^ •/V J, Qt vg l v |) whara

■ ( ^ )  - (> <» ♦

M «  - JVJ (U v2 s  V,). wkm f ( /7 ^ 1 .  (/V 77; -  Dl / l  i t f j r x  ♦ 3)

Honco (or voluoo of (k^ / k ,), up to (l o/V j /V j ) V *. thoro will bo u typo 
I  folutlono
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SUMMARY

These  re* ilts a r e  summeri**»d by the diagram e l  F ig . 3.

xj/ xj . (i +yvi / v l r / 2

• » m . /V ^ > 3/2

■ (/v^TSTj - i>l/2 i/v2/v

Note: This figure i t  for 
illustrative purposes only; 
not drawn to scale.

*3j /x , -  (t ♦ 2 /v y V ,)

-  T V ^V ,

r ig ,  3. Regions of variation of x ,/x . and V ./V . for the three 
types of solution*

Further analysis shows the following!
In the ver t i ca l l y  -s.’adeci region there Is exactly one type 1 solution* 
In fits hcrUontally-shaded region there Is exactly one solution of

typ* U

In the region shaded by lines, slanting upward to  the right, there 
ie exactly one type 1 sol ution.

In the region shaded by lines slanting downward to tne right, there 
are  exactly two type 2 solution*.

There a re  no other eolations*
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Concluaionat
(1) The condition! (Xj /X j ) < i

(W  * J/«
a r t  •officiant to ensure that (a) There in exactly one solution,

(b) This eolation ie of type 1«
Under theee conditions the current reaching G2 ia given by

I ■
. V » / »1

1
and the energy of the Iona by

* • • v
(2) All lone reach G^ if x^ /x j < 1 f  l /V^/Vi)

EFFECT OF INTERCEPTION OF IONS BY G

We may conaider the possibility that a certain fraction of ion* 
passing G1 in either direction are collected by G y  The reeulte remain 
qualitatively the same. Let 0 be the fraction of lone incident on G| 
which paaa G y  The equationa for the type 3 solution now are

3/2
1  1  «  *  r

1i + * [p 1! - ^ ]  -  7 T  

■ ] ■ = ?
pi, + X1 "

( 1- )

<2')

V V* «v 2

<*2 - *»>

Becauee (31 j > I2» we have from (2*), ( 31)

(3')

<*2- V

V*2 i  1 + ( W

CONFIDENTIAL j n p
>

.
VVK-.'rV " ^  ~ >>3 ’•
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Bf (!•). <*')

/(I  + p2) I. -  p i.
1

Thus, as W ore, a type J solution will not occur if
■ ,-- 3/2<V*i><1 * </*7 v

The equation for the type 1 solution becomes

< V * l> “ l / / f  «M <7 ')
so that the type 1 solution is possible if

f . __ 1/2 _
(xj/xj) < 1//5 [f(c)j ̂  - i//p (i - y v ^ )  (i ♦ z /y v ;)

The equation for the type 2 solution becomes

(xj/xjj. i/yp *tyvra) (9*>
eo that the type 2 solution is possible if

<V ki > i w  [ii’/v lm a *  • i/y? d + y ^ ) 372

Our conclusions are then: (1) There will be exactly one solution of type | |  
if (x2/x ^ ) < l  and (V^/V j ) < 3/4; the current is given by (3 times the 
Child's Law current between A and Gj, and the energy by E « eV2.

(2) All ions reach G2 if x2/x j < 1 4 .
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