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Abstract

A ferrite test cavity was designed and manufactured for
investigating the permeability, magnetic Q-value and the
high loss limit of a ferrite with the size of 5 inch (I.D), 8
inch (O.D) and1 inch (thickness) athigh RF inputpower in
the frequency range 20MHz to 60MHz.  The test cavity
consists of three arms:  one with a ferrite, one with a
variable capacitor, and one with a fixed stub.  These three
arms areconnected by onebox,fromwhich RF power(3kW
maximum) is fed into cavity.  The bias current (2500A
maximum) hollowconductor is wound tentimesaround the
ring of the ferrite and the upper parts of the conductor are
removable for exchanging ferrite.  The transmission line
calculation shows thatthis testcavity has theresonance for
the ferritewith permeability 2 to 20 and magmeticQ-value
5 to 200 by tuning the variable capacitor with 600pF in
maximum.¥We measured thepermeability andQ-value of
a ferrite inthis test cavity.

1¬ ¬INTRODUCTION
A Booster Synchrotron Ring (BSR) is proposed for a

storage ring system named MUSES (Multi-Use
Experimental Storage rings) in RI beam factory project in
Institute of Physical and ChemicalResearch(RIKEN).  It is
urgent to develop a ferrite cavity with the frequency range
25MHz to 53MHz, the voltage 25kV per one cavity (two

cavities are to be placed in BSR), and the repetition
frequency1Hz.  
We designed theferrite cavity with these specifications in

the drift tube type in the conceptual design of BSR and we
need theferritewith low RF loss and highthreshold level of
high loss phenomena [1].  We proposed the ferrite cavity
with thesize 5inch (I.D), 8 inch(O.D) in ferrite.
There area fewtypes offerritewhich isexpected to be used

in a databook, but the data is notsufficient.  It isnecerrary
to clear the following data, i.e. the relation between
permeability and bias current, magneticpower density anda
sweep rate in which the high loss effect appears, magnetic
Q-value (Qm) dependence on thepower density in ferrite and
the effect of ferrite temperature.  Moreover  these
measurementhave to bedone in theferrite with thesize in
its use.  So we designed and manufactured a test cavity for
investigating the RF properties of a ferrite.   Table shows
the parameters of thetest cavity.

2¬ ¬FERRITE TEST CAVITY
Fig.1 shows the schematic drawing of the ferrite test

cavity.  It consists ofthree coaxialarms:F,S, andC-arm.  F
and S-arms are aligned in line and form a λ /2 resonator
loaded with tuning capacitance in C-arm.  To cover the
abovefrequency range inhighpoweroperationover thehigh
loss threshold, a water cooled vacuume variable capacitor
(30-650pF) was employed.¥Ferrite istightly contactedwith

Table    Parameters of the ferritetestcavity

Cavity type capacitorloadedλ /2 coaxial resonator

Frequency 20MHz - 60MHz

Ferrite size 5 inch(I.D) 8 inch (O.D) 1 inch (thick)

400mmmaxmun inO.D.

Tuning element biascurrent and variable capacitor

Bias conductor 10turnswater cooled235mm2 hollow conductor

Cooling of ferrite water incoolingplate

RF source 3kWsolid statewide bandamplifier

Bias current 2500A

Impedancematching singlevariable capacitor in series

1823



the cavity wall onbothsides and cooledthrough the wall by
water.¥¥The bias winding of ten turns are passing through
inside the inner pipe¥and¥the upper parts of theconductor
are removable for exchanging ferrite.  Maximum bias
current is set to be 2500A.  Thus RF power is confined in
the cavity and does not affect measurement system and
biasing system. Theoverall picture is shown inFig.2.
The desgin is analyzed based on a transmission line

model.  Inthismodel,eachpart of the cavity isrepresented
with equivalent coaxial line except a ferrite ring and a
lumped capacitance.  Ferritering is reperesentedwith radial
modetransmission line.  A fewdimensional parameters are
adjusted to match with the result of the high frequency
structuresimulationprogram.
The ferrite size isfixed to be 5inches in inner diameter,  8

inches in outer diameter and 1 inch in thickness.  We can
measure another size of ferrite up toabout400mm O.D by
replacing the ferrite vessel.  The material of this cavity
including fixed stub is almost aluminum except cooling
parts.  

3¬ ¬IMPEDANCE MATCHING
Impedancematchingbetween 50 Ω  RF source andinput

impedance of thecavity isnecessary to maketest in high RF
power level.  Impedance conversion with single variable
capacitor (6 -500pF) inseries wasadopted.  It issimple and
practical but the demerit isthat the tuning and theimpedance
matching  interfere each other.  The tuning and the
impedancematchingcapacitance calculated as afunction of
frequency areshown in Fig.3 forµ=2 andµ=17.  It is shown
that the impedance matching can be obtained for a wide
range of µ and Qm.  A current transformer and a voltage
divider are installed at the entrance of the matching section
to monitor the inputimpedance and theinput RFpower.

4¬ ¬RESONANCE FREQUENCY AND
Q-VALUE OF THE CAVITY

We measured resonance frequency and Q-value of this
cavity with the empty ferrite vessel and without the
impedance matching section.  Figures 4 and 5 show the
results.  Themarkers represent theexperiments and the solid
line represents the calculation with ε=1 and µ=1 in the
above model.   The agreement is fairly good in Fig.4, but

Figure 1: Schematicdrawing of ferritetestcavity
1-ferrite ring; 2-ferrite vessel; 3-tuning capacitor; 4-
impedance matching section; 5-bias current; 6-removable
cross bar; 7-voltage and currentmonitor;8-voltagemonitor;
9-RF inputterminal,10-watercooling pipe
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there is a little difference in Fig.5.  In Fig.4 the calculated
resonance frequencies forvarioutµ are alsoshown.  We can
see that the testcavitycovers therequiredrange in frequency
and permiability.

5¬ ¬TEST MEASUREMENT OF
FERRITE

We measured resonance frequencies and Q-value of the
test cavity loaded with a ferrite of M11E by TDK.  The
measurement wascarried out at10mWpowerlevelwithout
the matching section and bias current.  Q-values from 262 at
19MHz to 221 at 34MHzwereobtained.  Fromthesedata,
mu and Qm of the ferrite was calculated byusing theabove
model.  The result is shown inFig.6. Theexperimentswith
high RF inputpower andbiascurrent are scheduled.
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Figure 4: Tuningcapacitance andfrequency atresonance.
Markers represent the experiment and solid line is
obtained bycalculationwithoutferrite.  Dashedlines are
by calculation with ferrite for various µ, which are
represented infigure.
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Figure 5:Resonancefrequency andQ-value of thecavity
without ferrite.  Markes represent the experiment and the
line is obtained bycalculation.
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Figure 6:Measuredµ and Qm for a ferrite
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Figure 3: Tuning and impedance matching
capacitance for µ=2 (a) and µ=17 (b).  C means
tuning and M matching capacitor.  Solid lines are
Qm=20 (a), Qm =10 (b) and dashedlines areQm=1000
for bothcases.  Tuningcapacitances arealmostsame
in Qm=20 and Qm =1000 forµ=2
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