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Rapfrf cycling proton synchrotrons, ●uch as the
proposed LAMPF II accelerator, require approximately
10 W per turn rf with 17% tuning range naar 50 MHZ.
The traditional approach to ferrite-tuned cavities
uses a ferrite which iB longitudinally biased (rf
magnetic field parallel to bias field). This method
leads to unacceptably high loaaea in the ferrite. At

LOCI Alamo6, we are developing a cavity with trannverae
bias (rf magnetic field perpendicular to the biaa
field) that makes us? of the tensor permeability of
the ferrite. Initial testn of a small (lo-cm-diam)
quarter+sve singly re-entrant cavity tuned by several
different ferrites indicate that the lonsea In the
ferrite can be made negligible compared with the
loaties due to the surface reaiatlvity of the copper
cavity.

Introduction

The use of ferriten in cavity tuning la not ● new
idea. As early es 1956, several peoplelo2~3 had

nucceaaful experimental LeaU~t8 and had developed ●

theoretical understanding of ferriteo in rf fields.
Theme early experiments used ferritee with a biaa
m.sgnetic field applied perpendicular to the rf
magnetic field in their cavitiea. They alao tried
placing the bias direc~ion along other poaaibla ●xes

of their cavitleu. Ml these experiments were carried
our. at X-band (approx. 10 CHZ). In all the canes of
applied magnetic field perpendicular to the rf
magnetic field6, th? applied biae waa leaa than the

needed bian to caune the gyro-magnetic reoonance.
The*e ●xperimenters were hampered by the poorer
quality of the nwterialo they uned.

Accrler~tor cavitien have been tuned with
ferritea in many lrboratori?s. Some ●xamplea are the
CERN Ps, the tlrookh~ven ACS, ●nd the rings ● t
Fermllah. In all theac facilities, ferrite tuning in
nrhicved by having th~ ●pplied hian magnetic field
parallel to the tf magnet.c fields in the c~vitieo.
TINI variation in cavity frcqtl?ncy it achiaved hy
varying the U of the fertite by moving along th?
hyntcrlnln lrIop of the ferrite.

Tho many diandvantag?n of ferrite tt.nlng include!
10U cnvity Q, hrnting proolpma in the ferrite, ●nd
htp,h maint*r,anc*. All of thoac problems ● re cauoad by
the htgh Iusm moot farrit?$ axhibit in rf cavitiea, A
Inw 10RH ferrit~-tuned cnvlty was built for the Lon
Alnmon Proton Storage Rina” using a newer ferrite
mnt?rtal. Th@ ●pplf~d biau magnetic fi~ld 1-
pvrpenttlcuinr to the rf magnotir fimlda and th~ cav~ty
IM oprrat?ii in th~ rexirm AbOV@ th? RyromaRnatic
reaonaoce , selorting th~ rl~ht ferrite can l~ad to
tile condttlon of a high-q r~nnnant cavity that can be
tull?d in frequency over n ~argo ranR_ with no

flrll~r~tfal~le IOMNOII 10 tile f~fr:t~.

-—.. . ---- -.
‘Wttrkpprt:,rrnad under sunpirr~ nf US Ikpartrrmnl of
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A. Perpendicular Bias Magnetic Field Theory

Perpendicular bias la used In ferrite deviceo
today for a variety of microwave uses. These devices
include isolatora, circulator, pha a● ehifterq,
attenuetora, and filters. These devices have their
properties derived from the gyromagnetic resonance
phenomena.

If we have the condition of a magnetic dipole 11
a ferrite subjected to a dc magnetic field H and next
apply a second magnetic field h, which is both an rf
field and perpendicular to the dc field, the rotating
vector (H + h) describe6 a cone. l%? magnetic moment
)4 moves with a precesainnal motion around the cone.
The condition of gyroKA6grIetic L“eaonance Occurs than

the rf frequency lJ synchronized with the precession.
The resonance condition occurs at

Ho - f/2.8

whare H la the dc magnetic field in oersteds and f is
!’the rf requency in MHz.

