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Introduction 

The design and fabrication of a 180 keY Trans
verse Field Focussing (TFF) negative ion accelerator 
will be described in this paper . This accelerator is 
the final component of a negative ion based neutral 
beam acceleration system which is being developed as 
a proof-of-principle demonstration of a radiation
hardened neutral beamline . l As shown in Figure 1, 
this 180 keY beamline consists of the following sec
tions : a surface conversion negative ion source, a 
80 keY pre-accelerator,2 a TFF pumping, matching 
and transport section, 3 and the 180 keY TFF 
accelerator presented in this paper. This beaml1ne, 
designed for continuous operation, is expected to 
provide 1 A of H- at 180 keY. 

In the design of this accelerator, particular 
importance was given to the rigidity of the acceler
ator electrode mounting structures and to the electri
cal isolation of the electrodes along with their 
re 1 ated coo li ng 11 nes . The un i que geomet ry of the 
accelerator structure made the mechanical design for 
serviceability and alignment a challenging problem. 

a.
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Fig . 1 180 keY negative ion acceleration system. 
The accelerator presented in this report , 
is shown on the right. 

Functional Description 

In the matching and pumping section, the back
ground gas pressure has been lowered, the electrons 
removed and the beam compressed by a factor of 2-1/2 
times in width to match the accelerator entrance . The 
pressure is expeCted to be 4.7 x 10-6 Torr at the 
accelerator entrance and 1.9 x 10-6 Torr at its 
exit . As a result, beam loss is expected to be 0.08% 
in the accelerator. Beam power will be about 180 kW. 

Beam cross section at the accelerator entrance is 
-25 cm high and -1 .3 cm wide . The beam enters 
the accelerator as shown in Figure 2 from the matching 
and pumpi ng section wi th an energy of 80 keY. Beam 
energy is inc rea sed to 180 keY ina two gap (50% 
energy gain per gap) design. The last pair of 
electrodes are for beam steering with minimal applied 
voltage . (There is no acceleration in its gap . ) 
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Fig. 2 Schematic showing relationship of acceler
ator electrodes . 

Design Description 

The vacuum wall of the accelerator consists of two 
76.83 cm i nside diameter carbon steel spools with a 
wall thickness of 1 cm . These spools are separated by 
a 4.44 cm thick insulator spacer . The upstream spool 
between the insulator and the matching and pumping 
section housing sits at 100 kY negative to ground. 
The downstream spool rides at ground potential . There 
are three pairs of copper electrodes. The first pair 
mounts in the upstream (100 kY) spool. The second and 
third pairs mount in the downstream, grounded spool. 
Figure 3 illustrates the horizontal cross section of 
the accelerator. 

Each pair of electrodes i s mounted in a single 
picture frame shaped structure which in turn mounts 
directly to its respective spool wall. The elec
trodes are electrically isolated from their mounting 
frames with commercially available ceramic insulators. 

Heat loads on the accelerator electrodes are 
expected to be -2 W/cm2. Cooling will be required and 
will be accomplished with internal water passages. 
Cooling passages within the electrodes are 0.635 cm 
diameter gun drilled holes. 

Cooling water lines for each electrode must be 
electrically isolated where they pass through the 
vacuum wall . Once inside the accelerator, they are 
routed along minimum voltage potential lines to pro
vide maximum clearances to all the varied voltages 
that ex i st within the accelerator. Union joints in 
the water lines exist at the electrodes and at the 
insulated water feed-throughs. 

*This work was supported by the U.S. Department of Energy under Contract No DE-AC03-76SF00098. 
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Figure 3 Horizontal Cross Section of Accelerator 

A full size model of the accelerator was fabri 
cated as the design progressed . This was a valuable 
aid in evaluating the complex interrelationship of the 
various components. The model is shown in Figure 4. 

CBB 8510-8448 

Figure 4 Full size model of accelerator which was 
used to develop design. 

Electrode Fabrication 

The electrodes were machined from sol id bars of 
oxygen free copper . The inner radii electrodes are 
convex and the outer radii electrodes are concave . 
In addition, a special change in shape occurs on the 
top and bottom of the electrode as shown in Figure 5. 
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Fig. 5 Beam edge confinement. The beam passes into 
the paper. The picture is rotated 90· so 
that the top beam edge appears at the right . 

This change in electrode contour alters the electric 
field lines from transverse to produce a gradient 
which has a downward component that acts to confine 
the beam edge. 

All electrodes have different radii of curvature 
with the exception of the steering electrodes which 
are flat plates without the beam edge confinement 
contour change. 

The combination of very close tolerances and 
electrode length of 56.51 cm made the manufacture of 
the electrodes a challenge . Both the concave and 
convex electrodes were machined on a lathe, utilizing 
special fixtures to hold the parts and a tracing 
attachment to add the beam edge confi nement contour 
change. Figure 6 illustrates one of the setups 
required to complete this job. The fixturing cost 
was the major expense in this operation as the 
machining time was minimal. 

Optical Alignment 

An optical alignment scheme was developed to 
assemble and to insure precision alignment of the 
electrodes . 

