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THE RESONATOR OF THE 88-IN. CYCLOTRON
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sion lines, the anode and grid circuits are deesigned to cperate
high standing-wave ratice. Such lines have the property that the phase of the
voltage between the input and any other point on the line is either sero or pi. By using
was deeigned to provide ;rﬂnh.olﬂh out of phase
oughout the operating range. he price one pays for this prop-
of iransmission lines is a negligidle reduction in efficiency. The short length of the
and the low current densities makes the losses ‘ess than l’n of the transmitted
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grié transmission line ovperates in a foreshortened half-wave mode to provide the

sal necessary for cscillation. Fringing panels attached to the main tuning

of the resonator vary the coupling of the resonator to the grid line in such a way
voltage remaine essentially constant through the operating range of frequen-

s was worked out experimentally on the 1/4-ecale rf model. The voitage and
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THE OSCILLATOR ELECTRONICS OF THE 88-IN. CYCLOTRON

The oscillator circuit is shown in Fig. 9. The operating characteristice of the 6949
as determined from the constant current characteristice are shown in Table I.

One of the problemns with cecillator tubes results from the amount of energy
available from the rescecator during sparking. With conventional tubees having squirrel-
cage grids of wiry light wire, the spark will often blast through the grid structure. The
MI damage often causes a grid-to-cathode short.

For accelerator applications, a tube should have a sufficiengly heavy grid to abeord
al joules of energy iz an area determined by the cross section of the spark. The
6949 as shown in the crose-sectional drawing of Fig. 10,has such a grid. Also, the grid
is shielded from anode sparks by the shield tees, which are massive copper structures

alroost immune to spark damage.
Ancther feature that is desirable in an oscillator tube is high power sensitivity. Thie

zeduces the sizse of the grid line and simplifies the problem of coupling the grid to the
resonator., Also it makes it feasible to use a large safety factor in the design of the grid

vacuum iasulator.

THE OSCILLATOR POWER 'UPPI..'!’

'l’hmillnwmou“o-"lywm-bh!ro-Otozo&vucwum
25 amp. vmemumw.np-cmn.uumrumm
L‘ lines ahead of the rectifier transformer. The rectifier is a three-phase, full-
- wave, -m:.--a.a.-uct. Vacuum switches connected in the three-phase, 16.6 kv ac *
JAipes feeding the rectifier are used as a felatively Hrh-lpd disccanect for overcurrent
protection. In the event of a fault, they open within 10 meec plus the time to the first
current sero. The vacuum switches were included so that an ignitron crowbar could be

employed if necessary~.

Following the rectifier is a Federal type D-50 triode operating as a hard-tube modulator.
It has two functions. First, it is a device used to regulate the rf dee voltage, Fewoving
such perturbations as rectifier ripple, noise from the iom source, and changes in beam
loading. Its second function is as a high-speed discomnect to protect the 6949 from
pPOwWer arcs. l.mm“uﬂnmnthmmemm 10 psec of a fault.
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The de anode-supply cable is terminated in its characteristic immpedance at the power
supply so that resonances will not occur and prcduce high rf voltages or currents with-
in the components of the power supply. _

PROTECTIVE EQUIPMENT

The fabit detector contains a number of inputs, each sensing a particular type of

: fauit. Firet there is the rf-dc interlock. Periodically, in normal operation, the dee

rC

will spark. When this occurs the r! maintains an arc which reduces the dee voitage to
about serc. The oscillator must be turned off until the vacuum systewm has had time to
remove the products of the discharge. Then the rf can be turned omn again. The re-
:Mdf-ﬁ-cunly-bul sec. The rf-dc interlock compares the dee voltage with

amount of cecillator anode dc. If the ratio is too low, indicating the presence of an
arc, the fault detector opens the anode circuit and recycles, approximately ! sec later,
briaging the machine back into operagion.

The signal from the rf-dc interlock is slowed down by an RC circuit, so that the dis-
charge will persist for about & millisecond. This is long to vaporise the foreign
material which initiated the spark. If the circuit is made too « it takes too loog to

bake the resonatore in. If it is made too slow, the spark damage to the dee and linear
surfaces will be excessive. Experience indicates taat ! msec is about the right delay.
~speed circuits sense overcurrents in either the anode or grid circuits of the os-
ci tube and send their is to the fault detector which opens the hard-tube mod-
ulator with the minimum possible delay. The circuit operates within about 10 u’sec.

