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ABSTHRACT

The rf cavity for the Booster Synchrotron requires a frequency swing from 46 MHz to 61 MHz at
a repetition rate of 50 Hz and a maximum accelerating voltage of 62.5 kV. These parameters
have been achieved [1]), [2] on a prototype cavity at TRIUMF using ytirium garnet ferrites
rather than the conventional paralliel biased NiZn territes. The results of the tests performed on
the prototype cavity as well as some of the problems encountered and their solutions, will be

reponed.
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INTRODUCTION

The acceleraling cavity is a quarter wavelength resonator foreshonened by the ferine material at the shorted end of

the cavity which |Is used for tuning purposes. A Cross $ection view of the ac bias fesrite tuned cavity is shown in

figue 1. The tuner consists of six yttrium garnet ferrite 1ings with beryllium oxide (BeO) cooling spacers placed

between the rings 10 conduct the heat dissipated in the ferrite 10 @ water cooling jacket at the outer radius. A

torodal magnet surrounds the coll and the ferrite rings, establishing a variable bias field in the longitudinal direction

which is perpendiculas to the azimuthal rf magnetic field. The retwn yoke for the magnetic field consists of 12

soectors which are held together by two aluminum clamping
plates and a set of 1@ rods. The rt conducting swiace of the
fecrite cavity surrounding the ferrite rings is formed by the
water cooling jacket, a tapered inner conductor and two thin rf
walls with radial slots. The radial slots were necessary to
feduce the eddy cuirent iosses and 10 aliow the biasing field
10 easily penetiate the rf walls to improve the response of the
tuner. The combiner sums the power from 12 solid state rf
diiver units which have been especially buit with a short
group delay for implementing fast 1 feedback. High order

modes are damped by a special cavity near the accelerating

gap.
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Fgure 1. Croes ee0u0n of the ac binaed lerrile Wuned cavity.

EDDY CURRENT

If special caie is not taken to minimize eddy cusrent losses in the walls, the dissipative power would be excessive

and the magnetic fields set up by the eddy cuirents would disturb
the magnetic fieids being applied. To minimize this eftect in the
membrane walls which the magnetic flux passes through, radial
slots were intoduced. Eddy cuirents in the rf walls are determined
by the electomotive forces induced by the axially symmetric
variable magnetic flux, the impedance of the different sections and
the conneclion between them. The equivalert diagram used 10
simulate eddy currents in the 1 wall shown in figuwe 2 represents

one-eght of the 1f wall (i.e. @ sector) and each seclor is sub-

Figume 2 Reprasentation of 45 degres sactor by colls.




divided into six sub-sectors. The calculation of the currents was based on Faraday's and Kirchoff's laws using the
values of the differential emf into the cell sub-sectors of the walls and their cooling structwe, taking INlo account
only the active resistivity of the cells and their gatvanic coupling.

The circuit analysis program PSpice (3] was used with the boundary conditions delermined by the geometry. To
map experimentally the eddy curents induced in the rf wall by the magnetic fieid, it was placed inside the
magnetizing coil (without returin yoke) and the cell's current was determined by measwing the radial and axial

voltages across a cell. The amplitude and the direction of the surface cuirents weieé determined from these

measwements. Different configurations of slats and 30 4=t t b L L L
materials were modeled for minimizing eddy cuirents. 25 - :——E EE : “:.::, : i
Thermocouple temperalwe probes were also used (0 g

measure the temperalwe distribution on the suace of | & 207 i
the rf wall due 10 eddy currents. Figure 3 is the predicted ;f‘ 15 -
power loss distribution due to radial, azimuthal and axial ; 10 "
currents in sub-sectors 1, 2 & 3 using the 3D simulation, &

which agree well with the measwed lemperaiue > I
distribution. Although it is difficult 1o compare the resuits © 0O 2 4 6 8 1012 14 16 18 20

Rogial row

directly, the places where maximal temperalures &e

Figwe 3 Preduted powe: lous distrbubon dus (0 radial. axwnuthal and

measwed coincide with the places of maximum predicted il Carvonms it aub. 1.2 ang 3 trom 30 simulabon

power level.

