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Abstract 1.1 The IOT (Inductive Output Tube)

For the TESLA linear collider 1.3 GHz RF sources with 1dOT'S have been used successfully for more than 10 years

MW peak power and about 70% efficiency are needed. Aor TV service at operating frequencies in the UHF regime

an alternative to the development of a Multibeam-Klystrorl2]- The operating principle is briefly described in this sec-
we investigate the feasibility of an 10T (Inductive Output'©n (S€€ Figure 1). The basic components are:
Tube). This is a very compact RF source: The time struc- o 3 gated-emission gun
ture of the beam is produced by a gated emission cathode, 3 resonator (output cavity)
and the output cavity is directly adjacent to the anode. Un- o and a collector for the spent beam
like 10Ts, conventional klystrons lose some of their de-
sign efficiency when they are operated below saturation, MICIUM_POWER 0T
because only the RF component of the beam is reduced and (et
not the DC beam current. In contrast to this the cathode
current of an IOT is controlled by the drive power. In order
to keep the gun voltage low, we plan to investigate a device
with a hollow beam where the output cavity is excited in
a higher order mode (HOM), as was recently suggested by
CPI[1].

Computer simulations are carried out with the CAD-
system MAFIA. First, an existing Klystrodé’ 10T built
by CPI is analysed. Simulation results will be shown and
compared to experimental data. Based upon this experi-
ence, a design strategy is discussed for the HOM IOT.

1 INTRODUCTION

Figure 1: Schematic view of a medium power 10T.

The “TeV Superconducting Linear Accelerator” (TESLA)The gun consists of a spherical cathode and a closely
requires 1.3 ms long RF pulses at the operating frequengyaced spherical grid. The grid support together with the
1.3 GHz. The state of the art of klystrons for such longathode forms a resonant coaxial input cavity which can
pulses is represented by the TH 2104 Diode-Klystron buille ysed to generate RF voltage at the operating frequency
by Thomson which can deliver up to 5 MW RF pulses ohetween grid and cathode. A DC bias voltage on the grid
2 ms length at a rep. rate of 10 Hz. The efficiency is 45 %gnyts off the electrons between bunches and controls the
the gun voltage 130 kV. bunch length. The bunched electrons are then accelerated

In view of the estimated 30 MW average RF power conin the anode potential. As they traverse the output resonator
sumption of the linear collider efficiency is a major issue. Agap, they excite the resonator RF and lose energy. The
contract with industry has been signed for the developmespent beam then enters the collector where the remaining
of an 1.3 GHz 10 MW multibeam klystron with 1.7 mskinetic energy is converted to thermal energy in the collec-
pulse length and an efficiency of more than 70 %. But evetor walls.
if this challenging goal is reached, the efficiency will be de- Thus, the main advantages as compared to a klystron are
creased in practical use, since for the operation of the linac,
a variation of the output power of at least 10 % must be ) .
possible. But reducing the RF drive power has no influence  [0r€ 0nly as much beam current is produced as is

on the average dc electron beam current and hence more "N€eded to reach the desired output power.
energy is wasted in the collector e Since the beam is already bunched at the cathode, the

. . . overall design can be very compact.
In the medium power UHF regime, a new de5|gn.of RF Magnetic field requirements are lower, since the beam
sources has been successfull which overcomes this draw- .
. S . only travels a short distance.
back. The goal of our investigations is to analyse whether
this 10T concept can be applied to the high power L-Band A disadvantage of the IOT is the relatively low gain of

requirements of TESLA. less than 30 dB.

e The beam currentis a function of the RF drive. There-
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1.2 The HOM IOT CURRENT AS EJECTED FROM GRI D SURFACE

The 10T concept cannot simply be upgraded to TESLA re-
guirements by adjusting the frequency and increasing beam AVERAGE CURRENT 0.7 A
current and gun voltage. Limiting factors are

e breakdown of the gun voltage 5 o
e space charge density 3
e emission density at the cathode 050
e power density in the output cavity
e thermal stress in the collector : :
Thus we investigate an IOT with a hollow beam that does mers o1
not excite the fundamental but a higher order mode (HOM)
in the output cavity[3, 1]. Figure 2: Time structure of the current. This pattern repeats

every 1.43 ns.

