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Abstract Table 1: Parameters of 135 MW VLEPP klystron

It has been reported at EPAC-96 Conference on success-
ful experimental results on achievement of 100 MW out- General parameters

put rf power in a wide aperture, 15 mm, high gain, 80 dB, Beam voltage 1 MeV
14 GHz VLEPP Kklystron with distributed suppression of Beam current 250 A
parasitic oscillations [1]. This report presents design of an RF frequency 14.0 GHz
electrodynamic structure of the X-band klystron for linear  Power gain 83dB
collider with a higher efficiency up to 54 % to be achieved RF peak output power 135 MW
at the same parameters of the electron bedm-(1 MeV, Efficiency 54 %
I = 250 A, emittance0.05m cm-rad). Design rf output  Focusing system
power of the klystron is equal to 135 MW. Type of magnets Permanent
Max. magnetic field 04T

1 INTRODUCTION rms magnetic field 0.28T
The cost of RF power system will constitute significant Zi?ﬁg er of periods 614 4n;m
fraction of the total cost of future linear collider. Appro- Acceptance 0 17T' cmrad
priate design of the klystron can reduce this cost. The fo'Buncher '
cusing system of the klystron should be based on perma- Drift tube diameter 15 mm
nent magnets to reduce operational cost. The power gain Length of drift section 52 mm
of the klystron should be high enough to provide an op- Number of drift sections 10
portunity of using cheap semiconductor devices as master Length of cavity 12 mm
amplifiers. The requirements to the quality of the driving Number of cavities 11
electron beam should also be reduced in order to simplify Mode of operation -

the design of the gun and the modulator. Q-factor of loaded cavity 830

Max. surface field strength 300 kV/cm
2 PARAMETERS OF THE KLYSTRON

Output structure
A prototype of a high efficiency and low cost X-band Design expanded conic
klystron is developed by the collaboration of the BINP Mode of operation m/2
(Protvino) and JINR (Dubna). Parameters of the klystron Number of cells 22
are presented in Table 1. Frequency and amplitude char- Length 110 mm
acteristics of the klystron are presented in Figs. 1 and 2. Aperture 15 mmto 20 mm
Design output rf power is equal to 135 MW. High gain of ~Max. surface field strength 700 kV/cm
the klystron, 83 dB at saturation, will allow to use low pow-___# of power outputs 2

erful, 0.6 W, semiconductor master amplifier. The klystron
has large aperture of drift tubes, 15 maf § = 0.7) which
will allow to use relatively low quality driving electron
beam from a gridded electron gun.

Focusing system of the Klystron is designed on the ba.sel‘ The diameter is smaller than the cut-off value for the
of permanent magnets. Output rf system of the klystron is

desianed to obtain maximal efficien t reduced val ‘ modes with frequencies less than the double operating
esigned to obta aximal efficiency at reduced vaiue o frequency. This diameter is a standard choice. At the
maximal surface electric field.

frequency of 14 GHz the diameter should be less than
6.28 mm.

excitation of the system is increased. From this point of
view, several cases can be identified.

3 BUNCHER

2. The diameter is less than the cut-off value for the op-
erating frequency. At the frequency of 14 GHz the

An increase of the drift tube diameter simplifies the prob-  diameter should be less than 12.56 mm. The diameter

lem of beam transport. On the other hand, a risk of self-  of the klystron under development at BINP is equal to

3.1 The choice of the aperture
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11 mm [2, 4]. In this device the self-excitation occurs
at frequencies higher than 16 GHz when the beam cur-
rent is higher than 100 A.

3. The diameter is larger than the cut-off value for TE-
modes (overmoded channel) and less than the cut-off
value for TM-modes. At the frequency of 14 GHz
the drift tube diameter should be in the range from
12.56 mm to 16.4 mm. The klystron described in this
paper belongs to this range.

Positive feedback for Tg leads to the self-excitation of
parasitic oscillations near the operating frequency when
the drift tube diameter is larger than the critical value for
TE-modes. Another mechanism of self-excitation is con-
nected with the synchronous interaction between the elec-
tron beam and T mode field (beam velocity is approx-
imately equal to a phase velocity of a wave). At the fre-
guencies higher than the critical value for TM-modes there
is a risk to get an additional excitation due to these modes.

3.2 The choice of the cavity parameters

The choice of the cavity parameters has been defined by the
following suggestions:

1. At a low beam microperveance of 0.25, the Q-factor
of loaded cavity is still high, Q = 830. To provide
amplification bandwidth up to 40 MHz, it is necessary
to have several intentionally detuned cavities.

2. Alow beam perveance, a large diameter of the channel
and large transit time factor reduce amplification in the
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Ca.Vity. Due to these reasons the number of the buncher Figure 2: Amp“tude characteristic of the k|ystr0n_

cavities should be larger than six.

