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LINTRODUCTION ·· 

At the Flerov Laborat?ry of Nuclear Reactions in Dubna (Russia) the ECR ion 

source DECRIS (Dubna Electron Cyclotron Ion Source) .is being built1• It will be 
' ' . -· ·, ~ .. - -~ 

used to all fields of science using multiple charge heavy ions2• 

The vacuuin ~ystem of ~ ECR ion s'ource i~ on.e of the m~.iri components of the 
'·· ' . . ' . . · .. ; ., 

source. Whereas,' operating pressure ranges for. vacuum systems of the accelera-

tors are 10-4 ·- IQ-9 Pa 3, the requiredoperati.ng pr~ssure range for the vacuum 

system of the ECR ion s~urce is to-2 - to-5 p~~ respe~tively. 'Basicaiiy, it c~sists 
of st~inl~s~ steel, cop~er b~~ tubes pumped with turbomolecular, cryosorptio~, 

. .. . . . . .·'-. ; . . .. . .... · . ' . .. . . . . 
getter.- Ti .:sublimation, NEG pumpscombined with sorption and rotary pumps. 

The combinatip:n ofturbcimolecular and rotary pumps is being used for tli.e time 

inthe,DECRIS ion source. Other suitable c~mbinations rif vacuum ~u~ps as well 

as the pressure measuring gaug~s are shown in Fig. 1. 
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Fig. I. Vacuum pumps and gauges used fo~ ~umping and pressure ~easurement in ECR ion 

sources. 
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This paper reports in detail sequences of the vacuum system design of the ECR 

ion source as well as molecUlar conductance, beam pipe ~utgas~ing and gas desorp

tion processes (ion induced pressure instability, hydrogen diffusion and desorption) 

and influence of neutral gases on the operated vacuum inside the beam pipe-'ofthe 

ion source. 

II.ECR'ION SOURCE GENERAL. LAYOUT 
. . . . .. . . -. •. . '~.,1- . •. . . . ' . . . 

In the ECR concept4- 5 low jm!ssure gas is heated by microwaves which accelen1te 
also the ionizhig electrons within the I~ff~ ~agnetic -t~ap. The s~urce consists 
minimally of two axisymmetric-coils with·a hexapole ketween_the:m: Therefore, a 
plasma·with hot electrons and coldions isformed. The microwave frequency w 

must match th~cyclotr~n frequency we::;= e!B(x) lime (ei~ theelectron charge, 
B is the magiietic indU:ction in side the plasma~d m~ is the el~ctron mass) on a 
closed heated surface called the ECR sui-face.· However, there also exists a·plasrml. 
density effect wlJ.ich shif~s the_ resonance: frequency w~ fr~m the' ECR ·resona:nce 
toward~ upper (wH) andlow (wL) hybrid resonances, The.~_enew resonances.occur 
at higher and we~er magnetic fields and their fr~que~ces ar~ give~ by th_~_formli.la:s 

' ' '-_ - .. ' ',. . . 
• - - ' ·.- 1\ -;- -' <.. : • ' ~ ~ -· .- ' ' -. ·_. 

2 · .. 2 2 . . -2 . nie ( 2 IDe ' i). 
wH=wp+wc,, .-.. . f.VL=---. wP+~wc 

· .·.. · IDj·' IDj · ' .. 

where Wp is the pl~ma frequency defined by, the. relation w; = n.e2 
/ EoJlle (n~ is 

the electron density.-and E0 .is the dielectric constant of vacuum) and m; is the ion 
6 . . : . : . • . . ... . . . ; • . . 

mass. . , . , _. 1 

If, in addition, the 'el~~tr~n atom coiiision frequency.· v, is of the same order or 

smaller than ~he ECR frequ~ncy, a brekkdow~ alwais occurs and the ECR plasma 
is iguited4• · . ' . . ; 1 . : 

The ion charge st~te q strongly depends bn_.thtpartic~e life~ time which depends 

on the magnetic confine~e~t system. The;~'iinfiriem~nt timk is~f the order of ms. 

The plasma is hea~ed froin ;any .side oi the vaC:u~m: chamber of the. ion source 

and it is also tr~ns~:<if~P.t to rhicw~a~es.e~~r~her~. Th~;:·th~ plasma chamber 

behaves as a mtiltim:bde ca~ity. Th~ c~h~lih~ of; the po~~r t6 the plasma deterio-

rates whe~ rati~:~Pf~increases. ' \ : ; ; , :, .. 

Originally, only ions of gaseous ~lerrients could: be ~roduced by ECR ion sources, 

however, lately, a variety of ~etalic ion beams w~re .3J.s~ ~itracted and accelerated. 

