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VACUUM CRYOPUMPING A HEAVY ION SOURCE 
IN A HIGI-1 VOLTAGE TERMINAL* 

Richard C. Wolgast 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

Summary 

Two coldfingers differentially cryopump the heavy. 
ion source of the SuperHilac 3 -MY injector. One 
coldfinger near the source freezes most of the source 
gas load and provides adequate clean vacuum for 
source operation. The second coldfinger near the 
bean1 entrance into the high voltage colu1nn produces 
high vacuum to reduce ion beam loss through charge 
exchange and accidental electrical discharges. The 
20• K temperature is produced by a small refrigera
tor in the terminal, and is transmitted to the coldfin
.gers by hydrogen-charged heat pipes. The effective 
system pumping speed for air at the source measures 
180 J. Is. While running beams of argon ions, pres
sures arc 8 x lQ-5 mm Hg at the source and 5 x 10-6 
at the column entrance. The integral of pres sure with 
distance along the terminal beam path is 1.8 x lQ-3 
mm Hg-cm. 

Introduction 

The ·superHilac ion source, charge state analyz
ing n1agnet, and the associated beam transport ele
ments are located in the 3-MV terminal whose overall 
size is 4ft diam x 6ft long, which contains the elec
trical generators, electronic power supplies, and te
lemetry equipment as well. The terminal operates in 
an ambient atmosphere of 250 psi of 80% N2, 20% C02. 

The heavy ion source uses gas flows of about 0. 3 
cm3/min. It operates in a 3-kG magnetic field with 
an extractor potential difference of 25 kV. A mini
mum requirement of. the vacuum system is that it pro
vide low enough pressures to prevent glow discharges. 
In our source under clean conditions this limit is 
above 5 x 10-4 mm Hg. Another requirement is that 
ion beam loss through charge exchange with ambient 
gas n1olecule s be minimized. This loss increases 
with the atomic number of the ion (Ref. 1). This 
means we want the best vacuum we can get, subject to 
the practical limits of space, electrical power, and 
budget. 

A surface at 20• K will hold all gases at less than 
lo- 10 mm Hg vapor pressure except hydrogen, heli'
um, and neon. There is no substantial steady load of 
t11ese gases in the system, so they can be left to pass 
down the accelerating column to pumps at ground po
tential. The conductance of the column is about 33 1/ s 
for air (for hydrogen, 125 l/s; helium, 88; neon, 39). 
If these light gases are needed as a source of ions 
they will be run in the low voltage (750 kV) injector 
with its own pumping system. The next most volatile 
gas is nitrogen, with a vapor pres sure of 1 O- 7 at 
25.2• K, closely followed by.several other gases, 
which sets an upper limit on the coldfinger operating 
tempe.rature. 

This paper describes what has been accomplbhcd 
with a cryopump based on co. 3. 3- W, 20• K refrigera
tor. Feasibility tests of various cryopump configura
tions using this refrigerator were conducted by N. 
Miller on. Other features of the 3-MV injector are 
described in Ref. 1. 

Description 

Figure 1 shows a layout of the ion source and 
beam transport system in the terminal. The ion 
source vacuum chamber in the magnet is all welded 
construction using the magnet poles as part of the en
velope and .25-in. stainless steel plate. Welded rec
tangular ducts pass through cutouts in the magnet coil 
to provide for insertion of the ion source and the beam 
exit. 
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The plan view shows the system as set up for 
vacuum tests and beam focussing measure
ments. 1: leak valve; 2: step in the magnet 
pole from 2. 9-in. gap on the ion source side 
to 1. 42 -in. gap; 3: ion source anode; 4: ion 
source extractor (0. 8 in. high); 5: radiant 
heat shield; 6: roughing valve; 7: tube-to
beam measuring slits; 8:·outlet to 2-in. dif
fusion pump. Ion gages I.G. 1 and 2 are 
model VG-lA. I.G. 3 is a Penning type mod
el GPH- 001. The elevation view in section 
shows additional components to be installed 
for operation in the injector. 

