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10'" VDE ITG International Vacuum Electronics Workshop (IVEW) 2026

and

16" International Vacuum Electron Source Conference (IVeSC) 2026
August 26 — 29, 2026, Physikzentrum Bad Honnef (www.pbh.de), Germany

Conference, Previous Day

Wednesday, August 26, 2026

15:00 IVeSC Scientific Committee Meeting

16:15 | Coffee Break

16:30 | 148" Meeting of the VDE ITG-Fachausschuss MN6
“Vakuumelektronik und Displays”
Physikzentrum Bad Honnef (PBH), Meeting Room: Winter Garden

18:30 | Start of the Conference for all participants:

(6.30 Come Together Dinner & Evening Discussion,

p.m.) Physikzentrum Bad Honnef: Restaurant ,Lichtenberg” (in the Cellar)

Conference Program, 1°* Day

Thursday, August 27, 2026

Location: Lecture Hall ,,Wilhelm und Else Heraeus”

\ 07:30 ‘ Breakfast in the dining hall on the ground floor of the Physikzentrum

08:30

Welcome Address: Chairs Wolfram Knapp and Alice Gallissian

08:40
L1.1-1

09:10
L1.1-2

Session 1.1: Field Emission |
Chair: Wolfram Knapp

C18I1: UPDATE ON FIELD ELECTRON EMISSION SCIENCE AND
TECHNOLOGY 2026 (Invited)
Richard Forbes

University of Surrey, School of Mathematics and Physics, Guildford, Surrey GU2 7XH, UK
Corresponding author: r.forbes@surrey.ac.uk or r.forbes@trinity.cantab.net

CAT: EVIDENCE FOR THE BREAKDOWN OF THE GENERAL PLANE-

WAVE FIELD EMISSION THEORY IN NANOMETRIC EMITTERS

F.F. Dalla’agno?, T.A. de Assis?, G. Meng?, and J.P. Xanthakis*

IFederal University of Santa Caterina, Blumenau, Santa Caterina, Brazil 89036-004
2Institute of Physics, Fluminense Federal Univ., Niterdi, Rio de Janeiro, Brazil 24210-340
3Xian Jiaotong University, Xian, P.R. China

“National Technical University of Athens, Athens, Greece

Corresponding author: jxanthak@central.ntua.gr




09:30 | C13T: CRYOGENIC FIELD EMISSION ENHANCEMENT IN VERTICALLY
L1.1-3 | ALIGNED CARBON NANOTUBES COLD CATHODES THROUGH TIP
MORPHOLOGY ENGINEERING
Luca Cecchini®?
!Dipartimento di Fisica, Sapienza University of Rome, Piazzale Aldo Moro 2,
00185 Rome, Italy, 2INFN Sezione di Roma, Piazzale Aldo Moro 2, 00185 Rome, Italy
Corresponding author: luca.cecchini@romal.infn.it
09:50 | W35T: THE MANUFACTURE OF ELECTRONIC EMITTERS USING
[1.1-4 | MODIFIED PHOTOSENSITIVE RESIN
Daniel Burda? Stanislav Stritesky®, Mathias Bartl?, Jan Sobkéw®, Michal Krysztof®,
Rupert Schreiner?, Milan Matekja'?, and Alexandr Knapek*
YInstitute of Scientific Instruments of the Czech Academy of Sciences, Kralovopolska
147,612 64 Brno, Czech Republic, Faculty of Electrical Engineering and Communi-
cation, Brno University of Technology, Technicka 3058/10, 616 00 Brno, Czech Republic
®lQS nano s.r.o., Al Park, Hall F2, Hlavni 110, 664 31 Lelekovice, Czech Republic
*Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg, 93053
Regensburg, Germany, *Faculty of Electronics, Photonics and Microsystems, Wroclaw
University of Science and Technol., 11/70 Janiszewskiego St., 50-372 Wroclaw, Poland
Corresponding author: daniel.burda@isibrno.cz
10:10 | C15T: DESIGN AND EXPERIMENT OF A MULTI-BEAM ELECTRON
[1.1-5 | SOURCE
Lixin Zhang, Weixia Zhao, Junbiao Liu, Bohua Yin, and Li Han
Institute of Electrical Engineering Chinese Academy of Sciences, Beijing 100190, China
Corresponding author: zhanglx@mail.iee.ac.cn
10:30 | Coffee Break
Session 1.2: Thermionic Emission
Chair: Alice Gallissian
11:00 | C6l: RECENT ADVANCE IN DISPENSER CATHODE (Invited)
[ 1.2-1 | Jinshu Wang
College of Materials Science & Engineering, Beijing University of Technology, China
Corresponding author: wangjsh@bjut.edu.cn
11:30 | C71: THERMIONIC CATHODES MANUFACTURING (Invited)
[ 1.2-2 | Daniel Busbaher
3M Technical Ceramics, Inc., 695 Laco Dr., Lexington, KY 40514, USA
Corresponding author: dbusbaher@mmm.com
12:00 | CI9T: CONTRIBUTIONS OF THE THEORY OF SCANDATE CATHODE
[1.2-3 | EMISSION

Georg Gaertner
Consultant, Aachen, Germany
Corresponding author: georg.f.gaertner@t-online.de

(o]




12:20 | C12T: EVOLUTION OF M-TYPE CATHODE EMISSION DURING LONG-
L1.2-4 | TERM LIFE-TESTS
S. Maine, D. Farjots, J.-M. Roquais, and A. Gallissian
Thales AVS France, 2 rue Marcel Dassault, 78140 Vélizy-Villacoublay, France
Corresponding author: sylvain.maine@thalesgroup.com
12:40 | C2T: ELECTRON EMISSION MODELING IN IONISATION GAUGES FOR
L1.2-5 | MAGNETIC CONFINEMENT FUSION
A. Glock™?, M. Griener?, C. Drobny?, G. Birkenmeier'?, H. Meister?, and G. Schlisio®
Technische Universitat Miinchen, TUM School of Nat. Sc., Physics Dep., 85748 Garching
2Max-Planck-Institut fiir Plasmaphysik, 85748 Garching / 17491 Greifswald, Germany
Corresponding author: alexander.glock@ipp.mpg.de
13:00 | Lunch
Session 1.3: Gyrotrons |
Chair: Yubin Gong
14:30 | W3Il: PROGRESS IN EUROPEAN COLLABORATIVE GYROTRON
[1.3-1 | DEVELOPMENTS FOR CEA AND GENERAL ATOMICS (Invited)
Alberto Leggieri!, Konstantinos A. Avramidis?, loannis Chelis?, Benjamin EII?, Lukas
Feuerstein®, Gerd Gantenbein?, Stefan llly3, Jianbo Jin?, John Jelonnek?, Francois
Legrand?, Gérald Lietaer’, Christophe Lievin!, Rodolphe Marchesin?, Cyrille Metayer?,
Moritz Misko?, ljaze M. Oumar?, David Quetel®, Tomasz Rzesnicki3, Sebastian
Stanculovic®, Etienne Valléel, and Manfred Thumm?
THALES Microwave and Imaging Subsystems, Vélizy-Villacoublay, France
*National and Kapodistrian University of Athens, Athens, Greece
%Karlsruhe Institute of Technology, Karlsruhe, Germany
Corresponding author: alberto.leggieri@thalesgroup.com
15:00 | W4l: MEGAWATT CLASS GYROTRON DEVELOPMENT AT MPP (Invit.)
[ 1.3-2 | Monica Blank?, Stephen Cauffman?, and Philipp Borchard?
Microwave Power Products, Inc (MPP), Palo Alto, CA 94304 USA
2Dymenso LLC, San Francisco, CA, 94124 USA
Corresponding author: monica.blank@mppinc.com
15:30 | W36l: DEVELOPMENT OF HIGH-POWER MICROWAVE VACUUM
[1.3-3 | ELECTRONICS AT KIT (Invited)

