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(57) Abréegée/Abstract:

A method and a system are disclosed for providing automatic frequency tuning for an RF electrode accelerating system In a
cyclotron device (3) for production of PET Isotopes. A controlled frequency oscillator (5) generates an RF signal of a
predetermined frequency for the acceleration of an ion beam in the cyclotron, and a matched power transmission line (2) connects
to and feeds the RF electrode system (10). A load phase sensor (8) connected between the RF signal generator and the matchead
power transmission line (2) feeds a detected load phase to a feedback amplifier (9), which produces an error signal connected to
the controlled frequency oscillator (5) for a fine tuning of the frequency of the controlled frequency oscillator, whereby the frequency
of the RF power signal is continuously optimised for a maximum transfer of high voltage driving to the RF electrode accelerating
system of the cyclotron.
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ABSTRACT

A method and a system are disclosed for providing automatic frequency tuning for
an RF electrode accelerating system in a cyclotron device (3) for production of PET
isotopes. A controlled frequency oscillator (5) generates an RF signal of a predetermined
frequency for the acceleration of an ion beam in the cyclotron, and a matched power
transmission line (2) connects to and feeds the RF electrode system (10). A load phase
sensor (8) connected between the RF signal generator and the matched power
transmission line (2) feeds a detected load phase to a feedback amplifier (9), which
produces an error signal connected to the controlled frequency oscillator (5) for a fine
tuning of the frequency of the controlled frequency oscillator, whereby the frequency of
the RF power signal is continuously optimised for a maximum transter of high voltage

driving to the RF electrode accelerating system of the cyclotron.
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Device for RF control

TECHNICAL FIELD

The present invention relates to a method and a system for Radio
Frequency (RF) control and more exactly to a method and system for
tuning the operation frequency and RF electrode system in a cyclotron

without the use of any mechanical tuning devices.

BACKGROUND OF THE INVENTION

Production of radioisotopes normally takes place by means of a suitable
particle accelerator, for instance a cyclotron, in which a beam of ions is
accelerated. The radioisotopes are formed via nuclear reactions between
an incident ion beam and a target medium, which can be a pressurised

gas, a liquid or a solid.

The acceleration of ions in a cyclotron i1s performed via a so-called RF
electrode system maintained at high voltage (30-40kV) oscillating with the
same period time as the orbit revolution time of the beam in the
accelerating system (or a multiple thereot) as given by the average
magnetic field in the cyclotron system and the mass /charge ratio of the

accelerated 10ns.

An RF electrode system is a resonant system consisting of imnductive and
capacitive elements tuned to a predetermined resonance frequency. Such
an RF electrode system is designed for lowest possible power consumption
resulting in a design having a quite a narrow bandwidth (equal to a high
Q-value). However there is a problem in that the resonance frequency of
the RF electrode system will drift over time due to temperature variations
and other factors affecting its resonance frequency. Such a drift of the

resonance frequency means that the frequency of the applied high voltage

oscillation no longer will correspond to the resonance of the RF electrodes
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in the accelerating system, and such a mismatch leads to a deteriorating

function of the acceleration system.

There are found a number of methods for maintaining a frequency match
in driven systems. In driven systems the common method 1s, by means of
electrical motors with coupled mechanical tuning elements, to re-tune the
RF electrode system to the desired frequency. In some cases the
generation of the RF voltage also takes place by a freely oscillating system
(i.e., not driven system) which then automatically adopts the oscillation
frequency to the resonance of the electrodes. Such a system will normally
be rather unstable and requires a higher degree of operator attendance,
which is not desirable for a handy system to be used for producing PET
isotopes for instance at a hospital facility. Besides, such a mechanical
tuning system introduces a number of feeds through the vacuum casing
of the accelerator, except for the maintenance problems which may arise

regarding the electrical motors used as well as the mechanical tuning

system itself.

Accordingly there is a need for a simple system for controlling the
acceleration of the ion beam in a cyclotron accelerating system, particular
a small system for producing PET isotopes emanating from acceleration of

a beam of negative hydrogen 1ons.

SHORT DESCRIPTION OF THE INVENTION

The present invention discloses a method and a system for obtaining a
proper resonance of the RF electrodes when using a pre-set or
predetermined stable frequency oscillator in a cyclotron accelerator
without using mechanical tuning devices. In order to maintain a high RF
electrode voltage during operation the RF electrode system resonance 1is

monitored and the frequency of the stable frequency generator 1S
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controlled by a feedback system continuously monitoring the matching of
the oscillator output frequency and the resonance frequency of the RF
electrode system. Necessary small adjustments of the stable oscillator
frequency to maintain a maximum matching to the resonance frequency
of the RF electrode system are obtained by means of the feedback system
to the stable oscillator. The feedback system relies on measured values

obtained by a load phase sensor monitoring the output of the final RF

power amplifier. A cyclotron control system in turn obtains the set and
corrected oscillator frequency value and fine tunes further the magnetic
held created in the accelerator device according to the frequency

information obtained.

