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As is known, selection of the shape Pnd dimensions of an emission channel de-
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,torm:l.m to a considerable extent, the dohsity of the selected current, ths utili-

|

lzat:lon factor of the wosrking gas, the olebtrical efficiency of the source, and the

| foousing of the ion beam. The enode of tpo source, containing the ion-emission
I
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|
)
|
|
|
l
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THE ROLE OF THE EMISSION CHANNEL IN AN_ION SOURCE I
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|
lchmol, should assure considerable di_uipatipn 6f the. thermal emergy which comes :

{rrom secondary electrons and from the elebtrons that compensate for the space oharﬁo
[of the ion beam, Other reasons notwithat!anding, the limiting current of the iom |
| tube 1s essentially limited by the thomali strength of the anode of the souroce, 'I'd
Emuro intense heat removal, the anodes :l!h high-ocurrent ion tubes should be made
Ithiok, i,e,, instead of the ordinary emission opening we have an emission channel
'ﬂu selection of the ion curreat, }

! I

!
|
|
{vhoao length is several times the d:lmtolf. This latter fast changes essentially :
l
i At relatively high selectin potentihls (usually grester than 20-25 kv), the ‘

l’1::1:-01::1.:.1.0:: surface or the boundary of tLo gas-discharge plasma is losated v:l.thtn]

|
| She smission channel; however, the basic drop in pressure of the working ges’ (the I

4 4——
auro drop between the ion source and ’lho region of the ion optic ) takes ace
'pres P el ptic ) prase ]
{tn—the2channel, This considerably oa-pl:l.faatu a theoretical examination of m-~{
e —
} u‘ooug of ion-current selectiom, | ! |
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__i_In this work we th
AT R R0 give the results of jap investigation of the ion current as a

funolt:lon of the selection potential and Aho goometry of the emission channel,
| I
! 1. Limiting the Ion Current by a Space Charge

|
The Child-Lengmuir law (1], known ag the "3/2 law,* defines the limiting

ocurrent demsity between infinite flat ele]otrodea (the plane cese ) with an applied
|
potential difference vn‘ i

‘ 8 V’/z
. J=545-10 BVA' (1)
FIRST LINE QF TITLE

’lwho‘re J1s the ocurrent denduy anp/om ‘; Va is the potential of the enode with

!
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l
|
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l
l

|respect to the cathode, in volts; 4 is the distance between electrodes, in centi-
i

i
meters; and A is the molecular weight of {the ions which create the ocurrent,
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In the case of a restricted ocathode, i,e,, when the cathode radius R <<4, the

total ourreat I is caloulated from the formula

3

i
|
}
l
\ vies

i I=545- 10-°MA «(5). 2)

|where S is the emission area of the oathoFe 1n om2; R is the cathode radiuws; a is

l
|
!
I
| |
ltho Levintov correaction [2] which takes 1%:1;0 account the sotion of the field in thol
ioaso of a cathode of limited length, |

l
| We will use the name 'hard oathodo'; vhen d is not a funotion of V, in Egs, |
;(1 ) and (2), ; ;
; When the electric field interacts wilth a gas-discharge plasua, the cathode 1s |
|
’

| |
;n certain boundary surface of the plasma lwh:l.oh moves in space as a function of the

;value of V., ie ,6d= f(V‘), In this cnfo it is convenient to call the cathode

|
l
. ) | |
-

jelastio i
\ Kistemaker and Dekker [3, 4], investigeting a magnetic ion source, found a de-
! |
s " S

| pendence of the ssledted ion ourrent on thg applied selection potential in a form

| simjlar to I = f(v5/ 2) On this basis thp suthors concluded that the uhetgd 1_,{

hi’rrmt is limited by the space oharge anh 1s subject to the 3/2 lav, QR
b ]
| Ggboviech amd Kuoherenko [ 5, 6] in o.h ox;pcriunt using a device limuu'oto
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that of K
#HRST 0f Ojﬁs‘TtEeXnkaer and Dekker [3], showed that the value of the selected ourrent

'13 xixot a function of the applied potentmgl (in both works the selection potential

ladd gnot exceed 10-15 kv ), On this basis ;the authors concluded that the ion current
|:I.n the given case is not limited by the sipace charge,
1

| In all these works [3~4 and 5-6) thei experimental function I = f(V) was com~

|
!vas taken as S and the diatance between tpe anode and the selecting elesctrode was

|
jused as 4, Obviously K with an elastio o 'thodo (in this case, the emission surface