For the met.J. ion producti~n one uses direct e~a;'a~atio~ of a sample by direct 

·-plasma impactor an ove~ fo~the subli~ation ~f-hi~her vapour pressure metals
7
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III.VACUUM SYSTEM DESIGN 

_The highest obtainable average pumping speed of the ECR ion source vacuum 
system strongly depends on the beam pump conductance:· To illustrate this im
portant limitation caused by the finite conductance, let us consider the system 

.shown in . Fig. 2. In the molecular flow regime the flow of molecules along the. 
vacuum pipe to the nearest pump is expr~ssed by the equation 

. Q( ) _ , . dp . . · ·dQ A 
x =-w- .-= q 

dx dx · (1) 

where Q. is tJ:i~ gas fl~~ {Pa 1 s-1), ,v is the specific molecul~ cimduc.tanc~-(~ l 
s-

1
) (w.=; LC), Cis the ~;onductivity (l s-1), p_is the pressure inside the pipe (Pa), · 

A is the specific surf~ce a~ea' (cin2 m-1) (A= F /L), F is the surface. area:· (cm2) 

and q is the spe~ific o~1tgassirig ;ate,(miiform) (Pa ·1 s-1 'crri-2 ) .. These equations 
can be combined tq give -· .. · · . · . · · · · · ·. · •- · '. 

. .. ·. . . . . . .. cflp • 

w dx2 = -Aq:. 
. ; 

' ,(2) 

together with the boundary conditions of this simple problem 
' ' 

dp I . ' . i ·' AqL 
- .= 0 • _and· Plr=O = - __ -
dx x=L/2 : . e . · S 

(3) 

. • .. - , •:_ .p(x) . -. ' 
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Fig. 2. Outline of. the .. ECR pu':'ping system. S is the pumping speed of the pump in points 

"0", "A", "B" (I s-1 
), 'L is the distance Let wee;, pumps (~) a.t;d x .Js ihe distance measured from 

the reference point "0" (rri). 

'~hich follow from evident.symrnetry considerations. As. the solution we can find 
a well known parabolic pressure profi,lc along the beam pipe 

(
LJ:- x 2 L). · 

p( x) = Aq 2tv + S . . (4) 

Th~ x'naiiriium pressure OCC~lfS at the midpoint betweeri jnimps'· 
.. -,.,. . L 2 . L. .· ...... · 

Pmax = Aq(sw + s}. .::- (5) 

3 ·, 



For the ion source pipe the average pressure is.more. relevant 

· l!L ·. . ·( £ 2 
' L)'. 

Pav =r; · p(x)dx = Aq 12w + S .. (6) 

o· . 

it is convenient to'.defirie an "effective li~ear pumping speed" 

. ' · ·.( £2 L). -1 

. s.u = --+ - . · · .. 12w S. 
(7) 

so that P
11

v = Aq/Self· It is evident that S,jf cannot,exceed 12w/ L2 irrespective 
of how large pumps are used. . . . . . . ··' . ·. . . . • . 

Equally, the lowest achievableaver.age pressure is limited toAqL2/12in . . Since 
the conductance i~ generally determined by the appertures in electrodes and scr~ens 
(screening of the high frequency)', the. o~ly · paramet'er is. the· int~ipuinp di~ta:~ce 
L. Obviously, many small pumps at short distance are preferable"to few' and large 
pUmpS. Fig. 3 illustrates this effect for a \iac~um beam pipe co~ductance of 70 
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Fig. 3. Effective linear pumping speed S.u as a function of pump distance L foJ: va~ious sizes of 
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~umps, a vacuum beam pipe conductance w = 70 m \ s-1 and <{ilferent pumping speeds S =7 2,0, 40, 

~0, 120, 240; 500 and oo 1 s~~. r~pe~tiv~l;. · . i .. . . .. . . . ·• 
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. m l s-1 and different pumping speeds S (20, 40, 60, 120, .240, 500, oo l s-:1), re~ 
spectively. It is shown that the effective pumping speed is practically the "linear" 
function of the pump distance for variou5 sizes of. pumps. Such a pumping struc
ture may be in~talled along the vacu~syst~m ~d henc.~ the analysis provides a, 
"linear pumping speed" inside the beam pipe. · . . . .· . 
, . The real pressure distribution: and therefore the average pressure also follow 
from the equation similar to the }Jreviotis olie · 

. ~p A. .. 
-w-= q-sp 

. ' ; .... ~ 

(8) 
:·.· dx2 .. ' ', '• 

where s is the specific pumping speed defined as s :: s I L o' s-1 m-1 ). By the . 
solution of the differential equation (8) using:the boundary conditions (3). we .find 
other pressure profiles alopg the. beam pipe, It holds that 
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Fig:_4. Plot of the a':erag~·pressure P•v ~ersus distance L b~tw~en pumpsfor,dijferent pumping 
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speeds S = 20, 40, 60, 120, 240, 500 and oo _I s-1 , respectively. 

~~ ' .. 

where 

Cl ·= A;t e-.rL(l + e-:-~~)-::11 . r = (s/w)o:s ,:. 
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and 

I . 
! 

- - ' AqE --.- -ri ..;,1 : • 

- .. 
"·· .. 

C:2 = T(l + e ) . . 

Ustially,-the Va.CU:um system is de~igiled with respect·to' s~w. ·In this co;._figuration 
one can obtain . · . · ' ·· 

c1 ~ c2 ~Co'=; Aq !:..: . . .. • (10) . 
. 2 s ... 

The equation (9) is reduced to 

p(x) =· co(erz·~~T%) + Aq 
'·.· s ., ' .'. 

(11) 

and the average pressu.re is. determined. by- • -. 'i 

· '·. c~·( :rL :::.~L) ·_ Aq' ~ 2AqL 
Pav .= - e - e +- = --. \ rL . . s . S 

(12) 

It is evident that the lowest achie~ble pressure only depends on the_ratio of 

. 2AqLfS. The average pressure versus the distance between pumps L for different 

pumping speeds S (20, 40, , 60, . po, 240, . ~00 and oo 1 s-1
) is shown in Fig. 4. 

