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Abstract Industries 7835 triode, is approximately 250 kW. The
eak power from the final cavity amplifier for the largest
The Los Alamos Neutron Science Center (LANSCEpPTL tank (tank 2) is slightly over 3 MW for some tunes.
linac provides an 800 MeV direct’Hproton beam, and The triode FPA is unstable if operated with plate voltage
injects H to the upgraded proton storage ring for charggut no RF drive. Consequently, the FPA is driven with
accumulation for the Short Pulse Spallation Sourcgonstant RF drive from the IPA, using a Burle Industries
Accelerating these interlaced beams requires high averagg1 6 tetrode. The plate voltage is simultaneously pulsed
power from the 201.25 MHz drift tube linac (DTL) RFon and varied by themplitude controller in order to
system. Three power amplifiers have operated at up #@jjust the saturated output and provide tank field control.
three Megawatts with 12% duty factor. The total numberhis high voltage modulation technique requires four
of electron power tubes in the RF amplifiers and theidditional power tubes. The modulator has an internal
modulators has been reduced from fifty-two to twentyyoltage drop of about 10 kV when fully on, so the high
four. The plant continues to utilize the original design of goltage capacitor bank must be maintained above the
tetrode driving a super power triode. Further increases jgve| needed by the FPA by at least this amount. This
the linac duty factor are limited, in part, by the maximungauses an additional power dissipation of nearly 250 kW
dissipation ratings of the triodes. A description of theach, in three of the four plate modulators. The forth RF
system modifications proposed to overcome thesgstem drives DTL tank 1, which requires less than 500

limitations includes new power amplifiers using low-levekw of peak RF, relatively low power compared to the
RF modulation for tank field control. The first high powelgther units. In this report, this unit is not shown in the

Diacrode’ is being delivered and a new amplifier cavity isdiagrams for simplicity.

being designed. With only nine power tubes, the new B T
system will deliver both peak power and high duty factor, 2.5 amp 35 amp
with lower mains power and cooling requirements. The o PunSel. ey

remaining components needed for the new RF system wil
be discussed. 18 kVDC 31 kVDC
20 amps peak J 250 amps peak
FPA Plate
1 PRESENT HIGH POWER RF SYSTEM 2 46W250,000
tetrodes
The Los Alamos Neutron Science Center (LANSCE) 20 KV puise
linac provides high power proton beams for neutron ! 'Zs“m"s"“k
science, Tritium target development for APT, nuclear S W o - =y -~
physics, material science, isotope production, and | soidstate 4616 g AN ——
Amplifier Tetrode Triode

weapons research. The number of simultaneous bear
users places heavy demands on the RF powerplant,
especially the 201.25 MHz final power amplifiers (FPAFigure 1. Present configuration - high power RF modules
driving four Alvarez DTL tanks for 0.75 to 100 MeV.
Designed nearly 30 years ago, these amplifiers haveThe FPA triode has an output ceramic seal length of
operated at up to 3 Megawatts with duty factors of 1294..62 cm. This requires that it be operated within a
The large number of power tubes in the PA platpressure vessel operating with 2.4 bar dry air at Los
modulators, the age of the cooling and controhlamos (2120 meters above sea level) to maintain voltage
subsystems, tube manufacturing problems, and operatistandoff. Because of the high average power, the
near maximum PA tube ratings have all affected thgressurized air must be circulated through the cavity and
system reliability. cooled. The high-pressure turbine and pressurized heat
For the past six years we have designed and installedchanger require annual maintenance, and have
system upgrades that have reduced the number of powentributed to system down time. Replacement of the
tubes in the system from fifty-two to twenty-four [1,2]. AFPA tube takes approximately 16 hours due to the
block diagram of the present RF system is shown i@normous pressure vessel that must be removed first.
Figure 1. The maximum duty factor is rated at 12% whereHigher beam current for new linac applications such as
the plate dissipation of the final amplifier tube, a Burlehe proposed Long-Pulse Spallation Source [3] cannot be
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delivered simultaneously with other beams at high dutipC-to-RF Efficiency >60%

factor. Table 1 shows the RF power requirements for tHgC plate voltage 26 kV

present 18 mA and proposed 21 mA peak current need&creen (¢ Voltage 1.6 kV

The RF pulse parameters are for up to 1350 microsecorfeitament Power 18 VDC, 910 A.

width at 120 pulses per second repetition rate, resulting RF Power Gain >14 dB

up to 16.2% duty factor for the RF amplifiers. Thes&ero Drive Stability No emissions 0 to 1 GHz
requirements are within the fundamental capabilities afoolant Flow 360 I/min deionized water

the 805 MHz RF System for the coupled-cavity linac that ' . :
accelerates from 100 to 800 MeV; only the 201 MHz The pl.ann'ed configuration for.DTL modqlgs dand4is
. : shown in figure 2. Two combined amplifiers may be

system needs this substantial upgrade. X ; . .
required only for module 2, and this scheme is shown in

Table 1. RF power requirements for DTL figure 3. The upgraded system will employ circulators

o omoar between the FPA and DTL. Air pressurization is not
perating Levels . . ) .
Module | Energy | TankPwr. |21mABeamPwr| 8% margin | PeakReqd | Ave.Reqd planned for these amplifier cavities, as the ceramic seal is
MeV MW MW MW MW kW . .
1 4564 a7 o010 004 051 % longer on the TH628. Tube replacement time will be
2 3594 257 0.5 0.27 359 562 decreased from about 16 hours to 2 hours.
3 31.39 2.10 0.66 0.22 2.98 483
4 27.28 2.23 0.57 0.22 3.03 491
2 POWER AMPLIFIER REPLACEMENT o020k 2010401

2.5 amp 35 amp
DC Pwr.Sply. DC Pwr.Sply.

