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development at KEK・The construction of a long pulse modulator

卜isec pulse duration will be discussed.
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DEVＨｺ…NT OF L-BAND HIGH-POWER RF SOURCE

DEVEL側剛T OF L-BAND HIGH-POWER RF SOURCE FOR THE
JAPANESE HADRON PROJECT PROTON LINEAR ACCmRRATOR

△h§皿L A high-power and high-duty RF source for an intense proton linear accelerator of the
Japanese Hadron Project (JHP) is under devel叩ment at KEK. The construction of a long pulse

maximum 140 kV pulse voltage was successfully completed､恥st operations of a L-band klystron

a 5MW peak RF power at a 400 usee pulse duration､１℃asibility of the L-band RF sow℃eofa6MW解､

ｈ曲e present design of the 1-GeV proton linac for the JHP ̂ , 36 L-band klystrons are required as the high

power RF som℃e for the high-B accelerating structure. In order to achieve a stable accelerating field in the
cavity for a 600 usee pulse duＩ油on, a feedback system is proposed* to compensate beam loading; the output

power of the klystron will be modulated by a drive power.血伽s scheme, the klystrons must be operated at
unsaturated state．Another crucial point to consider is reliability of the叩eration for such a large number of

klystron system・Therefor, every components of a prototype test station are designed to meet the requirement

for producing a 6MW peak power, even though a non血al peak power is 4MW at the proposed linac・The

the long pulse duration・After the ini血l叩eration of the modulator with 200 usee of pulse length and

max加um 140 kV of cathode voltage, the pulse width was do曲led by extending a PFN section of the

modulator・Fairly wen叩eration of the klystron was achieved叩to a max加um 5MW peak power with almost

400 usee㎡pulse duration at a cathode voltage of 130 kV. An accumulation of the experiences of such the

#“

MODULATOR AND PULSE TRANSE剛ⅧＲ

efficiency and 2 x 10* beam perveance are estimated from currently available pulsed klystrons・The maximum

used as a switching device of the modi血tor.  Consequently, a 7:1 st叩叩ratio is required for a pulse

transformer・The details of the transformer are discussed加山e reference 5.

As shown in Fig､1, the modulator consists of a high voltage DC power supply, a charging circuit, the
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トchargmg Circuit PFN and Discharge Cirα』iｔ

のashed boxes show a possible future extension).

PFN and thyratron switclmg devices. The present PFN consists of 34 cells which correspond to a 400 usee

pulse width. At the伽al objective, 50 cells will be installed to generate 600 usee pulses . The crowbar

cease it's fire at a pulse-end period for a wide range加pedance of the klystron load. Because an amount of
charging叩voltage at the pulse-end timing is proportional to a square of the duty.(Notice; Once the hold
off diode becomes turned on, the charging叩current flow into the PFN continuously, irrelevant to the
conduction of them血血yratron.) And because, at low rating power, a positive mismatch of the klystron
load may occur and a reflected positive voltage may be applied to曲e anode of the main thyratron for more
than twice the pulse widｍ．The crowbar thyratron triggered at the pulse-end timing always shorten the

positive voltage reflection, then it cease the main thyratron conduction・This pulse-end triggered conduction
current of the crowbar is not so heavy (both peak current and pulse duration).曲甑efor we expect much stable
operation of this tube compared to the main thyratron・The klystron protection is another function of the
crowbar・However, it is expected that a energy dissipation at the klystron is not so much even when an arcing
is happened inside of it because almostall of thes叩plied pulsed energy (stored energy in the PFN) is reflected

is about 10 joules for 600 usee duration if the arcing vol蝿e across tiie klystron gun is the order of 100 V and
the current is around 180 A. (Owing to the characteristic加隈dance of the PFN, the current is restricted less

辞、
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than the twice the nominal current, even証血e load is shortened). This means that not so much a fast triggering

summarized in Table 1・胸e details are discussed in the reference 4.

