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abstract

Applying a bridged-T type all-pass network to a res-
onator described as a parallel circuit, the output volt-
age of the resonator shows a band-pass feature over a
certain frequency range, while the input impedance
is always constant against frequency. This feature
is considered to realize the ferrite-loaded tuning-free
-RF accelerating cavity. It has several merits such as
a simple cavity structure without bias windings, an
easy operation without feedback control of the bias
current, applying new ferrite with favorable RF char-
acteristics and so on.

1. Introduction

A ferrite-loaded RF cavity for an RF system of a syn-
chrotron produces, in general, the accelerating voltage
at its resonance frequency, which is synchronized with
the revolution frequency by bias field. On the other
hand, applying a bridged-T type all-pass network to
a cavity regarded as a parallel resonance circuit, ac-
celerating voltage shows a band-pass feature without
bias field.

The accelerating cavity as above can be energized
by a commercial transistor RF power amplifier be-
cause the input impedance of the network with a ter-
minating resistor is always equal to one of the resistor,
i.e. always constant against frequency.

A rough estimation of behaviors of the all-pass cav-
ity circuit has performed, based on RF characteristics
of new ferrite material under development. It shows
that an RF accelerating voltage of 630 Vover the fre-
quency range from 1 MHz to 8 MHz can be achieved
in a 60 cm long cavity by a 1 kW RF power ampli-
fier. This type of accelerating cavity is applicable to
a proton-synchrotron for radio therapy and a cooler-
synchrotron in multi-GeV region.

2. A bridged-T type all-pass network

As shown in fig.1, a bridged-T type circuit consists of
three impedances, Z1,Zs and Z3, and is terminated
in a resistor R. In this circuit, the all-pass conditions
that the input impedance is always constant value R
are, ,

Zz = 2—21, Zg = 4Z1 (1)
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Figure 1: A bridged-T type all-pass network with a
terminating resistor R.

In general, a lumped constant circuit of an accel-
erating cavity is shown as a parallel resonance circuit
with a self-inductance, a capacitance and a resistance
caused by RF power loss of ferrite. However, an equiv-
alent circuit of a cavity is approximately equal to a
parallel circuit that Z; consists of L1 and C; as shown
in fig.2, because the RF power loss of new ferrite is
far less than the former one, as discussed in the next
section, and also because the terminating resistor ex-
ists.
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Figure 2: A bridged-T type circuit regarding an ac-
celerating cavity as a parallel resonance circuit.

From the all-pass conditions of eq.(1), Z3 should be
a series circuit of Ly and Cq, Z3 should be a parallel
circuit of Lz and C3. They should satisfy the following
conditions respectively in any resonance frequency;

2L,
" R

When these conditions are satisfied, the ratio of the
input voltage V to the input current I is constant
as R against frequency, that is, an all-pass feature
appears. As for the voltage Vg between both ends
of the terminating resistor, |Vg/V| = 1 is satisfied
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L3 = 4L1 (2)
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at all frequencies. Then the voltage V) that appears
between ends of the parallel resonant circuit of L; and
C; has band-pass characteristics, as shown in fig.3.
|[V1/V| = 1 is satisfied at frequencies w; and w,, and
Vi exceeds the input voltage between them, which
satisfy

Wiwy = Wi (3)

where wq is a resonance frequency. The purpose of
this study is to apply the band-pass characteristics
like fig.3 to an accelerating cavity.
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Figure 3: The frequency dependence of |V;/V|. The
voltage V; between both ends of a parallel resonant
circuit of L; and C; has band-pass characteristics.

Let N be the ratio wy/wi, then N is given as the
expression with the terminating resistor R and the
characteristic impedance of the resonant circuit.
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From eq.(4), a wider frequency range can be realized
by increasing a characteristic impedance or decreasing
a terminating resistor R.

3. Development of new ferrite
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Figure 4: A frequency dependence example for pQf
product of new ferrite developed.

Since there is no bias field on ferrite of a cavity in
this circuit, new type ferrite material can be applied.
NiZn has been used for the cavity because of quick
response to the bias field. However, it is not necessary

in this circiit and the ferrite containing Co can be
used. Accordingly RF power loss can be reduced.

Now, Such material of the ferrite, which RF power
loss has minimum value around 4 MHz, has been de-
veloped, supposed that this cavity is used over the
frequency range 1-8 MHz. From the preliminary data
until now, the frequency dependence for pQf prod-
uct of the ferrite recently developed is shown in fig.4.
From this data, it is shown that pQf product of de-
veloping ferrite is up to several decade times as large
as conventional ones, and finally, RF power loss is
strongly reduced. In fig.4, pQf product is largest
around 8 MHz, but the ferrite material for a lower
frequency is being developed.

