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A bslrart 

A view on some aspects of construction of the ECR. ion 
sourct~ vacuum systems 1s given. Scaling relationships arc’ 
presented as a basis for understanding the vacuum config- 
urations of the IXR ion sources. Typical, total specific 
outgassing rates for some materials together with mass 
spectra of ‘0’ rings (PERBKNAN - N, VITON) used in 
construct,ion of the DECRIS ion source and background of 
thP tested chamber are shown. 

1. INTRODUCTION 

In the design and selection of suitable pumping systems 
for use in the ECR ion source constructions scaling rela- 
t,ionships and outgassing characteristics of materials ex- 
posed to vacuum arc very important. The scaling rela- 
tionships allow us fo dctc~rminc~ the pressure profile along 
the beam pipe, the maximum pressure between pumps and 
conductances for diffcrrnt, flows. ‘The outgassing data are 
obviously bnsed upon the throughtput measurements corl- 
tmllcd by monopolc (quadrupole) or other residual gas 
spt‘ctrornetcrs. A variety of materials have been tested 
at umn t,PrnI"'ri~t,rirt~. Tvst rwults are prcserit,cd for ma- 
terials as trflon. viton, currrntly used ‘0’ ring (Perbunan 
- N from R,oumania) at our laboratory, t,extile glut epoxy 
resin (tr,xtolit tc,xtit). and stf>rl samples. 

2. SCALING RELATIONSHIPS 

The highest, ohtainable average pumping speed of the 
ECR ion source vacuum system strongly depends on the 
bean1 primp conductancr. To illustrate this important lirn- 
itation caused by the finite conduct,ancc, let us consider the 
systrrii shown in Figure 1. In t.hc molecular Row regirnc 
t,hc% %?w of molecules along t,he vacuum pipe to the nearest 
pump IS rsprt,ssc>d by the equat.ion 

Q(x) = -u,$ 

whew Q IS the gas flow (Pa m3 s-l)> w is the specific molec- 
ular conductance (m4 s-l) (w = LC), C is the conductivity 
(m” SC’ ), p is t,hr p -1 resbure inside the pipe (Pa), A is the 
specific surface area (m) (A = F/L), F is the surface area 
(m’) and q is t,hp specific outgassing rat,? (uniform) 
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which follow from cTvid(,nl, symmetry corisid~~rations As 
the solution WC can find a well known parabolic prcv?surc 
profile along the bram pip? 
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Figure 1. Outlinr of the EC’R pumping syst~*rn S II Ihc, 
pumping speed of the pump in points “O”, “A”, “R” (m” s-l), 
L is thts distance between I,nmps (m) and x is the distance* 
measured from the reference point “0“ (m) 

The maximum pressure o~‘curs at t,hci midpoint bttww 

pumps 
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For t hr ion source pip<‘ t h? avrragr pr(%iir? is JIIOW relri- 
vant. 

L 

s 
p(x)dx=Aq(~+~). (6) 

0 . 

It is convenient t,o define an “cffcct ivc) linear pumping 
speed” 

S?,! = (&+ ;)-I (7) 

so that put, = Rq/S,ff It is c~vltic~rit, Gist SeCff cannol 
exceed 12w/L2 irrespective of how large pumps arp used 

Equally, the lowest achic~vahle average pressure is lin- 
ited to .4qL2/12w. Since the conduct8arlrP is genc~all~ 
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dc~tc~rrninc~l by t tic, app~rt ur13 in cl&r-odes and screens 
(scrC(*ning of l,tltx high frcquc,ncy), the, only pararric+r is 
thr intrrpump distancr, I,. Obviously, many small pumps 
al short distancr art‘ prcf~~rabl~ to a f(,w and large pumps 

II is showril 1 hat, the effective pumping speed is pract.i- 
c;tll~~ the, ‘llnc,ar’ function of 1 hl, pump dist.anci: for various 
sir<-s of ~~urrr~~s Such a pumping st,ruct,ure may bt, installtd 
along t hc> v;tc~iurn spstm~ and hcvw t JIV analysis provides 
a ‘li11(*;1r I)un~pmg spc?d inside t,h~ bran1 pipe‘. 

