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In the proposed In tersec t ing  Storage Accelerator, ISABELLE, 1200 pumping 
- l ii -11 
sta t ions  w i l l  be used t o  keep two 3 km long r ings a t  a pressure of 1 x LO 

rr, It i s  c l ea r  t h a t  i n  such a large system, pr ice and s implici ty  a r e  very 

orfant.  We have therefore undertaken a study on a well  instrumented room 

erature vacuum system with a surface area of 6000 cm2 and a volume of 17 4, 

&,'pumped by a Ti-bal l  and an ion pump. Total pressure and res idual  gas composi- 

were measured by a Helmer gauge and a quadrupole mass spectrometer. The 

- 1 
f i n a l  pressures of LV I l1 Torr were reached with T i  films and a 20 4 s 

ter-ion pump.- The main res idual  gas components were hydrogen and methane. 
" .:, , . . 
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The u' l t i&te w&s dd tek ined  primarily by the a b i l i t y  of T i  films t o  

mp H and depend on the method of laying down the f i lm  end the surface tenp- 
2 

erature.  Previous surface preparation seemed re l a t ive ly  unimportant. Two 

thods of pumping CH6 were investigated, namely, a) cracking the molecules on 

'qr b", . hot tungsten filament and b) conventional sput ter- ion pumping. Sputter-ion &$ - :+ &?" . : ,  , 
\$., gFJ,$ ..- , *, , Pump was found t o  be more e f f i c i e n t  and preferable. 4 
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I. Int roduct ion 
- . . 1 

The I n t e r s e c t i n g  Proton Storage Accelerator F a c i l i t y  ISABELLE w i l l  con- 
-. 

s i s t  of two r i ngs  having a circumference of 3 km each. To insure  proper opera- 

t i o n  of c o l l i d i n g  beam experiments, the  pressure  i n  t he  vacuum chamber of the  

2 
r ings  should be about 1 x 10'll Torr (N equivalent) .  For the  vacuum system 

3 
2 

we have s e l ec t ed  an 8 cm diameter tube of aluminum a l l o y  A 1  6061 pumped every 

5 m by a pumping s t a t i o n  which contains a t i t an ium sublimator and an ion pump. 

Extensive sur face  treatment and outgassing t e s t s  have been made on pipes of 

t h i s  A 1  a l l o y e 4  ' It has been found t h a t  a surface  treatment c o n s i s t i n g o f  chem- 

i c a l  po l i sh ing  and a glow discharge c leaning i n  argon and oxygen f.ollowed by 

- 200' C bake-out r e su l t ed  i n  a hydrogen outgassing r a t e  of 1 x 10-l3 Torr 

-2 -1 
l i t e r  cm s . The content  of other r e s idua l  gases was neg l ig ib le .  It i s  

c l ea r  t h a t  t h i s  low outgassing r a t e  w i l l  produce a -p re s su re  r i s e  of only -, 

2 x 10-l2 Torr above the  pressure a t t a ined  i n  the  pumping s t a t i o n .  Since more 
.. . 

than 1200 of these  u n i t s  w i l l  be required,  the  main t a sk  becomes t o  de- 

s ign  a simple inexpensive pumping s t a t i o n  having a l a rge  pumping speed f o r  

- 11 
hydrogen and opera t ing  rou t ine ly  below 3 x 10 Torr hydrogen pressure.  

Only a modest pumping speed i.s required f o r  non-getterable gases (helium, 

methane and argon). A combination of a t i t an ium sublimator and a small  s p u t t e r  

ion pump s a t i s f i e s  t he  c r i t e r i a  of both economy and s impl ic i ty .  A vacuum system 

t o  i nves t i ga t e  these  two methods of pumping was t he r e fo re  constructed.  Exten- 

-11 
s ive  da t a  obtained i n  the  10 Torr range confirmed t h a t  a small  ion pump and 

a T i -ba l l  can rou t i ne ly  achieve the  required pressures .  