An equivalent lumped circuit of an accelerating cav-
ity is approximately equal to a parallel circuit of a self
inductance and a capacitance because the RF power
loss of the new ferrite is much smaller and terminating
resistor exists in this circuit. It is also a merit that
the accelerating cavity can be used for large ampli-
tude. Thus Q-loss effect caused by the excitation of
the exchange spin wave associated with the bias field
is much less, because the ferrite without bias field is
always used in the initial state.

An inner diameter of a ferrite ring cannot be very
small because of the bias windings in a conventional
cavity[l]. However the inner diameter of the ferrite
is a little larger than the outer diameter of the flange
of the vacuum duct in a new cavity, because the bias
windings are not necessary. Thus the occupation of
the ferrite is higher, and the self-inductance turns to
be larger. From this point, a length of an accelerating
cavity can be shortened. And a high characteristic
impedance cavity is realized, if a capacitance of an
accelerating gap can be made small.

4. Design and estimation of performance for
accelerating cavity

Assuming a diameter of a beam duct is 200mm, its
conflat flange cannot be smaller than ICF253. Thus
ferrite toroidal core with inner diameter 255 mm is
used, and the space between the vacuum duct and the
flange is used for the installation space of the baking
heater and for insulation. The outer diameter of the
commercially available ferrite is 500 mm and its thick-
ness is 25 mm. Since RF power loss of the new ferrite
is small, a cooling system for the ferrite RF power loss
becomes simpler. The structure of the system is that
1 mm thickness copper plates, whose edges are sil-
ver brazed with the copper cooling pipes, are inserted
between the 25 mm thickness ferrite alternately.

The relative permeability of the ferrite is deter-
mined to be 200 because it is necessary for the ferrite
that its permeability is not much changed in a avail-
able frequency range below Snoek’s limit. Using 20
ferrite cores, the self-inductance is 13.5 pH, and the
resonance frequency is 3 MHz, if a capacitance of an
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accelerating gap is 200 pF. And the terminating re-
sistor is 200 €2, because a characteristic impedance is
250 Q. From the rough estimation as above, 630 V
of an accelerating voltage is achieved, in case a 60 cm
accelerating cavity is energized by a 1 kW RF power
amplifier.
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Figure 5: Frequency dependence of |V;/V| including
"RF power loss of ferrite.

- Fig.b. shows an analysis result for the output volt-
age of the cavity including the ferrite RF power loss
and the frequency dependence of the ferrite com-
plex permeability. From fig.5, the available frequency
range, where V; exceeds V, does not change so much.

5. Measurement of the performance in an
equivalent lumped circuit

Figure 6: An equivalent lumped circuit model.
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Figure 7: The equivalent lumped circuit model.

The authors fabricated a simple model of an equiv-
alent lumped circuit, regarding an accelerating cavity

as a parallel resonant circuit, and measured the per-
formance. The model is shown in fig.6, and the figure
of its equivalent lumped circuit is shown in fig.7. The
size of the model is 25 cm x 20 cm .x 25 cm. The
main body is made of a copper plate, capacitances are
ceramic condensers, the inductor of 56.8 yH in fig.7
is ferrite loaded coil, and other inductors are plastic
loaded coil. The voltage V; in fig.7 is shown in fig.8.
It is obvious that the same characteristics as fig.3 and
fig.b appears in fig.8.
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Figure 8: Frequency dependence of the output voltage
[V1/V| of the model.

6. Discussion

In the next stage, the authors will construct a real
cavity with a bridged-T type circuit, and will investi-
gate whether the all-pass characteristics are achieved.
With developing the ferrite, design of a real cavity is
proceeding.

Since the frequency range can be tuned arbitrarily
from eq.(4), this cavity can be applied in various syn-
chrotrons. Furthermore, this cavity is also applicable
to a rapid cycle synchrotron due to no bias windings.

For a high energy synchrotron, a larger amplitude
circuit must be developed.

If an accelerating frequency range is higher than
a resonance frequency of a cavity, the influence of
the beam loading is avoided. However the case that
an accelerating frequency range includes a resonance
frequency is under investigation now. And in the
bridged-T type circuit, when the cavity is excited by
the beam energy, the current taken by the beam is
considered to have a band-pass characteristic as the
input current. It also must be investigated in the next
step.
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