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Abstract A schematic drawing of the 1-MW accelerator[1] is
shown in Fig. 1, along with a schematic of the 4-MW

The National Spallation Neutron Source (NSNS) systempgrade.

has been proposed to dramatically improve the neutron _

capabilities for science applications in the US. The NSNg-&Yout of the 1 .and 2 MW linac

is a fast pulse neutron source that would consist of a 10 RFO 402@'%:; HCC;SS mzoummmiw Lina%_
MeV H- linac, an accumulator ring, a neutron target, and | ‘ | |
an experimental area. Although the NSNS is to be built at 35kev  2.5Mev 20Mev  s3Mev 1000 MeV
Oak Ridge, the design responsibility is delegated to five

US national laboratories, and the Los Alamos National Layout of the 4 MW linac

4025 M,

Laboratory is responsible for the linac portion of thid_]
machine, from the output of the radio frequency
guadrupole (RFQ) accelerator, to the entrance to the
accumulator ring. In the baseline design, a total of fifty-
nine klystrons are used to provide the rf power for a 1t
MW average power beam in the accumulator rlng,.and ﬁgure 1. Layout of the accelerator structures for the 1-,
1.04 ms pulse Ien.gth, 6.24% duty factor beam in thf_, and 4-MW NSNS linacs.

linac. The frequencies chosen are 402.5 MHz for the RFQ

and drift tube linac (DTL) portions of the machine, andrhe power applied to the klystron has 1G0rise and fall
805 MHz for the coupled-cavity DTL (CCDTL) and times. Thus, the pulse of power through the klystron will
coupled cavity (CCL) portions of the linac. The baselinde about 1.25 ms long, and the klystrons will have a 7.5%
805 MHz klystron is capable of 2.5-MW peak power intovideo duty factor. This accelerator is to be comprised of
a flat load, and it contains a modulating anode. Than RFQ and DTL, operating at a low frequency, and then
backup 805 MHz klystron is cathode pulsed, and has a 8-CCDTL and CCL at an integer multiple of the base
MW peak output power. The modulators for these twéequency. NSNS is to be upgradeable, to both 2 MW and
klystrons are vastly different. The challenges and MW of beam power, with a funnel and two parallel
compromises for the two klystrons and their associate#2.5-MHz front ends for the final upgrade to 4 MW.
modulators and RF systems are discussed. The baseliifee frequencies chosen are 402.5 MHz for the RFQ and

805 MHz
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design RF system is presented in detail. DTL portions of the accelerator, up to 20 MeV. From 20
to 93 MeV, the accelerator is a CCDTL, and from 93 to
INTRODUCTION 1000 MeV, the linac is a CCL. Both the CCDTL and

L operate at 805 MHz. The amplifier size was chosen
2.5 MW, the maximum power for a long-pulse
ystron with a modulation anode[2], to minimize the cost
and maximize the reliability of the rf system. Two
klystrons will be placed in each modulator, and Fig. 2 is a
8hematic diagram of a dual-klystron-modulator rf

The Klystron is used in most high-power high-energ)?C
proton accelerators, and so it was the logical choice as
RF generator for the NSNS project, which requires ov
104 MW of peak power for 1.04 ms pulses at a beam
duty factor of 6.24%. We must add at leastus0to fill s
the standing-wave accelerator structures and to lock t o
control loops for the fields in the accelerator. Thus the ystem at 805 MHz. The schematic diagram for the

: : 02.5-MHz system is identical, except that only two
lied f 1.1 he rf f
ip;ogvg(r)/ols applied for about ms, and the rf duty aCtOmodulators and four klystrons are used for the 1-and 2-

MW linacs.
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Accelerator Section Accelerator Section be possible, but the klystron would require development,
‘ ‘ and this means risk to the program. With the lower power
klystron, it is entirely feasible to put two klystrons into

ZAN ZAN . one modulator, but it is much more difficult to do this
Klystrons Waveguide with the 5-MW cathode-pulsed klystron. A schematic
M@L To three diagram of a dual 2.5-MW Klystron rf system was shown

more in Fig. 2, and the corresponding diagram for a single 5-

@’—MW modulators My kiystron is shown in Fig. 3. Both systems can drive
Modulator m the same two accelerator modules. The main switching
element in the 5-MW modulator is a solid state assembly
DC Capacitor Crowbar made of a series connection of insulated-gate bipolar
Power Room transistors (IGBT), and only the crowbar is a classic

Supply electron tube.