; !
iof the plasms ), the F}’% A‘E%F%Et be unlh without taking into asccount 4 and S as

| funotions of V. !
I

Figure 1 shows schematically the position of the elecirodes in a system for

!
l

| !
| seleating the current of an ion source, f-ot 4 be the distance from the selecting |

~gl@ 6trode t6 the edge of the plamma, We w:ll.'l.|

' AN At |
4 . Do oonsider that the plamma which passes from the

l

!
om:llf:lon opening into the aspace between the

eleo!trodoa is in the form of a ocone shown in

|

l

l ‘:..".:-. N

\ » DZ720077% speo
|

l

_ e between the electrodes is a region of
)2

7

I hig!ﬂi vacuunm and, consequently, the path lengt

|

| |
Fig, 1, Such a concept is valid, sinoce the |
|

!

|¥ig, 1, Diagram of the position of
. the electrodes in an ion-current se- of the plasua components are much grester thad

* |
‘leotion system, 1) anode of the |
| source; 2) selecting electrode of the pimnlionl of the system, We oan state

|the ion optic; 3) opening in the % .
]uloeting slectrode; ¢ - diameter npprloxime» ly that the emission surface S is

of the emission opening; / - dis- ;
| tance between the ie end the se- & oi]rolo formed by the oroas section of the

'lecting electrode; D - dismeter of
'the lower base of the jl cons plasma cone with a plane passing at distance Q

rd—=—distance from the selecting

l
|
i

I
from the selecting elestrode, Then, trom
. 4 —

:olootpfdo to the plasma boundary, | S
Jig. 1, ve got ! 3= ——
— 4=Vilo-0-1). )~
1 | p ]
[ ) o I 0]
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{puod with (2) without taking & into scodunt, while the area of the emission opcnn{g |
!
|
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I— NE stituting (3) in (2) ve get, aftqr transformations,
| ! 3.7+ 10~2Da"w 1=

| I : d= 1+3.7.10-2(D — @) e—lalw) = (4)
Ivhu%'o v_is the aoleotion potontid. in Hv; I is the ion ourront in amperes; 4

Iia the distance from the selecting olectnodo to the plasma boundary, in om; ¢ is
| the distance between electrodes, in om; * is the dismeter of the emission opening,

(in om; and D is the diameter of the lowrl base of the plasma cone, in om,

! I

I Figure 2 shows 4 as a function of vJ, determined experimsntally by Gabovish
!
{

FIRST ' OF [ITLE o
| The necessery data are tmﬁ from (51, vilz ., { =09 on, ¢=0,30m and the value

I i
|of D was determined from the ratio of th’} ion current passing to the receiver to

1
f
I
I
|
I
I
I
I
|
I
I
'and Kucherenko [5] (ourve A ) and the nﬂo obtained from Formula (4) (ourve B), ;
|
I
I
the ocurrent dissipated on the selecting electrode, and was 1,6 om, In the cal- :
I

|

|

I

I

I

|

{ 10 onlatiions, G wes taken as unity, because of the

; s tuot tlhat in the experiment [5] the dimension

I of the selecting electrode was comparsble with

{s 5 the diLnnaion of the plasma emission surface,

{ 4 . 'ﬂn quite good agreement between the ex- |

| 3: ' parimlpta]. and caloulated curves indicates that |

i P A 2 A ‘ s é ' 7 70 the 1o;n current in the examined space isa l:l.mitodl
o KV ‘

by the spsce charge and is subject to the Ghnd-l
|

Langmiir law,
|
|

|
|
! I
' 2, The Boundary Region of Ph# - The External Eleotric Field I
l
|
|

|

|Pig, 2, Graphs of 4 vs, the se-
Ilocticn potential, A - experi-
msntal ocurve; B - calculated curve,

[

| I

) When plasma interacts with the wall ‘;ln the near-wall region, a spacé-chaxrge
I

eavelops forms [7]. The wall 1is nogativdly charged because of the electrons whose hose

*'tupuhturo in low-pressure plasma 1is llwl higher than that of the ions, ﬂlth*“‘!

