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Abstract

The proposed Stanford Linear Collider {SLC) has been
designed to provide 50 on 50 GeV eleciron—positron colli-
sions, The performance of the 240 klystrons driving the
two-mile long linae must be vpgraded to achieve at least 50
Megawatts of pesk power output at 8 pulse width of 5 psec
and a pulse repetition frequency of 180 pulses per second.
The operating frequency of the upgraded linac will continue
1o be 2858 MHz.

A kiystron amplifier meeling these new requirements
has been designed to operate at 315 kV, pk = 2, with a
computed efficiency of slightly greater than 50%5. Initial
tests indicate the achievement of the basic power objec-
tives; however, cbserved parasitie instabilities make beam
focusing, RF drive frequency and drive ievel extromely erit-
ical. High electric felds in the electron gun, output gap and
output window are all potential problems, Steps taken in
the design to overcome these problems are discussed sod
test results are presented.

DESIGN CONSIDERATIONS

The theory and design of high power klystrons are fairly
well established, The particular problems for the case at
hand arc brought about by the high peak power output
and the incteased pulse width requirements of the upgraded
linne. Taking & 7netienl upper limit of

2.0 X 10~% A/V3/2 for the perveance of a T
solid beam nd an nchisvable nﬂieimey ol

about 50%, the pulsed beam voltage is
theordetof&lﬁk\’.‘l‘hlsmhuhighvﬂt-

age causes high gradients in the electron ase3

gun and cutput gap, and specisl attention
mnst be given to thess aress. At thesame
time, the conversion efficiency should be
meade as high as possible in order to min-
imize primary power consumption (ot the
240 klystrons used in the linac. The con-
siderations which go into the various crit-
ical componeats of the klystron are dis-
cussed below,

*This work was supported by the Depart-
ment of Energy, contract DE-AC03-76SF00515.

Eleetron Gun

In addition to providing the eorrect perveance, beam di-
ameter, good laminsrity and aeceptable eathode loading, the
electron gun shust be able to withstand the operating volt-
age without breakdown, The design of the electron gun was
earsied out asing the SLAC Eleciron Trojectory Program,
with special emphasis on the shapes of the focus electrode
and anode to minimize the voltege gradicat between them.
The resukiing gun geometry and caleulated trajectaries with
magaetic ficld are shown in Figs. 1 and 2. The mazimumn
voltage gradient is 174 kV/em at 818 kV anode voltage. The
cathode loading averaged over the whole cathode area i= .6
A/em?®, while the ratio of maximum density at the cathode
edge to the minimum density s 1.7:1.0.

Interaction Region

The RF interaction reglon was designed for high gain
and efficiency. The cavity frequencies, drift lengiks, and
output gap im >edance were optimized with the aid of 8 one-
dimensional, time-stepping disk model computer program
{1). Bandwidth was not & consideration since the intended
application is ¢ a single frequency of 2866 MHz. With a to-
tal of six cavities, suitably tuned and spaced, the caleulated
«ficiency is 529, wilh a saturation gain of 56.8 dB. The
graphicsl outputs from the computer program are shown in
Figs. 3 and 4 Irom which one can clearly 388 the process of
bunching and energy exchange along the length of the tube.
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Fig. 1. Electron gun geometry.

(Contributed to the 1983 International Electron Devices Meeting,
Washington Hilion Hotel, Washington, D.C., December 5-7, 1983.}
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Fig. 3. Computer graphics output of beam-field interac-
tion (50MW single-gap caleulatior). lnput parameters and
computed values: EB = 320.0kV; F = 2856.0MHz; A =
0.0159 m; B = 0.0110 m; IK = 362.0A; ITER = 18; NSTEP
= 30; NDISK = 24; PD = 125.0W; 8 = 0.85; ), =
1.262m; GAPZ = 0.0, 0.058, 0.111, 0.168, 0.444, 0.555;
DF = 4.0, 9.0, 14.0, 24.0, 4.0, 0.0; QE = 200.0, 2000.0,
2000.0, 2000.0, 2000.0, 21.0; R/Q = 80.0, 75.0, 87.0, 96.0,
66.0, 85.0; GAPD = 0.0088, 0.0072, 0.0082, 0.0110, 0.0118,
0.0162; VGAP = 2.42, 7.76, 20.34, 05.62, 324.64, 418.35;
MF-V = 0.000, 0.002, 0.010, 0.041, 0.353, 0.132.