. ~ ' 

IV.MOLECULAifdoNDUCTANCE 
h r • 

' . . -

In high vacuum the: flow of molecules is limited by walL collisions, i.e. the mean 
free path ). of the gas molecule~-is greater than the characteristic dimensions of the 
va~um system (D/.X < 1; Dis the di::~.m.eterof the: beampipe). In this molec~lar 
flow regime, the conductance c (m3 s-:1) is independent on the pressure, therefore 
the flux of ga.S is p~opo~tioi~al to th~ pressur~ gradient 6p. :It holds that ' 

'· 
Q =. C/::,.p., 

Some useful expre~sions. fo~ ~~nductimce are3
•
8
:. 

a) Orifice of are~F (cm2); · 

Ir 
C=36.4FVM 

" ·~>. ·-<···· -·-< • 

( 3 -1) m s ·., 

b) long cylindri-~81 tub~\ radi~s r.(Iil); length L (in); 

·· r 3 ff · · 
.. C = 305 L y M ... (m

3 
s-:

1
) 

c) long t~be with elliptic s~ctioll (semi~axes·a/b); a.:(in:J, b'(ni)1' 
·'·· -. '2·2. ,'" .. ;' . ,_,,,.., ;•,.::._; ... \•;;i .-.~:; 
· . a b .. ff 3 -1 

C = 431 L(a2 + b2)1/2 V M - (m s- ) 

~ .- "" ,, 

. .... ·~ . . ' 

where Tis the absolute temperatt'ire {K) and·M:ai~).lie.molecular weight. 

(13) 

(14) 

' (15) 

(16) 

. ' ~ 

/ The molecular flow through complex systems can b~ computed with Mo~te Carlo 

programs adapted to the specific geometry. ,.6 

I 

j 

! 
k 

+ 'w<r 
. ·1 

i I. 

V.OUTGASSING OF THE BEAM PIPE 

For every· vacuum system the size of the required pumps is directly related to 
the_ outgassing. The first important ·source is the static and therma} outgassing of 
weakly adsorbed molecules and diffusion of H2 from the bulk of the material. The 

. standard procedure to 'reduce the th~rmal outga.Ssing is- the well known bakeout. 
of the beam pipe: Th~- pressur~ inside an u~bake~ system is m'ruilly determined-' 
by water vapours.; In_ a clean :and ;~ell. baked system: H2 will be the dominant 
residual gas constituent. Typically; 'totai spe~ific·outgassing rate q for unbaked 
and bal;:e~ beam pipe'made ofstainless steel is given in Table I. Therefore, the 

~ > :.!-

_-, 

t . ~ '~ . 

i; 
·.J 

'; 

i Table I. Total specific outgassing raie q foi un~ 
:bake(! and baked bea~ pipe made of stainless 
steeP.' - " - '· .. ' 

Process._ ·Temperature q 

(Pa I s-1 cm-2 ) 

293 io-7 - - •.• 
pumpdown 

' .,,,. b~kcd :< '' ··: --:".\ 
30 . 150 h • 573 10-10 

at 300 •c 

: ~ . 

... 

thermal outgassing rate dQr/dt ofthe suiface ~;~~F·~ lOOO'~Jh-2 {F·i~'t~~:~t~ifa'~e 
area of the:se~ond stage oMhcion source_ DECRIS):is giyen,by: : , 

'dQT = Fq = 1xl0-4,Pa l_~~~ . ., 
dt . ., . . -

' ~ -j :_. ·- ( 17) 
i j' ~-·' 

.. _;. 

.: , The second,important source of, gas _in the ionsource is .th~ so~allerl "dynamic'' 

outg~sin~ i~· pre~e~ce ~f th~. b~a.~. Her~: ~~~6~~ly bo~;~d· mcil~·~nl~,s ca~~ be: d~s-
orbed which do not otherwise contribute. to the thermal desorption. , . 

,"1·. ''.·.·~···!i.J ... ·-:-- .. ~; .. ~-~ · •. ·:·.;· -~t 

The outgassing characteri~tics of several _rimterials used in vacuum technology 
~:: ' ... , " .' ' ',;. . .' 'i ~ " .·' 1 \" , '. '' : <. ·." • ~ \ ; . .; "J . • • . .! ' ';I~ : ~' .;· . i ~ . : , :'~ • 

are shown in Fig. 5 9• The quantity of the outga~si1ig rate very strongly depends 

on the firii~h~d tr~atrne~t 'with 'niatefi'ai.S (~hitrecited; degw:i.sed: ~ol~·eilt, vapo\tr; 

polished: rnechanital;·chemical, blast~ ekctro; baked: non'- metals at 80 -.lOOPC 

l1P to ~4 .11 •. metals at 300.- 400 °C up to lQO )1), It .is also shown that the best 

