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STATUS OF JLC X-BAND MAIN LINAC R&D

Y. H. Chin, High Energy Accelerator Research Organisation (KEK), Tsukuba, Japan

Abstract

In this paper, we summarise the status of XHsand

Tablel: Desigrparameter@andactualperformance of the
PPM-1 and PPM-1.5 Kklystrons.

main linac R&D efforts for theJLC (Japan & Linear

Collider) project including the®?PM Kklystron, thelGBT
solid state modulator, the DLDS pulse distributior
system, and the RF structure.

1 X-BAND MAIN LINAC

Design Achieved
Peak power (MW) >50 68
Efficiency (%) >50 49.6
Pulse lengthi(s) 1.5 1.5 (at 56MW)
Micro-perveance 0.8 0.79
Repetition rate (pps) 50 5 (25Hpssible)

1.1 Klystron

The 0.5-TeV JLC projecfl] requires about 1800
(/inac) klystrons operating at 75 MW outppbwer with
1.5 ps pulse lengthPeriodic Permanent MagnéPPM)

The secondPPM Klystron is currently under high-
powertesting. It hasmproved watercooling system of
PPM circuit andthe output cavityfor 150Hz operation.
The RF system was alsevisedfor a higherefficiency.

klystrons are being developed to eliminate the expense aog to date(June 6, 2001), thBPM-2 Klystronproduced

power requirements afe focusing solenoids. KEK has
begun atwo-year projectwith Toshiba to produce two
PPM Kklystrons in twestages[2]. The goal is tproduce
50MW output power with efficiency>50% at 15 pulse
length at the first klystromndthen toadvance to/5MW
with efficiency=55% athe secondone. Figure 1 shows
photos of the PPM-1 (righ@nd PPM-2 (left) klystrons.
The first PPM klystron and iteevisedversion (PPM-1.5)
have been teste@nd they achieved56MW power with
50% efficiency at the standard1.5 ps pulse length.
Neitheroscillation of parasitianode nor gun oscillation
wasobservedThe particle transmission wésund to be
100% when no RF signal is applied. Tperformances of
PPM-1 and PPM-1.5 are tabulated in Table 1.

73.2MW at 1.4us pulse lengthand 70MW at 1.5 ps

pulse length with the efficiency of 54.5%. The
oscilloscopetraces aresshown in Fig. 2.The maximum
efficiency reached56% at thespecified cathodesoltage.

The performance of PPM-2 klystron tabulated in Table
2. Figure 3 shows the outppbwerandthe efficiency as
a function of the cathode voltage. More details of
measurement results aieund in Ref. 3. Thehigh-power
testing will becontinued toattain 75MW outputpower

with the standard 1.5s pulse.
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Figure 2: Oscilloscope traces of PPM-2 output pulses.

Table 2: Latest measurement results of performance of the

PPM-2 klystron (June 6, 2001)

Figure 1: Photos of the PPM-1 (riglaihd PPM-2 (left)

Design Achieved
Peak power (MW) 75 75.1
Efficiency (%) 55 56
Pulse lengthi(s) 1.5 1.5 (@70MW)
1.4 (@73.2MW)
Micro-perveance 0.8 0.79
Repetition rate (pps) 150 25

klystrons.
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Figure 3: Output power and efficieneg. cathodevoltage
at PPM-1, PPM-1.5 and PPM-2 klystrons

1.2 DLDS Pulse Distribution System

In the simplest DLDS (Delay Line Distribution
System),illustrated in Fig.4, the RF power from two

klystrons with independent phasing is combined through

3-dB coupler. Oneoutput port of the3-dB hybrid is
connectedthrough low-losswaveguide, to dinac feed
about one half of theompressegulse widthtimes the

waveguide are carried by different waveguide modebao
they can beextracted at designatéocationsaccording to
their modepatterns. Takingadvantage oboth the single
mode and the multi-mode DLDS, a 2x2 DLDS was
proposed at KEK to deliver RF power to four RF clusters
[3]. Its scheme is illustrated irFig.5. It consists of
almost identical duainodeDLDS systems with long and
short waveguide. The two propagation modese chosen

to be TE,; and TE, modesfrom the results of thgoint
experiments with SLAGand BINP performed atKEK on

a 55m long delay linassembled irthe ATF linac tunnel
[4]. In these experiments wmeasuredthe stability of
various modes and their transmission losses over the 55m
long pipe. The Tk and TE, modeswere found tohave
the lowest transmission losseand they are less
sensitivity to the pipe imperfection (no electric field at the
surface of the pipe). This allows a looselerance for the
pipe fabricationandthe insertion of expansion joints to
absorb the thermal expansion of the pipe without
significantly increasing the transmissidass. KEK is
now pursuing the TEHTE,, 2x2 DLDS schemeand we
completedthe design ofall RF components. Theirold
models will be tested soon.
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Figure 4. A schematidiagram ofthe simplestfactor-2
DLDS.

