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30 GHz High-Power Gyroklystron

U=450 кV, I=180 А, τ=1.5 μs, frep=10 Hzμ rep

Electron beam

RF output

Fi t i t
RF input

First experiments:
RF power 6.5 MW,
gain 30 dB,
pulse duration 0 5 μs

Aim is to produce a source with 
parameters:
Power - 30 MW or more,

pulse duration 0.5 μs,
and efficiency 25% were achieved,
single pulse regime.

duration 0.5 – 1 μs,
efficiency 20-30%,
rep. rate – 10 pps.

Next experiments with a new cryogenic magnet and a new electron gun are planned 
in this year to demonstrate necessary repetition rate (10 pps).



30 GHz Gyroklystron Stand (“Saturn-F”)



TE52 mode input (first cavity)

Longitudinal cut plane, perpendicular 
to the rectang lar inp t a eg ide

Cross-section in the middle plane of the 
cavity: ⎜Е⎜to the rectangular input waveguide: 

TE5.2, ⎜H ⎜, f=29.9 GHz, Q=170.
cavity: ⎜Е⎜

High-power version of first cavity



Output gyroklystron mode converter TE53 – TE01

Requirements:Requirements:
1) Electron beam should be sprayed on big surface.
2) “short” magnetic field limits the distance between last cavity and a collector by 
factor 10-15λ
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factor 10-15λ.
3) microwave radiation of several tens of megawatts should be efficiently transported 
through the collector.
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Scheme of the TE TE output mode converter with built in collectorScheme of the TE53 – TE01 output mode converter with built-in collector



Low power tests of TE53 – TE01 mode converter

Scheme of measurements. 1 – Marie converter, 2 – mode filter, 3 – parabolic taper, 4 – ТЕ01-ТЕ04 converter, 
5 – collector, 6 - ТЕ04-ТЕ53 converter, 7 – movable receiving waveguide.

Calculated field structure of ТЕ53 mode

Measured field distribution of ТЕ53 mode at output 
of ТЕ04-ТЕ53 mode converter.

⏐Ex⏐2 ⏐Ey⏐2 The estimated efficiency is 96±2%.



30 GHz Fast Phase Shifter for Pulse Compression
photoconducting layer

hν Si
Laser light

Ti:Sa laser (λ=795 nm): energy of single photon 
1,56 eV ≥ silicon band gap (1,124 eV).
Energy in pulse – up to 10 mJ, duration – 10 ns. 
Penetration depth d∼10 μm.
Silicon doped by Au: tg δ ~ 10-5-10-6 at 30 GHz.
Silicon disk diameter is 100 mm (Ethresh=110 kV/cm).

TE11 output

Focusing mirror

d

Lense

Laser beam

Lense

Circular Si disk

Copper mirror TE11 inputGaussian beam



IRI2Low power tests of phase shifter
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1 – horn, 2 – flat copper mirror, 3 – silicon disk, 4 – focusing 
copper mirror, 5 – directional coupler, 6 – detector, 7 –
oscilloscope, 8 – Marie converter, 9 – diagnostic cavity , 10 –
optical lens.
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Switching time – 1-10 ns,
Relaxation time - ~500 ns
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Relaxation time - 500 ns,
Losses before switching - 5%.
Losses after switching- ~10-30%.
Compression by means of cavity with Q=2000

Measured reflection from diagnostic cavity 
for various laser pulse energies.

Compression by means of cavity with Q 2000 
was demonstrated with efficiency close to 
theoretical prediction.



Waveguide version of phase shifter for 30 GHz gyroklystron

MAGNICON PHASE 
SHIFTER OC SLED-IIMagnetron,

10 kW 1

Gyroklystron 
& pulse SHIFTER10 kW,1μs

p
compressor 150 MW,

100 ns

TE01+TE02+TE03

TE01

Reflecting plane is moved due to TE01 Mitre Bend (f=30 GHz)
TE01

g p
photoconductivity phenomena

01 t e e d ( 30 G )
Produced and tested by Gycom Ltd. 
for CLIC



One-Channel SLED-II Pulse Compressor on TE0n modes

Pulse compression is necessary in order to achieve by means of the 30 GHz
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Pulse compression is necessary, in order to achieve by means of the 30 GHz 
gyroklystron ~150 MW power in 100 ns pulses.
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TE01 TE01

3 3
1 – TE02 – TE03 mode converters, 2 – directional coupler TE01-

TE02 3 – waveguide delay linesTE02, 3 waveguide delay lines.
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Low-Power Tests of 30 GHz Pulse Compressor
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parameters calculation measurement
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1.6 Frequency, GHz 30 29.6-30
Qohm 25000 2·104

Qload 2300 2000
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Quasi-Optical Accelerating Structure Based on Synchronized Modes

A very high accelerating field should exist when a bunch enters in cavity. Whole time 

E-field E

y g g y
till the next bunch this field near axis of cavity is not necessary, and preferably it 
should be close to zero.
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Acceleration of moving periodic bunches
1 - ideal field dependence on time,
2 - field dependence in conventional single-
frequency accelerating structure,)exp()( tiatE ω⋅=∑

Acceleration of moving periodic bunches 
by uncoupled cavities operated with 
synchronized eigen modes

3 - field in multi-frequency accelerating structure..
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lb - is a distance between
bunches. ωω0

Such solution requires an equidistant 
spectrum of eigen modes!



beam line port
Square cavity has optimal spectrum

Example #1: Square cell

a ,2 acnn π⋅=ω

Square cavity has optimal spectrum 
with strictly equidistant TMnn modes:

a

,n

Maximum field in the center of cell at
ti h b h fli th h thi ll

Field in the center of cell is close to zero 
t ti b t t i btime when a bunch flies through this cell

(7 modes were used in calculation).
at time between two neigbour 
acceleration points.



yy
Example#2: PBG-like structure with improved mode spectrum

xz
Equidistance is provided by optimization of wall 
shape and rod diameter.

TM01, f=12 GHz TM02, f=15 GHz TM03, f=18 GHz



Feeding of accelerating structure (field repetition phenomena)

accelerated bunches

vb vbvb

d
waveguides

d

a

driving bunches

Two-beam accelerator based on 
effect of field repetition 1 – field structure at the beginning of connecting effect of field repetition. g g g

waveguide,
2 – field structure at output of connecting 
waveguide.g
a=4 cm, d=23 cm, f1=12 GHz, f2=15 GHz, f3=18 GHz.



Conclusion
Key RF components of 30 GHz gyroklystron have been ey co po e s o 30 G gy o ys o a e bee
designed and tested at low power level. High-power 
tests of whole device (at the repetition rate regime) are 
being carried outbeing carried out.
The low-power experiments with 30 GHz fast phase 
switch based on induced photoconductivity in siliconswitch based on induced photoconductivity in silicon 
showed efficient switching of 102-103 ns microwave 
pulses by Ti:Sa laser with 5-10 mJ energies per pulse.
Th i d t l t t f l t i ll fThe carried out low-power tests of electrically proof one-
channel SLED-II pulse compressor, operated with TE0n
modes, have proved efficient compression well agreedmodes, have proved efficient compression well agreed 
with calculations.
A quasi-optical accelerating structure operated with 

h i d d i hi h di t hi hsynchronized modes promises high gradient, high 
efficiency, and low surface fields.