- — 3..._,_.
'the pl.um acquires a positive potential lvith respect to the wall, _j
}-————— 72 —
|- .o can show (8] that the drop in pod'onthl in the envelops is defined by the -
relavionship ;- hke qer iy 1

=4
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kT, m¢ \'
i V=) (5)
wh.}c Kk is the Boltzmann constant; '1‘ is l’oleotron temperature, in °K ¢ is the

ohotron charge; and m,, m, are the masses of the ion and electron, aupsctively,

|
The thickness R of the envelope lqvqr is defined by the relationn

kT, \'h ¢ _ m¢ \%
p=(4m2n) (—1 2rm—) ——h( ln21‘m ) ro (6)
where 3 is the coneentration of ions in the plum; and h is the Debye shielding
I

|

i

redius, :
From (5) snd (glgsr e ’E)th‘wavorogo ipotontial gradient in the emwlope: }

!

|

E=gndV,=(. Sunkr.)"'[ ,,’:',; " (1)

We can examine the interaction of. pum v:ltb an oleotric field in the same

way as the interaction with a conducting ‘ all at a floating potential ., In our

K
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|
|
|
|
|
|
|
1
|
|
|
I

opinion, the difference is that the boundhry of the external electric field must

l
Ibo treated as an elastio wall which moves| under "pressure® of the pla.mse boundary

o

!
|
|
l
|
l
l
)
|
|
!
|
e R l
i
I
|
|
|
l
|
I
l | |

;) | field (7) until the values of the field qt the plasma and the externall field are i
|

%oqual, The indicated fields are then prol'bably matohed until a single eleotric

s

!ﬁ.old forms outside the plasma, In such p case, using the known selection ourront,[

1 g

|we can determing, with the aid of (2), mf distance d from a certain vadisturbed

l
loquipotentm of the external field to tbr plasma boundary, K {
| | | t
| 3. Ihe Role of the Emission Channel l
§ |
| |

L g Rk

!
Let us examine an elemsntary model ok a msgnetic arc-source for £ous (Fig, 3),

|
jLet us assume that between cathode 1 and h:he outside of anode 2 (regicenI) there

| l
iia such a strong magnetic field that diffusion of the ions across the mgnetio

\

|

[ l

field om be neglected, and further let us assume that there is no magmtic Sfiold o1d
?‘——'—‘4

botvu; the outside of anode 2 and the ulooting electrode 3 (region I'l) 'I@:o

hnodrh at ground potentisl, and a potonltul V is applied to the sel octing? ohc-ﬂ
,t:'odo, Yor V close to zero the plasma pbctratu into region II righct up to the Jl

_....__..,,_‘,_._,._...__~~., e e el e e M e S ey e e o i oo e . —
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T
- | seleoting electrode, As V_ inoreases, | 4

the plasma will be e jected back into

i the emission channel, In this event

there will be an inorease in the bound

' z’{// 7/ //////// ‘ V/// //////////Av-o " density and the temperature of the ..

AOSONANNNSANNINNN NSUSSSSUNNANNASNANNDNY

- . plaama and, on the basis of (7), the

boundary gradient will inorease, A

OV~ "= seexesse a ¥, romisa 1n s
ll ' IR T AT LS | shift of the plasma boundary into the

Fig, 3, Diagrsm of a magnetic ion souroo}.
'1 - cathode; 2 - anode; 3 - seleoting |
| eleotrode, I - region of strong magnetic
lfiold; II - region of very weak magnetic

|
| field, ; magnetic field and inoreased pressure

|

inner cavity of the emission channel,

Here, becsuse of a strong longitudinal

|

|

|
ary

|

|

|

|

|

l

|

I

I

|

§

c

|

i

iof the working gas, the plasma is pinchodi and assumes oylindrical form, Now, in- :

|
|dopendent1y of Va, and until the boundary shifts to the other side of the channel ]
|

|

|

l

|

|

l

l

|

I

' _— |
| By '1'; and grad V‘ will have a value whiohl is approximetely constant and maximum
‘ Jfor the given arc discharge, The area ot‘ plasma-selection surfece 8 will be pre-
|
;aornd, Bessuse a pinched plasma has this property, the maximum ocurrent Adensity

Im:m be selected using a device that usur:u a rapid ochange in the external-potenti

lcndiont. The channel is just suoch a dov;ioo,

l The undisturbed potential snd its grsdient on the axis of the channel can be
I |
Iduoribod quite asscurately [9] by the toqnula

il , vav (1 -} tenh kz ), (8)
|vhere v_ is the potentisl on the axis et the channel axis; k = 1,32/R; R 1s the

| |
ichumol redius; g is the axial coordinate|
| ]
5 k P—
| B = |grad vl:. Yo sotnez * (94)—”
1 _Figure 4 shows graphs of the field dﬁ.atribut:lon at the channel axis vs . the '