According to an aspect of the invention there is provided a method for providing automatic
' frequency tuning for an RF electrode accelerating system in a cyclotron device for production of
PET 1sotopes, the method comprising:

generating an RF signal at predetermined frequency in a controlled frequency oscillator and
amplifying said predetermined RF signal by means of an amplifier chain to obtain driving RF
power for feeding an RF electrode S);stem within a cyclotron cavity;

outputting the driving RF power to a matched power transmission line connected to and
teeding said RF electrode system to thereby producing a high voltage at the RF electrode
system;

detecting a load phase by means of a load phase sensor connected between a final power
amplifier and the power transmission line;

feeding the detected load phase to a feedback amplifier thereby creating an error signal fed back
to the frequency oscillator to thereby optimise the frequency of the controlled frequency
oscillator for optimum matching to a resonance frequency of the RF electrode
system; and

measunng the frequency fed to the RF electrode system By means of a cyclotron control
system, 1n turn controlling a magnetic field applied to the cyclotron for obtaining an
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optimum balance between the magnetic field and the accelerating RF voltage applied

to the RF electrode accelerating system 1n the cyclotron.

According to another aspect of the invention there is provided a system for providing
automatic frequency tuning for an RF electrode accelerating system in a cyclotron
device for production of PET isotopes, the system comprising: .

a cyclotron control system; '

a controlled frequency oscillator generating an RF signal of ‘a predetermined

ffeqpency for acceleration of an 10n beam 1n the cyclotron;

- an amplifier chain producing a driving RF high voltage signal;

a matched power transmission line connected to and feeding said RF electrode
system with said RF power signal; .

a load phase sensor connected between said amplifier chain and said matched power
transmission line, whereby the load phase sensor feeds a detected load phase to a
feedback amphifier producing an error signal connected to the controlled frequency
oscillator for a fine tuning of the controlled frequency oscillator, whereby the RF high
voltage signal will continuously be optimized for a maximum transfer of signal to the

RF electrode accelerating system of the cyclotron.

SHORT DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention will become

apparent from the I{ollowing descniption of the invention read 1n

conjunction with the drawing, in which:’

Fig. 1 is a block diagram illustrating a system utilising the method

according to the present invention.

DESCRIPTION ‘ OF AN ILLUSTRATIVE EMBODIMENT
Fig. 1 discloses a block diagram illustrating a system applying the method

according to the present invention. In the system according to Fig. 1 the

high frequency power generator 1, which generates a predetermined frequency

for the 'cyclo,tron device 3, tracks the actual resonance frequency of its RF
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electrode system 10 to maintain the operation of the RF electrode system
at resonance for creating in the magnetic field of the cyclotron a beam of

negative hydrogen ions for producing PET 1sotopes.

The high frequency power generator 1 is preferably of a synthesised type
and frequency controlled by a feedback loop (i.e. the generated frequency
will then have an offset being proportional to an analogue or a digital
signal). The accelefating radio frequency signal is generated by a
controlled frequency oscillator 5, the frequency of which 1s initially pre-set
to a default frequency, in the illustrative embodiment of the order 100
MHz. The oscillator creates a signal at low power level which 1s amplified
by a chain of amplifiers 6, 7 to a sufficient power level to obtain the
necessary acceleration voltage in the RF electrode system 10, which 1s
positioned in a space between the cyclotron magnet pole sectors in the
vacuum environment and creating an acceleration path for an ion beam

produced by the cyclotron.

RF power is transferred to the RF electrode system 10 via a power
transmission line 2 which connects to a phase detection device, (load
phase sensor) 8, arranged at the output of the final power amplifier stage
7 in the amplifier chain. In the illustrative embodiment the power
transrnission line consists of a standard high power 50 ohms coaxial
cable. Accordingly the final amplifier 7 is designed to present a 50 ohms
output impedance. The sensor device 8 detects the load phase of the load
impedance of the RF electrode system 10. The power transmission line
also allows for a suitable distance between the RF power generator 1 and

the RF electrode system 10 in the vacuum chamber of the cyclotron 3.

Deviations from the nominal load phase (180 degrees) indicate a positive

or negative resonance frequency deviation in the RF electrode system 10.
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The phasé deviation is converted to an error signal distributed to the
controlled frequency oscillator 5 via a feedback loop containing an
additional amplifier 9. The controlled frequency oscillator 5 then slightly
adjusts 1ts output frequency in this way to continuously track the

resonance of the RF electrode system 10.