MAGNETIC FIELD MEASUREMENTS

Axial magnetic field measurements were dong using a

calibrated Hall probe {4]. The magnetic induction fieid 3000 —- . . 30
biasing the ferfile was measwed on the outside 2500 1

surface of the cavity via @ hole driled thiough the (20001

return yoke. Figure 4 shows the surface induction and E 1500 1

the biasing currert duing 8 20 ms period of Tmo

modulation. Maximum induction on the surface of the 2

rl wall was measwed to be 0.19 T for @ current of °3 5 Imb N } 20 %

2520 A. Some hysteresis behavior occurs since 1the

' . Figuie 4. Surtace induction and blasing current for the
induction does nat foliow the current diop to zero. 20 ms modulation period.




From a Fowier Analysis of the above results the discrete frequency response between the biasing cuiient and the
magnetic induction were obtained. The axial distribution of the induced field was measwed showing a maximum
fioid o1 0.11 T at the centre of the tuner assembly, which is appioximately hall the value of the induced fieid al the
surface of the f wall.
BE CONDITIONING

RF conditioning was done under dc bias conditions. Only after 14 howrs of continuous conditioning was R possible
to punch through multipactoring, followed by days of further conditioning In cw and pulsed mode 1o reach a stable
operating condition. During the conditioning, a stirong multipactoring discharge was observed in the :ncnruty ol the
narrow thvoat section in the outer conductor where the 1 membrane makes fingerstock connection to the outer
conductor. The area of discharge was easily identified on the centre conductor and was painted with aquadag to
prevent further multipactoring dischaige in that area. This made rf conditioning through multipactofing much easier
and within one half how it is now possible 1o achieve stable rf voltage on the gap esther in cw or pulsed mode
operation.

HIGH POWER AC BIAS OPERATION
RF condtioning had to be repeated again under ac bias conditions, but when preceded by dc bias conditioning in
cw rl mode the conditioning was fairly quick. A well synchronized 1 control system to insure that the rl is switched
on and off at the proper ime and that the frequency program and the ferrite bias program are synchronized was
designed and installed. Figuia 5 and ligue 6 represents the success of ow development program over the last few
years reaching an accoieraung voitage of 65 Kv at a repeatition rate of 50 Hz and a frequency range of 46 MHz to

61 MHz.
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EERRITE CQOLING

In ovder 10 have proper cooling of the ferrite it is necessary to have good thefmal contact between the ferrite rings

and the BeQ spaceis and betwaen the BeO spacers and the cooling jacket. Thermal distiibution measuremernts

showed that only about half of the heat dissipated in the feriite is being removed thyough the cooling jacket and the

other hall is being removed thiough the 1 membrane walls. This confiimed our suspcion that the thermal contact

between the BeO spacers and the water cooling jacket is not
adequate. An improved waler cooling jackel design is
presently being labricated and will be installed later for testing.
Dwing the thermal flow measurements it was observed that
as the temperalwe of the ferite Increased while reaching
thermal equilibiium, the frequency also increased (figwe 7).
This is in agreement with the characteristics of the ferrite
material which decreases in satuation magnetization as the

temperatwe is increased. This gives a lower eflective

permeability causing the frequency to increase as obseived.
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Figure 7. Tuner resonance tiequency diift as a
function of temperature

The pertinent specifications of the rf system for il controls are @ maximum dF/dt of 3.5 MHz/ms, a maximum dF/di

0f 0.03 MHz/A, a maximum di/d1 of 311 Amps/ms and a cavity Q vaiation from 2200 at 46.1 MHz to 3600 at 61.1

MHz. The trequency response of the ferrite tuned cavity to small
signal modulation of the ferrite bias power supply was measwed
using 8 HP Control Analyzer and the results piatied in figue 8.
Curve fating of the results to pole/zero polynomial resulted in a
pole at 300 Hz due to eddy cuirents on the end f membrane
walls of the ferrite tuner, a pole at 6 KHz due to the Q of the
cavity and a zero al 800 Hz due 10 the extra inductance created
by the radial slots. The above results show that the etfect of the
siotted f memixane walls can be neglected In control

compensation.
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CONCLUSION

To the best of our knowledge this is the first fast (50 Hz) ac perpendicular xased yttnium garnet fednte tuner that
has been opeiaded over such a laige trequency range al tugh rl power levels. Hopetully in the tulwe, ac

perpendicular brvased tuners will become as popular as the now well established paraliel ivased NiZn ferrte tuners.
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