The electrode mounting frames, without the elec
trode in place, are first bolted into their respec
tive housing. A transit is sighted in on dowel holes 
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Fig. 0 Machine setup fo r turning conve x electrodes . 
The tracing template i s in the lower right 
corner. 

located on the verti cal centerlin e of the hou s ing . A 
pair of matching holes on the el ectrode mounting frame 
are th en adjusted until they are on a common center 
line within 0 . 0025 cm. The mounting f rames are then 
doweled to the housing. One pair of electrodes at a 
time are mounted in their respective mounting frames 
and optically aligned in the following manner . 

A preci s ion plate with f our opti cal targets on it 
is bolted to the bac k of an electrode . The targ ets 
are located as shown in Figure 7 . 
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Fig. 7 Tran s it setup for optically align i ng acc ele r 
ato r electrodes. 

An opti cal tran s it i s set up on the "x" and "y" 
. axes for the hous ing and mounting frame. It i s than 

transpo sed a predetermi ned amount to a vertical plane 
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where all four optical targets must be when the 
electrode is in its correct position. 

The mounting of the electrode allows for the 
following adjustments : 

1 . radial movement about the electrode's vertical 
centerl ine; 

2 . perpendicular adjustment of the top and bottom of 
the electrode with re spect to beam vertical 
centerline; 

3 . horizontal (upstream and downstream) adjustment 
of the electrode with respect to the source ; 

4 . vertical up and down movement with respect to the 
hous .ing; 

Relationships of adjacent electrodes are measured with 
simple round (go, no - go) gages . 

A fourth optical target located on the horizontal 
x- axis of the alignment plate is utilized for verti 
cal elevation location. 

The face of each electrode must be within 0 . 025 cm 
of the beam's theoretical centerl ine, and the gaps 
between adjacent electrodes must also be within 
0.025 cm. 

Accelerator Electrical Insulation 

Two different insulators are utilized to electri 
cally insulate the electrodes from ground . 

The insulator shown in Figure B is used to support 
electrodes . The si ze and shape of the shield s at each 
end were designed to achieve a mlnlmum voltage 
gradi ent at the insulator surface and to provide maxi
mum shielding from stray plasma . High voltage tests 
in air, of three in sulators of two different lengths, 
resulted in flash over at 47 kV dc for a 0.35 cm long 
in sulator with a 2 cm gap between shields and 55 kV 
dc for a 7.02 cm long insulator with a 3.27 cm gap. 
The 7 . 02 cm long insulator was checked in a vacuum 
chamber and at 90 kV dc; glow discharge occurred with 
no flash down. This was the maximum voltage attain
able in the te st chamber . The maximum operating 
voltage on the longer insulator is 74 kV dc and the 
shorter one is 37 kV dc. 

XBL 8510-41 37 

Fig . B Electrode insulator support . 

The second in sulator shown in Figure 9 was design 
ed as a feed - through for electrode water cooling 
1 ines. Insulators of this design were ca st using a 
filled epoxy system with low shrinkage and good 
electrical characteristics .4 The vacuum side of 
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Fig . 9 Insulating water feed-through for electrode 
cooling. 

the insulator was designed to give the longest 
surface path to ground and maximum thickness of 
dielectric allowable by space constraints. The 
atmosphere side was designed to keep the maximum 
operating voltage gradient along the surface of the 
insulator to 4 kV/cm and 20 kV/cm between the 
atmosphere side corona shield and ground. Seven 
production units have been hipotted in a test that 
simulated actual operating conditions. All units 
held in excess of 75 kV dc with one unit flashing 
over at 90 kV dc . The maximum operating voltage is 
37 kV dc for these insulators. 

A third cylindrical shaped insulator as shown in 
Figure 10 separates the up and downstream vacuum 
housings. The voltage differential between the 
housings is 100 kV. This insulator was machined from 
a sheet of polyvinyl chloride (PVC). Its outside 
diameter is 106.68 cm, inside diameter is 69.85 cm, 
and is 4 .44 cm thick. 

The insulator is bolted to the two housings as 
shown in Figure 10. These bolts are cast into the 
insulator using a filled epoxy :4 The bolts alter
nate in direction around the insulator to ensure even 
clamping and maximum dielectric thickness. The 
surface of the insulator is corrugated to provide a 
voltage gradient of 4 kV/cm in air and lZ kV/cm in 
vacuum. 

To calculate the maximum voltage gradient for the 
three insulator types, two-dimensional plots were 
done of the critical areas, and voltage gradients 
were estimated from empi rical data for similar 
shapes. Hipot tests on the insulators and similar 
electrode structures confirmed the breakdown voltages 
predicted by our calculations. 

A design objective for all insulators was that 
they withstand a test voltage Z times the operating 
voltage for 3 minutes . An additional objective was 
to limit the voltage gradient at the surface of the 
electrodes to 55 kV/cm. Our experience with cesium 
free, plasma positive ion accelerators indicated these 
to be very conservative design goals. As a result of 
the cesium in this system, the final voltage holding 
capabilities were not predictable. 

A complete electric field mapping of the accelera
tor electrodes was not done because of their unique 
shapes and complex electrical and geometric inter
relationships . 
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Fig. 10 Electrical insulator which separates vacuum 
housings. 

In summary, all insulators have met our design 
goa 1 s, and we have good agreement between our test 
results and predicted performance . 

Initial Experience and Future Plans 

Construction of the accelerator was started, but 
terminated as a result of a funding reduction . 
Approximately 25% of the work was completed . It is 
anticipated that construction may resume in fiscal 
year 1987. 
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