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ɻʠʨʦʨʝʟʦʥʘʥʩʥʳʝ ʧʨʠʙʦʨʳ

Gyrotrons operate at near the electron cyclotron frequency

ɤc = eH0/ɔm0

ɔ= 1 + eU/m0c
2

The operation of gyro-devices is based on interaction of electrons gyrating in the external 

magnetic field with fast electromagnetic wave under the cyclotron resonance condition

ɤïhv̊ å̊  nɤH,

(ɤandh arethe frequencyandtheaxial wavenumberof thewave,v˚åndɤH aretheaxial

velocity and the cyclotron frequencyof the electrons,n is the cyclotron harmonic

number).



ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ

The interaction of electrons with fast electromagnetic waves propagating in the 

cavities and waveguides with smooth metal walls is the distinguishing feature 

of gyro-devices as opposed to conventional slow-wave electron devices. 

Formally, the orbital bunching of gyrating relativistic electrons has much in 

common with bunching of linear electron beams being used in ordinary ñOò 

type devices. 

Sinceno periodic structureis employed,an enhancedpower handlingcapability

existsin gyro-devices.
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ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ
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ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ɻʀʈʆʊʈʆʅɸ

Å ʄɸɻʅɽʊʈʆʅʅʆ-ʀʅɾɽʂʊʆʈʅɸʗ ʕʃɽʂʊʈʆʅʅɸʗ ʇʋʐʂɸ

Å ʎʀʃʀʅɼʈʀʏɽʉʂʀʁ ʆʊʂʈʓʊʓʁ ʈɽɿʆʅɸʊʆʈ ʉ ɼʀʌʈɸʂʎʀʆʅʅʓʄ 
ɺʓɺʆɼʆʄ ʀɿʃʋʏɽʅʀʗ

Å ʉɺɽʈʍʈɸɿʄɽʈʅʓʁ (ɺ ʄɸʉʐʊɸɹɸʍ ɼʃʀʅʓ ɺʆʃʅʓ) ɺʓʍʆɼʅʆʁ 
ɺʆʃʅʆɺʆɼ 

Å ʄɸɻʅʀʊʅɸʗ ʉʀʉʊɽʄɸ (ʉʆʃɽʅʆʀɼ)H ~ ɤ / n
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Gyrotrons

plasma heating & current drive

in nuclear fusion reactors

P ²1 MW, t²1 sec Ý CW

f Í80 ·170 GHz

mm-wave 

spectroscopy

solid state 

materials science 

(technology)

ceramic sintering,

joining,

powder synthesis,

annealing

mm-wave 

ñlidarò

plasma

diagnostics

ion

sources CVD

plasma assisted

processes

ñnon-fusionò applications

P Í1 ·100 kW,   CW

f Í24 ·100 GHz
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ɻʠʨʦʪʨʦʥʳ ʜʣʷ ʀʊʕʈ

P Ó 1 ʄɺʪ CW f = 170 ɻɻʮ



ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʛʠʨʦʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʦʪ 

çʪʨʘʜʠʮʠʦʥʥʳʭè (ʤʘʛʥʝʪʨʦʥ, ʃɹɺ, ʃɹʆ, ʢʣʠʩʪʨʦʥé)

ɻʠʨʦʪʨʦʥ ʤʥʦʛʦʤʦʜʦʚʳʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ

ʃʠʥʠʧ̫ʝʨʝʜʘʯʠ ʠʟʣʫʯʝʥʠʷ

Sƍ> ɚ2

P ²10 ·100 kW CW

l¢1 cm ( f²30 GHz)

mc

eH
f

ˊ2
= l(cm) @1.07 H (T)

f ¢30 ·40 GHz  - ñʪʝʧʣʳʡò ʩʦʣʝʥʦʠʜ

f ²40 GHz - ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡʩʦʣʝʥʦʠʜ

Åʤʥʦʛʦʤʦʜʦʚʳʝʚʦʣʥʦʚʦʜʳ

Åʢʚʘʟʠʦʧʪʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ 

Åʠʭ ʢʦʤʙʠʥʘʮʠʠ
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Specifications of CW gyrotrons