1.3 Design Tools

- . . . . between the flanges and less than 15 Gauss at the cathode
Existing design tools including fast-running, One'%urface

dimensional optimizing codes, cannot simply be employe
to study the HOM IOT. Although they are well tested for .
existing I0Ts, they are based on approximations which al%2 Typical Results

valid only near the beam axis for solid beams. Some simulation results are shown in figures 3 and 4.

We plan to use the MAFIA[4, 5] package for our analy- Due to the high quality factof)=134 of the output cav-
sis. This package offers modules for the RF investigatioity the time to reach the steady state of the excitated mode
of the resonant cavities as well as PIC modules for the selimounts to a few hundred RF-periods. It is not possible
consistent calculation of the electron motion. It has beeto simulate the complete build-up process until the system

used successfully for klystron design[6] before. reaches steady state, because it would take too much CPU-
time and noise would increase to intolarable values. The
2  SIMULATION port approximation[7] cannot be used for the HOM case.

Therefore we calculate the mode pattern and preload the
In a first step, we used MAFIA to analyse an existingavity with the excited mode. A good guess for the ampli-
medium power Klystrode" IOT. The working frequency tude and phase can be drawn from a simulation of the first
for the analysis was chosen to be 700 MHz, the design outg RF-periods of the build-up process.

put power is 60 kW. In steady state, the RF output power is replaced by the
beam in every period. The rest energy of the beam is dis-
2.1 Parameters and Assumptions sipated in the collector walls a few periods later. Thus,

The whole device is rotationally symmetric and can be Sims_teady state can be identified through the fact, that the av-

ulated inrz-Geometry. In practice, the RF power is ex-crage beam energy loss is equal to the RF power l0ss in

tracted through a cavity coupling loop. In order to main-th: Zr\t,:,fﬁ;ar: [’Sari.e-;hn? eifr:'c;'; r;c(:jy ';gfée(rsn;'enf;b:g (i;ﬁerent
tain the rotational symmetry, this was replaced by a layer Yy 9 y y '

lossy material at the outer boundary of the cavity. The ge-

. . ; S Initial Efficiency calculated from
ometry of the cavity and material constants of this artificial o o
. RF power| RF cavity field | dissipated powe
load were chosen such that the impedaRand the qual- 355 KW WY Tt 6 0
ity factor @ correspond to experimental datB=12.8 K2, : o o
R/Q=95.4), Q=134. 40.0 kW 57.3% 57.9%
! 42.0 kW 57.3% 56.4 %

For the HOM IOT, the output cavity will be designed
using 3D resonator codes which include waveguide bound-
aries to simulate the RF extraction. 2D resonator as welpble 1: Identification of steady state. Average beam cur-
as time domain codes will be used to investigate the inptient 2 A, bunch length 180 The efficiency in steady state
circuit and determine the bunch shape. is 57.3 %.

For the analysis of the existing IOT, we assumed that the For three different cases, we compared our results for the
gridded gun workes perfectly and yields a bunched electrafficiency with the results of a simple one-dimensional pro-
beam with the time structure shown in figure 2. The gugram which usually yields good results for medium power
voltage was 32 kV and the corresponding electrostatic fielT’s but cannot be extended for the calculation of the
was also calculated in MAFIA. Whereas for a beam curretifOM IOT (see table 2).
of 1 A no magnetic field is necessary to focus the beam, for Both calculations show that the efficiengyncreases for
higher currents we assumed a solenoid field of 250 Gaukigher output power even for gap voltages well above the
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Figure 3: Typical simulation output. Electrons move from left to right. They are emitted from the surface of the grid and
accelerated in a static electric field. Passing the output cavity, electron bunches excite an RF field. The spent beam is
dumped into the collector.
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Figure 4: The momenturfi, -y is plotted against the longitudinal position foe= to, andt = ¢ + 7'/2 . The average
beam currentid,,. =2.93 A, the gap voltage iB,,, =40.8 kV.
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