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T@ investigate vacuum FerfOrTLanCe 

characLfrisLlcs of the 4m-13np Al-alloy vacuum 
chambers, we measured and compared the outgassing 
rate with ar.d without a NEG strip. We also measured 
the purpirlg speed of the NEG strip distributed i" 
the chambe :’ The results wfre in approximate 
agreemert with that of a short. piece of NEG strip. 
The ultimate pressures which can be achieved with 
cnnhinatior. of NEG and the other kinds of pumps 
such as a sputter ion pun,&? (SIP) and a titanium 
s,Jblimation pump (TSPI were investigated. It was 
found that the lxzst ul.timaLie pressure could be 
ol-taired at a combination cf the NF:G strip and SIP. 
Ki:SUltS <,f residual gr.3 a,-ml yr,i 3 arc- alst~ discusset 
hrlefly. 

Super :)hot 011 rilLy--8 (SI'I iriq-8) is :n the 
progress of design as a h:gh-brilliance synchrotrozi 
radiation solir:ce In t-hi? stcragi: ring, Zr-‘J-Fe (St 

‘JC7) non-r~vaporabln ‘J Fi t. t. T? r (NE(;) strip is 
ccnsicierrd 7s a nair. pump. Wt? due considering -0 
use a" er:tri.dcd Al-alloy (A60G3-T5 whose strength 
1s equivalenr ri> t,:ldt :;f 'I't) as t.hf nidterial of the 
V~ICIIIII? rhnmbcl- b:j miriiiv1;zt. :3y1nch~;.t~0n rasiation 
ISR) induced cicsor~tkn as well ii‘3 thermal 

outgcissiny. The ,::hinlc:Pl crmpneit-iorl r,f AjO63-T5 is 
0.55 w/c <of Mc, 0.44 w/.I of S: d8ic-I thE: balance is 
Al, This A--alloy ch:lrlbc?r is extruded in atmosphere 
of AL + 3,). Cr,,,~~-sectii,l-l,i?. '3 i e +: ,: rf the "acu:117 
chamber for the stl sight sectlo" (SSC) arid for the 
hending magnet (RMC) ~LC: shown ir. Fig.1 (a) and 
(b) , respect ivrl.y. These voc~.um chambers consist of 
a I: FJieCtroI beall c‘nnnh?1- arid -3 slot-isuldted 
antechamber in wnl-h the NEG strip is ins:alled. In 
tke r,MC ii iii.ifr:i-\lt<,i? : i: ;:LI-~> i:: ,~l:ii, installer.. 
St? is almor;i. intercepted by c-al (.hi-i; a:~:: absnrbeLs 
placed just downstream and upst r-am of a bending 
magnet, and not i ntrrcrptrti wittl Lhc ‘r'acuun charrber 
all around the storagi‘ ririg. 

T: i n v e r t i g a t F' v ,a c u um performance 
character:ztics zf the vacullm chamber, we 
maiwfactured 4n-.--long Al-alley vacuum chambers, and 
measure3 1) the octgassing rate with and without a 
NEG strip, iind 2) the punyir.q speed cf a NET; strip 
distributed i.n the charhhr+r Efferts of corrbination 
with different pumps such as STP ar.d TSP on the 
ultimate ~jressure were also investiy3ted. 

13 this paper we present a series of 
measurements of the outgassing rate and the pumping 
speed of thr! NE<; strip distributerl in the chamber. 
The experirnontal ri:sult:i of this NEG strip were 
compared to those of Lee e:. dl.[ll. We also discuss 
the ultimate pressure whizh can be achieved by 
combinaticn with differ-ent p.~mps :n connection with 
results of residnc:l gas ,lnalysis. 

In the desigil ii a pumping system, it is 
reqcired to estimate exactly a thermal outgassig 
rate as well as a dynanic one due to photo- 
d*esorpt i 3". In pCarticulax-, jn the design of the 
systen of r0ughir.g pumps we have to estimate 
exactly the thermal outgasslng rate during bake 
cut iii the cham~cr alid acLivatloi> zf the NEG strip. 
Therefore, we carried Lou: rxperin.e"ts for mcasurinq 
the o"tc;a~si"q r-,~+p 9f thii r-?il:rb.?l with and withoil 
a NEG strip 11sinq the thri>Jg+,>t rmtho:i. 
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Fig.1 C r 0 s s - 3 e c t i 0 r d 1 Y i 8:f *I :d i,f t hi! <:harl.tit:rY 
for the straight .seczi.rl ,r~lrl 
magnet. 

Resultsandmssior. 

