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® [ntroduction / Main Objective and Approach

® Studies on MW-class 2" Harmonic Operation (w/o Injection Locking)
® Mode Converting Outer Corrugations

® Studies on MW-class 2" Harmonic Operation with Injection Locking
® Research on Coupling System for Injection Locking

® Depressed Collector for 2"d Harmonic Gyrotron Operation

® Conclusion and Outlook
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Introduction
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Key Components of the DEMO EC System R
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EC equatorial launcher

Quasi-optical transmission line

Plasma=
.
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Key Components of the DEMO EC System o —

Collector

Gaussian beam
output at CVD
diamond window

Height ~3 m, weight ~1 ton

EC equatorial launcher

Cathode/
Emitter
(MIG)

Quasi-optical transmission line
Plasma
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Key Components of the DEMOEC System PR —

Collector

i

Gaussian beam
output at CVD
diamond window

EC equatorial launcher

= Cathode/
AR Emitter

Quasi-optical transmission line

Height ~3 m, weight ~1 ton

[ ]
Plasma=

The required magnetic field becomes an issue for operation at > 200 GHz
6 A Gyrotrons operating at 2" Harmonic (s=2) might be the solution!
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We aim for a completely new generation of highly efficient, megawatt-class

fusion gyrotrons that will operate at the 2" harmonic (s = 2) of the electron
cyclotron frequency.

Three enabling technologies will be addressed:

1. The coaxial-type cavity technology that is specifically adapted to the operation at
2"d harmonics in combination with advanced inner and outer corrugations.

2. Injection locking using an external driving source.

3. The Multi-stage Depressed Collector (MDC) technology based on ExB drift concept.
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Basics: The Classic Hollow-Cavity Type Gyrotron

140 GHz
1 MW CW
for
W7-X

Hollow-type cavity
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Typical mode spectrum at 140 GHz e

= 10- - 28,8 1% 279 0308 | Very dense mode spectrum

@] 1 26,8 )

S | 209 even for 140 GHz TE,g -mode

> 0] 25,9 gyrotron.

c _

2 064 . For higher frequency:

O - 1 . .

e A Advance to coaxial-cavity

O 04- ' :

=" T _ | design

> ] .

% 02] ‘ A Introduce inner-/outer

2 corrugations

0.0- .. . ]
13 136 138 140 142 144 146 A Move to injection locking
frequency f/GHz
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Towards Coaxial Cavity Gyrotron

trian

DEMO

A Improved maode selectivity

A Larger output power at even
higher frequencies

TE,g gi mode hollow cavity TE3, 19l mode coaxial cavity
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Toward Coaxial Cavity Gyrotron
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DEMO

A Improved mode selectivity

A Larger output power at even
higher frequencies
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TE,g gi mode hollow cavity
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T1.2.1:
Enabling research on corrugations for second harmonic
operation
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mAContinuation of the studies of th
operating modes appropriate for efficient MW-class second-harmonic

operation at 170 GHz, 204 GHz, and >280 GHzo
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Inner and Outer Corrugations
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Inner corrugations (insert)

Outer (wall) corrugations
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0,0 1,5 3.0 4,5 6,0 0.0 0.6 1.2 1.8
Axial coordinate z, cm Axial distance z (¢cm)
Effect due to impedance corrugation Effect due to mode conversion
A Attenuates unwanted modes A Converts energy to other modes
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Fundamental KIT Coaxial 2 MW Gyrotron
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® Operating mode TEz, 19

® Frequency 170 GHz

@ Output power 2 MW

® Magnetic field 6.9 T ®p 35T

® No second harmonic operation
possible, because of the fundamental
competitors

m) New cavity design for second
harmonic interaction necessary
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New Second Harmonic Cavity
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® Coaxial inner conductor has to be

31.0
thicker compared to fundamental
. . = 081 L
® Improvement of inner corrugations 5 -
g; 0.6 F29.5 g
® | onger effective interaction length ¢ 290
® Operation with similar electron 5 L., 2
. . g : glérggﬁ?ental F27.5
velocity ratio — as fundamental oof——— e ||
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Efficiency and Output Power PR
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Eqq (V) Eyn eV)
Limitation: thermal loading on inner conductor (230 W/cm?2/ red dot)
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® Qutput
® Output Power : 0 p®C- 7
® Frequency: Q pr[8Ip' ( U
® Electronic Efficiency : — pyb (without Collector)
® Total Efficiency: —  mump (with Multi-stage depressed collector)

® Design limited by thermal loading on inner conductor (~ 230 W/cm?)
» Additional suppression of fundamental modes by outer corrugations?
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Mode Converting Outer Corrugations

. . . . R . . . . . )
19 2022-09-27 Stefan llly i EUROfusion Science Meeting on Status /\g\“;/l\\}) EU ROfUSIon Institut fir Hochleistungsimpuls

of Enabling Research Projects und Mikrowellentechnik (IHM) I—I M



SKIT

Karlsruhe Institute of Technology

Investigation of the concept
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® By introducing corrugations on the outer wall, the critical fundamental modes are
coupled with lower order ones and degenerate.

® The degenerated modes present low quality factor Q and cannot be excited.
® The 2" harmonic modes should be left unaffected.
® As the baseline, the 2 MW-170 GHz coaxial cavity (TE;, ;o T mode,

eigenvalueca 105) i sBas®&2d43 wT.th
® The first-harmonic competing modes (¢ & 52) are calculated.
®This selection is performed by employin

which relates the number of the corrugations with the azimuthal indices of the
coupled modes.
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Derivation of the appropriate coupling scheme
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® Multiple types of outer corrugations have been e | o | ) e
investigated. - e
54.0 - = TE,T
® The appropriate coupling is achieved by Te
535 F :
introducing M=27 outer corrugations and o — D
53.0 \
enforcing C=R_ /R, ratio in the range 3.64-3.84 U |
in the midsection. =T Couping ]
20 P .
@ [t has been observed that TE, ,, can be coupled T
! 51.5 s 1 . 1 1 1
with TE_y, , in the midsection. According to SHM o ® 3j(mm)4° 09

criterion this can be achieved by introducing
M=27 corrugations.
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Quality factors

@®The qualitfyadtacn o) duiant i fi es

the stored energy of the resonator at a

. Mode Qsmooth Qcorrugated AEEUIE
given power. decrease

(%)

® The Q-factors of the smooth and

. . TE 719 321 55.4
corrugated cavity design have been He

calculated. TEz 19 3431 2570 25.1

® The main first-harmonic competitor
(TE47 10) Shows significantly larger
relative decrease of the Q factor
compared to the operating mode.
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Studies for operation at 204 GHz
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® 204 GHz /2 MW TE, ,; coaxial cavity design
used as baseline.

® More challenging case: eigenvalue spectrum
quite dense (G534 1 2 6 ) .

® Several coupling schemes are under
investigation; a promising choice is M=36
outer corrugations. With this, the main first-
harmonic competitor TE,, ;, is strongly
coupled with TE_ ;5 , modes in the midsection.
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