1. Jelonnek'?, G. Aiello®, B. Baumann?, B. Bischofberger?, R. Bertazzoni?, B. Ell%,

L. Feuerstein!, G. Gantenbein?, S. llly}, J. Jin%, T. Kobarg?, D. Mondal*, A. Marek?,

K. Mayer?, A. Meier®, M. Misko?!, T. Rzesnicki®, A. Schmidt?, S. Schreck?, S. Stanculovic?,
D. Strauss®, M. Thumm?®?, M. Véhringer'?, J. Weggen?, N. Wirth?, and C. Wu?

YIHM, %IHE, 3lAM-AWP, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
*Fraunhofer Institute for High Frequency Physics and Radar Techniques (FHR),
Wachtberg, Germany

Corresponding author: john.jelonnek@kit.edu




16:00 | W7T: EXPERIMENTAL PROGRESS IN HIGH-FREQUENCY TERAHERTZ

L1.3-4 | GYROTRONS

Feng Zhang, Jia-Ji Feng, Xin-Yin Cao, and Chao-Hai Du
School of Electronics, Peking University, Beijing, China
Corresponding author: duchaohai@pku.edu.cn

16:20 | Group photo for all conference participants
=>» in front of the main entrance to the Physikzentrum

16:30 | Coffee Break

Session 1.4: Gyrotrons Il, Gyro-TWT, History of IVeSC
Chair: Monica Blank

16:50 | W16T: EVALUATION OF A LOW VOLTAGE HIGH CURRENT
L1.4-1 | OPERATION POINT FOR A HIGH-FREQUENCY AND VERY-HIGH

ORDER MODE GYROTRON

A. Schmidt, L. Feuerstein, S. llly, M. Thumm, J. Jelonnek, and C. Wu
IHM, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
Corresponding author: andre.schmidt@kit.edu

17:10 | W18T: QUASI-OPTICAL MODE GENERATOR FOR THE VERIFICATION

L1.4-2 | OF A238 GHz TE49,29 -MODE GYROTRON LAUNCHER ANTENNA
M. Misko?, L. Feuerstein?, S. llly%, J. Jelonnek®?, J. Jin!, A. Schmidt?,

M. Thumm??, D. Wagner?, and C. Wu*

YIHM, 2IHE Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

®Max Planck Institute for Plasma Physics, Garching, Germany

Corresponding author: moritz.misko@kit.edu

17:30 | W20T: ONGOING DEVELOPMENT OF A GYRO-TWT TEST STAND UP

L1.4-3 | TO 263 GHz AT IHM

Max V6hringer'?, Alexander Marek? Benjamin Bischofberger® Stefan Illy*,
Manfred Thumm?*3, Chuanren Wu?, and John Jelonnek*?

'IHM, 3IHE, Karlsruhe Institute of Technology (KIT), Kaiserstr. 12, 76131 Karlsruhe,
Germany

2Fraunhofer FHR, Fraunhoferstr. 20, 53343 Wachtberg, Germany

Corresponding author: max.voehringer@kit.edu

17:50 | W19T: NOVEL BROADBAND FREQUENCY AND AMPLITUDE

L1.4-4 | MEASUREMENT SYSTEM FOR 263 GHz GYRO-TWT AMPLIFIERS

B. Bischofberger?, M. Véhringer!, M. Misko?, A. Marek?, S. llly*, M. Thumm?2,

and J. Jelonnek®?

LY IHM Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

2|HE Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

3Fraunhofer-Institute for High-Frequency Physics and Radar Techniques (FHR), Germany
Corresponding author: benjamin.bischofberger@kit.edu




18:10 | C23T: 30 YEARS OF IVESC — SHORT HISTORICAL REVIEW (Invited)
L1.4-5 | Georg Gaertner

Consultant, Aachen, Germany

Corresponding author: georg.f.gaerther@t-online.de

18:30 | Start of the Poster Session

Chair: Georg Gartner

Posters may be presented until the end of 10" IVEW and 16" [VeSC.
For the Poster Presentations, please see the end of this program.

19:00 | Conference Dinner & Evening Discussion
Physikzentrum Bad Honnef: Restaurant , Lichtenberg” (in the Cellar)




Conference Program, 2" Day

Friday, August 28, 2026

Location: Lecture Hall “Wilhelm und Else Heraeus”