During t h e  course of t h i s  work, which s t a r t e d  a s  an engineering study of 

we 11 understood phenomena, 5-7 i t  was rea l ized  t h a t  both t i tanium f i lms and, ion 

- 11 
pumps behave d i f f e r e n t l y  a t  1 x 10 Torr than a t  h igher  pressures .  I n  f a c t ,  

hydrogen pumping by Ti  f i lms was s u f f i c i e n t l y  d i f f e r e n t  t o  warrant  more funda- 



mental experiments on T i  - H systems a t  very low pressures which a r e  now i n  
2 

progress. I w i l l ,  hawever, limit my discussion. t.o a ' d e sc r ip t i on  of how t o  

-11 
achieve a ni t rogen equ iva len t  pressure  of 1 x 10 .Torr and what precautions 

have t o  be taken i n  t he  cons t ruc t ion  of such a system, i n  the  s e l ec t i on  of 

i t s  components and i n  t he  i n t e r p r e t a t i o n  of the r e s u l t s ,  
. . . . , . . . . . 

11. Experimental Apparatus - 

-11 The main f a c t o r s  which determined the  achievement of 1 x 10 Torr i n  

our experimental se t -up were: 

1. The a b i l i t y  of T i  f i lms t o  pump hydrogen. 

2. The a b i l i t y  of i on  pumps t o  pump methane without introducing helium 

back i n f o  the  System, 

The apparatus i n  which t h i s  study was conducted i s  shown schematically 

i n  Fig. 1. It c o n s i s t s  of a standard Varian 15 cm cross  and a s t a i n l e s s  s t e e l  

cylinder of the  same diameter containing a t i tanium sublimator.  The surface  

2 
a r ea  and the  volume of the system a r e  6000 cm and 171 respec t ive ly .  The en- 

0 
t i r e  system can be covered wi th  an oven and baked out up t o  360. C, 

The t o t a l  and p a r t i a l  pressures  were measured by a Helmer gauge, G,  and 

UTI quadrupole mass spectrometer,  MS. It i s  e s s e n t i a l  t h a t  both measuring de- 

v ices ,  bu t  e spec i a l l y  t he  mass spectrometer, be mounted d i r e c t l y  i n s ide  the  

main vacuum volume. The mass spectrometer when connected t o  the  cross  through 

- 1 
a N conductance of 30A s gave completely erroneous r e s u l t s .  I n  order t o  

2 

reduce the, heat ing of t he  wal l s  of the  apparatus and t o  extend the  operation 

to 1 X Torr,  the  Helrner gauge was operated with t ho r i a t ed  tungsten f i l a -  

ment8 which runs a t  a temperature < 1200 K f o r  the  ra ted  emission of 10 mA. 

- 1 - 1 
Altogether three  s p u t t e r  i on  pumps, S1, (Varian 20A s and 301 s t r i ode  

- 1 
pumps and Vecco 301 s Mag-Ion pump) were t es ted  during t h i s  experiment. They 

were connected e i t h e r  d i r e c t l y  o r  through a 7 cm Varian a l l  metal valve ,  vl' - 
having N conductance of -- 321 s t o  the  cross  (Fig. 1 ) .  

2 



For every experimental  run the  system i s  f i r s t  pumped out  by a so rp t i on  

pump and leak checked'. This i s  followed by a 150' C bake t o  t r a n s f e r  most of 

the  water  and o ther  e a s i l y  removable gases i n t o  the  sorp t ion  pump. Af t e r  . 

about 8 hours a t  t h i s  temperature, V i n  Fig.  1 is  closed and V opened. The 3 4 - 1 
bake out  continues i n t o  a 100A s ion  pump, S2, f o r  a time a t  t he  temperature 

required by the var ious  experimental  schedules.  During t h i s  bake ou t  the  
- ... 

Helrner gauge and the  mass spectrometer a r e  degassed and the T i -ba l l  i s  operated 

a t  standby power f o r  15 minutes. A t  the  end of each bake out  cycle ,  S1 i s  

switched on. Th i r ty  minutes l a t e r  V is  closed and the system i s  cooled down. 2 

I n  add i t ion  t o  the above cyc le  the  T i -ba l l  was i n i t i a l l y  conditioned by being 

operated a t  i t s  standby power f o r  50 hours while the  system temperature was 

held  a t  200' C. During the  coo l  down, the  Helrner gauge and the  mass spec t ro -  

meter were again outgassed. 

111. Measurements 

Tota l  and p a r t i a l  pressures  were measured a s  a funct ion of t h r ee  sur face  

treatments.  