恥吐間ｗ釘

Pulse Rise T加e

s卸-叩Ratio
(3)班澗parameter

Flatt叩ripple

400 usee, (* 6㈹いsec)

７：１

34,(*50）
26.7Q

＜０．５％
160凪
0.22 uF
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former, the klys倣皿itself and other components・The TH2104A tube, according to the factory伽旧.can

江oducea7.3MWpeakpowerforareducedpulseduration(270|Lisec) when the 140kVand 108 Abeam power

650 waveguide system which is filled with a SF6 gas at 1．5 bar absolute pressure for preventing breakdown
ofRFwｍ曲ws of the klystron and dummy load・The klystron was operated at 1298 MHz and 400 usee of

pulse duration.  Typical叩鍾ational parameters of the klystron are described in the next section・The
waveguide type water dummy load with a beryllia ceramic wm伽w has capability of a 5MW peak and 300
kW average power・The limitation to the energy per pulse is also exis噂me maker guarantee叩to 2000 joules/

(＜1.1) for a water temperature range between 15C and 30C・伽e powerful dummy load system, for ex-
ample parallel use of it, is needed at the 61ⅥW peak and 600 usee duration power test.

解

The output power of the klystron is calibrated by a calormetric measurement of the dissipated power at the
dummy load. The power measured by a directional co叩ler mounted on the waveguide is consistent wi曲me

of the heat to atmosphere are taking into account in the calor加etric measurement, because these corrections
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duty叩eration for an alun血um waveguide and a temperature rise at the surface of the waveguide is estimated
around SCC at 30℃atmosphere・The measured temperature rise of the surface is quite consistent wi曲曲e
calculated one, even曲ough this comparison has been done at low duty (0.3%)叩釘ationM曲5MWpeak

power・In any case, a lowering the temperature rise or cooling of the waveguide may be required at the higher
duty叩eration・In the calorimetric measurement, the pulse width of the drive power is reduced to 300 usee

voltage, beam current, reflection power and phase fluctuation are also shown as indicatedm曲eFig.2.

■ロ■

１

■

■

周

。

虫

”

■

癖へ Ｆ

，

タ

ヮ

ｒ

Ｐ

仏

ロ

解、

top can be seenmme phase measurement even though no clear dip can be observedm曲e cathode voltage

the pulse t叩and shortening the rise time・Figure 3 shows the phase variation as a function of the cathode
voltage (Vk). Where the phase difference is measured between the drive and output powers. Using the si叩e
ofA<|> = 8.4･kV and the phase dip of Fig. 2, the cathode voltage variation is estimated⑩舵曲e order of 0､２
％・The output versus drive powers at several叩eration po加ts are shown in Fig. 4. Unfortunately, owing to

data show the saturation at 120W drive power for 5.4MW peak power generation.   Typical operation
parameters at 130 kV are shown in Table 2. The measured gi血and the efficiency are also a little less than
the factory values as shown in Table 2・We don't yet resolve these discrepancy.
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5.2MW
3帥usee

92､4 A
1.97
43.3％
44.2⑱

5.4MW

２・妬
47.5％
46.5⑱

癖、
The extension of the pulse width of the modulator to 600いsec is feasible as we did at the pulse widtii widening
from 200 usee to 4ＮＩ１sec・However, we expect severe叩釘ational situation of the main thyrati-on at the

higher duty叩eration even though the thyra伽n is replaced* to a currenfly most powerful thyratron (ITT F-
259:50kV,10kA限血and 25 A average) from two ITT F-175 thyrati-ons connected in parallel. Actually,
even aft戯曲e replacement, we observed a less stable叩eration of the modulator when Uie repetition rate is
increased at the present 400 jisecpulse wid血In that case, a delicate adjustment of die operational parameters

259 thyratirons as the main switch加g device as shown in Fig,1 will be one solution toＭ曲stand the higher
duty叩釘ation・At the initial phase of this modulator, where the ITT F-175 thyratiions were used"̂ , we have
akeady tried parallel operation of the thyrati-on and we feel confident of such parallel叩eration・For the
crowbar thyra伽n, the ITT F-175 is still used, because of a low duty叩歓ation for positive reflection short
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and very low丘巳quency of the true crowbar work. We are also seeking ano曲歓possibility to use solid state

devices such as a SCR and GTＤinstead of tubes. Needless to say, the feasibility of the high duty and high

already pioduce 7MW for 270 usee pulse duration・We should check the actual state of the art for present
avanableklystrons;ｈｏｗ曲risit危omourgoal,orisitalreadyreached曲ere？
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FIGURE 4  Output power vs・Drive power.
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