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Abstract pulses atthis power level. The second reasofor choosing
line type modulators wasthattheyare ofcourse one possible
The S-Band linear collider testfacility at DESY serves aboice for the generation of pulsetligh voltage for the
a testbed for components which will be necessary to buildklystrons of alinear collider. Therefore theyare still one
S-Band linear collider. The testfacility requires two S-Barabject ofinvestigationand researchAlternative techniques
klystrons operating at 2.998GHz, each producing an outpue also under investigation at DESY in addition [4].
power of 150MW at a pulse duration of 3us and a repetition This paper describes the first 375MW line type
rate of 50Hz. The high voltage pulses for the klystrons witiodulator at the S-Bandtestfacility at DESY, the
be supplied by two line type modulators, which producequirements, the circuéind the hardwareResults of the
pulses of up to 535kV at currents of 700A with a flat toppmmissioning are reported.
duration of 3us and a repetition rate of 50Hz. The first
klystron-modulator system has been installed and was The Klystron
commissioned at the S-Band testfacility at DESY.
This paper describes the layout and the hardware of the Two 150MW Kklystrons have been developed and built at
klystron-modulator system. The results of the commissioniB§ AC. Table 1showsthe design goals and the achieved

of the first system will be presented. parameters of the two klystrons.
Introduction Design  [Tube#l | Tube#2
Power Out 150 MW 153 MW |150 MW
Two of the mainissues for futurdinear colliders are |p,ise Duration 3 us 3 us 3us
klystrons and modulators. They represent one tbE major Repetition Rate 60 Hz 60HzZ 60Hz
contributions to the totakost of a linear collider and Beam Voltage 535 KV 507 KV 508 KV

determine to a majopart besidesother things itsreliability
and stability. Therefore klystronand modulators are among
the researclobjects atall linear collider testfacilities around

Beam Current 700 A 680 A 652 A
Microperveance 1.79 1.78 1.80

the world Efficiency 40 % 43 % 45 9%
The S-Band linear collideestfacility under construction IS2iN >50dB |56 dB 57dB
at DESY is a 400MeV electrofinac with four 6m long Table 1
able

accelerating structures [1]. In order to achiglie loaded
accelerating gradient of 17MV/m it requiréso klystrons
operating at 2.99&Hz at an output power of 150MW. In
1993 a collaboratiorbetween SLAC, DESYand Philips
started todevelopand build two 150MW Klystrons which
could be used ahe S-Bandestfacility. Twoklystrons have
been built at SLAGand shipped to DESWntil 1995 [2]. A
line type modulator hadeen constructed to tetste 150MW
klystrons at SLAJ3]. In parallel DESY started to build two
line type modulators forthe operation of the klystrons at th
S-Band testfacility. Therefore both modulators, $h&\C and
the DESY modulator, haveery similar PFN unit andpulse
transformer tank.

Although it is necessary to investigate alternative
techniques forhigh voltage modulators for futurdinear
colliders, thewell established technique dhe line type . .
modulator haseen chosen fahe modulators at the S-Band The mo_dulgtor consists of four separate big compongnts,
testfacility. The first reasorwas, that line type modulators the PPN unit with the pulse transformer tank, the charging

represent the most advanced methogrtmucehigh voltage Uit (CHU), the HV power supply and a control unit. The

Klystron Parameters

The klystrons require a solenoid, which is made of three
independent coils. Two of them are supplied by one common
power supply, whereas the third coil around the output cavity
is controlled independently by another supply. Typical
currents are 42A at 285V and 35A at 45V. In order to achieve
zero magnetic field on the klystron cathode a bucking coil is

eeded. It typically runs at 3A and 4V. The parameters in

able 1, especially the beam voltage and current and the RF
pulse duration, determine the modulator requirements. The
required repetition rate at DESY is only 50Hz.

The Modulator



basic parameters of the modulator shewn in Table 2. The stack with 28high voltage diodes in serieend varistors in

electrical circuit can be seen in Fig. 1. parallel. The mounting rack is connected by a copperand
a feedthrough to a 1:23ulse transformer (StangenéXlo
Pulse Voltage 535 kV Alto, USA) in the transformer tankTwo thyratrons (ITT
Pulse Current 700 A F-303) are installed in the cabinet. The anstie of the
Flat Top Pulse Duration 3 s thyratrons is connected to a thyratron mounting rack, which
Repetition Rate 50 Hz is attached_ to the other copper stripe¢haffeedthrough. This
Equivalent Square Wave Duratiof.8 s copper stripeserves asurrent returnpass from _thep_ulse .
- - transformer. A fast voltage divider (30ns risetime) is
Rise Time 10 -90 % 700 ns : . .
PEN our i el connected tathe capacitor mounting rack. Thalows to
OUL |I_nestpara et" measure the primary pulse voltage.
BEN . €ach 1ine ten seclions Directly connected tohe PFN unit is the oil filled pulse
Impe a_nce 1.340 transformer tank. It has a diameter of 1.3m and a height of
Total Capacitance 1.8pF 1.6m. The klystron with its solenoid sits on top of the tank
Capacitor Capacitance 45 nk with the klystron gun ceramics in the oil. The design klystron
Coil Inductance 1.3pH resistance at full power is 784 which together with thetep
Charging Voltage 50 kV max. up ratio of the transformer of 1:23 representsload
Peak Current (primary side) 16 kKA impedance of 1.44 to the PFN. A 1:10000 capacitive
Pulse Transformer Ratio 1:23 voltage divider is connected to the secondary side. A Pearson
current monitor allows to measure the gun current. The
Table 2 filament transformer and the blocking coil for the core bias
Modulator Parameters power supply are also installed inside the tank. The interior
_ of the PFN unit is shown in Fig. 2.
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Fig. 1. Schematic Drawing of the Electrical Circuit