‘ 07:30 ‘ Breakfast in the dining hall on the ground floor of the Physikzentrum

from | PBH Office is open for financial matters, such as
08:00 - payment for all cold drinks consumed during your stay at PBH
to and optional:
16:00 - for anindividual additional overnight stay from Saturday,
August 29, to Sunday, August 30, 2026, with breakfast
Session 2.1: VED - Theory and Manufacturing
Chair: Manfred Thumm
08:30 | Wé6l: MULTIFUNCTIONAL THz VACUUM ELECTRONIC SOURCES
[2.1-1 | ENABLED BY MOMENTUM ENGINEERING AND SYMMETRY-BROKEN
MICROSTRUCTURES (Invited)
Chao-Hai Du, Ji-Tao Yang, and Feng Zhang
School of Electronics, Peking University, Beijing, China
Corresponding author: duchachai@pku.edu.cn
09:00 | W34T: HIGH-ORDER TERAHERTZ VORTEX FIELDS DRIVEN BY FREE
L2.1-2 | ELECTRON BEAM: PHASE MODULATION IN MULTI-HELICAL
STRUCTURES
Zonglin Mao, Ping Zhang, Xueer Wang, Yan Sun, Chengyu Zhang,
Qingying Yi, Shaomeng Wang, and Yubin Gong
School of Electronic Science and Engineering, University of Electronic Science and
Technology of China (UESTC), Chengdu, China
Corresponding author: zhangping@uestc.edu.cn
09:20 | W12T: ADVANCED MODELING OF VACUUM ELECTRON DEVICES
[ 2.1-3 | Alexander Vlasov?, Igor A. Chernyavskiy*, Simon Cooke*, David Chernin?,
and Thomas Antonsen, Jr.?
1U.S. Naval Research Laboratory, 4555 Overlook Avenue SW, Washington DC, 20375
%Leidos Inc., 4555 Overlook Avenue SW, Washington DC, 20375, USA
Corresponding author: alexander.n.vlasov.civ@us.navy.mil
09:40 | W13T: RECENT ADVANCES IN THE TESLA-FAMILY OF 2.5D LARGE-
L2.1-4 | SIGNAL ALGORITHMS FOR THEIR APPLICATIONS TO THE MODELING

OF KLYSTRONS AND TWTS

Igor A. Chernyavskiy!, Alexander N. Vlasov?, and Thomas M. Antonsen, Jr.2

1UsS Naval Research Laboratory, Washington DC, USA
2l eidos, Inc., Reston, VA, USA
Corresponding author: igor.a.chernyavskiy.civ@us.navy.mil
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10:00 | W38T: QUANTITATIVE ASSESSMENT OF ADDITIVE
L2.1-5 | MANUFACTURING FOR VACUUM ELECTRONICS IN THE Ka BAND
FREQUENCY RANGE
C.G. Whyte?, C.R. Donaldson?, K.M. Donaldson?, D.C. Speirs®, K.J. Wilson?, K. Ronald?,
S. Tammas-Williams?, K. Uzdowski?, E. Schamiloglu®, C.W. Robertson?, P. Maclnnes?,
A.R. Young?, and A.J. MacLachlan!
!Department of Physics, SUPA, University of Strathclyde, Glasgow, G4 ONG, U.K.
2University of Edinburgh, Edinburgh EH9 3FB, UK
3University of New Mexico, Albuquerque, NM 87131-0001 USA
Corresponding author: Colin.Whyte@strath.ac.uk
10:20 | Coffee Break
Session 2.2: Vacuum Interrupters
Chair: Gosta Mattausch
10:50 | W24T: LOW- AND VERY LOW FREQUENCY SHORT-CIRCUIT
[2.2-1 | CURRENT INTERRUPTION IN VACUUM
Dietmar Gentsch?, Andreas Lawall?, and Sergey Gortschakow?®
1ABB Ltd. Electrification - Distribution Solution (ELDS), Oberhausener Str. 33,
40472 Ratingen, Germany, 2Siemens AG, 13629 Berlin, Germany
3Leibniz Institute for Plasma Science and Technology (INP), 17489 Greifswald, Germany
Corresponding author: dietmar.gentsch@de.abb.com
11:10 | W14T: HIGH-CURRENT VACUUM ARCS AT LARGE GAPS: INFLUENCE
[2.2-2 | OF ELECTRODE MOVEMENT
Ralf Methling?, Timo Meyer®?, David Cziumplik?, Sergey Gortschakow?,
Michael Kurrat?, and Dirk Uhrlandt'?
!Leibniz Institute for Plasma Science and Technology (INP), 17489 Greifswald, Germany
?Institute of High Voltage Technology and Power Systems, TU Braunschweig, Germany
3Siemens Energy Global GmbH & Co. KG, Germany
4Institute for Electrical Power Engineering, University of Rostock, Germany
Corresponding author: methling@inp-greifswald.de
11:30 | W8T: COMPARISON OF DIFFERENT CONTACT GEOMETRIES FOR
[2.2-3 | CURRENT INTERRUPTION IN VACUUM USING LONG GAPS
Marius Hinz!, Dietmar Gentsch?, Timo Meyer?, and Michael Kurrat?
ITU Braunschweig, elenia Institute for High Voltage Technology and Power Systems
2ABB AG, Calor Emag Mittelspannungsprodukte, Oberhausener Str. 33, 40472 Ratingen
Corresponding author: marius.hinz1@tu-braunschweig.de
11:50 | W9OT: OBSERVATION OF PARTIAL INTERNAL FLASHOVERS ON
[2.2-4 | VACUUM INTERRUPTER TEST SPECIMEN WIHOUT METAL VAPOR

SHIELD

Kai Schulze?, Karen Fliigel!, Dietmar Gentsch? and Michael Kurrat!

TU Braunschweig, elenia - Institute for High Voltage Technology and Power Systems
2ABB AG, Calor Emag Mittelspannungsprodukte, Oberhausener Str. 33, 40472 Ratingen
Corresponding author: ka.schulze @tu-Braunschweig.de
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12:10
L2.2-5

12:30
L2.2-6

W11T: INFLUENCE OF MOVING AND FIXED CATHODES ON THE
VACUUM ARC

S. Gortschakow?, N. Dorraki?, A. Lawall?, and F. Graskowski?

!Leibniz Institute for Plasma Science and Technology, Greifswald, Germany
2Siemens AG, Berlin, Germany

Corresponding author: Andreas.Lawall@siemens.com

W47T: IMPACT OF HUMIDITY ON THE EXTERNAL DIELECTRIC
STRENGTH OF VACUUM INTERRUPTERS IN SYNTHETIC AIR
INSULATION SYSTEMS

Niclas D&lzer!, Michael Beltle!, Stefan Tenbohlen?, and Dietmar Gentsch?

Ynstitute of Power Transmission and High Voltage Technology, University of Stuttgart,
High Voltage Lab Ostfildern, Nielsenstr. 18, 73760 Ostfildern

ZABB Ltd., Oberhausener StraRe 33, 40472 Ratingen

Corresponding author: niclas.doelzer@ieh.uni-stuttgart.de

12:50

Lunch

14:20
L2.3-1

14:40
L2.3-2

15:00
L2.3-3

Session 2.3: Tube History, Vacuum Gauges and Plasma
Chair: Jinshu Wang

C10T: ON THE HISTORY OF VACUUM ELECTRONICS: THE TUBE
MUSEUM OF RWTH AACHEN UNIVERSITY

Georg Gaertner
Consultant, Aachen, Germany
Corresponding author: georg.f.gaertner@t-online.de

W39T: HIGH VACUUM MEMS DEVICES MINIATURIZED ANALYTICAL

INSTRUMENTS

Michal Krysztof, Tomasz Grzebyk, Piotr Szyszka, Pawel Urbanski, Marcin Bialas,
Jakub Jendryka, Jan Sobkow, and Jan Dziuban

Wroclaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

Corresponding author: michal.krysztof@pwr.edu.pl

W37T: PIRANI VACUUM GAUGES WITH ACTIVE HEAT-LOSS
COMPENSATION

Julian Eiler?, Felicitas Teichert!, Samarth Garewal*, Stefan Weber?,

Peter Gerlesberger?, Heinz Pl6chinger?, and Rupert Schreiner?

YFaculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg,
93053 Regenshurg, Germany

*Thyracont Vacuum Instruments GmbH, 94036 Passau, Germany
Corresponding author: julian.eiler@oth-regensburg.de
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15:20
L2.3-4

C11T: QUALIFICATION OF HEMPT HOLLOW CATHODE NEUTRALIZER
WITH INTEGRATED GETTER

Heiko Stalzer, Alexey Lazurenko, Ralf Heidemann, Gabriela Kucerova, Gabriel Suske,
Joachim Daeubler, and Peter Holtmann

Thales Deutschland GmbH, Electron Devices, Soeflinger Str. 100, 89007 Ulm, Germany
Corresponding author: heiko.stalzer@thalesgroup.com

15:40 | C1T: 3D CFD SIMULATION OF VACUUM ARCS IN A TEST TUBE
| 2.3-5 | Frank Reichert
Siemens Energy, Paulsternstr. 26, 13629, Berlin, Germany
Corresponding author: frank.reichert@siemens-energy.com
16:00 | W2T: VISUALIZING AND QUANTIFYING IONIC WIND SPEEDS IN
L2.3-6 | RING-TYPE PLASMA ACTUATORS USING SCHLIEREN IMAGE
VELOCIMETRY
Abdurrahman Musazay, Percy Atuiri, Matthias Lindner, Philipp Buchner,
Clemens Jaroschek, Peter Bickel, and Rupert Schreiner,
Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg, Germany
Corresponding author: abdurrahman.musazay@oth-regensburg.de
16:20 | Meeting point in front of Physikzentrum at Hauptstralle 5 (street)
16:30 | Bus shuttle service to Kdnigswinter, Rheinallee, landing bridge 16
for a boat trip on the Rhine River
Evening event of the Joint Conference
17:30 | Start of all-inclusive cruise on the Rhine aboard the “Filia Rheni”
operated by Bonner Personen Schiffahrt e.G. Bonn, heading South
18:30 | 3-course menu as a gourmet buffet with wine, beer,
various non-alcoholic and hot drinks
21:30 | End of the Rhine River cruise and

bus shuttle service back to the Physikzentrum Bad Honnef
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Conference Program, 3" Day

Saturday, August 29, 2026

Location: Lecture Hall “Wilhelm und Else Heraeus”

07:30 | Breakfast in the dining hall on the ground floor of the Physikzentrum
from | “Check-out” at PBH Office
08:00 - With the payment for all cold drinks (for all 3 days!)
to and optional:
12:00 - for anindividual additional overnight stay from Saturday,
August 29, to Sunday, August 30, 2026, with breakfast
(free choice for all conference participants); prices: 75 € for
a single room and 50 € per person in a double room
Session 3.1: X-Ray Sources, Microwaves and E-Beam Applications
Chair: Rupert Schreiner
08:30 | C21l: COLD CATHODE BASED ELECTRON BEAM (C-BEAM) FOR EX-
[3.1-1 | TREME ULTRAVIOLET AND X-RAY SOURCE APPLICATIONS (Invited)
Kyu Chang Park®?, lksu Kim', Umesh Balasado Apugade?, and Ravindra Patil’
Laffiliated Dept. of Information Display, Kyung Hee University, Seoul, Korea
2AffiliatedWorld Beam Solution (WBS), Inc. Kyungheedaro, Seoul, Korea
Corresponding author: kyupark@khu.ac.kr
09:00 | W5T: XRF CHARACTERIZATION USING TRIPLE-CRYSTAL
L3.1-2 | PYROELECTRIC X-RAY SOURCE
Irshad Ebrahim, Karsten Harnisch, and Markus Wilke
Otto von Guericke University Magdeburg, Core Facility for Microscopy and Materials
Analysis CMMA, Universitatsplatz 2, 39106 Magdeburg, Germany
Corresponding author: irshad.ebrahim@ovgu.de
09:20 | W30T: ELECTROSTATIC DEFLECTION SYSTEM FOR FOCUSING MULTI-
[L3.17-3 | BEAM ELECTRON SOURCES

Mathias Bartl?, Matthias Hausladen?, Josef Sellmair?, Philipp Buchner?,

Ali Asgharzade!, Kamil Baranowski?, Michal Krysztof?, Daniel Burda3,

Alexandr Kndpek®, Dennis Kepic?, Simon Edler?, Andreas Schels®, Michael Bachmann?,
and Rupert Schreiner?!

'Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg, Germany
2Wroclaw University of Science and Technology, 11/17 Janiszewskiego Str, 50-372
Wroclaw, Poland

3Institute of Scientific Instruments of CAS, Krdlovopolské 147, 612 00 Brno, Czech Rep.
4Ketek GmbH, 82737 Munich, Germany

Corresponding author: mathias.bartl@oth-regensburg.de
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09:40
[3.1-4

10:00
L3.1-5

W22T: VECTOR BASED MAGNETIC AXIS DETERMINATION OF

SOLENOIDS FOR GYRO-DEVICES

B. Baumann®, M. Véhringer'?, S. llly%, T. Kobarg?, A. PapenfuR?, T. Rzesnicki?,
J. Jelonnek*?, and M. Thumm?®?

YIHM, 2IHE, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
Corresponding author: bodo.baumann@kit.edu

WA49T: DEVELOPMENT OF A CYLINDRICAL EB SOURCE WITH
RADIALLY OUTWARDS DIRECTED ELECTRON FLOW FOR COST-

EFFICIENT PHYTOSANITARY TREATMENT OF SEEDS
G. Mattausch, T. Teichmann, F. Winckler, R. Bliithner, B. Meyer, H. Flaske, and
M. Dietze

Fraunhofer Institute for Electron Beam and Plasma Technology FEP, Dresden, Germany

Corresponding author: goesta.mattausch@fep.fraunhofer.de

10:20

Coffee Break

10:50
L3.2-1

11:20
[3.2-2

11:40
L3.2-3

Session 3.2: 10Ts and TWTs
Chair: Chao-Hai Du

W15I: DESIGN AND SIMULATION OF A 434 MHz INDUCTIVE
OUTPUT TUBE (Invited)

Dingyu Gu'?, Jiaqiu Tian'?, Hirwa Sakindi Alain'?, Shaomeng Wang'?,
Zhanliang Wang'?, Qingying Yi%?, and Yubin Gong'*

INational Key Laboratory of Science and Technology on Vacuum Electronics
2Terahertz Radiation and Application Key Laboratory of Sichuan Province,
University of Electronic Science and Technology of China (UESTC), China
Corresponding author: ybgong@ uestc.edu.cn

C5T: ASTATIC MAGNETIC FIELD FOCUSING ELECTRON GUN
FOR 915 MHz INDUCTIVE OUTPUT TUBES

Jiagiu Tian*?, Rungin Wang*?, Shaomeng Wang?, Zhanliang Wang'?, Zhigang Lu'?,

and Yubin Gong'?