~n-~t-a!~,l;~e~-.i~\h~y~~uum t.~d1~10io.gy a;~ A!, (~u ~ndstainless' ~t.eel.· Th~~. iu or

de.~·~~ qb't~i~·~.i~~c~l~.t~~~i~~ ~~~e i~ss' th~n l0~8 Pa i s~i' ~m~2 ,~he v~~~~urns~:~·tems 
;r~ .. ~ot ~t~i·n~· ;~tb~~;, ,polyar~irls, <'~JOXy, vit.~n aurl PTFE·I~~ateri~~. ;~'sp~ctiv«;ly.' 
/' .. ,,• .. • .•.•.•• • ;:·~.,. .. _ .. ,:.,~:_ ••• ,. ~~-~ '• . : .. ,-_l-, ~ • ~- . .;:.3 ..-,_-:":' •,, .. , ; . 
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MATERIALS 

Fig. 5. Outgassing characteristics of several materials used in' vacuum technology9
• 

The outgassing characteristics of materials exposed to vacuum are also published 

in papers10- 12 • 

VI.DESORPTION OF GASES 

The pressure of w-5 Pa must· be maintained inside the ECR ion~source and its 
beam pipe despite of: ~ . . 

• The thermal outgassing ~f surface~;~ 
• Outgassi~g due to. the d~sorJ>tion of weakly bound molecules on tlie walls of 

the vacuum system; 

• The ions indticed by extracted and accelerated io~s; . .· 
• The diffusion of hydrogen from the walls of the vacuum system; 

- ' • < •• ' • ' '. ' ' -' • ~ 

• The neutral gas produced inside. the plasma of the ECR ion source; 
'> r ,- • ·•" ' • • ; 

• The. desorption of molecules generated by roentgen radiation. . 

There are. also <>,bserved direct thermal effects pwduc~d by the' radiation. The 

radiation is also penetrating to th~ region of the beam pipe through the· orifices 

_in the anode and the extraction system of the source: Th~refore;· even water 

cooling parts ofthe first and secondstages ~nd others~alt"area.S of.the source; 

s· 

J 

J 
J 

' 

' 
as for example the input flange. of the high frequency generator, can be above 

th~ ambienf temperature by 80 oc or more with a corresponding increaSe i~ th~ir . 
thermal outgassing rate by an order of magnit~de or more12:-13

• To establish the 

given pressure foi the, giv~xi. pumping speed the average therillal outgassing rate 

and the t~tat a~erage oesorPtio~ rate must be below ~e;t~n defillite valu~s. . ' . . . . '.. ~ . ' . . . . / .. -

A.Ion ., induced pressure instability . . . . ... ; ;,,· > . "' ·. ' 

The ions induced by extracted and accelerated beam can produce desorption of 
strongly bound molecules. The desorption flow rate n;, Q; can be expressed by3•

14 

n; = ~aL(Ife)n' Q;·-= rwL(Ife)p {18) 

where 7J is' the molecular desorJ>tionyield (mo1Eicules·ion_;1
), (J is the ionization 

cross section of extracted and accelerated ions {m2) (for.example for high energy 
protons (J =<1..2 X 10-22 m2 and for co 3), Lis the length of beam section {m), I is 
the beam intensity {A), e is the electron charge {As), n is the number of molecules 
in unit volume (m-3) and pis the pressure (Pa). Note, if ions are t~en from the 
restgas, then 7J will represent a net desorption yield.· For 7J < 0 "a beai:n_'plimping" 
can be observed, i.e. the system acts like an ion p~p. In the presence. of the ion 
induced desorption 7J > 0 and the equilibriumpressure can be expressed as 

which gives 

·where Po ;::::: q A/Self· 
By introducing 

we obtain 

Po 
p(I) = 1 ....: !!....!IL 

e s.JI 

··.·· '>. "e · .. 
· , ( 7Jl)crit. =.-Self 

(J 

· • · Po ·· p= . 
.. 1:... ;......!)L_" .. 

. {qi)ef'i~. ' 

Hence, th~ ''critical current" productfor S --+ oo cannot exceed 

e 12w 
.(7Jl)crit. =-;; L 2 • 

(19) 

(20) 

(21) 

(22) 

(23) 

Therefore, the pressure pis a ~ction of the beam current L The.higher is .the 
current I; the higher is the equilibrium pres~ure p. - · 
- The conductance of the b-eam pipe and t~e pump distaD.~e ar~ also cruCial pa
rameters for vacuum stability. The remedy "defect'! caused by the pressure bumps 
in the vacuum system ofthe source can be reduced by adding cryogenic, getter 
- Ti sublimation, or-NEG pumps, respe6tively15-

16
• By 300 °C bakeout and Ar 

glow discharge cleaning of the source stages and b-eanl. pipes we can also reduce 
9.' 



>' 

the· O:~Iec'ul~ des~~tion: yi~ld 7J:·· · Th~ ~ioV.: di~ch~~ge' ~I~'.ciirig ·c~J{d· b~ do~~:: as 
sho~inFig .. 6. ·,: ....... · : ...... , :,:·.>.:•·,~~ ... .. / 

By the way, the reqUired ion doze on the·beam pip~ is·typically 101s •crrc2 and 
resl4ts inthat 1J $ O~ .. :The Arglmy.dischai-ge gives,effident spu~_teringan~ des~ 
orption of_strongly adsorbed gas _molecules. On the other. hand,_ the addition of 
o2 produ'ces. from <:in-hoi! ~~nt~inants ~i:J. .th;; ~lli-fac~· c·o ·and co2 'comi>otixids · 
which can easily be pumped out. . .. , . , . . . . . . . . . . . 