IAP & GycomLiquid He cooledGaussian3052

IAP & Gycomoil ïcooledTE02
1534

IAP & Gycompermanent magnetTE121030

IAP & Gycomoil ïcooledTE021530

IAP & Gycomoil ïcooledTE021528

Mitsubishi El. (Japan)permanent magnetTE021028

CPI (USA)water-cooledTE021028

IAP & Gycom (Russia)water-cooledTE11 / TE327 / 3024

IAP & Gycom (Russia)water-cooledTE11324

ProducerSolenoidOutput Mode
RF Power, 

kW

Frequency, 

GHz

IAP & GycomLiquid He cooledGaussian3584
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ʉʍɽʄɸ ʇʈʆʎɽʉʉɸ ʄʀʂʈʆɺʆʃʅʆɺʆʁ 

ʆɹʈɸɹʆʊʂʀ ʄɸʊɽʈʀɸʃʆɺ

ʀʟʜʝʣʠʝ

ʊʝʧʣʦʠʟʦʣʷʮʠʷʀʩʪʦʯʥʠʢ

ʤʠʢʨʦ-

ʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ
ʃʠʥʠʷ ʧʝʨʝʜʘʯʠ

ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ

ʈʘʙʦʯʘʷ ʢʘʤʝʨʘ

ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ
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ʉʪʨʫʢʪʫʨʘ ʛʠʨʦʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʧʨʠʤʝʥʝʥʠʡ
ʉʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʥʦʡ  ʤʦʱʥʦʩʪʴʶ ʛʠʨʦʪʨʦʥʘ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʤʝʞʜʫ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤ ʠ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ 
ʢʣʶʯʝʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʧʦʣʥʷʝʤʦʤ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

Åʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ,

Åʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʡ ʫʩʘʜʢʠ,

Åʚʝʣʠʯʠʥʘ ʧʨʦʭʦʜʷʱʝʡ ʤʦʱʥʦʩʪʠ,

Åʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 

Å...

High Voltage

Power Supply
Gyrotron

Transmission

Line
Applicator

Solenoid Power

Supply
Power Meter

Process

Parameter

PC - based

Control System
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ɹʣʦʢ-ʩʭʝʤʘ ʛʠʨʦʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ
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7 ʢɺʪ 24 ɻɻʮ ʛʠʨʦʪʨʦʥʥʳʡ ʢʦʤʧʣʝʢʩ

1

3

5

7

0,5 0,75 1

I, A

P
,k

W

 U=17 kV

 U=15 kV

 U=13 kV

1

3

5

7

0,5 0,75 1

I, A

P
,k

W

 U=17 kV

 U=15 kV

 U=13 kV

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ

-ʛʠʨʦʪʨʦʥʘ

ʥʘʧʨʷʞʝʥʠʝ ʜʦ 20 ʢɺ

ʪʦʢ ʜʦ 1 ɸ

-ʦʩʥʦʚʥʦʛʦ ʩʦʣʝʥʦʠʜʘ

ʪʦʢ ʤʝʥʝʝ 90 ɸ

ʥʘʧʨʷʞʝʥʠʝʤʝʥʝʝ 100 ɺ

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ

ʜʦ 35 ʢɺʪ
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5ʢɺʪ24ɻɻʮʛʠʨʦʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩ 
ʧʦʩʪʦʷʥʥʳʤ NdFeB ʤʘʛʥʠʪʦʤ



ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ

TWO-FREQUENCY GYRO-DEVICE BASED SYSTEM

A 2.5 kW CW 24

GHz gyro-BWO has

been incorporatedin a

two-frequency gyro-

devicebasedsystemfor

microwave processing

of materials, produced

by IAP for the Far

Infrared Center, Fukui

University, Japan.

Another microwave

source in this system

was a 15 kW CW 28

GHzgyrotron
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ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʟʘʠʤʥʳʝ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ 

ʠʟʣʫʯʝʥʠʷ

Å ʤʥʦʛʦʤʦʜʦʚʳʝ ʚʦʣʥʦʚʦʜʳ

Å ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ

Å ʠʭ ʢʦʤʙʠʥʘʮʠʠ

ʚʦʣʥʦʚʦʜʥʘʷ ʣʠʥʠʷ 

ʧʝʨʝʜʘʯʠ TE11ʤʦʜʳ

TE11

ñʛʘʫʩʩʦʚò

ʧʫʯʦʢ

ʦʪ

ʛʠʨʦʪʨʦʥʘ

ʤʦʜʦʚʳʡ

ʬʠʣʴʪʨ

ʊɽ11Ÿ

ʚʦʣʥʦʚʦʡ 

ʧʫʯʦʢ

ʠʟʣʫʯʘʪʝʣʴʟʝʨʢʘʣʦ
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