!National Key Laboratory of Science and Technology on Vacuum Electronics
2Terahertz Radiation and Application Key Laboratory of Sichuan Province,
University of Electronic Science and Technology of China (UESTC), Chengdu, China
Corresponding author: ybgong@ uestc.edu.cn

W21T: DELAY LINE STRUCTURES FOR HIGH-POWER AND HIGH-

FREQUENCY TWTS

Philip Birtel*, Mathias Pech?, and Lucie Sabaut®

Thales Deutschland GmbH, Séflinger Str. 100, 89075 Ulm, Germany
2Thales AVS France, 2 Rue Marc Dassault, 78140 Vélizy-Villacoublay, France
Corresponding author: philip.birtel@thalesgroup.com
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12:00
L3.2-4

W23T: Ka-BAND UPGRADE OF TIRA: THE FUTURE OF RADAR SPACE
OBSERVATION IN EUROPA

Alexander Marek and Jens Klare

Fraunhofer Institute for High Frequency Physics and Radar Techniques FHR,
Fraunhoferstr. 20, 53343 Wachtberg, Germany

Corresponding author: alexander.marek@fhr.fraunhofer.de

12:20 | Lunch
Session 3.3: Field Emission Il
Chair: Kyu Chang Park
13:50 | W44T: CMOS-SENSOR CALIBRATION FOR THE MEASUREMENT OF
[3.3-1 | FIELD ELECTRON CURRENTS
Matthias Hausladen?, Ali Asgharzade?!, Mathias Bartl!, Andreas Schels?,
Philipp Buchner?, and Rupert Schreiner!
'!0TH Regensburg, 93053 Regensburg, Germany
2Ketek GmbH, Miinchen, Germany
Corresponding author: matthias.hausladen@oth-regensburg.de
14:10 | W46T: AN OVERVIEW OF THE DEVELOPMENT OF SILICON
L2.3-2 | NANOWIRE ELECTRON SOURCES
Philipp Buchner!, Matthias Hausladen?, Mathias Bartl, Ali Asgharzade?,
Markus Langmantel?, Josef Sellmair?, Kamil Baranowski?, Michal Krysztof?,
Daniel Burda®, Alexandr Knapek?, Dennis Kepic? Simon Edler*, Andreas Schels?,
and Rupert Schreiner?!
'Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg, 93053
Regenshurg, Germany
2Wroclaw University of Science and Technology, 11/17 Janiszewskiego Str, 50-372
Wroclaw, Poland
3|nstitute of Scientific Instruments of CAS, Kralovopolska 147, 612 00 Brno, Czech Rep.
4Ketek GmbH, 82737 Munich, Germany
Corresponding authaor: philipp.buchner@oth-regensburg.de
14:30 | W29T: SPATIALLY RESOLVED STUDY OF GRID EFFECTS IN FIELD
[3.3-3 | EMISSION ARRAYS USING THE CMOS ELECTRON DETECTORS
Ali Asgharzade, Matthias Hausladen, Mathias Bartl, Philipp Buchner,
Markus Langmantel, and Rupert Schreiner
OTH Regensburg, 93053 Regensburg, Germany
Corresponding author: ali.asgharzade@oth-regensburg.de
14:50 | C14T: VERTICALLY ALIGNED MULTI-WALLED CARBON NANOTUBE
L3.3-4 | (MWCNT) ARRAYS FOR X-RAY SOURCES APPLICATIONS

Mariana Trujillo Arredondo and Pierre-Louis Gautherin
THALES AVS France SAS, 460 rue de Pommarin 38430 Moirans, France
Corresponding author: mariana.trujilloarredondo@thalesgroup.com
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10" VDE ITG International Vacuum Electronics Workshop (IVEW) 2026

and

16" International Vacuum Electron Source Conference (IVeSC) 2026
August 26 — 29, 2026, Physikzentrum Bad Honnef (www.pbh.de), Germany

Conference, Previous Day

Wednesday, August 26, 2026

15:00 IVeSC Scientific Committee Meeting

16:15 | Coffee Break

16:30 | 148'™ Meeting of the VDE ITG-Fachausschuss MN6
“Vakuumelektronik und Displays”
Physikzentrum Bad Honnef (PBH), Meeting Room: Winter Garden

18:30 | Start of the Conference for all participants:

(6.30 Come Together Dinner & Evening Discussion,

p.m.) Physikzentrum Bad Honnef: Restaurant ,Lichtenberg” (in the Cellar)

Conference Program, 1t Day

Thursday, August 27, 2026

Location: Lecture Hall ,Wilhelm und Else Heraeus”

‘ 07:30 ‘ Breakfast in the dining hall on the ground floor of the Physikzentrum

08:30 | Welcome Address: Chairs Wolfram Knapp and Alice Gallissian
Session 1.1: Field Emission |
Chair: Wolfram Knapp
08:40 | C18I: UPDATE ON FIELD ELECTRON EMISSION SCIENCE AND
L1.1-1 | TECHNOLOGY 2026 (Invited)
Richard Forbes
University of Surrey, School of Mathematics and Physics, Guildford, Surrey GU2 7XH, UK
Corresponding author: r.forbes@surrey.ac.uk or r.forbes@trinity.cantab.net
09:10 | C4T: EVIDENCE FOR THE BREAKDOWN OF THE GENERAL PLANE-
L1.1-2 | WAVE FIELD EMISSION THEORY IN NANOMETRIC EMITTERS

F.F. Dalla’agno?, T.A. de Assis?, G. Meng?, and J.P. Xanthakis*

'Federal University of Santa Caterina, Blumenau, Santa Caterina, Brazil 89036-004
?|nstitute of Physics, Fluminense Federal Univ., Niterdi, Rio de Janeiro, Brazil 24210-340
Xian Jiaotong University, Xian, P.R. China

4National Technical University of Athens, Athens, Greece

Corresponding author: jxanthak@central.ntua.gr
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15:10 | W32T: CONCEPT OF MAXIMIZING THE eGUN LIFETIME OF AN FIELD
L3.3-5 | EMISSION IONIZATION VACUUM GAUGE

Markus Langmantel?, Matthias Hausladen?, Stefan Weber?, Peter Gerlesherger?,
Heinz Pléchinger?, Joachim Wolf3, and Rupert Schreiner!