The largestdrawback ofthe original (single mode)
DLDS is that itrequireslong waveguidesthe maximum
of 27 waveguidesun together inside the lingannel. A
conceptual improvement wagroposed by SLAC to
further reduce the length of waveguide system by

i

N

55m 55 m

Figure 5: Schematic view of TETE,, 2x2 DLDS

1.3 Modulator

To improve the reliability of the modulator, KEK is
now developing a newiGBT (Insulated Gate Bipolar
Transistor) modulator as a two-yeproject. The main
specifications of thisnodulatoraretabulated in Table 3.
The IGBT modulatordiagram isillustrated in Fig. 6. It
consists of a DCpower supply, four modules of
switching unit at 25kV, a pulsgansformerwith a ratio
of 1:5, and a waveform compensation circuit.Each
module contains 13 stacks ehergy storage capacitors,
IGBT switchesand IGBT gate drivers,and it produces
25kV voltage in total. The four modulese connected in
a series-parallel arrangement and turns on intgtimeary
of a pulsetransformer toproduce500kV-output pulse at
530A with a flattop width of 1,5s. Theindividual IGBT

multiplexing several low-loss RF modes in a same pas jts owngate driver,which can control the output
waveguide. Thus, the sub-pulses in the distribution
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waveform to an arbitrarform. Thediode network allows examination uncovered significant electrical damage in the
the isolation offaulted klystron load and protects the upstream cells. This has sharp contrast with earlier testing
IGBT circuits from an over-current. Two prototypes of theof the structures with lower group velocity (less than 5%)
modules, withthree andten stages for 6kVand 20kV  andshorter length, whiclshowed nosign of degradation
output pulse each, were budhdtestedsuccessfully. The at the gradient of more than 80MV.

entire system at full specifications with tieaveform In the hope that a lower group velociyd ashorter
compensation circuitand the over-current protection length will help to reduce the damage, aseries of
circuit will be built and tested in spring 2002. structures with different lengths and group velocity
profiles arebeing builtandtested.All of the low group
Table 3: The main specifications of this modulator. velocity structures (5%-3%) have reached gradient of more
than 70MV/m and show minimum shift in phasdvance.
Number of klystrons per modulator 2 The processing voltage history is shown in FigBésed
Peak klystron voltage 500 kV on these results, we are changing the desigdLlf6/NLC
Total peak current 530 A structures to have a peak grouplocity of 3-5%and a
Pulse width 1.5us length of 0.9m. Thishowever,demandghe averageiris
Pulse top flatness 2 % size too small to meet short-rangrakefield requirements.
Energy efficiency 70 % To increase the iris size, while keeping the group velocity
Repetition rate 100 Hz low, the phase advance per cell shouldroeeased to 150

degree from 120 degree.
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Figure 7: Processing voltage history fda) 1.8m
structure with thgpeak groupvelocity of 12%, (b)0.5m
structure with thepeak groupvelocity of 5%, (c) 1m
1.4 RF Structure structure with thepeak groupvelocity of 5%, (d) 0.5m
structure with thegpeak groupvelocity of 3%. (Courtesy
D. Burke, 2001)

Figure 6: Diagram of the IGBT modulator.

The main requirementfor JLC RF structures is to
efficiently provide a 70MV/m-acceleratingradient to a
beam_, while controlling the shortarjd long-range 2 CONCLUSIONS
wakefields to preservéhe verylow emittance of the )
multi-bunch beams. In the past years, the various typesThe X-band R&D efforts are making steady and
of RF structures have beefesignedbuilt and tested in ~ Significant progresses in the last few years. Asdteal
collaboration with SLAC. The latestdesign is called Step to the next stage of R&D, vege working for the
RDDS (Rounded Damped Detunetructure) which not three-yeamproject to build a basic main linamit (or its
aggressively dampsthem. Its first prototype was functionality as system at high power.
successfullybuilt in 1999 and was tested forwakefield
characteristics a@he ASSET facility at SLAC in2000. 3 REFERENCES
At KEK, much of attentionshave been paid to the [1] "JLC Design Report Study", KEK Report 97-1, 1997.

fabricationissues such abigh-accuracy diamondutting [2] Y. H. Chin, et al., " X-Band PPM Klystron
and the diffusion bonding 091]‘ cells y g Development For JLC", in Proc. of PAC2001.

[3] J.Q. Wang, Y.H. Chin, et. al., " Study of RF

These structureare 1.8m longandthe group velocity Components forJLC 2x2 DLDS" in Proc. of
varies from 12% at the inp@nd to 3% athe otherend. PAC99, 1999, P.1058.
During recenttests at high power, it wadiscoveredthat [4] S. Tantawi, et. al., "Evaluation of thEE(12) Mode
the net RF phase advance through the protosyqetures in_Circular Waveguidefor Low-Loss, High-Power

RF Transmission", Phys. Rev. Sqccel. Beams 3:

had increased byoughly 20 degreesper 1000 hours of 082001 2000

operation at gradient as low as 50MV/m. The microscopic
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