However, the ion- induced pressure inst~hiiit{d~'soi};iidri ~:it~\iQ/jdi is 'gi~e~ 
by . 

.... ·'·' .. : }:;·:· ' ·:: 1'":, _,,.".':'·,;. •·. _; l' ~··· 

dQ; = 1o3Q; ~ 3x1o-: P.~\ I_~~ : .'. 'dt···.·· . '' . ·, 

·,-:, :. 

(24) 

ifthe molecular desorption rate 1J = 1 molecules ion-1, .the length L = 0.45 m, the 
• - • -· ' - • ': '"'- •,_o ~ o • :: .• ' ' . " • · ) • l ' · ~ ." l • ~ . i' > ! .. :. I, . ,- ~ ' e.·· • ! ' ' . < • ' ; , ' ' •! ( '· ( :.• , . · > < • 

beam current.r=:10;.3 :A, and:the. pressure p = J0:-3 Pa, respectively-::: 
·:,-.. i_:-.~ 

• < ~ : ! ' ~ . 

. ~:: .; '• GLOW/DISCHARGE~ CLEANING · 

- ~ ,. 
I;! 

;: .,,,,,_ . ECR 'aEAM,.PIPE j· ·:: >.;: . .: · ... 1\ 

::-·-. ·- .. :·. 
{. ~ ~~--:. . .. ·, 

. ~ ; 

'• .: Y:"~,_:j~,jJ~~.,~ -~ "~',~-c.~"",~ •-[ :.;?':; ,::: ,,., 
L-.DISCHARGE •WIRE mnm 

~ · ... -~~--'. .. ~ . ~- <; 
Fig. 6.Layout ·~{the glow discharge cleaning. 

,.. ... ,.·:.\ n·;;.~~ 

:.. '. . \\.-

B.Hydrogen difflision and des#rption .. ' · 

To describe the dependence of the hydrogen desorption rate oii. the ·exposure 'Of 
. photons and electrons it was assumed .that the desorbing hydrogen i~ first "trans:; 
ported by a diffusion process to the-surface. ·Neglecting chemical reactions on the 
surface, a simplification which appear~. to be justified in the case of hydrogen

1
. the. 

gas~ solid interaction may be characterized by both volume (diffusion)'and sur: 
face processes (adso~ption, desorpti~~) 1Y:i~ a:· simplified, one dimensional model 
of diffusion, the transport of molecU:I~s 'inside the bulk may be described by . 
• :•~' '1 .'.' ·',._: ... · ."".~· · .• 

0

• ·.·- .''~-'- -~.--1 ,.<:•.; <-l~•:t:f:_; i;~··i,,:,:. ·>"!', .:"'.!<.;·: 

8c B2c • --D ...... , 
8t- 8x2'·' .. ·'·' ·R=Kc (25) 

where c is''the ·g~ ~oncentration ·r~side .the''solid'{ cill3 ; (STP) c:in;:3)!' Because of 
the long term heat and vacuum tieatmenf'c' iS"3Ssurried' t~ ·o;:ih' b<il.arice·With· 
the. surface regioii. Kis the phen'omim'ological coilst'iuit -a~p~nding on 'irradiation 
current, photon energy spectnirii and cr~ss secti(;ri for desorption (cui s-1·), D is 
the' diffusion coe:ff!cient in' thesoiid' (cin2 ·s-1) and R;is'-desorbed gas filL'\: (bn3 ' 

(STP) s-1
' cni"'2). Fu~th'er: the re~absoiption is· negleCted Iiec~use ofhigh'pumpii1? 

<_ ·' ·: •• ~ ;..-:~ .::."' ' ( ~; ~-:_ .. --;:- ·•.:.! '- -..-:-·: .. {·>; ·~[;! :~! ~~-~::;~:....:.··)~_·.· \.·· ... ::.,;:;.· ..... ·.:~:;, :;~·.:>: 
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speed and low absorption coefficient for hydrogen in Al and stainless steels. So, 
the. net gas flux R leaving. the surface is given bY: . 

Bel . · Ro = -D-
8 

= J\4r=O· (26) 
X x=O 

An analytical solution of equation (25)withthe boundary condition (26) aniwithl
an uniform concent~ati~n c0 h1side th~ b~tll._:· as a-starting condition for a semi -.\ -

· infinite plate is1s . · ' 
• . 1 

R = R0 (t = 0} .er[1 ~- er f(.y'T)] (27} 

r' where r = b t and 
I 

1 
'F .. 2 . 

erf(-) _ J · , ~ -- e-u d . v ' ,fir . u and 
0 

I 

'F ·' . . J _:., ,fir Inn e u du = -. 
r~O+ · . 2 

' ' 0 . '' ' 

From this 'solution follows that R decreases after_ an initial time to according 1 I ,fi. 
This model has been used1; ·in order to describe the measured data for differ
ent samples (AlMgSi, Ah03, a high temperature steei type "NIMONIC"). The 
normalized desorptiqn flux log (R/-Ro) has be<;n expressed as a function. of the nor~ 
malized ti~«:; l~g r in Fig. ·7. for the piwton (Pim') a~delectron(ESD) stimui~t~d 
desorptioi1: Theh; it holds that 'the desorbed hydrogen fhix R ~iu:i· be expressed 
for log(R/Ro) = 0 and logeg t) $ -2 by 