!OTH Regensburg, 93053 Regensburg, Germany

*Thyracont GmbH Passau, Germany

3Karlsruhe Institute of Technology (KIT), 76131 Karlsruhe, Germany
Corresponding author: markus.langmantel@oth-regenshurg.de

15:30 | WIT: FIELD EMISSION SOURCES FOR ASTRO-PARTICLE PHYSICS

L3.3-6 | PROJECTS

J. Wolf!, M. Angelucci?, A. Asgharzade?, R. Cimino?*, E. Ellinger’, R. Gaior®,

M. Hausladen?3, Caio Ishikawa®, K. Martens®, R. Schreiner?, M. Schultz-Ritz?,

A. Schwenck?, L. Spallino?, Xiaoxin Wang®, and Ch. Weinheimer®

!Institute of Experimental Particle Physics, KIT, 76131 Karlsruhe, Germany

2 Institute of Astro-Particle Physics, KIT, 76344 Eggenstein-Leopoldshafen, Germany
3 Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg,

93053 Regenshurg, Germany

4 INFN - Laboratori Nazionali di Frascati, Via E. Fermi 54, 00044 Frascati (Rome), Italy
* Institute for Nuclear Physics, University of Miinster, Wilhelm-Klemm-Str. 9,

48149 Mdunster, Germany

& Kavli IPMU (WPI), UTIAS, The University of Tokyo, Kashiwa, Chiba 277-8583, Japan
7 FK4-Astroteilchenphysik, Bergische Universitdt Wuppertal, GauBstr. 20,

42119 Wuppertal, Germany

8 LPNHE, Sorbonne Université, CNRS/IN2P3, 75005 Paris, France

Corresponding author: joachim.wolf@kit.edu

15:50 | Closing Words: Chairs Wolfram Knapp and Alice Gallissian

16:00 | Coffee Break = End of Conference: 16:30
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Poster Presentation

Thursday, August 27, 2026 - Saturday, August 29, 2026

Location: In the Entrance Area of the Lecture Hall “Wilhelm und Else Heraeus’

’

Chair: Georg Gartner

P1

P2

P3

P4

Field Emission:

C19P: ON THE ADVANTAGES OF USING THE SCALED FIELD f AS THE
AUXILIARY PARAMETER IN MURPHY-GOOD FIELD EMISSION

THEORY

Richard Forbes

University of Surrey, School of Mathematics and Physics, Guildford, Surrey GU2 7XH, UK
Corresponding author: r.forbes@surrey.ac.uk or r.forbes@trinity.cantab.net

W27P: THUNGSTEN-GRAPHITE CATHODES AS ELECTRON SOURCES

FOR 3D-PRINTED FIELD EMISSION MICROSCOPES

Mohammad M. Allaham?, Daniel Burda?, Alexandr Kndpek?, Michal Krysztof?,
Kamil Baranowski?, Mathias Hausladen?, and Rupert Schreiner®

!nstitute of Scientific Instruments of CAS, Kr'alovopolsk’a 147, 612 00 Brno, Czech
Republic

2Wroclaw University of Science and Technology, 11/17 Janiszewskiego Str, 50-372
Wroclaw, Poland

® Ostbayerische Technische Hochschule Regensburg, 93053 Regensburg, Germany
Corresponding author: allaham@isibrno.cz

WA41P: MEMS INFINITY - MULTIPLE USE MEMS ADAPTER TO

MEASURE FIELD EMISSION IN VACUUM ENVIRONMENT

Igor Czerwiec, Gracjan Malinowski, and Michal Krysztof

Wroclaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

Corresponding author: 277680@student.pwr.edu.pl

W42P: THE STUDY OF HIGH AND LOW DOPED P-TYPE SILICON FIELD
EMITTERS

Gracjan Malinowski, Igor Czerwiec, and Michal Krysztof

Wroclaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

Corresponding author: 277657 @student.pwr.edu.pl
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P5

P6

P7

P8

P9

P10

WA45P: DEPOSITION OF CARBONOUS NANOTIPS ON FIELD EMITTERS
Fabian Hecht, Josef Sellmair, Philipp Buchner, Mathias Bartl, Matthias Hausladen, and
Rupert Schreiner

Faculty of Applied Natural Sciences and Cultural Studies, OTH Regensburg,

93053 Regensburg, Germany

Corresponding author: fabian.hecht@oth-regensburg.de

Thermal and Photo Emission:

C22P: EVIDENCE FOR SEMICONDUCTING BEHAVIOR OF SCANDATE

CATHODES

B. Vancil®, V. Schmidt?, C. Oshorne?, D. Jones!, M. Caplan?, W. Ohlinger3, M. Green?,
and T.J. Balk®

e beam Inc., Beaverton, OR 97007, USA

2Caplan Physics Applications, Freemont, USA

30hlinger Consulting, Babson Park, USA

4Consulting Services, Palo Alto, CA, USA

3University of Kentucky, Lexington, USA

Corresponding author: bernie@ebeaminc.com

C3P: ELECTRON EMISSION FROM REFRACTORY AND NON
REFRACTORY CATHODES

Margarita Baeva

Leibniz Institute for Plasma Science and Technology, Felix-Hausdorff-Str. 2,
17489 Greifswald, Germany

Corresponding author: baeva@inp-greifswald.de

C17P: ARAPID PHOTOEMISSION MODEL FOR BEAM OPTICS CODES
Kevin L. Jensen

IREAP, University of Maryland, College Park, MD, 20742-3511 USA

Corresponding author: kjensen@umd.edu

Microscope Electron Sources:

C16P: DESIGN OF ATHERMAL FIELD ELECTRON GUN IMMERSED IN
THE MAGNETIC LENS FIELD

Weixia Zhao, Lixin Zhang, Junbiao Liu, Bohua Yin, and Li Han
Institute of Electrical Engineering Chinese Academy of Sciences, Beijing, 100190 China
Corresponding author: zhaowx@mail.iee.ac.cn

