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THE RACETRACK MICROTRON RADiIO-FREQUENCY SYSTEM

Paul J. Tallericn, A. K. Mitra AT-5 (MS 827)
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

Sumr ary

The design and construction progress of a
prototype rf system :0 drive the los Alamos-N8S
racetrack microtron (RTM) electron accelerator is
described. The rf system requires 450-kW cw at
2380 MHz from a single klystron. The output from
the klystron is split trree ways to drive a capture
sectinn, a preacceleratcr section, and the main
accelerator section., The fields in each section
are phase- and amplitude-controlled to tight toler-
ances. Temperature control of the acceleratur sec-
tions also is linked to the awplitude-control sys-
tem, beCause the system's averane power 1S 50 high.

Introduction

The overa'l accelerator is reviewed in Ref. |,
anc the rf syster is shown schematicaily in Figs. 1
and 2. Tne beam gqoes frcm a 100--V njector,
through a pair of T¥)|g chcoper cavities, then

through & buncher cavity., There 15 a .4-m preac-
celerator section and a8 l-m capture sectisn in the
injection line, ard the main acceleration section
on the RTM is 6 m long. A1l threc accelerator ser-
tions are designed for 1.5 Mev/r ang are of tie
disk-and-washer typc described n 1n Ref. 2. The
™y1p modes and fields in the square chCpper

cavities are indepengent of esch other. Thus, o
total of ewght rf fielgz muyst be controlled fin
amgiitucde angd phase for the system to operate.
Three 75-u amplifiers ang one 450-kkW xlystron,
31cec by fcur variable-ratio power dividers® and
four high-comer phase shifters constitute the high-
power rf system, Normally the rf system 1s operated
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Low-level rf system schematic.
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Fig. 1.

*Work supportec by the US Department of Energy.
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Fig. ¢.

High-power rf system schematic.

Ccw, but the klystron 4rive may be pulsed to facili-
tate conditioning of the high-power cavities. The
rf system comprises the following subsystems: the
low-level rf system, the dc power supply, the wave-
quide pcwer-distribution system, the vlystron, :he
phase- ana amplitude-control syster the water-
cooling system, and the safety-int. system,
The major design parameters and problems associated
with each systemn are discussed, and the overall
progress to date is reviewed,

The Low-Level rf System

The rf source 1s a wvoltasge-controlled crysta!l
oscillator (vCX0), followed by a 16-times mylti-
plier with a 2280-MH? output frequency. The oscil-
lator may be electrically tuned by 2.4 MHz. The
rf source also includes & 1-W amplifier and on
8-way power splitter. Thus, about 100 mW of power
are avatlable at each of the eight outputs., The
line to the klystron driver hss a l-kHz, 50- to
500-us gate that is controlled by an analog stgnal
from the computer. Orce & civity .an tolerate S0%
duty factor, the gate module remains “on* and the
klystron unerates cw. Prototypes of the gate and
source modules have been built and te-ted at Los
Alamoi.



The turn-on problem is one of the most ‘iffi-
cult in the rf system. “he washers will be warmed
up by 15°C by the rf fields, and the cavities will
change resonance frequencies by about 25 kHz/°C.
During cold weather, the inlet water temperature
will be low at times when no rf power 1is being
applied; but once the system 1s operating, the
inlet water temperature may be as high as 35°C.
The sensitivity of the cavity to changes in water-
system temperature is 40 kHz/°C. Thus, its worst-
case frequency change will be about 1775 kHz,
which 1s well within the 2.4-MHz tuning range of
the V(X0. Initiaily the computer will sweep the
V(X0 to find the cold resonance frequency, with low
power delivered to the cavities. Then the power
will be increased, and the frequency will follow
the cavity resonance as the cavity and the water
system become warmer. A mechanical tuner has been
designed as & back-up ctystem, but evidence so far
indicates that the V(X0 tuning method alone will
be adequate.

There are three grioded-tube 75-W amplifiers
and feedback loops (fig. 1) that are usec¢ to drive
the buncher anc the two chopper cavities; these
amplifiers have 20-dB gain. The three amplifiers
ard & spare all have been delivered and tested for
several hours at full power.

The dc Power Supply

The oc power supply consists of four outdoor
units: & fused manual circuit breaker, a vacuum
circuit breaker, a linear variable transformer,
and the transformer-rectif er wunit. The input
voltage is 13.2 kv 2t 52 A, three-phase. The out-
put 1s 65 kv at 16.5 A, with less than 1% peak-to-
peak ripple. The high-voltage transformer has a
deita primary, and both delta and wye secondaries
to reduce the ripple., The high-voltage trans-
former, the rectifier stacks, and a one-stage LC
filter are all housed in & common oil tank. An
fgnitron crowbar and its dropping resistors are
housed indoors. Neifther side of the power supoly
{s soli1ly groundea, and ¢ single-point ground fs
estabiished at the crowbar unit, The crowbsr fires
within 5 us of & fault, and the vacuum circuit
breaker can open in 30 ms.

The linecar wvariable transformer 1{s motor
driven, and tne output voltage s continuously
ecjustable from 33 kV to 65 kV. The power sucply
is now completely installed at Los Alamos and has
been tested to ful) voltage and current. A fofl
tester has been added to the crowbar, but the crow-
bar unit has not yet passed this test. We expect
the power-supply tc be completely operational by
November 1, 198].