Rpsv ~ 0.03~6co(D~sD) 112 . (28) 
•1 ;._ 

~- _{ 

REsD = 0.00316c~(D~s~)if2 (29} 

. \ • ' - . ;'<• . -, I. ., '- , . ., ,• " .. ' 

The normalized desorption fluxes log (R/Ro) can be described by 

lo[J(R/Ra)i,;v '= -t'tslog.- c.:. 0:833 (30) 

.'· ,,._. ,., 

log(R/ Ro)ESD = -0.5log r-:.._ 2.833. {31) 

· iflogr~O. . . . . 
·:··Table II andTable Ill giv~: ~ s1i1~i~uiryof the' paran1~tl'rs D, c0 , 1J. p and R for 
allinvestigated .sarnples17• . •. . . • . . . . · ·. . . . . · . -

- Tlii~. ~ne dimei;sio~~l diff~t~i6n iu.ocld doe~n 't..lll;s~:ribc sewr~1l (;m_;i-ts .i>bse'rJl''d 
.. cl~tring ph~ton,-~ombh;diii~t~t. \'Xi>~rimenf~ •. e.g. n'm(} lim:arit.)· .witii racli<\tit>u'iii: 
. tensity, r~co~taJ:nitia'tiozi dttriug c~Ii i~iterrui>t.iu'u:. of 't.il~ plio ton exi;iJsttn• "l;eam 
stop". 

-U. 



NORMALIZED .CURVES 

·•' 

·:!;I'. 4 -0 

·~ -bO 
0 -

-3 

iog{(K 
2/D)t} 

Fig. 7. Ncirmalizedhydrog~n ;desor~tion flu~·log ()l/R.) vs log T (~ = ~ t). The curvePSD 

corresponds to hydrogen de~optiori fl;}x' data obtained foi- ph~ton imidi~tion sa~ples and cur;e ESD 

for s~mpl~s submitted b; ~~~~i~J~ :b~~b:;dme~t17 •. Th~ -rr:e~n; d~viation betwe~I1 th~ experim~nt~l 
. . . . ~ . . • " ,. . .1 ; ·' . ,. ' ' • . " . • . . . . 

and theoretical valu~s,was simulated ~Y.e.9u'atio~ (27) and)s is!<>· .. > 

The specific gas desorption r~t~caused by .th~ro~!ltgen r~diation dqr fdtcan be 
calculated by equation . . . . . . . 

dqr ·, ... ; . . ·: .. · , .. ··. 
~(logr < ,-:-2) = Rpso dt ' ' --:./ ' ,. ·', .. 

or 
Rpso .= 7x'w-s Pa i ~.:.. 1, 2in -:2• 

; "-,· . r .. . . . ~ "'. -~ . . - . ,, 

Therefore, the gas desorption rate caused by the roentgen radiation dQnJdt is 
given by ·. . ,. ;. . 

··aQr . . . . . .. :. . . ., 
. . d:• (lo9.r $ ~2) ::=:= 7~ip;::5 f>al,s-:-1 ~ .: ·· .. , .,.·. (32) 

This can be the re~ contribution of the 'dymrmic ba~kb-o~d ·i~ 'the\otal fldw 
of'desorbed 'H:2 molecules from the 'plasma ~ouice pipe ~hich:is;'caused by the 
roentgen radiation: Apprdxi~atelf the isame contribution ·2~ be ·exi>~~ted. ·rroin 

-:;.~- .. -~: ::: ';:. ;-.. ~.-·; __ -- . . :• ··'' ____ ,,-., ;· .;:Jj-~· !:~-:;; !" . • 

'ii 

f 

Table U. Parameters charact~rizing the hydrogen diffusion and th~ photon stimulated des
orpiion (PSD) of hydrogen17• The criticai en~rgy of photons spectruxn was fd '= 773 eV. The 
desorbed g~ flux RPSD was calculated by (28)for f= l·h. :The data were'measuredat the· 
temperature T = 20 •c. · - · 

S~mJ,>le DpsD c. . RpsD ;: '1/ p 

(cm2 s..:1) (cm3(STP) cm-3 ) (cm3(STP) s-:-1 cm-2) (mol ph-1) (phe ph-1) 

A!MgSi. l~Sxl0-;18 px103 7.1x10 10 1.9x10':·3 s.Sxlo-2 

Al203. s:ixlo-19 l.lx103 5.4xl0-10 2.0xl0'-3 

'NIMONIC 
STEEL : 2.sxto-19 l.lx103 · 2.9xio-10.· 1.2i<lo-3 · 2.8xlo-2· · · 

'fable III. Parameters characteri~ing the hydrogen diffusion and the electron stimu
lated d~~o;ption(ESD) of hyd~ogen17: The boinbarding electr~n energy was E. = 
300 ~V. The desorbe~ gas flux ResD was. calculated by (29) fort= 1 h. The data, 
werem~asuredatthetemperature'T:0:35··c:· -·- · ... · ·' ·., .. _· ·. :, ··· 

. ~-_; ~ 

Sample 

A!MgSi 
NIMONIC 
STEEL .. 