C20P: PROOF THAT IN FIELD ELECTRON AND ION MICROSCOPES
THE ELECTRON/ION PATH IS INDEPENDENT OF THE CHARGE/MASS

QUOTIENT

Fernando F. Dall-Agnol', Thiago A. de Assis?, and Richard Forbes®

IDepartment of Exact Sciences and Education, Federal University of Santa Caterina,
Blumenau, Santa Caterina, Brazil 89036-004

2Institute of Physics, Fluminense Federal Univ., Niterdi, Rio de Janeiro, Brazil 24210-340
3University of Surrey, School of Mathematics & Physics, Guildford, Surrey GU2 7XH, UK
Corresponding author: fernando.dallagnol@ufsc.br or r.forbes@surrey.ac.uk
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P11

P12

P13

P14

P15

WA40P: ELECTRON BEAM FOCUSING USING AN OCTUPOLE

Damian Opiela, Janusz Rozum, and Michal Krysztof

Wroclaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

Corresponding author: 275611 @student.pwr.edu.pl

W43P: MODULAR 3D-PRINTED MEMS PLATFORM FOR A FIELD
EMISSION SCANNING ELECTRON MICROSCOPE

Janusz Rozum, Damian Opiela, and Michal Krysztof

Wroclaw University of Science and Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

Corresponding author: 278017 @student.pwr.edu.pl

Microwave Tubes:

W10P: DESIGN AND ELECTROMAGNETIC ANALYSIS OF AN INPUT
CAVITY FOR 648 MHz INDUCTIVE OUTPUT TUBES

Hirwa Sakindi Alain?, Jiaqiu Tian*?, Dingyu Gu*, Shaomeng Wang'?, Zhigang Lu*?,
and Yubin Gong'?

!National Key Laboratory of Science and Technology on Vacuum Electronics,
*Terahertz Radiation and Application Key Laboratory of Sichuan Province,

University of Electronic Science and Technology of China (UESTC), Chengdu, China
Corresponding author: ybgong@uestc.edu.cn

W17P: A SHORT PULSE RESONANT CAVITY FOR 915 MHz
MAGNETRON

Hao Yin'?, Jiaqiu Tian'?, Shaomeng Wang?, Zhanlian Wang'?, Zhigang Lu*?, and
Yubin Gong*?

!National Key Laboratory of Science and Technology on Vacuum Electronics,
*Terahertz Radiation and Application Key Laboratory of Sichuan Province,
University of Electronic Science and Technology of China (UESTC), Chengdu, China
Corresponding author: ybgong@uestc.edu.cn

C8P: DESIGN OF A LOW CATHODE LOADING, HIGH COMPRESSION
RATIO ELECTRON-OPTICAL SYSTEM FOR D-BAND TWTs

Kunging Duan'?, Jun He?, Qinglun Liu!, Yongliang Liu®, Dehui Zhai', Cha Gao?, and
Muguang Lit

!Discipline and Technology Center of Vacuum Electronic Devices and Systems,
Aerospace Information Research Institute, Chinese Academy of Sciences

No.5 Yangi East 2nd Road, Huairou, Beijing 101407, China

2University of Chinese Academy of Sciences No.1 Yangihu East Rd, Huairou District,
Beijing, 101408, China

Corresponding author: skyboyhj@163.com
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P16

P17

P18

P19

P20

W33P: NUMERICAL INVESTIGATION OF 1 kW MICROWAVE
HEATING APPLICATOR FOR ENHANCED POWER ABSORPTION IN
ASPHALT PAVEMENTS

Noojilla Satya Lakshmi Aparna?, A.K. Jha!, Ravinder Beemagani?, M.V. Kartikeyan®
!Department of Electrical Engineering, IIT Tirupati, India

%Indian Institute of Information Technology, Design and Manufacturing, Kancheepuram,
India

Corresponding author: kartik@ieee.org

Dielectrophoresis and Electroporation:

W31P: SILICON-BASED MICROFLUID CHANNEL STRUCTURES FOR
FUTURE HUMAN CELL MANIPULATION BY DIELECTROPHORESIS
AND ELECTROPORATION

Johannes Wiedmaier, Johannes Sendtner, Simon Hummel, Lars Krenkel, and
Rupert Schreiner

Osthayerische Technische Hochschule Regensburg, 93053 Regensbhurg, Germany
Corresponding author: johannes.wiedmaier@oth-regensburg.de

Electron-Beam Technologies:

W48P: TOWARDS HIGH-POWER PULSED ELECTRON-BEAM-
SUSTAINED PLASMAS: A DEVELOPMENT PLATFORM FOR

INNOVATIVE HIGH-VOLTAGE AND PULSED-POWER ELECTRONICS

A. 7Zschalig, L. Dingklage, L. Lorenz, R. Labitzke, C. Cornelius, and G. Mattausch
Fraunhofer Institute for Electron Beam and Plasma Technology FEP, Dresden, Germany
Corresponding author: anthony.zschalig@fep.fraunhofer.de

Gyrotrons:

W28P: FEASIBILITY STUDIES OF A 140 GHz, 2.4 MW, CW GYROTRON
CAVITY

M.V. Kartikeyan!, Manfred Thumm?, S. Yuvaraj®, R. Beemagani®, and A.K. Jha®
Yndian Institute of Technology Tirupati, Yerpedu 517619 (AP), India

2Karlsruhe Institute of Technology, IHM, Kaiserstr. 12, 76131 Karlsruhe, Germany
®Indian Institute of Information, Design and Manufacturing, Kancheepuram, Chennai
600127, India

Corresponding author: kartik@ieee.org

W25P: INITIAL DESIGN STUDIES OF A > 200 kW, 30/60 GHz, DUAL-

FREQUENCY GYROTRON

K. Srinath?, S. Yuvaraj?, R. Beemagani?, A.K. Jha?, and M.V. Kartikeyan?

YIndian Institute of Technology Tirupati, Yerpedu 517619 (AP), India

?Indian Institute of Information, Design and Manufacturing, Kancheepuram, Chennai
600127, India

Corresponding author: kartik@ieee.org
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P21

W26P: DESIGN STUDIES OF ATRIODE MIG AND OUTPUT WINDOW

FOR A 30/60 GHz DUAL-FREQUENCY GYROTRON

K. Srinath?, R. Beemagani?, A.K. Jha?, S. Yuvaraj?, and M.V. Kartikeyan?

!Indian Institute of Technology Tirupati, Yerpedu 517619 (AP), India

?Indian Institute of Information, Design and Manufacturing, Kancheepuram, Chennai
600127, India

Corresponding author: kartik@ieee.org
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Abstracts: Session 1.1 Field Emission |
UPDATE ON FIELD ELECTRON EMISSION SCIENCE AND TECHNOLOGY, 2026

Richard G. Forbes

University of Surrey, School of Mathematics and Physics, Guildford, Surrey GU2 7XH, UK
Permanent e-mail alias: r.forbes@ftrinity.cantab.net
Institutional e-mail: r.forbes@surrey.ac.uk

ABSTRACT

This Presentation aims to give a high-level overview of the present state of both technological and scientific work on
field electron emission (FE).