Ooe must remember that under these conditions,
the representation of the permeability of the ferrite
is a tensor quantity. The permeability tensor was
derived by Polder and given by

where the dc magnetic field 1s applied in the
z-Jirection ●nd the material la aaturat~d in the
z-dirsction, The perm~ability of the ferrite haa both
a disp~raive and II dinoipative compnen. ●nd can be
written as

u ● u’ - jll”

3fiRure 1 Jhous ● plot ~tf parm~ability verauo
●ppli~d dc magnetic fiald. The plot of U“ ia the
d!flsipatlve component and t;~e Kr_atsst lo-a occuro ● t
●n applied field }{RES which is th? condition for
gyromafjnetic raaonancc . The plot of II, is the
affective u for th~ dlopernive part of th~ parmea-
bllity u’. The valu? of Ue io varied depending on ths
ralation hctwe~n the direction of wave preparation in
● cavity and tho dc magnetic field. The cavity
frequency 10 tuned in the optimum way by varying the
dc biaa from }12 to }11 thus varying tha II from II? to

u,. rIn the reRiOl} ahov~ rasonanre, the va UQ of P ia



TABLE I

APPLIED D.C. MAGNFTIC FIELD

Fig. 1. Plot of permeability vf:rmus ●pplied dc
magnetic field.

lowest. in nelecting ferrite, care shauld be t-ken to

choooe ● material that ham the loveet U“ ●bovt
reoonance. Fiaterialm Vi th low valueo (1.5-2.5
oersted~) of A% (spin-rove line width) chould bc
chocen. Thus, ● large varlaclon In Ue can be reached

under a very iow lGOI condition.

B. Prototyp ● Ferrite-fined Cavity

Experimental Reoulta

I prototype cavity wmn built near the suggaocad
frequency of 40-50 t9iz for the proposed LAMPF 11
cynchrotron. The prototype cavity la shown In Fig. 2.
It it a quarter-wave coaxial cavity with ferrit~

loading on the low-voltago ●nd. The oolanoid providts
an axial dc magr.etic field, vhila tha rf magmtic
fields of tha cavity •r~ in the ‘94irGction. TIw
cavity had ● reoonanc frequency of ~b KHz and ● ~ of
2600 with no ferrite loading. The ●ol~noid was
capable of providing dc msgnetic fialds up to 35C0
CaU~C. Tabla I ●howt some of tha farritos thar were
tested in the prototypa cavity. Th@o@ thr-t farriton
have low values oi spin~ave lin~ width.

IZxparimnta wert perform,d with ●pproxiwtaly
3.52 farrite loading by volume. TM solenoid had ●

rtgion of uniform field lar~a ●nough to h.andl~ ●

ftrrite voluw of 3.32. Fi~ure 3 ahowm th! reculto
for ●ll thrco ferritar with fraqutocy being plotted

verous dc magnetic field. Figure 4 chows th~ same
materialo plotted now with loeded-cavity Q ?arnua
frequency. The plote chow that ● 6X tunin~ rmnh? ovtr

● ra~ion where che ferrite-lohdcd cavity Q in the ● ama
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TABLE 11, SPECIFICATIONS FOR FULL-P(XER PROTOnPE CAVITY SHOWN IN FIG. 5.

c,:vity l~ngth - 350.000 cm

Gap - 10.000 cm
Frequency
Normal izaclon F#ctor (EO-1 MV/H)
Stored Energy
Power dioelpation
T, TP, TPP, S, SP, SPP - 0.979 0.007

Q“ 21304
Product Z*F*2

Magnetic field en outer wall
Haximum ●lectric field on boundary

as the unloaded-Q of cavity. Thus, a region of

operation can bt found where the ferrite lomces are
negligible in comparison to the Aomoes in the cavity
walls. All result6 are St low power levels.

c. DefiiRn of a Full-Power Prot~
Ferrite-Tuned Cnvity

A full-power protype ferrite-tuned cav~ty Ifi

being designed uning SUPEKFISH. Some preliminary
design parameter are ohown in Table II. The Cavity
is chown In FIB. 5.

- = 9.-

Ll@tbbflsueff.

FIR. 5. SUPERFISH d~sign fnr ● full~ower protot~a.

Cavity diameter - 100.000 cm

. 55.986 ~Z

A Scale - 45790.B
. 62.9165 jouleo
- 103f1969.38 wattm

0.001 0.186 0,029 0.000
Shunt Impedance - 1.69 llOHM/H

ZTT - 1.62 HOHH/H
. 12154.0 ●rep/H

40.528 NY/H

D. Conclu810n

Resultm for the firnt f:rrite-tuned cavity uting

tranover~e bian are very promising. A high Q hafi been
●chieved over ● large tuning range for neveral

different ferritea. in order to ●chieve the 171
tuning range needed for lJ.HP~ 11, & 10% ferrite volume
will be needed. It in reasonable to ●xpect that thin

tuning ranSe can be raachad in the hign-Q region.
Early SUPERFISH deoigns ●how m full-power prototype

can be designed with the needed parameters for the
LMPF 11 oyntem.
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