DESD 
(cm2, s-1) 

~.3xlo-ts 

7.0xlo-Is 

Co · · . .RESD . · · . . - '1/ .... 
(cm3(STP) cm-3 ) (cr~a(STP) 8-1 ~m:-2 ) (molph_;1j· 

·, ; 

1.1x10~ L5xlo-9 l.Oxlo-1 

l.Sxlo-9 . 6.2xlo-1 , 

other gases such as C02, CO, CJI4, etc. So, theJo~aJ gci.sqesorptioll ra,.te ca,.used 
by the roeiltgen r3.diati~n dQr/dt is given by theequation . . . . ··. ' . 

•<'" ' . ·-. ,, '-----·- •• 

.. ,. dQr EdQi 
. : ;dt' ==. ': .-~ ~t. 

where dQr/d~ ~~ ~ 4esorp,tio,ll ra;~e fo~ ~"i" g~. .- ' _. . ' .. __ .. - . . . .,..,_ 

VII.NEUTRAL GASES,., . - . . ~ . ' ... ' . . -~ . " -;. 

•.?, 

-~-

(33) 
~l '. 

T}le neut~~ g~~s c~ arise fo.r !'!Xl;t~Ple by teco.mh,illa~i'?llS ?f io11s )Vith elec
tro,lls. ':rile etfic~ellcy of the pr()cess . .is yery h:ig}l ~t tl1e . lov. e11e1:gy ?f eleGt1;:ons 
and suffide1;1tly long tiri:u~. of hi.teractio!ls of produced ion5 with electrons. ·At· a 
1?~ ~i~ii~~ll ~e,~p~ra,.~~~ th,~ ·~e,~ti~'g~e~'str~~gl),'~~u~n~e ~~~ ~?I~ce ofthe 
plas~a ~hiCh · ~s <;l"e~:~;~e4 f!"?~ clJ:&,"ge p~ti~~es. · 

The ion- loss rate due to the recombimition process can bedescrihed by. the 
f?llO~~~~·~q~a:ti()ll1~ , , ' .':, an+ , _. , -.. :_, , . ·.. : , > • • '. • • . . ' 

( at ) = -a(n+)~ '' (34) 

\Vhel"e ~+is ~}le concen~ratio~ o~ io~· ( c~f''~), t .is t~e tinui_ (s) an. <I ~ !s ~h,e c.o.e{fic~ellt 
~f~eco~~-iila:tio~ (<;:~3 s~~f i;rlu~_.co{ficiEmt <r ~~y·~e ~PPJ:?.JC!i4~~e~ by.·· ,::~. · 

+ "-' ' - '. - • • < • • - • • - •• -~ -. • t. ' '. - '. - _. -

a~{~Q:~~: , .,, 

. :: . . / ·" . ..;r; .. . 
('~5) 

. .;. l i 

'Y~~!e ~e is tl:t~. ~E!~pera:~~e o{ el~~~()~s j~ ~l:te p,l~r,n~ ( e y),-f?~ ~~~ .. tzy~c~ ya!';les. ,' - ' .. . . ' . .... . ' .13'· . . '- . '' ' ... '•'' ". . 
'J ":'~~ 
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reached in the ECR i~n source fi+ ~ 5x10~0cm::-3 20:T. ~ 5000 eV 4, a~ 1.4x10-:-15 

cm3-s-1
, and at the volume of the second stage of the·ECR ion source of 1500 cm3 

(DECRIS), the corresponding neutral gas rate dQ? /dt will·be given by 
. ng . . . ' . . . 

dQ1 · <: 2x1o-s Pa I s-1 
dt - ·. ' (36) 

' ' - ~ • : - • f. : • . • . • : . t . • 

The neutral gas is also generated as a residual gas from the usage gas flow rate. 
The usige rate for the solid and gas materials is varied depending on a ;ariety 
of parameters. It has generally been co11firmed by most of tests that the usage 

. rate~ for many solid mate~i~s-aie approJdmatdy 1 'xng h-1 21 • It c~rresponds to 
consumption of 

·dQ;g. ·.. . ·::_3 !' _::I " 
dt, :=.2.5x10 Pa! s . . (37) 

The lowe~t usage rate h~ been obtained 0.1 mg h-::i fo~- a ·calcium run. The 
usage rates for gaseous materials. are approximately 0.06_cm3(STP) min-1 22• It 
corresponds to a.~aximum coiisu~pti?n of . ..·. r . 

dQng .... ··.. . o· a: = 0.1 Pal s-1
• ··; . > (38) 

So, the total n·eutral gas aQ~g /dtforthe gaseous materials operation is given by 

·~: L. ··- ng' 1 " ng' · :-·· ng'• · .. ·· ! ' 

dQt < dQL +·dQ3 ~ O.lPa I s--:- 1; ·. (39) 
dt - dt . dt .·. 

Jn order to obtain suitable operation ·vacu~m inside the beam pipe of the ion 
source of 10-4 Pa the effective pumping speed~·for the solid material (S!tr) and the 
gaseous (s;tr) operations have to be .related by. . . . ·- : _ 

s~ff ~ 251 s-1 .. and s;ff ~ 1000 :l.s-::-1_;' ;, ':. 

respectively .. · '- ~ 

;-."7', - ·' ~ . 

