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The EBT device is constructed with 24 aluminum vacuum cavities connecting

an equal number of aluminum-encased magnetic field coils. Aluminum was the

material of choice because of its high electrical conductivity (and hence low

resistance) for compatability with high-power microwave fields and because of

its excellent thermal conductivity and vacuum properties.

EBT was built in the early 1970*s and has been operated as a steady-state

plasma device since 1973. Over the years since its inception, various microwave

sources have been employed. At present there are: 30 kW at 10.6 GHz, 60 kW at

18 GHz, and 200 kW at 28 GH2. Likewise, the pumping system has evolved.

Originally, the EBT vacuum pumping consisted of four baffled stainless steel oil

diffusion pumps which yielded a base pressure of 1 x 10 Torr. This was

marginal for plasma operations at 3 x 10 Torr filling pressure. In 1974 this

system was upgraded to four VHS-10 pumps, and in 1981 one of these pumps was

replaced by a 1500 £/s turbopump. At present the base pressure is a more

comfortable 4 x 10 Torr.

The principal differences faced in EBT from most other plasma devices are

the high power microwave environment, large x-ray radiation levels and steady-

state operation. This in turn places restrictions on the vacuum system and

especially on vacuum seals, as detailed below.

Microwave Compatability

A major problem in EBT is the microwave compatability of vacuum seals.

Microwave power can penetrate thin cracks (~0.002 in.) and cause arcing and
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burning of O-rings. Elastomer seals were -chosen for EBT because of their

2
relatively low cost and sealing ease. Viton was the elastomer of choice as it

maintains its elasticity in the high temperature environment generated by

steady-state plasma operation. There are about 500 viton seals presently in use

on EBT.

To keep microwave power out of the 0-ring region, flanges are machined so

that the vacuum side of the O-ring has a raised lip of ~0.005 in. to insure

metal-to-metal contact on the inboard side of the 0-ring. To insure even

further contact, the press of the 0-ring was reduced from 0.022-0.032 in. to

0.015-0.020 in. A very good seal is still made, consistent with independent

3
findings of N. Peacock.

Generally, the raised-lip system has worked quite well. The degree to

which it is successful depends on the ability to hold and maintain close engi-

neering tolerances. One case where it worked almost too well occurred in the

summer of 1980. During replacement of one of the cavities, a 4-in. section of a

main periperal cavity seal was accidentally and unknowingly sheared off. Due to

the microwave lip, the cavity sealed well enough to allow a vacuum pressure of

3 x 10 Torr even without the sheared 0-ring section. Upon application of a

magnetic field (and its resulting inward force on the vacuum system), the

pressure dropped to 1 x 10 Torr. Because of the long path length of the leak

around the lip seal, it took two weeks of leak hunting to find the missing

section of 0-ring.

The raised-lip system is subject to abuse in much the same way as are

knife-edge hard seals. For example, the inadvertent dropping of a wrench onto

a raised lip caused a dent 3/16-in. wide and 0.004-in. deep. Microwaves were

able to penetrate into the 0-ring groove burning the 0-ring and resulting in

loss of vacuum. In another instance, the removal of scratches from a plate in



the microwave distribution system caused the surface to be cupped by ^0.004 in.

over an area of one square inch. This was enough to allow microwave propagation

to Hie 0-ring seal which was burned through, venting the vacuum system to air.

The problem of abused surfaces has become worse as shorter wavelength microwave

sources (28 GHz) have been introduced. Carbon tracks in scratches across the

]i p and areas of carbon deposition around lip depressions are evident on many

cavities. Thanks to constant vigilance, none of the microwave lip seals on

cavity ports have been damaged beyond repair in eight years of machine oper-

ation.

Another problem peculiar to the microwave environment in EBT is that of

microwave window integrity. In the early days of EBT, microwave windows on the

10.6-GHz distribution system were installed in direct view of the plasma.

Carbon deposits, most probably traceable to pump oil, coated these windows

leading to local heating and subsequent melting which vented the device to 15

psi of nitrogen. This was repeated several times before the windows were

removed so as to be shielded from direct plasma view.

The steady-state nature of EBT gives rise to large amounts of sputtered

material from regions where particles impact the vacuum walls. This occurs in

the throats of the magnets, where measurable erosion has taken place. As a

result, in time all surfaces inside the main tank becomes coated with sputtered

aluminum. To protect surfaces (such as viewing windows) this coating process

may be slowed considerably by placing surfaces on pipes a foot or two removed

from the main vacuum chamber. After sputtered material has been deposited on

chamber walls it tends to flake off, in much the same manner as gettered

titanium. Some of these flakes subsequently fall to the bottom of the vessel,

where they may glow with red heat in high power microwave fields. This is

particularly a problem for aluminum flakes which fall into the laser dump and



emit extraneous light. To get rid of the -flakes, the machine is periodically

"peeled" with masking tape.

High x-ray levels (>3000 rads/hr) at the machine have not led to vacuum

problems, although they have affected other aspects of the machine operation.

Over eight years, EBT has accumulated about 3 x 10 rads of radiation exposure.

There are still twelve cavities which have the original peripheral seals intact

and leak free.

Summary

Many of the vacuum problems faced by EBT will soon be shared by other

plasma devices as high-power microwave systems and long pulse lengths become

more common. The solutions used on EBT (such as the raised lip with elastomer

seal) are not unique; however, experience has shown that microwave-compatible

designs must be carefully thought out. All details of the vacuum must be

carefully screened in advance to insure that microwaves do not leak into pumps

or diagnostics where they can cause major damage. Sputter coating, which even

now is noticeably present in most pulsed plasma systems, becomes much worse as

systems approach steady state. And finally, radiation degradation of components

which is presently a minor problem will become significant on high-power micro-

wave-fed devices, such as EBT-P.
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