Figure 1 



A Z-in. diffusion pump was mounted temporarily 
onto the system to stand-in for the pumping capacity 
to bccon1e available through the accelerating column. 
It is partially baffled by a Z-in. opaque water-cooled 
elbow. To our regret we did not provide the DP with 
fail-safe valves and interlocks. Elastomer seals are 
used throughout the system. 

The first coldfinger is inserted into the deep 
crescent- shaped space between the magnet poles and 
coil. The finger was formed by the .ZS-in.-diam 
copper-tube heat pipe to which two 1.5-in.-diam cop
per discs are soldered. The discs are mounted above 
and below the magnet gap to avoid intercepting stray 
beam and thermal radiation from the ion source. The 
tantalum anode of the ion sources operates at a bright 
orange temperature and radiates about 500 W. A liq
uid-Freon-cooled radiation shield intercepts the direct 
radiation from the source. The walls of the crescent
shaped space are lined with cooled copper to intercept 
as much as possible of the diffuse radiation without 
impeding the molecular gas flow. Both shields are 
chemically blackened. The coolant temperature is 
about 10° C. 

The second coldfinger was just the .ZS-inch-diam 
heat pipe. Our initial operation showed there was 
some excess refrigeration capacity so the coldfinger 
areas were increased. A vertical copper sheet was 
added between the discs of the first, and a 1.0 x 3.ZS
in. sheet to the second. The total exposed areas now 
are 15.6 in.Z and 7.3 in.Z. 

Each gravity· flow "heat pipe" is supplied with hy
drogen' through a fine tube frotn a separate 15-in.3 
reservoir at room temperature. The hydrogen lique
fies at the cold head of the refrigerator and runs down 
the coldfinger, hastening the cooldown and maintaining 
a low temperature drop under the heat load. The res
ervoir is initially charged to 100 psi to provide enough 
hydrogen to make about 1 in. of liquid in the • Z 5 -in. 
tube. Each reservoir is fitted with a bourdon gage to 
serve as a vapor bulb thermometer after some liquid 
has formed, at pressures below 60 psia in our case. 
The reservoirs are also fitted with pressure trans
ducers so the pressures can be monitored during in
jector operation. Figure Z shows the two coldfingers 
and one of the hydrogen reservoirs n1ounted on the 
cold head vacuum jacket. 

Goldfinger s attached to the refrigerator 
cold head in its vacuum jacket. 

Figure Z 
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Five layers of aluminized Mylar are wrapped 
over the zoo K cold head and the heat pipes to the point 
where they enter the vacuum chamber. A copper 
shield from the !30° K cold head shields the zoo K head. 
Five more layers of aluminized Mylar are wrapped 
over the copper shield. 

. The cryopump isolation valve and the ball valve 
allow us to isolate the cryopump so it can be kept in 
operation while the source chamber is let up to atmos
phere (which may in the future be the ZSO-psi insulat
ing gas atmosphere) for changing the ion source. The 
gate valve allows us to keep the accelerating colu= 
under vacuum while the cryopump is thermally cycled 
to remove the accumulated gas load. 

The cryogenic refrigerator, the Cryodyne Model 
3 50 (Cryo. Tech. Inc.), uses helium as the working 
fluid and has two stages at 80°K and Z0°K. According 
to the production check, with a 5- W load on the first 
stage,, the second stage capacity is 4 W at Zl.8°K, 
Z W at 16.7°K, and 0.0 W at 13.6°K. The production 
check is run with the cold head bare. 

