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The Radio Frequency Test Facility (RFTF) provides a national facility for

testing and evaluating high-power (40-80 MHz at 1 MW) ion cyclotron resonance

heating (ICRH) systems and components for fusion research. The facility is located

at Oak Ridge National Laboratory. The core of the facility is a mirror configured

device using superconducting magnets, a multifrequency microwave electron

cyclotron heating (ECH) system, and a gas feed system for creating and maintaining

a steady-state plasma.

The device magnets can provide a magnetic field in the throats of up to 3.4 T on

axis. Coil spacing is 112 cm to allow maximum entry into the vacuum test chamber.

One of the features of the device is a large (74- by 163-cm) port. This is sufficient

access to accommodate full-scale ICRH launchers for machines like Doublet III-D,

Tore Supra, and the Tokamak Fusion Test Reactor.

One of the main concerns for the facility is the need for a clean plasma.

Maintaining plasma quality is important for proposed surface and material studies.

The target plasma is expected to have a density of ~1012/cm3 and an electron

temperature ~ 10 eV. With ICRH the ion temperature is expected to be ~50 eV.

This plasma quality is needed for rf experiments, including power transmission,

surface erosion, breakdown, and lifetime studies.1
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As shown in Fig. 1, the test chamber is a stainless steel box with a volume of

1.5 m3 with 35.5-cm-diam tubulations out of the ends through the magnet throats

extending to 25-cm-diam vertical tubes down to gate valves and turbomolecular

pumps. The total pumped volume is about 1800 L, with two Balzer TPH 2200

turbomolecular pumps, one at each end. The pumps are isolated from the microwave

environment by a stainless steel honeycomb plate, which is copper plated for

improved heat transfer. All vacuum seals in the tank are conflats except for the

O-rings on the microwave screen plate, the gate valve and pump connections, and

the main port. All of these Viton O-ring seals are designed using the ELMO Bumpy

Torus-style microwave lip,2 which effectively shields the elastomer from the

microwaves. There are 1148 linear cm of Viton-A O-ring material in the system.

All component parts were leak checked to the capabilities of the equipment in

the fabrication shop, and after assembly on site, the entire system was helium leak

checked to less than 10'9 std cnrVs. During the first pumpdown, the entire system

achieved 2 X 10"7 Torr within 24 h and achieved 1 X 10'7 Torr after several days of

pumping, all without any baking.

The system is pumped from atmosphere by a Roots blower an<i forepump

combination, through the turbopumps to about 100 Torr, at which point the

turbopumps are switched on. This method was chosen over a typical roughing

method because it precludes any forepump oil from migrating through a roughing

line to the test chamber. The turbopumps work well with this scenario and have

never failed to attain operating speed during their internal time delay period. To

operate the system above 10° Torr, the Roots pump can be valved directly to the tank

to take the strain off the turbomolecular pumps.

A second vacuum system on RFTF pumps the vacuum space of the magnet

dewars, which have a volume of 100 L each and an enormous surface area, due to the

multilayered insulation. Clean pumping improves the thermal isolation properties

of the multilayered insulation by keeping oil vapors from short circuiting the layers.



A pumping speed of about 100 L/s was .necessary for each dewar, so the 6-in. pump

valve of the west magnet dewar is connected to a tee where the east magnet dewar

joins the manifold. The tee connects to a 500-L/s Leybold TMP-450 turbomolecular

pump with its own direct drive forepump. The foreline has a nitrogen feed valve to

set the foreline pressure at 200 mTorr to prevent oil crawling up the foreline. This

system works very well even with a small amount of nitrogen leakage. A pressure of

2 X 10-5 Torr is easily held by this system.

A third system evacuates the microwave system waveguide. To avoid the

complication of a microwave window on the test chamber, a pumped waveguide is

necessary. A VAT metal sealed valve is installed on the microwave port to isolate

the systems. The details of this waveguide pump design will be presented in a later

paper.

All subsystems within the RFTF have worked well, and all milestones wert

met on schedule and below cost estimates. The vacuum systems are proving capable

to provide pressures well below minimum design criteria values.
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