‘l’hc, rPiL1 prrssurc distribution and thc7-cforc, the, avc‘r- 
age pressure also follow from the> ‘*(1u;rt,ion similar to tllc, 
pi-(xvious oll(: 

wlic>ri, s is t htx sprcific pumping speed defined a3 s = S/l, 
(m’ s-- ’ ). 13~ the solution of diffr>rc:nt ial (‘quatiori (8) using 
1 hc boundary conditions (3) VW find ot,her prrssurc proflt,s 
along the hem1 pip<’ It hold:: that 

where 

= 

p(x) = Cl rr= + Cp-r’ + 2 
s 

AilL -rL --e 
s 

(1 + e-‘L)-‘, r = (.s/tli)“5 

(,$ = !!$I + t.-rJ,)-l, 

(9) 

Usually, the vacuum system is designed wit,h respect, t,o 
s<<w In this configuration on? can obtain 

Aq L 
III1 EC c:z ” c:, = y s 

The equation (9) is reduced to 

p(z) = C,(P + cc’=) + 3 
s 

and tht average prcssurc’ is detc~rminctl by 

(11) 

p,, = 2(& - @) + !ij! ” y, (14 

It is evident that, the lowest achirvabl<~ prrssurc’ depends 
only on the ratio of 2AqLjS. The average pressure vcr- 
sus thr distance I)&w<~cn pumps I, for different pumping 
spc,c,ds S (0.02, 0.04, 0.06. 0 12, 0.24, 0.5 and ~XZ m3 
s -l ) IS showti in papi,r’ 

3. RESIDUAL GAS SPIECES RESULTS 

Outgassing iharactrristics of several materials were 
studied in vacuum at room t~mpt~rat urc for pt%.)ds as long 
as 48 II. !%JJJ~~~s wcrc placed in n stainless steel V~CUUIJJ 
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Figure 2. Sch~rn~~ of the stand use for measuring of the 
RGA spect,ra RI’ is rotary pump, ‘I’hlP is turt~ornolecular 
pump, ECF is ~lectriral current, fccdthrough, DV is dosing 
valve. RGSG is residual gas spectrornrtrr gauge, hII3V is man- 
ual drive valve, EMD is electra - magnetic drive valve, PG is 
I’cnning gauge, IG is ionization gauge, TG is thermocouple 
gauge. PIG is Pirani gauge, and GCU is gauge control unit 

chamber which was evacuated by a 0.3 111~ s-l turbomolec- 
ular pump. The vacuum chamber volume and surface area 
were approximately 0.0025 m3 and 0.12 m2, respectively. 
Pressures were measured from 0.1 MPa to 10W6 Pa by us- 
ing a combination of thermocouple, Pirani, Hayard -Alpert 
and Penning gauges 

‘IyI)ically, the, test. ctl;mlb<>r and connecting lmc>s M’VT(’ 
conditioned between test, runs using a vacuum bakeout at 
about 150 ‘C at a base pressure of about 10V4 Pa. Con- 
currently, the R.GA (Residual Gas Analyser) probe was 
baked out at 150 “C. A minimum of 10 h was allowed for 
the chamber to cool t,o room temperature prior to loading 
the next test samples. 

The residual gases which were evolved from the samples 
under test were determined using the zero order method 
of peak height summation and by subtracting the spec- 
tra measured of the empty t.c>st chanlber from the spectra 
measured with the samples 

3.1. VacnIim stand 

Scheme of the stand IS shown in l- igurc> 2 It IS designed 
to pump the vacuum ch:tinber with diagnostic- ~~lernent,s 
aud gauges to the pressure of lO-” Pa. The entire sys- 
tem including thF holder of the saltlples is construct,cd of 
stainless steel, combined wit,h copper and steel materials, 
respectively. One rotary pump is used in ordrr to produce 
the vorvacuum (BL 90). 