The compressor assembly was adapted frotn air 
to liquid cooling by putting liquid-cooled straps around 
the compressor and putting liquid-gas heat exchangers 
in the discharge line. A plan view of the assembly, 
ready to install in the terminal, is shown in Fig. 3. 
The short tank is the oil separator and the long tank is 
the oil vapor charcoal absorber trap. Space occupied 
by the assembly is 13 x 19 x Z7 in.3. Space occupied 
by the refrigerator expander and cold head in its vac
uum jacket is 9 in. diam x ZZ in. long. The refriger
ator system uses 1800 W of 60-Hz power. 

Plan view of the modified 
compressor assetnbly. 

Figure 3 

The operational system in the injector will provide • 
for remote reading of the coldfinger pressures, com-
pressor suction and discharge pressures, an ion gage, 
and a thermocouple vacuum gage. Remote control of ld 
the valves will be provided subject to interlocks from · 
the gages. Plans call for the changing of ion sources 
through a pressure lock so the tank insulating gas need 
not be dumped. This would shorten the source change 
time from about 1 1 /Z hr to Z 0 min. 

Performance 

Pumping Speed Measurements 

During the air speed measurements the diffusion 
pump was throttled to a measured speed of less than 
3 £Is. Gas was adtnitted to the system through the 
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operational ion source by using the ion source .valve to 
control the flow, In making the measurement for air, 
a burette-and-stop-watch flow measurement was used 
in series with a Hastings thermocouple flowmeter. 
The two flowmetering methods agreed within 5o/o. 
Pressures at the three ion gages were recorded. The 
base pressures with no flow were subtracted and the 
pres sure rise due to the flow was plotted in Fig. 4. 
Using the valu.es .from Ion Gage 1, the effective sys
tem speed for air at the source was found to be 186 
1 Is. The speed before the coldfinger areas were in
·creasedwas 1401/s. 
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Air pumping speed data: pressure 
rise due to flow vs flow rate. 

Figure 4 

Pumping speed for argon was zneasured in the 
same way, except only the Hastings flowmeter was 
used; The data is plotted in Fig. 5 before applying the 
sensitivity factors for argon relative to air for the flow
meter and the ion gages. (Meter reading)x (1.43) = 
flow of argon. (Ion gage reading) x .617 = pressure of 
argon (Ref. 2), Applying these factors, we find the ef
fective system speed for argon to be 1431/s. This 
value may be used to predict the speed for air if it is 
multiplied by the ratio of the average molecular speeds 
of air relative to argon (i.e. , 1. 18) and possible small 
effects of differences of sticking coefficients are neg
lected. Doing this, we predict an air speed of 1691./s, 
slightly less than our measured speed of 186 1./s. This 
difference (if real) cannot be due to differences in 
sticking coefficient be.cause published data show argon 
to have a higher sticking c.oefficient than nitrogen. 
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Argon pumping speed data: pressure rise 
due to flow vs flow rate (ion gage and flow
meter readings not corrected for sensitivity 
factors for argon). 

Figure 5 

A Calculation of the System Pressures . 
In spite of the intractable geometry, we can try a 

rough calculation of the pressures by using a lumped 
conductance model of the system as shown in Fig. 6. 

9o 

Lumped conductance model used for 
pres sure calculation. 

Figure 6 

0
0 

is the air flow admitted at the source: 0.5 atm 
cm3/min = 6.3 x I0-3 mm Hg 1/s. 

c 1 is the parallel conductance of the duct formed 
by the magnet gap, 1 • 4 in. x 3 • 2 x 2 • 8 long , and the 
aperture around the radiant heat shield 4. 75 in .2. 
C1 = 5201/s. 

C2 is the conductance of the quadrupole bore tube 
and ball valve port, 1,75-in. diam x 10 long. C2 = 
36 1/s. 



S2 is the local pumping speed of the first cold
finger with a total area of IS .6 in ,2. Because this 
area is not in full view of much of the chamber and be
cause it is strongly conca_ve, we take only half the 
area to be the effective pumping area;· .. s 2 d: S80 l/ s. 

. ~ . 