1. Chemical c lean ing  i n  an ac id  s o l u t i o n  of 33 percent  hydrof luor ic ,  33 I 

pe rcent  n i t r i c ,  remainder d i s t i l l e d  water  f o r  10 minutes, followed by a thorough 1 
r i n s e  i n  d i s t i l l e d  water  p lus  vacuum bake i n  a temperature range from 200 t o  

2. 16 hour bake i n  oxygen-air a t  200' C + vacuum bake a t  260' C f o r  24 hours.  

-2 - 2 
3 .  G l o w  d ischarge  i n  2.5 X 10 Torr oxygen, (flow r a t e  5 x 10 Torr 

- 1 - 2 
l i t e r s  s , cur ren t  dens i t y  5OPA cm , t o t a l  dose 1.1 x 1018 ions  + 260' C 

vacuum bake f o r  24 hours.  I 
Furthermore, the  methane pumping speed of 2 ' d i f f e r en t  gauges, t h r e e  ion  

pumps and a hot  tungsten f i l ament  were a l s o  inves t iga ted .  



A.  Tota l  Pressure . . . 
The t o t a l  p ressures  were measured i n  N equivalent  on the  Helmer gauge 2 

wi th  t he  mass spectrometer switched o f f ,  because it w a s  found t h a t  even with 

many outgassing cycles  the  mass spectrometer contr ibuted 3 t o  6 times more 

gas than t h e  r e s t  of t h e  system. The Helmer gauge was compared by D.  Edwards 

wi th  t he  ca l i b r a t ed  Varian nude BA gauge and the  Balzer  modulated BA gauge 

type IMR 105. A l l  t h r ee  gauges agreed with one another t o  wi th in  17 percent.  

Hydrogen s e n s i t i v i t y  was previously determined t o  be 2.8 (Ref. 9) .  

Equil ibrium pressures  were reached i n  about two days a f t e r  bake out term- 

i n a t i o n  and the  values  read 50 hours after the  bake out  are t a h n l a t e d  i n  Table I <  

A t  t h i s  po in t  the  T i -ba l l  was turned on and 3 rng were deposited over an a r ea  

2 - 2000cm . A few hours l a t e r ,  the  Helmer gauge and t he  mass spectrometer were 

degassed and operated f o r  about 8 hours, a f t e r  which MS w a s  switched o f f .  With 

only t he  Helmer gauge on, the  T i -ba l l  was f lashed again  t o  lay  down 6 mg of 

t i tanium. Figure 2 shows a t y p i c a l  pressure behavior wi th  time from the  end 

of t i t an ium sublimation. The pressures read 5 days a f t e r  the  second T i  f l a sh  

a r e  l i s t e d  i n  Table I. I n  s eve ra l  cases t he  f i n a l  pressures  were reached i n  

c 3 days. 

It i s  apparent from Table I t h a t  with the  exception of a 20oU C bake and 

poss ibly  t he  oxygen-air bake, a l l  pressures a r e  t he  same within  our measuring 

to lerances  f o r  t h e  sur face  treatments and the  pumps inves t iga ted .  Longer times 

(Fig. 2) and add i t i ona l  degassing of gauges produced neg l ig ib le  decreases i n  

the  f i n a l  equi l ibr ium pressures.  The temperature of the  surface  on which ti- 

tanium i s  deposited a s  w e l l  a s  i t s  deposi t ion r a t e  seemed on the  other  hand 

t o  be c r i t i c a l  i n  reaching these  l o w  pressures  quoted. Raising the  surface  

0 
temperature t o  - 120 C almost doubled the  lowest equi l ibr ium pressure achieved. 

Upon cool ing a small  a r e a  of the cross  t o  77 K, the  pressure  was reduced s l i g h t l y  



ind ica t ing  s t i l l  some CH4 present  i n  the system. 
# .  . - 11 

Unfortunately below 1.5 X 10 Torr pressures ,  the  Helmer gauge i s  o f t en  

noisy which makes t he  exac.t.measurem.ents d i f f i c u l t .  It i s ,  the re fore ,  no t  

- 11 
c l ea r  whether pressures  below 1 x 10 Torr were reached i n  our system. 

