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Abstract

The rf amplifiers for the Kaon Factory booster ring must be capa-
ble of rcactively compensating (detuning) for the injected/extracted
beam load as well as providing the beam power and the cavity losses.
In order to insure the stability of the rf system under heavy transient
and steady state beam loading conditions it is necessary to equip the
power amplifiers with fast rf feedback with sufficient gain and band-
width to reduce the apparent Q of the rf amplifier system as seen
by the beam and the other feedback loops. The maximum gain and
bandwidth of such a feedback loop is limited by the propagation de-
lay around the feedback path. To minimize the propagation delay a
'2.4 k\V two stage solid state driver will be used to drive the cathode
of the Eimac Y567B tetrode to give an overall propagation delay less
than 30 nS. The design features of the rf amplifier to meet the above
conditions will be described and test results reported.

Introduction

The TRIUMF Kaon Factory Booster ring requires a frequency
swing of -16.1 MHz to 61.1 MHz at a repetition rate of 50 Hz with a
total maximum voltage of 600 kV per turn. In the current reference
design the Booster lattice has twelve 3.9 meter drift spaces with 2.5
melers of drift space available for the installation of rf cavities with
each cavity providing 50 kV. The circulating beam current varies
from 3.05 Ampere to 5.07 Ampere through the accelerating cycle
requiring each amplifier to provide an additional 50 kW of beam
power. The accelerating rf vector is controlled by amplitude, phase,
radial and synchronization feedback loops. To ensure stability of
these loops under heavy transient and steady state beam loading it
may be necessary to implement fast rf feedback around the power
amplifier chain. To obtain sufficient loop gain it is necessary to limit
the overall feedback path time delay to 50 nanoseconds1.

Two different types of cavities are being considered for the TRI-
UMF Kaon Factory booster ring. The initial reference design2 ,
shown in Figure 1, is based on that used at Fermilab and is tuned
using parallel biased Ni-Zn ferrite.

Also under consideration is the proposed LANL design3, Figure
2, which uses perpendicularly biased microwave ferrite.

Since both designs employ the Eimac Y567B tetrode for the final
amplifier stage the same driver amplifier and input matching net-
work can be used. It is proposed to obtain the necessary 2.4 kW of
drive power through the combination of eight 300 watt solid state
amplifiers. Each amplifier consists of two MRF151G TMOS-Fets in
push-pull configuration. The overall time delay through the driver
stage should be less than 30 ns .

Power Amplifier

The power amplifier stage is designed to operate in class AB and
in the grounded grid configuration. The schematic diagram is shown
in Figure 3 and the mechanical layout of the tube socket and the
input network is shown in Figure 4.

The screen and grid blocking capacitors are made from .005 inch
copper coated kapton foils to produce an approximate capacity of 100
nF each. Microwave absorbing material MF-124 is inserted between
the screen and the grid to damp UHF parasitic oscillations. The
tube socket is cooled with water only.
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Figure 1: Parallel biased cavity
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Figure 2: Perpendicular biased cavity

The stability criteria for the input impedance of an rf amplifier
is given by the following equation.

where:

to = 2TT frequency

fiinput = input resistance of the amplifier

Cak = anode/cathode feedback capacity

A' = amplification factor

8a = the detuning angle of the anode network at

its natural frequency of oscillation
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Figure 3: Schematic of power amplifier

- L-. ' j\

»•—___— •>— l •" : L _ - r r — ' : • I t' Cl ip I

Figure 4: Mechanical layout of tube socket

The minimum value of Rinpui ( when sinfln = I ) for the Y567B
tetrode is 60 ohms. The input resistance of the amplifier is designed
to operate between I" and 33 ohms. The input network is a coaxial
structure and has a characteristic impedance of 28.4 ohms. Tun-
ing is accomplished by moving the shorting plunger and the loading
adjusted by changing the coupling point of the drive line to the cav-
ity. The rf power from the driver is via a 40 cm length of 6.25 ohm
transmission line. For proper matching at such alow impedance it is
necessary to reduce the self inductance of the coupling element. This
is done by allowing the outer conductor of the drive line to protrude
into the input cavity as shown in Figure 4.

Driver Amplifier

One choice for a driver amplifier design is that used at Fermilab
which consists of a parallel connection of 14 vacuum tube amplifier
units which has a total time delay of 21 ns. The disadvantage of this
design is that the driver tetrodes ( 4CW800F ) are expensive and
must be replaced with great frequency4. It was decided to investigate
the possibility of using a solid state driver. Using the new TMOS-
FET solid state devices from Motorola and using their push-pull

Figure 5: Schematic of 300 watt amplifier unit

amplifier design5 three amplifier modules were built and tested. The
test results and are given in the following table :

TMOS-FET Output power Average power gain Time delay
watt db nanosecond

MRF154G 1200 13 13
MRF153G 600 15 10
MRF151G 300 22 5

In order to take advantage of the short time delay , the greater
power gain and lower price the decision was taken to combine eight
300 watt units to produce the required 2.4 kW of drive power. A
schematic of a 300 watt unit is shown in Figure 5 and the two stage
2.4 kW driver is shown in Figure 6.

The eight units are combined using an eight port hybrid system
based on a four port hybrid system designed by Motorola6. The
balancing resistors (33 ohms) are water cooled and are capable of
dissipating 500W each. The value of 33 ohms for the balancing resis-
tors allows for emergency operation with one amplifier module out
of service. The input divider is a commercial unit manufactured by
North Hills Electronics. The ferrite cores used in the combiner and
the output transformers of the amplifier modules are manufactured
by Fair-Rite Products Co. Each unit will be equipped with protec-
tion circuitry for high VSWR, dc current and base plate temperature.
The modules are mounted on a 2 cm thick water cooled heat sink
arranged in a square box configuration. The combiner is arranged in
a circular configuration mounted on top of the amplifier modules. A
photograph of the driver amplifier is shown in Figure 7.
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Figure 6: Schematic of 2.4 k\V solid state amplifier



Figure 7: Photograph of driver amplifier

Conclusions

The tube socket and input matching network, which can be used
for either the parallel or perpendicular biased cavity, has been manu-
factured and is being assembled. As a result of theTRIUMF/LAMPF
collaboration established last year the LAMPF Booster cavity will be
shipped to TRIUMF at the end of June. The present TRIUMF ref-
erence design which uses air dielectric tuners to simulate the ferrite
tuners will also be ready for assembly at that time.

Eight 300 watt solid state units have been built and tested in-
dividually. Preparatii_ns are presently being made to combine the
outputs of the eight un ts to achieve the required 2.4 kW. The only
disadvantage of using S' lid state devices for this particular applica-
tion is their reli; bility in a radiation environment. However MOS
devices are one if th' more radiation resistant solid state devices7 .
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