The second coldfinger has a total area of 7.3 in;2, 
We take • 7S of this area as effective, to allow for 
some inaccessibility of the wall side of the finger. 
S3= 4101/s. · · -

The flow equations are: 

Oo = . C1 (PI - P2) ' 

oo = P2 · s2 + P3 s3 • 
P3 s3 = Cz (P2 - P3i • · 

6
calculated values ofthe pressure, in units of 

10- mm Hg, are: 

P 1 =.:22,_2, P 2 - 10.3, P 3 = .8. 

Measured values from Fig. 4 are: 

pl = 34, P 2 = 7.3, P 3 = .2s. 

Having gone this far it may be worth trying a cal
culation with the Monte Carlo molecular-flow com-

. puter program available at LRL (Ref. 3). 

Vacuum Performance with Operating Ion Source 

A momentary high· gas flow is required to start 
the ion source arc, which causes no operational dif
ficulties. After the arc is started-it heats the tanta.
lum anode to a bright orange, and· the cathodes become 
still hotter, At this tizne large quantities of hydrogen 
are evolved, raif?ing the' vacuum pressure sometimes 
in excess of 10-3 rom Hg;· This gas load quickly be
gins to fall untii after a half hour or so this gas 
amounts to 10 or 20"/o of Hie gas' flow being Sl.lpplied to 

·the source. Since the gas is largely hydrogen it in
creases the pressures along the entire injector beam 
path and could cause a notic.eable loss of beam operat
ing time for· heavyhigh-charge-state ions. We may 
want to pre-bake new source parts. 

Another gas load appears when the extractor vol
tage is applied, sending ion beam through the system. 
Only one ion charge state is focussed cleanly through 
the system. All other charge states produced by the 
arc bombard the walls with 2 0-kV ions. This load 
also decrease.s with operating tin1e but toward some 
steady value not zero. Much of this gas load is cryo
pumped. During our limited operation so far this gas

6 seems to increase system pressures by about 3 x 10-
mmHg. 

Of major interest to the heavy ion beam is the 
amount of gas it must pass through. To make our best 
estimate of this quantity we made the plot shown in 
Fig. 7, where the estimated 'pressure distribution 
along the beam line is drawn, based on the three ion 
gage readings and the geometry. The solid. line repre
sents source operation with a' large slit in the source 
anode (.OS x • 4 7 in.); the dashed line represents .opera
tion with a one-third smaller slit (.OS x .16 in.). Both 
sets of readings were made after several hours of op
eration. The integrals of pressure with distance from 
the curves as·drawn are 2.8 x Io-3 and 1 x l0-3 mm 
Hg-cm for the two slit sizes. Correcting these values 
for the gage sensit1vity for argon they become 1. 7S x 
Io-3 a.nd .6 x Io-3 mm Hg-cm. 
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Figure 7 

During day-to-day operation without thermal cy
cling of the c::ryopump to remove accumUlated gas; we 
have observed each day an increase in the coldfinger 
temperature. The temperature rise is caused by the 
increase in radiant heat ab.sorptance caused by the 
thickening frost deposit. ·Experience so far doesn't 
tell us how often we need to purge the cryopump except 
that it will not be more frequent than every four oper
ating shifts. A typical cool-down history is plotted in 
Fig. 8. The lowest curve is the pressure of the vapor 
bulb thermometer mounted on the cold head flange. 
The nliddle curve is the shorter coldfinger pressure 
and the highest curve is the longer coldfinger pressure. 
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Cool-down history of the cold
fingers. Lowest curve is the 

vapor bulb thermometer pressure. 

Figure 8 
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It shoUld be possible to purge the cryopump with 
only a partial warm-up. Xenon, for instance, has a 
vapor pressure of 1 mm Hg at 104•K. We have made 
one partial warm-up with a turnaround time of 1 hr, 
but have not yet tried for shorter purges. The cold 
head is equipped with 20- Wand 10- W heaters on the 
first and second stages re spectivcly, to speed the · 
process. 
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