Output Gap

The output gap serves the importsnt function of ex-
tracting the kinetic energy from: the bubched besrz. T.
G. Mibran ¢t o)., (2) showed that the dc transit angle of
the output gap should be as small as possible for best o
fieiency. In our case, because of the high RF voltages in-
volved, we must compromise between maximum efficiency
and freedom from RF breakdown across the gap. Accord-
ing to our computer program, the ealculated output gap
voltage st saturation is 418 kV, which i» 1,32 times the de
beam voltage. With this given, the problem becomes one of
designing an output cavity which will provide a reasonable
degree of coupling to the electron beam and at the same time
reduce the maximum gap field to a safe level. Making the
radius of the drift tube nose larger and lengthening the gap
spacing would reduce the fleld, but the beam coupling will
suffer. The geometry we have chosen is shown in Fig. 5.
‘The maximura electric field as calculated from the LALA
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Fig. 2. Calculated electron traject -ies with magnetie field.
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Fig. 4. Computer graphics oufput of beam-field interac-
tion. Input Parameters and computed values: ITER =
16, NSTEP = 30, EB = 320.0kV, IB = 362.0A, F =
2858. MHz, PIN = 125.0 W, A = 0.015¢ m, B = 00110 m,
8 = 085, GAPZ = 0.5554, GAPD = 0.01620, VGAP
= 418.354, 9 = 3.50, Impedance = 1488.8chms, Phase
Angle = 9, Kinetic Efficiency = 0.520, Electromagpetic
Efficiency = 0.514.

program is 360 kV/em for a gap voltage of 418 kV. The
de transit angle is 1.24 radians, the axial eoupling coeffi-
cient is 0.04, and the radial coupling coefficient is 0.83. The
optimum output gap impedance as found by the computer
program is about 1450 chms. With ordinary lower voltage
klystrons where the output circuit is comparatively loosely
coupled to the output cavily, one can determine the nec-
essary eyt from a cold test measurement of R/Q. In our
case, where the waveguide cireuit is tightly coupled to the
output cavity, conventional methods of measuring R/Q will
yield too large an error because the resonance of the output
system is no longer sharply defined. We, therefore, resort to
a direct method of mensuring the gap impedance as shown
in a peper by Zhao (3).

Output Window

We have chosen s single output window of the pill-box
type which has heen used in our 40 MW, 2.5 pisec klystrons
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Fig. 5. Output cavity geometry.

for quite a number of years. With the higher peak power
and wider pulse width requirements, there are poteniially
new problems. Before assembling to & klystron, esch win-
dow s conted with titanium nitride snd extensively tested
in & resonent ting, first to & level of 200 MW at 2 psec
pulse width, thep to 100 MW at 8 psec pulse width, This
serves the purpoge of weeding out obvioualy inlerior win-
dows. However, conditions prevailing in an actuat kystren
may ot be the same.

EXPERIMENTAL RESULTS

The measured performance of an experimental klystron
designed on the sbove basis is shown in Figs. 6 20d 7 and
s photograph of the tobe is shown ir Fig. 8. As shown,
the pesk power outpul reathed 50 MW at 5 psec pulse
width, 180 pulses per cecond, with sn efficiency of about
45% apd » saturation gaip of sbeut 80 dB. Compared to
the theoretical predictions given by the computer program,
the measured efficiency is low by seven percentage points
and the measured gain i high by 3 4B.
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Fig. 6. Power output and efflciency versus oeam voltage:

(s) efficiency with optimum focusing at each voltage,
(b) efficiency with fxed focnaing, {€) power output with
optimum focusing a4 each voltage, and {d) power ootput
with Gxed focusing.
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Fig. 7. Power output and Gain versus RF input power.
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Fig. 8. Pitty MW klystron.

SUMMARY

In summary, it can be said that the power output ob-

jeetive of 50 MW at 5 psec pulse width, 180 pps, bas been
achieved with reasonably high efficiency. However, there
are problems that remain 1o be solved., e.g., window life,
criticalness of adjustment, fault rate, et cetern. Develop-
ment work is continuing.
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