Waster
Load

We plan to install a new cavity amplifier, which will
operate as a linear amplifier and eliminate the need fi

18kvDC 28 kvDC

modulation of the high voltage. Output power control will 72 amps peak 170 amps peak
be accor_n_pllshed by varying th_e low-level RF drive to th.' o gyt s | eA 1o —
preamplifier stage. This eliminates four more tubes i [ Ameifer Tetrode Diacrode

each system, leaving only two RF amplifier tubes pe smw
module (three in module 2), or nine for the entire DTL RI

powerplant. In addition, the voltage overhead of the plai.. , )

modulator will disappear, as the tube will operate wittigure 2. New configuration for RF modules 3 and 4

DC plate voltage and be pulsed into conduction with the

control grid bias. 25080 K
0 to 20 kV DC Pwr.Sply.
2.5 amp
2.1 RF Power Tube Selection o Pur ol 150 arps peak
‘
Until very recently, there has been no reasonab 12.5 ampe oo L
alternative to the 7835 for the LANSCE 200 MHz DTL. | R Diacrode L

Thomson Tubes Electroniques embarked on a program | sase sl s || —
develop a tube capable of delivering 3 MW peak, 600 k\ A — FPa f%«
average RF power, at 200 MHz. The tube was propos: i Dincrode |
for fusion heating as early as 1991 [4]. Employing = 3.6 M
double-ended RF geometry (as in the 7835 triode) ci

extend the frequency-power limits of gridded tubes. Theigure 3. New configuration for RF module 2

TH628 Diacrodé is a double-ended tetrode, derived from

the single-ended TH526 tetrode. The tube uses pyrolytit 2 |ntermediate Power Amplifier

graphite grids, a thoriated-tungsten mesh cathode, and a

multiphase-cooled anode rated to dissipate 1.8 MW.The existing 4616 tetrode intermediate power amplifier
Pyrolytic graphite grids allow elevated grid operatings capable of 150 kW peak power at our present duty
temperatures without seconday electron emission. THictor. The statistical lifetime of these tubes has varied
allows for higher screen power dissipation, and highayith variations in manufacturing, including component
output power without adverse effects. The first cathodéhanges such as different filament alloys and sources of
driven TH628 Diacrodé has recently passed acceptancélica. As a grid-driven tetrode, the 4616 is capable of very
tests at the factory, and is being delivered to LANSCEYgh gain. Along with this high gain is a system
No other modern tetrode has delivered this level of highensitivity to variations in the screen emission and VHF

power 200 MHz performance. Table 2 lists significanfesonances or back-cavity modes from the internal mica
results from the tests. screen bypass capacitor assembly. We have a choice of

continuing to utilize the existing amplifiers, or converting
to a cavity amplifier using a Thomson TH781 tetrode,

Table 2. Thomson TH628 Test Results — June, 1998

Peak Power Output 3 MW peak which has pyrolytic graphite grids, a thoriated-tungsten
Average Power Output 600 kW mesh cathode, and a multiphase-cooled anode rated to
RF pulse duty cycle 20 % dissipate 250 kW. A nearly identical tetrode (TH681) is in
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successful operation driving the CERN PS 40 MHsztandoff and lifetime of the windows for the higher peak
bunching cavity [5]. and average powers proposed for LANSCE.

2.3 Power Supplies 2.5 Cooling Plant

The existing plate HV power supply/capacitor banks ar%The cooling requirements will not add additional load to

adequate for the conversion, after the plate modulators & plant, as the modulator heat load will be removed, and

removed. The HV power supplies for DTL modules Jhe waster loads on the circulators and combiner are only
through 4 are rated for 40 kV maximum, at 35 Ampere issipating transient loads during tuning and unbalances.
' he water flow though each new FPA tube is 36% less

DC. With the existing capacitor banks, they wer -
designed to drive the FPAs at 120 Hz, with 1200 ug1an_ the pres.ent tu.bes_, due to the more efficient
pulses. The DC voltage will be reduced from the presemu't”:’hase cooling regime in the tubes.

charging level. The module 1 power supply will also be 3 CONCLUSION

reused.

The 7835 triode requires 6900 Amperes of DC filament The proposed upgrade to the LANSCE DTL RF
current. The original filament power supplies are verpowerplant is based on changing the FPA to a new type of
large. Removal of the present power supply will providéetrode, which has demonstrated excellent performance
much floor space for the upgrade. The TH628 requirgluring testing. The other system changes will require RF,
less than 1000 Amperes, supplied from a small powetectrical, mechanical and thermal engineering, but

supply without water-cooled cables. nothing appears to be significantly challenging to prevent
long term success. This project will be a significant
2.4 RF Output Components improvement to the LANSCE linac RF system.
The new FPA will be isolated from reflected power ACKNOWLEDGEMENTS

from the DTL by using a coaxial Y-junction circulator.

Advanced Ferrite Technology has proposed a 35.5 cmrlhe authors wish to thank the LANSCE-5 RF team for
coaxial device, which has less than 0.16 dB of insertidheir assistance in keeping the RF plant operating with
loss and 25 dB of isolation. This is especially importanitigh reliability and in their suggestions and assistance in
for the combined amplifiers for module 2, driving theall of the upgrades.

high Q DTL. A water-cooled dummy load will be
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Further work is anticipated to improve the voltage
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