B. P a r t i a l  Pressure 

Quant i ta t ive  determinat ion of r e s idua l  gases i n  the  vacuum system under 

study was the  most d i f f i c u l t  t a sk  due t o  the  considerable outgassing of the. 

mass spectrometer and t h e  low CH pumping speed of the  ion  pumps i n  the  10 
-11 

4 

Torr range. Even wi th  repeated degassing and f i lament  condit ioning the  MS 

cont r ibu t ion  t o  the  r e s i d u a l  pressure  was s eve ra l  times the  amount of the  gas 

load from the  wa l l  of t h e  system. The Helmer gauge on the  o ther  hand r a i s ed  

the  p a r t i a l  pressures  of H2 and CH by 4 and 2 percent respec t ive ly .  Its 4 

con t r ibu t ion  t o  o ther  gases was immeasurable. 

Before sublimation the  pressure i n  the  system was l imi ted by the  H pump- 2 
0 

ing speed of the  i on  pump S With bake out temperatures > 250 C the  main 1' 

components of r e s i d u a l  gas f o r  most experimental runs f e l l  wi th in  these  l i m i t s  

H2 
85 - 93 percent 

.. . 

CH4 
4 - 8 percent 

-. . 

CO 3 - 8 percent 
- 

C02 
1 - 2 percent 

Af te r  t i tanium sublimation s u f f i c i e n t  pumping speed was provided f o r  a l l  

gases by the  t i t an ium f i l m  except f o r  CH Noble gases were absent  i n  our 4 ' 

system with the  exception of He i n  2 runs which or iginated i n  the  i o n  pump 

and was eventual ly  almost el iminated.  

It can be seen from Table I t h a t  the  t o t a l  pressures  dropped below 

2 x 10-l1 Torr a f t e r  sublimination.  However, when the  MS wa.s switched on, 

the  pressure  (predominantly CH ) rose  i n i t i a l l y  t o  1.5 x 10-lo Torr ( F i g .  3) 4 



and was f i n a l l y  lowered a f t e r  a  few weeks of opera t ion  and ex tens ive  degassing 
0 .  - 10 

t o  c 1 x 10 Torr .  It was suggested by J. P. Hobson t h a t  me thane might 

o r i g i n a t e  i n  the  f i l ament .  The f i l ament  was subsequently operated overnight  

(15 hours)  a t  i t s  maximum a l lowable  temperature wi thout  a f f e c t i n g  the  CH 
4 

content .  

The p r i n c i p a l  f a c t o r s  which l i m i t e d  t h e  achievement of l ow  p ressures  i n  

our vacuum system a r e  b e s t  apprec ia ted  from F igs .  3 through 5. It should be  

pointed out  here  t h a t  t o t a l  p ressu res  a r e  read on the  Helmer gauge and a r e  

t h e r e f o r e  given i n  N equ iva len t .  To conver t  from p a r t i a l  p ressu re  one must 2 

u s e  t h e  appropr ia t e  gauge s e n s i t i v i t y  which i s  - U.36 f o r  H and 1.5 f o r  CH4. 10,J.b 
2 - 11 

I n  cases  where t h e  t o t a l  p ressu re  i s  above 5 x 10 Torr ,  methane predominates 

-11 
and t h e  pressure  i s  l imi ted  by systems pumping speed f o r  CH Below 3 x 10 4 ' 

Torr t h e  hydrogen pumping speed of t i t a n i u m  f i lms  determines the  r e s i d u a l  

p ressu re .  Not r e a d i l y  apparent  from t h e  s p e c t r a  i n  F igs .  3 and 4 i s  the  l amu 

mass peak (precursor  of H peak),  a s s o c i a t e d  wi th  and comprising about 10 per-  2 

c e n t  of the  methane peak. When methane i s  e l imina ted ,  atomic hydrogen d i s -  

appears as w e l l  (Fig.  5) .  B e t t e r  r e p r e s e n t a t i o n  of H peak can be obtained by 

expanding t h e  x-axis  b u t  i t s  ampli tude remains the  same a s  t h a t  of the  precursor .  

Methane p a r t i a l  p ressu re  was lawered i n  F igs .  4 and 5 by cool ing  a smal l  a r e a  

of t h e  c r o s s  t o  77 K. Mass peaks 12 and 28 i n  Fig .  5 o r i g i n a t e  i n  t h e  i o n i z e r .  