3. To maintain optimized beam bunching at the bearfygius is reduces significantly because of using relativistic
voltage of 1000 kV, the bunching field should be disheam [6].

tributed over several cavities. The requirement to
keep the field strength on the cavity surface below
300 kV/cm threshold requires to have at least 3 out-

4 FOCUSING SYSTEM

put cavities. Focusing system of the klystron is designed on the base
of permanent magnets. The magnetic field has been calcu-

4. An optimal length of the klystron is about 100 cm. Onjated with two-dimensional codes and measured afterwards
the other hand numerical simulations shows that & a real device. The electron beam transport through such
increase of the klystron length from 70 cm to 100 cny, system has been optimized using numerical simulations

leads to the efficiency increase less than 5 %. taking into account angular spread of the electron velocities
and the space charge fields. The results of these simulations

Due to these reasons the bunching unit length in o
klystron is equal to 70 cm and the number of the cavities is
equal to 11.

To improve the bunching characteristics of the klystron

YUre presented in Fig. 3.

5 OUTPUT STRUCTURE

the cavities of the wide aperture buncher are designed &ke design of the output system has changed with respect
two-gapm-mode cavities which provide better transit timeto previous one [3]. At present it is manufactured in a
factor. form of a segment of expanding conic diaphragm waveg-
One more detrimental factor of the larger diameter of thaide with the mode of oscillations close #g2. The aper-

drift tube is the dependence of the bunching properties dfire of the output structure is increased from 15 mm at the
the cavity on the radius of the electron beam. This circunentrance up to 20 mm at the exit. Such a design correspond
stance might have a strong effect in the case of a nonrel@-higher impedance and higher efficiency, up to 54 % (pre-
tivistic beam. In our case, however, the dependence on thimus design provided efficiency of 44 % [3]).
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Figure 3: Magnetic field of the klystron and numerical sim-

ulations of the electron beam transport. Figure 4: Integral frequency characteristic of the dis-

tributed suppression filter composed of ten RF absorbing

Symmetrical design of two rf power outputs improvedrift tubes (1 — H;-mode and 2 — f -mode).
conversion efficiency of operating TM-mode of the output
Strutcture Tt?.TE_Tt?lde foff trdetOL::lput lwatvegut;de. To ﬁre_[4] N.l.LAzorsky et al., "Study of the 14 GHz Relativistic
:/en tﬁer][e ra !;)n 0 . e rb Ite 0 the electron teaT Codet(;" Klystron for VLEPP”. Proc. of the 1994 International Linac
or, the transit section between the power oulput and e conf, vol.2, p.421 (1994), Tsukuba, Japan.
collector is installed. It has appearance of a segment of a£5 G.V. Dolbilov et al. "Devel tof Li Induction A
regular aphrag waveguigs with e supression band) 3,20y 1 Dorsopmert f e et v
of the filter at the frequency of 14 GHz (plug-type filter). Conf., vol.1, p 363(i994) .Tsukuba Japan

To increase the reliability of the klystron, the elements oo ’ T o
of the output structure where the electric field strength ex.°! V"T(:\h/aNg'”'kV"ééOto"' I4.I.Ster7n(c)a7nyf§glll<ln Uspekhi Fizich-
ceeds 300 kV/cm are manufactured of stainless steel. The ¢ a_u V-0, Vyp-4, St 197, _
surfaces of the stainless steel insertions are strengthenéd G-V.Dolbilov etal., AIP Conference Proceedings 337 (Proc.
mechanically and shined. We suppose that such a technol- ©f the Intermational Workshop on Pulsed RF Sources for
ogy will provide a safe margin of operation up to maximal ~ Linear Colliders, Montauk, NY, October 1994),p. 122

electrical field strength on the surface of 700 kv/cm. [8] G.V.Dolbilov et al., "A concept of wide aperture klystron
with absorbing drift tubes for a linear collider”, Nuclear In-

6 SUPPRESSION OF PARASITIC OSCILLATIONS struments and Methods in Physics Research A 383 (1996),
p. 318

To suppress parasitic oscillations we use the technique of
RF absorbing insertions installed inside the drift tubes [4,
7]. We have studied several methods to obtain absorbing
materials. Investigations have shown that glass-carbon and
"SiC” materials are more suitable for this applications.

Such a distributed suppression filter provides significant
attenuation of the parasitic modes and does not perturb the
klystron operating mode (see Fig.4). Operating experience
has shown that materials do not affect vacuum conditions
and are stable to the heat and radiation load. Investigations
of the beam dynamics have not shown any evidence of re-
sistive instabilities of the beam [8].
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