-

trsdtus’R, As can be seen, the field in t}u channel first changes slowly and then—

L
'!drrop{é‘cpigly, »‘m‘a niop lnrriAor,_ g}h»it were, This property of the n::u mJ

STOP HERE STOP HERE
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1

the channel :ls( very convenient for seleoting ions, uinoo‘

it makes it poLoiblo for the plasma to approach the ;

region of the }ltrong electric field vhichk, on the airongkh

of (1), should| result in increased ion-ourrent density,
Let us g:llre certain estimates, From (8) we can

show that the hopth of penetration 4 of a certain equi-

potential of tpe undisturbed external field with v = vd

into the ohanﬁ}!l is proportional to R, On the other

b e e e e — e e 2 e e e

o TF NE.CF TITL
h%n&, Fit hag bfen experimentally verified that the value

l
l
l
|
|
l
|
!
|
< |
., of the undisturbed potential at the axis of the channel

a5 01 0s5
1,eM : input A is alpo propartional to R, We will consider

ll':l.g. 4, G¥asppaof thé dis=-
tribution of an electric

field on the channel axis, ;
'1)R = 0,04 an; 2)R = passage of an ion ourrent when the plasme boundary is

=006om;3)R 0,08 om; l e .
2 15 the axial coordinate. within the ohapnel, This assumption was ‘based on the

!

!
|
|
)
K
|
B
|

that the undis{burbed potential v o changes little on

* 'The arrows indicate possi- | y
|ble plamma boundaries at following facts: 1) since there is a strong magnetio
Ve s €0 kv, field in the emission ohannel, the comditions for

* l

|
|
l
|
|
|
|
i
|
|
|

[ourrent flow will be analogous to the case of infinite eleotrodes, i,e,, 6K a = 1;

|
12) there is no magnetic field in region I!I (Fig. 3), and therefore a > 1, 1'uul.t1ngl

I
i

jin e decrease in the potential drop’ along {
Then, because of (2) and our auunpthou we can write |
|
l
l

the beam,

!

I -8 ./ N .
5.45.10° o1SB(R . s

' I=—5 5?( ) ~ Bug* ~ BR™, (10)

t .

1 ) j"%ﬁl' ‘ (11)

vhorc B(R) is a funotion that takes into ’uoount the distribution of plasma douity{

through the pinch oross section, : __‘i
Lot us estimate the depenience of th}i utilization faotor of the working gas y

i

® |

Lcurtm channel radius, Since in the case/of a low degree of plemua 1onizatitn—(~tn—1

e | !
. L1_.on sources the degree of ionization dou|not exoeed several per cents) the w
—

'flow through 8 short capillary is not Oxtcnlin o 0 ]
STOP HERE STOP HERE
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s Xl 1

1= (12)

!
| From (10), (11), amd (12 ) it is oudlont that with increasing chennel redius
|

the ion ourrent should increase as R/ 2, |:|.t B(R) is increased correspondingly,

l

| 1
| |
| |
| |
| |
|while the ourrent density and the u-ubil.lity of the gas should decrease as R™ -1/2 }
| | |
: 4. The Experiment !
| |
! |
| i
| !
1 l
I |
|

|

We have given a detailed desoript:l.cn' of the oxperimntal ‘apparatus in a pre-

{lRST LH&F OF fITLE

vious paper [10], ur ion ooluroo the Ardenne duoplasmatron [11] with

ohanges in the region of ion seleation, The anode of the source vas a copper dise
I
5 mm thiock, ocooled with running water, Tpe experimerits were conducted for R =

|= 0,04, 0,055, 0,06, and 0,08 cm, The 1°|P source, fooused by a unipotential
l

!

|
|metric method [12], The selection of the| ion current on the electrodes of the ion

l l
|optic was measured [13], and at Va > 25 lslv was negligible,

eleotrostatic dens, was measured on the receiver (a Faraday oylinder ) by the ouloril

’ Figure 5 shows the ion current at thL receiver, Ir' ve, R when V. = 60 kv

l
I
Iund for an arc-source of swrrent I. = 1,4 amp (ourve 1), Curve 2 was constructed |
' 1}
'in relative units without consideration o?,‘ B (uniform cross-sectionsl density); as |

I
:tho base we used the point for which R a %),04 om, It can be seen that curves 1 anf.ﬂ‘

12 diverge sharply with inoreasing R, The| average plamma density vs, emission-channel

| |
radius (the function B(R)) wes determined; experimentally [10], and is shown in l‘:l.g,;

'S by eurve 4., Curve 3 was constructed on} the basis of curwe 2, taking into asccount

;B(R), It can bs seen that the experimenthl and ocalculated curves are in quite good:
? I
,agreemsnt, ! !