The rotary and turbomolecular pumps continuously 
pump t,hf whoIf> system The rotary pump is also used 
for slow - actming evaruat,ion of t,hr t,rstcd chamber brfor(‘ 
conn&ion of the t~lrbornolccnlar pump. 
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Procerding from thr dimension of the vacuum systjem 
:an r,ff~ctive, sI”cd S,j, is calculated for t.hc center of t,hr 
stand chan~ber. There was found to br: SE!, = 0 1 m3 
s -’ for itir at. IO-” Pa. ‘I’hc, reduced purripirig speed of the 
turbomolerular pump is mainly due to thr small diam&r 
of the ustd pipt~ and trap resprctively 

Tahl~ I. Spcrific outgusing rates q for some materials usrd 

in ciur \~:uum technology; Pl?RBTJNAN - N is produced in 
Roumania and other ones are produced in Russia 

SampIP Exposure Pressure 

!h) (Pa) (Pa 1: s-1) 
S’J’I~I:;L >‘3” 24 8 x lo-" 3.6 x 10-6 

‘I’EF’LON 20 3.5 x 10-6 2 x 10-4 

‘I’t:X’I‘oI,l’I‘ 
Tf2X’rI’I 20 3.5 x 1o-5 I x lo-3 

F:I'oxY 48 4 x 10-6 8 x 10-6 

‘0’ RING - 
flI.:KHUNIZN 24 2 5 x 10-4 2 x 10-3 
-lx 
‘0’ RING 
VITON 24 7 x 10-6 6.5 x 10-5 

3.2. Results 

The specific outgassing rates are summarlzcd in Table 
1. It is seen that the VITON ‘0’ ring is better than 
PERBlTNAS-N by a fact,or of 40 t,imes and TEFLON is 
worst than STEEL by a factor of 50 times. The worst ma- 
t.~~r!:ds arca thp I’F>RB17N.4N-N. TEXTIT and TEFLON 

‘0’ Rlh-C PERBUXAN-N ;5 2 
I R ; 

‘~/ 25 39 

Figure :< Spectrum of ‘0’ RING PERBUNAN -K from the 
plasma of the RGA spectrometer MX 7304 (monopole). 

The outgassing rat,es presented for the VITON are the 
same than those reported in2. Similarly, our results again 
indicate not to recommend the use of t,he PERBUNAN-Y, 
TEFLON and TEXTIT for clean interior surfaces of the 
ECR inn source varuum systems. 

Some of the HGA spectra are shown m Figures 3 - 4. Thp 
sprct,rn arp measured by the RG12 spectromrters MX 7304 
(monopolp) and IPDO - ‘LA (omegat,ron), respectively. The 

spect,rometer gauges arr placed directly on thcx mrasuring 
chamber of t,hc stand (I’igurc> 2) fly spc,ctra analysis onfl 
can see the peak sets as 27, 29; 39, 41, 43; 5.5) 57, 58; 69: 
77, 78; 85, 87; 101, 103: 105; 130, 132, 134, 136 1‘19: 151. 
153, 155; 198; corrrsponding t,o the characterist,ic clusttxrs 
of t hr n - C, 11, hydrocarbons, or m C, Cl,,, F, frcoris. 
Thc~ fragments arise, also during the, ionizat,ion processes 
from oils used in the backing pumps, some diffusion pumps 
and t.rirboJtioleciil;~r pumps. 

In addition to the spectra tttc, cxprrssive wat,cr vapor 
contamination is illustrated but there are also the peaks as 
1%5, 137, 138, 140, 148 and 220 which can give rise, to some 
difficulties in interpretation. mainly if the vacuum chamber 
is made of the stainless steel and if it 1s devided from the 
vacuum pumps by t,wo liquid nitrogen traps. Nevertheless, 
by means of the spectral catalogs, where the spectra of t,he 
pure substances arp standardized, it, is possihlp to find the 
appropriate substances in the majority of cases 
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Figure 4. Spectrum of ‘0’ RING VI’TON and background 
of the chamber from the plasma of the RGA spectrometer MX 
7304 (monopole). 

4. CONCLUSION 

The present work describes not only the scaling rela- 
tionships used for the construction of the vacuum systems 
of t,he ECR ion sources but also provides the new data in 
the region of the outgassing rates and the RGA spectra 
for the different solid materials Taken together. all these 
data show that it may be impossible to obtain the suitable 
operation vacuum (lo-’ Pa) and the necessary cleanliness 
of the ion source and the beam lines if the vacuum exposed 
surfaces have higher sp<xcifc out,gassing rates t,han 10T4 Pa 
rn s-1. 
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