The rf Power-Distrivution System

The 453-kW cw rf power from the klysirons will
be delivered to the main accelerator and the pre-
accelerator and capturc sections. The phase and
&plitude tn each of these cavities must be con-
trolled independently, The system uses & WR-43C
wavequide that {s water cooled for phase stability,
A schematic of the system is shown in Fig. 2. The
use of ¢ circulator ot this very high power level
would not be requirad i{f the wavequide length
between the cavities oand the generator were

constant, but the variable-ratio power divider
changes this length as the ratio changes. Thus,
the klystron may see a high load Impedance, which
can damage the klystron. The kiystron :-ould have
been designed to operate stably into a higher mis-
match, but this design would lower the overall
efficiency for the matched condition. Therefore,
a high-power circulator has been ordered, but it
is uncertain that the circulator is necessary for
different methods of distributing the rf power.
The phase shifters and power dividers in Fig. 2 all
are controlled b, stepper motors and feedback Sys-
tems. All waveguide components, except the circu-
lator, have been delivered to Los Alumos; the cir-
Culator is scheduled for delivery in February 1982.
Thus, the initial cavity tests will be performec
without a circulator; but the klystron will be
protected by VSWR netectors, arc detectors, and the
body-current protection circuit.

The two TM]:g chopper fields in each chop-

per cavity are derived through a variable-ratio
power divider and phase-shift system that are
ccaxial, rather than wavequide, components. A
single 3 dB hybrid would suffice if the coupling
loops and all other phy<ical attributes of the tw(
modes were identical; but the actual method usec
will have o be very tolerant of asymmetry in the
system.

Klzstron

The klystron to be used fs a VKS-8270 klystron
that has five fixed-cuned cavities. The tube is
rated 450 kW cw at 2380 MMz, The collector s
dc-isolated from the klystron body, so that the
body current may be easily monitored. Two comrlete
amplifier packages, each consisting of a klystreon,
solenoid, and socket tank, have been ordered and
now are at Los Alamos. In their factory tests,
both tubes delivercd 500 kW, hag 57-dB gain, anc
820-MH; bandwidth. One complete klystron amplifier
fs set up at Los Alamos anc will be tested in early
November, th!- year.

Phase _and Amplitude Control System

The phase- and amplitude-control system
achieves contro! by electronic and mechanical
methods. The buncher control loop is an exception:
1t has only electronically controliled phase shift-
ers and attenuators. The chopper cavities have a
mechanically (ontrolled, var able-ratio power
divider and phase shifter; these contro! the ampli-
tude and phase of the second field, while the elec-
tronic loop controls the primary field variables.
The electronic control on the klystron system con-
trols the field in the capture section, and two
wavequide veriable-ratio powsr dividers and phase
shifters are used to contro! the fields {n the
presccelerator and main accelerator tank. Rapid
beam-10ading transients wiil be avoided, and the
slow mechanizal system keeps the avarage errors in
tuning temperature under control.

Water Cooiing Systew

The total water-gystem requirements are
390 gpm at 65 psi of delonized water; the wave-
guide cooling system requires 5 gpm at 30 pyf of



tap water. A schematic of the deionized water
system 1s shown f{n Fig. 3. The accelerator
cavities require up to 320 gpm, but these have
their own pumps and deposit heat only into the
main water system, The temperature of the
accelerator cavities must be controlled to #0.5°C;
this control will be accomplished by & threc-way
mixer valve. The klystron and water loads are
quite tolerant to water temperature, but the
circulator requires #2°C input water; thnus it fis
also on an auxiliary loop, cornected to the main
water system by a three-way mixer valve.

Safety-Interlock System

A Kirk-key system f{s used on the €5-kV dc
power supply to prevent personnel access to the
fnput ano output of this supply. The rf wavequide
distribution system has a single air i{nlet and
outlet. The inlet 1is pressurizec with a small
blower, and a moving-air detector {5 wused at the
ou'put to ensure that there are no openings in the
wavequide syste.n.

The ignitrcn crowbar is activated by the rate
of rise of the klystron cathode current, When the
crosbar fires or misfires, {t {5 actomatically re-
set by the computer, but {f a second crowbar occurs
within ] min, 1t shuts down the entire s)stem.

The mincr faults in the rf system (bursts of
body cur .nt, 3 waveguide arc, excessive reflected
vower to any cavity, excessive controi-loop error
sigrals} cause the rf drive to be removed from the
klystron. After ]| ms, a lesser rf drive s reap-
plied. OCne such fault per second is allowed, but
if 10/min gccur, the system is shut ¢own.
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Fig. J. Line diagram of water-cuoling system,

Yhe major faults usually involve a diminished
water flow or excessive temperature. Thus, manual
control of the water system is required. The klys-
tron drive 1s removed and the 65-kV power supply
' hut down, Other major faults include excessive

. ton average-body current, klystron filamert
or magnet current being out of range, and high
voltages or klystron vacuum too high.

Whenever any fault is detected, a signal fs
sent to the injector to shut off the veam injected
into the accelerator. The beam 1is not turnec on
until the rf system has stabilized.
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