VIII.CONCLUSION I• .. ' 

-t!· ~ .·,.· - . " ·.', ·:-_~ : :';. > 

The present work' describes ~ot only the. vacuum system design of the ECR ·ion 

sources bti.t also pr~vides the'inain predictions iti"th~ ar~a 0~ the thermal ·~ut-
-- .. ·.-.... .. '! 

gassing rate, the gas desorption rates caused by t~e ion - iD:duc~d ·~d 'the. ph~ton 

·induced diffusion desorptions and.the ~eutrai'gas rates fo·r the gaseous and the 

solid· material operations; -Thkim togetlier' ·an these. d'ata: show that if 'rriay b'e' im::· 
-- • • • •• • •• _ --~. < '._ - -·. :" -.. ) - .; ?"""·-·.,'-' --~ .• _.J.:~----~ ~·-···:!,. :· 

possible to obtain the ·suitable operation -\iacuum (i0~4 Pa) inside the· second stage 

of the ion source if the effective puriipi~g speeds for the solid material operation 

S!u < 25 I s-1 and the gaseous materihl oper~tion S!u < 1000 I s-I,.resp~£tively. 
,., :~-'· • ~'-:~.~- ~:- 1-··.-; ._ ... ---.·· ... !':.:::··-~--f.·.-.,,~.;:;:;· ... -,:· __ ,~,r .. e::~l>i:'~·.:;i.i,_r ... t-Jr~;rf:'.'.;·~__,.-;'"';.'·~.-~ ·,.}·--·~·.·:·-' 
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In practice, it is very difficult to construct very effective, reliable and. cheap vac~ 

uum system for an ECR ion source. The vacuum systeni of the source has to bJ 

designed with respect to obtaini'n.g.the vacuum of 10-5 Pa, for .about 10 li with a 

leak rate lower than 10-3 Pa I s-1 and the outgassing rate of the vacuum exposed 

surfaces lower than 10-7 Pa I s-1 cm-2 • The plasma tubes and beam tubes must be 

made of stainless stee( steel with stable structure and with a low relative magnetic 

.. permeability. The aluminium and copper can also be successfully_ used because. of 

good mechanical properties, availability and very low desorption rates. 

As, it is practically impossible to separate the effects ofdiffusion, outgassing, 

and permeation which are ~anifold higher in polymers than in m~tals23, it is not 

recommended to use polymers for clean interior Sllrfaces of the ECR ion source 

vacuum system. 
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Tinaap~IIO. c:. ·.; : 

rnaBHhle:XapiKTepnCTUKH BaKyyMHHX CnCTeM 3IJ;P
UCTOqHUKOB UOHOB 

-B pa6oTe rrpnaep;eH o63op OCHOBHhiX xapaKTepnCTUK aaKyyMHhiX cnCTeM 
;3IJ;P. (::meKTpoHHO-D;liKJIOTpoHHbiH pe30HaHC) UCTOqHUKOB UOHOB.llCTOqHUKll 
TUlia 311,P KaK UCTOqHUKH MHOI'03ap51,)J.HbiX UOHOB Bbl3biBaioT 3HaqnTeJibHbiH . 
UHTepec )l;JHI ycKOpiiTeJieii TIDKeJibiX UOHOB. 1JTOObl IIOH51Tb KOHif:Jnrypan;IUO 
BaKyyMHblX CUCTeM 3IJ;P.nCTOqHUKOB~eTaJlbHO OIIUCbiBaiOTC51 BaKyyMHble pac
qerbl. 06pam;eHO TaK)Ke BHIIMaHne Ha BJIU51Hlle slf:Jif:JeKTOB p;ecop6u;nn K BaKy-

' yMHOMY paaHoaecnro n cra6WlbHOCTII aaKYYMHblX cncreM. 06cy)K)l;eHhl ReCTa.:. 
6WlbHOCTII p;aBJ1eHn51, CTnMyJinpoaaHHble nH)l;yu;npoaaHHblMU noHaMn, MO)l;eJib 
.o;n¢¢y3nn aop;opo.o;a n BJIII51Hne HeiiTpaJibHOro ra3a Ha cra6WlbHOCTb aaKyyM
HOii cnCTeMbl 3IJ;P-ncroqHnKa. 

Pa60Ta BbiiiOJIHeHa a Jla6opaTopnn 51,lJ.epHNX peaKn;nii OIUill. 

Coo6~eHHe 06-J,ef\HHeHHOf'O HHCTHT)'Ta stflepHbiX HCCJiefiOBaHHH. ,Uy6Ha, 1993 

Pivai:-cJ. E9-93-332 

Main Features of ECR Ion Source Vacuum Systems 

This is a paper giving a view on the main features of vacuum systems of ECR 
(Electron Cyclotron Resonance) ion sources. It is still very interesting to use 
such a source as a possible source of high charge state ions at upgrading present' 
heavy particle accelerators. Scaling relationships are given as a basis for under
standing the vacuum configurations of ECR ion sources. The relevance of gas 
desorption effects to vacuum equilibrium and stability is also pointed out. Ion
induced pressure instability, a model of hydrogen diffusion and influence of 

· neutral gases on the vacuum stability of ECR ion sources are discussed. 

The investigation has been performed at the Laboratory of N~clear 
Reactions, JINR. -
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