Tt was to be expeoted that as the ou;:ont of the duoplasmatron arc 1nox“euod |
—— e g 1 - l
|

Lﬂ addition to en increase in B(R) there would be a corresponding inorease in the |

*ontput? ion cowrrent; however, attempts to prran this gave negative results, ZYor -

Fo;ang vith focused ars currents 1t is nhcuury to increase the pressure or “the

e e e e e e et e e — —— — 4
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_working
l iRt UNE : TE’E# the duoplammatron; this ra{snltod in increased gas pressure in the |

Iion-’buleoticm gap, due to vhich an arc diLchargo is ignited between the seleoting ;

!elec?trodo and and anode of the source, Bloome of this, the maximum erc current i
‘our experiments was 1,4 amps,

. R=004cm,2)R=OO6om;
Fig, 5. Selected ion current I vs, 3) R = 0,08 em,

R for V‘ = 60 kv, 1) experimental

ourve; 2 ) dependence caloulated from
the 3/2 law; 3) the same, taking into
account B(R); 4) distribution of ione IR 4s oan be seen, the dependences firlﬁ
current donsity at the plamna boundary |

B(R), | increase, and then saturation sets in

|

| |

| (

] f “ ‘o !
I I LY |
i q4 4 | . |
[ | o} I
! J | " I
, 0} {3y, . IS |
| ‘ L |
1" a g‘} ! . l
%l 2« ! o} |
Pk - 1 \ ;
: Eol \‘ :
) R |
! ’dt kv :

S | Pig, 6, Output ion ourrent T l

0 205 ’ ! ve, seleotion potential V . 1) l

Aem ' i ‘

| |

l f

l l

Figure 6 shows I vs, V for variou

}
|
|
|
l
|
|

I
;due to the finite emissivity of the pla-nr for the given arec cwrrent I._ From

ltho valus of the saturation currents, on %ho basis of (2), we can determine the
: ,

I
l
|
{location of the plasma boundary at the start of emission, The value of v, vas :
l
|
l

gd-tomnod using s elestrolytic bath, uii vas 3,6, 4.5, and 5.1 kv for openings

IR = 0,04, 0,06, and 0,08, respectively, w;ith V_ 260 kv, On this basis, d = 0,06
|
|

ltho phm-oniuion boundary, as can be uen was within the oniuian ohnnnoi —

-2 3 -—d
Thus__v, oan use the emission-channel orou-notionnl area as the ph-n-onil’:l ‘
!

14

/0;08,-and 0,10 om, respectively, Since tho thickness of the ancde was 0.3 om, |

meb, , S
! 0 [ .0 ]
STOP HeRE STCP HERE
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J{‘FIRST UNE ror: Té%loulate the plasma domity |n in the emission channel, The ion |

|ourfont in the emission channel is dofin%d as Ir = novics, vhere Ir is the muuroq!

| 1on lourrent at tue receiver; v, ’ |
{
"_mil the electron ocharge; and S is the emission channel cross section, Then,

1
n0=45-1ow-£—s,

8 in amperes; v, s 1 ev [14]; n, is l]/cn ; and S is in cna.

r 1

From the surves ir Fig, 6 we get B P 0,65 to0 1,2 1.01'5 Bohm's formula [7]

| gave approximately the sems results, ¥} o

I
1,
|
|

ST LINE OF TiTL
; Taking n = lOIB? T, = ' 05 °K 011 the basis of (7) we £ind that the posen-

| tial gradient at the plasma boundary nhou{ld be ® 20 kv/om,
I

| to calculations, As can be seen, the bou};darios are positioned for a value of

I

| # 10 kv for the undisturbed potential, ’A disturbance of the external field re-

In Fig, 4 the errows indicate the position ot the plasma boundery according

{

Ilultl in a change !n the potential gradieht to a value defined by (7).
I
I

QQMP.I&II.

|

|

I

| I
| On the basis of the faregoing we can draw the following conclusions:
I

I

I

|

|

]

|

|
1, The ion ocurrent selected from a Pluma source is limited by the space
!
|

2., The maximum ion-cur: "t density per emission-channel cross section is

|
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