Figuxt: 2 sIii~ru.3 L1.c odtga:is in.;3 rali' ,>I s s c 
itself without. a NEG .5 t r i p We obtained the 
vutgn:rsir:g rdt ta r,f thiy <‘l-,i\.r :.f lri-lr T<,C I.l::?<%<..<.n~ 
after a few 10 hour e-?dxu.:l ion wit.hout. bakeout . 
After -70 hcur evacuation following bakeol;t at 
140°C for 40 hours, the outgassing rate of the 
chamber (Al-alloy) was neasured tC: be 1x10"' 
Torr,l/aec,cmz. 
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Fig.2 0utgassir.g rate vs pumping time for SSC 
without. a N F:c: strip). 'Pi>? r3 1 a,,rfa,ce a :-ea c f 1: hi? 
sample (CT the chank:er itself) is 30030 m2. 
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The outgassing rate of BNC was also measured 
with a virgin MEG s-rip (Fig.3). In this case, 
altho,Jgh we have another sxuxce oi outgassing gases 
from the surface of the NEG strip and its support 
(SUS 304 and ceramics) as well as the chamber 
itself, we got the overall cutgassing rate of lo-" 
Torr~lisecW~~ after a pumping cf a few 10 hours 
without bakecut. On the other hand, the outgassinq 
rate after -70 howls- cvdcuaticn fol!owing a bakeout 
at the sane condition as thbt for SSC was 2 X 13." 
TOrr.l/SeC~CII17 which is rruch higher than tkc 
outgnssirg rate of Al-a?lc,y cho?;h?r itself. Thi:; 
can be interpreted by the fact that the bakeout is 
not enougt. for tt:e NC'S ztriE> arid its supp~,r:. 
beca'lise of Icw b;keiout renper:~ture o: 140°C. 
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Fig.3 Cutgassing rdti! vs pLmFinq time for EMC with 
a NEG strip. Tot.al 9 J i f a (1 I' ‘3 L 0 a of the sample, 
which iz conposed oi the rt,3rriher itself, and c.tre 
NEG strip and its su!->~:rt, is 56OCO cm* (307CC cm* 
fnr the charflier itself, and 8103 ;nd 16600 f:rnl fC>l 
the NEG strip and its sU;;pCL t, respectively). 
Lenqth of the NEG srrill :? cxter.deri to 14 41::. 

Furnoinq .srxZd of NF. ; i 

TO investigate pu.mp1ng performance 
characteristics of a NEG strip, which is 
distributed in a practical chaml~er of 4n-lecgth, we 
carried out exps~inel?ts with the sotup as shown in 
Fig.4. The NEG strip irlstalled has a total active 
lerig:h U* 720 17~~, alij tntal dctivt surface drea i:r 
3838 cm?. after d bakinq rit 140' for 40 hours, the 
NEG strip was activated at 45O'C for 50 minutes. As 
a resu1:, initial gis luxding fcr the other gasel 
besides ii2 1~ ~eqaxk:d as ZC:I-o. A Pumping speed w35 
measureci pcriodicdlly t,y thti tllLoughpu: method. The 
Fumping speed at the: beart chamber S,, (l!seccr[l) 
car. be expressed [Z; as fzllows, assuming that the 
pumping speed i-. in:tb:~~c~r,cl?nt <5f :t1c 7zosit 1c115 a1onrr 
the chamber ax;s. 

s,:.. = [C(pl-p,,) /L~',lcothlcosli-1 (pa/p:>) I 
Xcosh-l iF.,:pc I (21 

where C is the conductance of oriflcr in l/seC, 
p,,pi,,p3 2nd p:> the pressure in Torr at IGl, IG2, 
IG3 and IGS, re.;pect.ivcly, and I, tte lengtk, of 
distributed NEC; strip in cm. Considering the 
C~n^.llC+dli~:e of ttzi :;1rat I ( ! i :;::c cm) , -hrz pumpinil 

SP‘Z‘ZCI of rhe II EG s t I i i: pi2 L unit 1~r~gLlT s ') 

(l,fseccn) i:; : 

St, =I/ (S,,el - (',.'I I (3: 

Finally, we got the pumping speed of the NEG strip 
per unit area S,(l/sec~cm2) fron Eq.(4). 

so = S,/ll (41 
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Fig.4 Schematic d:agr;im of measurcm~nt set up for 
pumping speed. 

Besults and di.~~~ss~u 

Figura 5 st.olr's pumping spae9s 1-or H,J,CO,CO> 
and N2 with respect. to sn~t>ed gas qmnti.ty. The 
punting speed for 9; is rclatlvely cons:?~nt hccausr 
of bulk-dift2sior. ei~<:n &t ru~ril tempera1 ure ds well 
known [3]. On the otlirr k.<ir.<l, those for other gases 
decrease rapitily wi:h a11 increase i:] the sorbed 
quantity [4]. The initial pumping speeds far ai. 
gases are in the sam or&~ of IO-' l:sec.cm'. 