Even if the RF electrode system 10, has been carefully designed regarding
temperature dependence and the RF electrode system furthermore being
water cooled in order to miniinise temperature drifts, the RF electrode
system will continuously experience ﬂucmétionns‘-_ in its resonance
frequency. The RF electrode system 10, comprises two arrow-like pairs of
flat electrodes housed in two opposite facing valleys between pole sectors

in the electromagnet’s poles forming the magnetic field conditions for the
spiral-formed i1on beam orbits in the cyclotron 3, as indicated in Fig. 1.
The distance between the electrode plates of a pair is then the same as
the distance between two opposing pole sectors. An ion beam enters
between the plates of one pair of electrodes and gains then a further
acceleration by attraction forces exerted by the RF field and exits then
'immediately the RF electrode plate pair gaining further cnergy by repelling
forces then exerted by the changing RF field. In other words the beam will
experience one push when entering the RF electrode system and yet
another push when exiting the electrode system if the orbit is in

synchronism with the applied RF field.

Fluctuations in the resonance frequency of the RF electrode system will
be handled by the feedback system containing the feedback amplifier and
it will properly adjust the oscillator frequency within desire;d limats.
However, the frequency fluctuations will sometimes also call for
corrections of the magnet field (by adjustment of the current in the

magnet coils) in order maintain the isochronism (magnet field/frequency
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relation) of the cyclotron. The cyclotron control system continuously also
monitors the frequency deviation from the default frequency of the
controlled high frequency oscillator 5. This monitoring in an illustrative
embodiment is performed by means of a high-resolution {requency
counter, which will produce a value for the operating frequency deviation.
This frequency deviation is then converted mnto a current correction in the
magnet coil supply and the magnet field will follow the frequency in a
»Master-slave” fashion, thus maintaining the isochronism. The conversion
‘nto a current correction in the illustrative embodiment is primarnly
performed by means of a device known to a person skilled in the art and
therefore not further described here. This operation is performed
automatically in a preferred embodiment by also for additional

information monitoring the output signal from the feedback amplifier 9.

1+ should also be noted that the output circuitry of the final amplifier 7 is
designed to present an output impedance, nominally S0 ohms, which 1s
kept constant within the {requency adjustment range of the stable

frequency oscillator 5, i.e., presenting a certain minimum bandwidth ot
the order 200-300 kHz. Such circuitry configurations are well known by

persons skilled in the art of radio techniques and will therefore not be

further discussed in this context.

The benefit of the present method and system according to the invention
‘s that the method and the system offer a selected fixed matched
frequency for a proper resonance of the RF electrodes in a cyclotron

accelerator without having to utilise any mechanically tuning devices.

It will be understood by those skilled in the art that various modifications

and changes may be made to the present invention without departure
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from the spirit and scope thereof, which will be defined by the appended

claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for providing automatic frequency tuning for an RF electrode
accelerating system in a cyélotron device for production of PET isotopes, the method
comprising:

generating an RF signal at predetemiined frequency 1n a controlled frequency oscillator
and amplifying said predetermined RF signal by means of an amplifier chain to obtain
driving RF power for feeding an RF electrode system within a cyclotron cavity;

outputting the driving RF power to a matched power transmission line connected to and
féeding said RF el_e_:cfrode system to thereby producing a high voltage at the RF electrode
system,; .

detecting a load phase by means of a load phase sensor connected between a final power
amplhifier and the power transmission line;

feeding the detected load phase to a feedback amplifier thereby creating an error signal
fed back to the frequency oscillator to thereby optimise the frequency of the controlled
frequency oscillator for optimum matching to a resonance frequency of the RF electrode
system; and

‘measuring the frequency fed to the RF electrode system by means of a cyclotron control
system, in turn controlling a magnetic field applied to the cyclotron for obtaining an
optimum balance between the magnetic field and the accelerating RF voltage applied to

the RF electrode accelerating system in the cyclotron.

2. A system for providing automatic frequency tuning for an RF electrode
accelerating system in a cyclotron device for production of PET isotopes, the system
comprising:

a cyclotron control system;

a controlled frequency oscillator generating an RF signal of a predetermined frequency
for acceleration of an ion beam in the cyclotron;

an amplifier chain producing a driving RF high voltage signal;

a matched power transmission line connected to and feeding said RF electrode system

with said RF power signal;
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a Joad phase sensor connected between said amplifier chain and said matched power
transmission line, whereby the load phase sensor feeds a detected load phase to a
feedback amplifier producing an error signal connected to the controlled frequency
oscillator for a fine tuning of the controlled frequency oscillator, whereby the RF high
voltage signal will continuously be optimized for a maximum transfer of signal to the RF

electrode accelerating system of the cyclotron.

3. The system according to claim 2, wherein said cyclotron control system monitors
frequency corrections of the RF signal and performs a corresponding adjustment to a
“magnetic field applied to the cyclotron for obtaining optimum balance between the
magnetic field and frequency of the accelerating RF voltage applied to the RF electrode

accelerating system in the cy'c]otron.

4. The system according to claim 2, wherein the amplifier chain comprises a
preamplifier stage and a final amplifier producing the driving RF power signal used for

the acceleration of the ion beam.

S. The system according to claim 2, wherein a final amplifier presents an output
impedance which is kept constant within the frequency adjustment range of the frequency

oscillator.

6. The system according to claim 5, wherein the final amplifier presents an output

impedance of 50 ohms for matching to the power transmission line.
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