C.  Methane Pumping Speed 

It i s  obvious from the  previous  d i s c u s s i o n  t h a t  i n  t i t an ium subl imat ion  

pumped systems, methane c o n s t i t u t e s  a  major o b s t a c l e  i n  maintaining the  p ressure  

-11 
i n  l o w  10 Torr range. Compared wi th  t h e  H pumping speed, which can be i n -  

2 

creased by simply inc reas ing  t h e  a r e a  of T i  f i l m ,  t h e  CH pumping speed w i l l  
4  

t o  a l a r g e  ex ten t  determine t h e  p r i c e  of t h e  ISABELLE pumping s t a t i o n .  We 

have, the re fo re ,  i n v e s t i g a t e d  two methods of pumping CH4, namely ion  pumps and 



methane cracking on ho t  tungsten f i lament .  I n  add i t ion  the  pumping speed of 
. . - 1 

the Helmer and BAG we're found t o  be  -- 0.06A s . 
The pumping speeds of s p u t t e r  i on  pumps were measured i n  t he  following 

way: The ion  pump vo l tage  was switched off  t o  l e t  the pressure  inc rease .  

Then a t  some po in t  P t h e  vo l tage  w a s  turned back on, while t he  output  of 
0 ' 

the  Helmer gauge was p l o t t e d  versus  time, t, on a s t r i p  cha r t  recorder .  

From t h i s  p l o t  t he  pumping speed, S,  w a s  ca lcu la ted  according t o  
- .  

. .. . - 1 where V i s  the volume of the  vacuum system. The 30A s Mag-ion pump has the  

following pumping speeds, S, a t  the  pressures  l i s t e d  below: 

- 1 
1 x 10-lo Torr S = 21 s . . 

- 1 8 x 10-1° Torr S = 1.8A s.. 

4 x 10-lo Torr S = 1.36 s 
- 1 

-- 

-11 The range of a l l  t h r ee  pumps i n  many measurements a t  4 x ln Torr wsc e s t i -  

- 1 
mated t o  be between 0.7 and 1.4A s . A t  lower pressures pumping speeds 

could not  be measured by t h i s  method, bu t  it  seems reasonable t o  assume t h a t  

- 1 
a t  1 y, lo-'' Torr S < 1 A  s a r e  t o  be expected. Taking i n t o  account the  

d i f f i c u l t i e s  inherent  i n  t h i s  meth'od of measurement, we concluded t h a t  a t  

4 x 10-11 Torr a l l  t h r ee  pumps a f t e r  condi t ioning had about the  same pumping 

- 1 
speeds namely (1.0 f 30%)A s . Their s t r i k i n g  pressures,  i . e .  t h e  pressures  

a t  which the  pumping s t a r t e d  once the  vol tage  was turned off  and back on, 

- 10 
var ied  from 4 x lo-'' t o  3 x 10 . The pumps exhibited a number of o ther  

-11 
pecu l ia r i t i e s13  such a s  ext inguishing the  discharge i n  low 10 Torr range 

and r e s t a r t i n g  aga in  a t  h igher  pressure ,  gas l i b e r a t i o n  (mainly He and CH4) 

upon t u rn  o f f ,  and excess ive  dark cur ren t .  These problems were, however, 

l a rge ly  el iminated by bake out  and h i -po t t i ng .  

I t  was pointed out  t o  me by D r .  W. I,ange14 t h a t  methane can be removed 

by cracking the molecules on hot  tungsten f i lament .  Carbon i s  chemisorbed by 

. , .  



t u n g s t e n  and hydrogen i s  pumped by T i  f i l m s .  A 16 cm long f i l a m e n t ,  0 .25  mm . . - 
i 

i n  d i ame te r ,  and a view p o r t  f o r  pyrometr ic  tempera ture  measurements were i n -  

co rpo ra t ed  i n t o  t h e  a p p a r a t u s  i n  F i g .  I. S ince  t h e  f i l a m e n t  has  t o  be opera ted  

between 2400 - 2500 K f o r  e f f i c i e n t  methane pumping,14 t h e  p r e s s u r e  i n  t h e  

sys tem w a s  always h i g h e r  w i t h  t h e  f i l a m e n t  on. This  was probably  due t o  w a l l  

h e a t i n g  by r a d i a t e d  power, which was -- 80 W .  Even though methane pumping was 

observed,  i t  was concluded t h a t  t h i s  method i s  n o t  s u i t a b l e  f o r  low p r e s s u r e  

o p e r a t i o n  and w a s  t h e r e f o r e  abandoned. 