" h e tendenc:es ot t h <? s c pumping speed 
variatiori vs sor-hi-3 q2ant.iLy are similar to th0s.Z 
of a sh*rt piece uE NEG strli~ f::r all tta 3dSe9. 
The pumping speed for H> is almost the same as that. 
of the NEG strip piece. How?ver, pumping speeds for 
CO and C3? become sinallt:r thdn thosi? of the NEG 
strip piece by *r,i: oLrier. '!'h:s may tx: caused by the 
assurrptlzn that tlie pum;ing spt?~d is independent of 
the positions ai.o!ng the chati,er axis in Eq. (2). 
During the gas injection, th-3 pressurr in a test 
chamber has a dist rllrutiorl i10r.q t k e dxial 
tdlrectisn ot the ~:tl,l~:~t)~?~ : The sorrC:i qucntity 
decreases siith the rii?t;>nct: fror a EAT injection 
locat ion. As .2 r.:oi:ll-, t :ii: ["':Iq'ing .s~A:':.is fOL CO 
and CO), which dre influun~zect r-c:r,,lirkalily by the 
sorbed quant ity czr'l~><ir+~l to zhe yumpine rpeed of E:, 
cas, w*~lj be difi;rtitt iit ttli. &I ,slrior.s allrq ttiu 
chamber axis. Thus the pumping speeds of CO and CO, 
might be calculated on everage alcng ts ii f 
longitudinal directicn. A N, pumping speed in this 
experiment be-ones by a factor of approximately two 
larger ttan that cf the NC?I; strip piece. This 
reason is n3t clt,ar .I+. the present time 

Sorbed quantlty [TorPl/cm*~ 
Fig. 5 Pumping speed cf St 707 NEG str:p vs Sorbed 
q;lantity far H:,C?, ::C),Z nri,-1 N,. 
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Concluziians ure of the m 
ti a c,mDlnatL@n of DUnmti ^' 

We nea3ured the u1tinst.e pressure of SSC in 
which NEG strip, TSP, SIP and a turbo-molecular 

pump (TMP) were installer'.. A total active length 
and surface area of ttic: NF'G strip ale 1443cm arid 
7716 cm2, respectively. Nominal pumping speed of 
SIP i.3 110 l/set and twt ::f TMI' ?CC lisec. 

The pressure variation YS pumping time is 
shown in Fig.". After 145 hour evacuation WC 
carried out h bakeout for the chamber and an 
activation for the NEG strip 3imJltanecusly ((1) in 
Fig.6), and at the last stage of them we performed 
pre-condir.j..,ning fill 7'31' ullrl SIE' (CL')), After that, 

we got the ultimate pressure nf 5.6~10-'~ Tcrr with 

NEG strip dnd TMP((3I 1, H3wfve1, the pressure with 
only NZG 3 t r ii, w a :i i n 3.; I e a i e d up t 0 1.2X10‘" 
Torr((4)) wits a tuild-up of CH1(Mie=lj) , as shown 
in Fig.7 a), which could nr,t ti: purrped by the KEG 
strip. We obtairii+‘-i tt.e ult imstc pressure 0 f. 1.7x 

10-l: Torr with tnr NEG 3rrip and SIP{(S)), and 
measured ma33 s~wc:r;r. (Yig.7 t>) Al:hauqh TSP ~a:5 
finally flashed((6) j, t.ht: pr:c:a:;ure did not becomt- 
lower ( (7) : th2n that with t.he t!I,:i; strip and SIP. 
This mea:13 tha? ariditii>rlil 'I‘:jI' 13 ret useful t: 
acl-iieve t,ett.eir ultimazc j>~e';iu~e .~n the pressure of 
the crder CL lt! 'I !r>~, 

Fig 

Pumping time (hr) 

.6 Pressure vdriaticll vs pun.ping time. 
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In the experimfnts to investigate VdC"UItl 

performance characteristics of the vacuum chambers, 
which were test-manufactured for Spring-8 storage 
ring, we found the followinq : 

1) We can get the outgassing rate of 1X1@e13 
Torr~l/se~an~ for the chamber (Al-alloy) and that 
of 2X10-" Torr~l/sec~cm2 for the chamber with a NEG 
strip, after -70 hour evacuation following bakeout 
at 14O'C for 40 hours. 

2) The NEG strip LSt 707) distributed in the 
chamber ha3 the initial pumping speed of the order 
of 10-I l/sec.cm2 for Hz, CO, CO2 and N2. Although 
its pumping speed for Hi is relatively constant, 
those for CO, CO2 and N2 decrease drastically with 
a" increase in the sorbed gas quantity. This 
tendency of vaxia:icrl i n the pumping .5 13 e D ii i 3 
similar to that of a NEG strip piece. 

3) We can obtain the ultimate pressure of 
4.7x10-" l'orr in the Al-alloy chamber with a 
combination of the NEG strip and SIF. 
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Fig.7 Mass spectrum evacuated a) with only NEG 
strip, an< bj with the NZ:C; strip and SIP. 