The high-speed circuitry introduces transients into the power supply. Resistance-
Capacitance surge networks are used to suppress these transients. A wye-connected
network connected across the rectifier transformer is mounted in the rectifier tank. A
second RC network, aleo located in the rectifier tank, is connected across the dc-ocutput
terminals of the rectifier. -

INSTRUMENTATION

The movable resonstor panels are used as ths coarse frequency adjustment. A servo-
operated trimming capacitor provides fine adjustment. The trimmer is part of an auto-
matic-{frequency-contrel system designed to regulated the freguency tc an accuracy of 10

parte per million.

Provision is being made with the hard-tube modulator to regulate the rf dee voltage
to 0.1%. Dee voltage is measured by means of a pick-up Ipop located in the resomator.

CONC LUSION /

The three mont important differences between cyclctron rf problems and industrial
problems are {a) the fact that a cyclotron resonator is a sparking load capable of
livering relatively large amounts of energy within each spark to the various electronic:
omponents; (b) the multipactoring problem, common ia the field of particle acceleratore,
rarely occurs in other industrial applications; (c) rarely in induetrial applications is it

'roquired to tune so much rf power continuocusly over such a wide band of frequencies.

The first difference above complicates the design of the oscillator and power supplies
and leads to elaborate and expensive high-speed preotective circuitry. It calls for an cs-
cillator tube of unusually rugged internal construction. The massive grid bars hidden
irom the anode by even more massive shield tees makes the 6949 particularly well-suited

33 § 7



-.'
 to this application. The third difference intensifies the parasitic and harmonic problems.

The problem of stray v{ radiation common to all industrial rf applications is auto-
ml:nw somewhat by the fact that the resonator has to be vacuum-~tight, auto-
making it ri-tight. While the ocecillator tube and other electromic components
 are outside the vacuum system, the r{ currents and voltages here are relatively low com-
pared with those within the resonator.
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‘ Table I. Maximum cperating conditions for the RCA 6949

. % for the 88-in. cﬁlmu

Plate voltage, D.C. 15 kv

Plate current, D.C. : 25 amps

Grid curreat, .C. 1.4 amps
Crid bias, D.C. S -700 volts
Grid hias resistance 500 ohma
Driving power 3 kw o
R{ plate voltage 14 kv peak
Rf plate current 130 amps peak
Rf grid voitage 2 kv peak
Power output 319 kw
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Fig. 1. A twenty-fourth scale model of the 88-in. cyclotron. This variable-energy.
spiral-ridge cyclotron will provide beamse of deuteromns, protons, a.pha particles,
numerous heavy ions such as oxygen, carbon nitrogen, and neon.

Fig. 2. Cross-sectional views of the “-h. cycliotron. The resonant h‘My is ad-~-
justed by varying the characteristic impedance of the dee stem with the movable panels.
It tunes from 5.3 to 16 Mec. . ;

Fig. 3. The Volitage and Current Distribution of the Resonator.
Fig. 4. The equivaleat circuit of the rf system.

Fig.- 5. The hl.h.r modes (resonant frequencies) in the anode circuit of the rf system.
The circuit elements of the rf system were adjusted so that the first two higher modes
would not be excited by an oscillator harmonic.

Fig. 6. The quarter-scale rf model. This model was used to determine the values of
many of the components of the rf system.

Fig. 7. The dee and stem of the quarter-scale rf meddl. The corrugated dee stem
» pegduces the current density at high frequencies. The anode drive loop and coupling-~
adjustment capacitor are shown on the right side of the dee stem. The structure on
top is the grid transmission:line! fe.

Fig. 8. Voltage and current distribution of the grid transmission-line.
Fig. 9. Thae oscillator circuit.

Fig. 10. Cross-sectiopal views cf the RCA 6949 (courtesy of R.C.A.) (A) Cut-away
view of the 6949. (B) Simplified cross section. Note the spiral grooves in the anode
to immprove the water coo . Also, note the massive shield tees which shield the

- grid from anode sparks. (C) Cross section of one of the 48 triode units. The grid
and shield tees form an electron optical system that provides very high power gain.
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Side view
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