Figure 2. Schematic of the RF system with the dualnother advantage of the configuration shown in Fig. 3 is
klystron modulator. that all the electronics, except the pulse transformer and
klystron socket, are in air-insulated enclosures, so the

Although Fig. 2 is just a schematic, notice that only one . i -
switch tube is used. This reduces the capital cost, a anount ofinsulating ol is greatly reduced compared to
‘ ' e circuit in Fig. 2. This has fire safety, cost, and

incr he reliability of the modulator he expense”. . T
creases the reliability of the modulator, at the expe éealntenance advantages. The capacitor bank in Fig. 3

of a somewhat longer fall time of the cathode currenr{:Ores only about 25% of the energy per peak MW of

I heref iel lightly high i X
pulse, and therefore yields a slightly higher Operatln§utput power, compared to the energy stored per MW in
cost. . e
the Fig. 2 circuit. The lower stored energy would cause
TECHNOLOGY CHOICES much more distortion in the _out_put p_ulse of t_he
] ) modulator, but the bouncer circuit, which contains
We have chosen the high main frequency of 805 MHZ fQ4nother capacitor and inductor, is triggered so that its

this project to keep the sizes of the accelerator structurgsitage changes during the pulse, to compensate for the
as small as possible, consistent with enough stored enegpacitor drop.

in the RF structure. The large cw linacs being proposed

for tritium production use 700 MHz for their high ) _
frequency[3], and the Japanese waste-transmutation Accelerator Section Accelerator Section
prototype accelerator is proposing[4] 600 MHz for the
high frequency part of that accelerator. Both machines are
proton linacs. Klystron vendors indicated that man
technical solutions are possible for the NSNS project,
including the conventional klystron, the multiple beam
klystron (MBK), and higher-order mode inductive output
tube (HOM-IOT). Only the conventional klystron has H;
been used in accelerator work to date, so it was chosen as f C Bouncer
the baseline RF amplifier. Even with the conventional

klystron, the vendors were not in agreement about the
most economical and maintainable solution for this DC Cepacitor Crowbar IGBT
project. The frequencies of the linac were chosen at 402.5| Power Bank Switch
and 805 MHz, although it is expected that the minimum | StPAY
cost is almost independent of frequency over a Widg_
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range[5]. The frequency of 805 MHz has been used f poure 3. The soh_d-state_ modulator with a 5-MW
several pulsed proton linacs, which have used very lon lystron and waveguide splitter system.

lived klystrons. The LANSCE Klystrons, at 1 ms, 120 HzThe 5-MW-klystron system has the potential to reduce
and 1.25 MW have a life of over 80,000 hours, and theosts, since the 5-MW Kklystron is much less expensive
FermiLab 100ms, 10-Hz, 12-MW Klystrons also appearthan two 2.5-MW Kklystrons. However, the 2.5-MW
to have an excellent life of over 30,000 hours. Foklystron would operate at a much lower beam voltage of
klystrons with a modulating anode, the opinion is that about 110 kV for a 60% efficiency. This klystron voltage
2.5-MW output power should result in a good rf systenis in the optimum range for a modulation anode floating
design. The cathode pulsed Kklystron, without a&eck modulator. The 5-MW klystron would operate at
modulation anode, could be made to much higher powet55 kV for the same perveance and efficiency, and this
and 5 MW was chosen as a reasonable limit for thigoltage makes it very difficult to make a floating-deck
project[2]. Higher peak powers at this pulse length magodulator. The fields inside the electron guns for the two
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klystrons are also different, with the higher fields in th&'he repair is then done off line. The power supplies for
higher power Kklystron. The higher-power Kklystronthe klystrons also can be expensive, and to minimize this
therefore requires a series-type or transformer-typeost, eight klystrons are to be driven by a single power
modulator, in which the switch transmits the entire pulssupply, capacitor bank, and crowbar for the 805-MHz rf
power. In the floating-deck modulator (in Fig. 2), thesystem, and a single supply, crowbar, and capacitor bank
switch only has to transmit a fraction of the pulse poweis to be used for the 402.5- MHz system. The 805-MHz
since only the capacity of the modulation anode is beinldystrons will have a saturated efficiency of 60%, and
charged and discharged. With the 5-MW Klystron, theperate at 110 kV.

reflected power levels are at a damaging level due to the

higher forward power, so the system requires a circulato?.'nce the system is pulsed, the control margin allowance

The single klystron would drive two accelerator moduleg> 2(_)% of t?; (r)f I\F/)IS\\/Ner’ hso eacr|1 Klystron (;N'IH d&“vﬁr;
and we feel that since the beam loading will be differe aximum or =. to the accelerator module. Methods

in each module, we will also require a high-powelof using adaptive feed forward techniques to reduce this

variable-ratio power splitter and phase shifter with the g:nargin are being studied.
MW klystron. With this type of modulator, a single
power supply is used for each klystron, and this raises the FUTURE WORK

capital costs. The baseline rf system and the system with the 5-MW

klystrons will both be designed in more detail so that

A cost study has given the preliminary results that a 1096 accurate cost and reliability data can be assembled.
savings in the rf system are possible with the 5- MV¥gqy next year, the 805-MHz development effort will
klystron, but the modulator is so large that it must bBegin on the baseline 2.5-MW kiystrons and their

repaired in situ, which reduces the availability of the rf,qqators. A development contract for an advanced rf

system. generator (such as the multiple-beam klystron) will be
placed.
SYSTEM DETAILS
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and oil-filled. Whenever the klystrons or modulator needs

repair, the entire unit is removed by fork lift and replaced.
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