I V  . Conclusions 

Based on t h e  work presented , .  a few more g e n e r a l  conclus ions  can  be drawn: 

-11 
1. P r e s s u r e s  Of 1 - 2 x 10 Torr can be achicvad routinely i n  a Trariiiim 

- 1 
system pumped by T i  f i l m s  and a 20 R s . i o n  pump. 

-I1 
2. I n  10 Torr . . range  t h e  only  r e s i d u a l  gases  p r e s e n t  were H He, and 2 ' 

CH4 
. Below 1 - 2 x lo-'' t h e  p r e s s u r e  was l i m i t e d  p r i m a r i l y  by H and more 

2 

work i s  be ing  done on T i  - H sys tem a t  t h e s e  p r e s s u r e s .  2 

3 .  Pumping speed of i o n  pumps drops  d r a s t i c a l l y  m 10-I' Torr  r a o y r ,  

p robably  because only  a few Penning c e l l s  a r e  ope ra t ing .  Pumps used p re -  

v i o u s l y  i n  unc lean  systems have t o  be vacuum f i r e d  be fo re  t hey  a r e  s u i t a b l e  

f o r  t h i s  ope ra t ion .  ~ e t t e r  measurements a r e  badly  needed and w i l l  be  c a r r i e d  

- 12 
o u t  u s i n g  a cryopump capab le  of o p e r a t i n g  i n  10 Torr  range.  
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TAB= I Comparison of To ta l  Pressures i n  Torr N2 Equivalent  f o r  Various Surface 
Treatxt-ents and Pumps. 

-. . Before T i  Sublimation Af t e r  T i  Sublimation 

- 1 
Pump a s  20 3 0 20 3 0 

Treatment Torr - .  

- 10 
9 x 10 

6 x 10-lo 

5 X 10 
- 10 

Torr Torr -. 

. . 3 x 
- 10 -11 

5 X 10 .... 1.5 X lo- -  

5.5 x 10-l0 1 . 5 , ~  lo-'' 

5  x 

6.5 x 10-lo 

< 1.5 X 10-l1 

Torr 



Figure  C a ~ t i o n s  

. . . 
Fig .  1. Schematic diagram of t h e  exper imenta l  vacuum system. G: Helmer gauge; 

MS: UTI Quadrupole mass spect rometer ;  S1: Ion pump under t e s t ;  
v 1 9  

V2, V3, V4: Var ian  7 cm a l l  me ta l  va lves ;  V v a r i a b l e  b leed va lve ;  
5 

P: Viewing p o r t ;  
- 1 

S2: 10Oa .s pump. Neg. #7-80-76 

F ig .  2. To ta l . , p ressu re  ve r sus  time p l o t .  Condit ions:  Second e n t r y  i n  Table 1, 

- 1 20& s pump. Neg. #7-81-76 

Fig .  3 .  Mass spectrum f o r  4 t h  e n t r y  i n  t ab le ,  I. P a r t i a l  p ressu res  of H and 2 

CH4 a r e  6.5 x 10-'I-Torr and 7 x 10-l1 Torr .  T o t a l  p ressu re  be£ o r e  

-11 MS t u r n  on 2.5 x 10 Torr .  Neg. #7-83-76 

Fig .  4. Mass spectrum f o r  4 t h  e n t r y  i n  Table I. P a r t i a l  p ressu res  of H and 
2 

- 11 
CA a r e  4.5 x LO-'' Torr  and 1.5 x 10 Torr.  T o t a l  p r e s s u r e  be fo re  

4 
-11 

MS t u r n  on 1.5 X 10 Torr .  Neg . #7-84- 76 

F ig .  5. Mass spectrum f o r  4 t h  e n t r y  i n  Table I. H p a r t i a l  p ressu re  is. 2 
-11 

3.3 x lo-'' Torr .  T o t a l  p r e s s u r e  be fo re  MS t u r n  on < 1.5 x 10 Torr .  

Neg . #7-82-76 
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TIME AFTER Ti SUBLIMATION 



P t o t o  l = 1.5 x 10, -I0 Tor r  
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