PFN Unit and Pulse Transformer Tank

The cabinet of th®FNunit is 1.4 * 1.5m wide and 2.6m
high. All components in the cabinet are under air. Each of the
four PFN lines consists of 10 capacit@sd 10 coils (see Fig. 2. Interior of the PEN Unit
Fig. 1). The capacitors (CSI, San DiegdSA) have a
capacitance of €45nF and a voltage rating of 50kV. The}(:harging Unit
are mounted horizontally and connected with one side to an

aluminum rack. One copper coil is fastened on top of each tha PEN unit is connected to the charging unit (CHU) by
capacitor. The inductance is adjustable by changing the fap.; .able. The CHU cabinet is 1.35 * 1.45m wide and
on the coil and by changing the position of a slug inside g5y high. Inside the cabinet one can find the charging
coil. The nominal inductance of one coil is=L.3uH. The cpoke (Kirchner, Hamburg, Germany) with an inductance of
equivalent square wave pulse duration of i\ calculated 161 This inductance together with the tde&N capacitance

by T=2N(LiCi)*2 is 4.g1s (N is the number of sections pepf 1.qiF gives a charging time of 17ms. The maximum
PFN). The nominal impedance of the PFN is @3%he total charging current is 9A. 36 high voltage diodes, two times 18
capacitance is 1487, which gives a stored energy of 2.25kdarallel diodes in series, serve as charging diode. A despiking
at 50kV. In order to protect the klystron in case of arcing gBtwork made of chokes and resistors is connected to the

End of Line Clipper (EOLC) is installed in the PFN. Igaple to the PFN. The charging choke has a secondary
consists of six 2Q resistors in parallel, a varistand adiode



winding. This allows to install a deQing circuit in theAlmost 150MW at s have been reached. Fig.sBows
charging unit, if better pulse to pulse regulation of thgpical waveforms at this level. The 10 to 90% rise time is

charging voltage might be necessary. 700ns and the flat top duratiops3as required. Up to now no
efforts have been made to improve the flatness of the pulse
HV Power Supply top. This will be done in the next step by adjusting the

inductance of the PFN coils.

The HV power supply is a commercial power supply
(Heinzinger, Rosenheim, Germany) with the dimensions 1.4
*1.85m wide, 2.25m high. It has an output voltage of 26.5kV

/\/\/’M
max. at a maximum average current of 5A. The supply has an 1
SCR controller, which leads to a stability of the voltage T

U =536 kV
=670 A

N

better than 1%. The power supply can be controlled locally
or remotely via a GPIB interface.

Control Unit ‘J hw
3

All the controls are installed in four 19” racks of 2m

; ; ; CH1: Transformer Primary Voltage 5 kV / div
helght. The modulator can bg operated locally from this unit. CH2  Klystron Cathode Voltage 118KV / div
Inside the racks one can find the heater supplies for the CH3 : Kiystron Gun Current 100 A/ div
thyratrons and the klystron, the vacion and bucking coil Time - 1us/div

power supplies, the control unit for the core bias power
supply, scopes, trigger generators, monitors and printers. 5%
19” rack is reserved for a programmable logic controller
(Siemens S5-135U). All technical components of the klystron
and the modulator are interlocked by the PLC. In addition . .
temperatures, flows and pressures are recorded by the PL(IZ.It is planed for the ne_x_t steps to bring the klystron up to
The PLC is connected to 8UN workstationvia profibus, full power at 50Hz repetition rate and to smooth the pul;e
which will make it possible to operate the modulat pP-. The remot.e control of the sy;tem will be tested in
remotely from theSUN workstation.The cycle time of the addition. After it the waterloads will be removed and an

PLC program is less than 20ms. In case one component 1%ﬁgelerating structure will be installed and conditioned.

the modulator could be shut off pulse to pulse. The addition:t:ll {A‘S.S]C?hnd modutl_ator |fstrL]mder cogstruct:tlon. tlttlhs ptl)angd .to
personal interlock is made by a relay unit. start wi € operation of the second system at the beginning

of next year.

3. Typical Waveforms at 536 kV and full Pulsewidth

Outlook

Commissioning and Operation
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