Hoped for technological developments include: improved needle-type electron sources, in particular for electron beam
instruments such as electron microscopes, improved large area electron sources, particularly those involving carbon
based emitters, and new forms of "small flat transistors", based on "ballistic" electron travel in vacuum or air.

Work on the basic theory of FE continues slowly, with a large current emphasis on tidying up various basic aspects of
the theory and reducing various types of entrenched error and weak practice, but also an emphasis on developing theory
for "sharply curved" and "nanoscopic" emitters. There seems an urgent need for further significant theoretical
development, in particular further improved theory relating to sharply curved emitters (and to related data-analysis
procedures) and to "getting atoms into the theory".

FE theory continues to play a role in discussion of the origin of electrical breakdown in vacuum, with an interesting
related development being observation of the growth of carbon nanowhiskers.

In the last 100 years there has only been one experiment that has been able to make a more-or-less reliable comparison
between FE experiment and theory. A second method of doing this has recently been suggested and will be briefly
described. Both experimental methods confirm that 1950s Murphy-Good FE theory is better than 1920s type FE theory
(which is still often used).

More sophisticated theoretical developments involve the application of density-functional-theory to FE, other advanced
computational techniques, and the development of a "digital twin" approach to real-time data analysis.

At a more fundamental level, there seem to be deep quantum-mechanical issues associated with some aspects of field
electron emission, for example the origin of the "arrow of time", and the question of how the field electron (emission)
microscope actually works, given that nowadays we can "see" electron bonds in the apex of a carbon nanotube.

Adjacent to FE there are other significant tasks under way, including improvement of aspects of the theory of
electrostatics of pointed objects (including the so-called "classical lighting-rod effect)", and the question of whether the
definition of voltage in the relevant International Standard actually does correspond to the quantity that engineers
measure with a digital voltmeter.

Relevant references will be included in the written-up version of this presentation.

C18l: Richard Forbes, Invited oral presentation (IVESC)
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Evidence for the Breakdown of the general Plane-
Wave Field Emission Theory in Nanometric Emitters

F.F. Dall’agnol!, T.A. de Assis?, G. Meng® and J.P. Xanthakis*

!Santa Catarina Federal University, Blumenau SC Brazil. “Fluminense Federal
University, Niter6i RJ Brazil, *Xi’an Jiaotong University, Xi’an, PR. China, *National
Technical University of Athens, Athens Greece

It 1s well-known that neither the elementary triangular barrier Field Electron
Emission (FE) equation nor the Murphy-Good FE equation holds at the nanometric
scale of emitters. This has been recently supported by the experimental work of Meng
and coworkers [1]. Here, we give evidence that even the general FE theory based on
plane waves and Cartesian symmetry 1s not valid. To this end. we have calculated the
local electrostatic potential distribution for emitters with apex radii of 2 nm and 4 nm,
with a planar anode located at a gap distance of d = 25 nm and 50 nm, respectively. The
local electrostatic potential distributions were calculated using finite elements method
n a 2D axisymmetric simulation domain in COMSOL by solving the Laplace equation
[2]. Subsequently, the local electrostatic potential was used to reproduce the
experimental data of Meng ef al. [1] by employing the general theoretical expression
for the local transmitted current density through an arbitrary potential barrier using
plane waves as eigenstates. That 1s. the expression for the local current density J

J =525 [ n |1+ exp (2) | DB dE, (1)
where D 1s the transmission coefficient, E, are the normal energies of the electrons and
the remaining symbols have their conventional meaning. The D(E,) depend on the
tunneling potential distribution U(x) which is constructed by adding a spherical image
potential and the work function to the calculated complete electrostatic potentials 1.e.
no linearity in the potential was assumed (like in the elementary or in the Murphy-Good
FE equations) or even corrections up to second order like in the Kyritsakis-Xanthakis
equation [ 3] Then, in normal practice. the current 1s /=J*4 where A 1s the area which 1s
treated as a parameter. The calculated slopes of the In(Z) vs 1/} curves — (where V 1s
voltage) - deviated significantly from the experimental ones signifying that the true
nature of the eigenstates in these nanometric emitters due to confinement and
localization must be taken into account. We note that A cannot affect the slopes of these
curves. By describing the emuitters as paraboloids [4] 1.e. by using wavefunctions with
wavefronts that fit the emutter surface we have managed to reproduce the experimental
data of the R=2nm emitter. Calculations to reproduce the 4 nm emitter [-V
characteristics are under way.
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Cryogenic Field Emission Enhancement in Vertically Aligned Carbon Nanotubes
Cold Cathodes through Tip Morphology Engineering

Luca Cecchini *®
*Dipartimento di Fisica, Sapienza University of Rome, Piazzale Aldo Moro 2, 00185 Rome. Ifaly.

P INFN Sezione di Roma. Piazzale Aldo Moro 2. 00185 Rome, Italy
Email Corresponding Author: luca.cecchini@romal.infn.it

Vertically aligned carbon nanotubes (VACNTSs) represent a promising solution as cold
electron cathode, due to their high aspect ratio and nanoscale tip radmus. Their field
emission (FE) properties enable low turn-on fields and stable current densities, from fA to
mA regime [1]. Moreover, they present a superior mechanical, electrical and chemical
stability in ultra-high vacuum, both at room and cryogenic temperature [1]. These qualities
make VACNT-based cathodes highly attractive as scalable, microstructured electron
sources, enabling robust integration into compact, chip-level devices for fundamental
physics applications, including compact accelerators [2], precision electron mjectors [3],
and low-background detection systems in rare-event dark matter experiments [4].

We present a quantitative mvestigation of the correlation between tip morphology and FE
properties of VACNTs at cryogenic temperature. Three VACNT samples were
systematically characterized to assess the impact of tip morphological modifications on
electron emission performance. Field emission measurements were conducted at T =2.8 K,
enabling operation close to the ideal conditions of the Fowler—Nordheim model and
representing one of the first observations of FE 1n vacuum below 10 K [5] .

The field enhancement factor B was extracted through Fowler—Nordheim analysis,
supported by independent and precise determination of the work function via ultraviolet
photoemission spectroscopy (UPS) and accurate evaluation of the cathode—anode distance.
Plasma etching was found to significantly enhance emission performance, yielding 3
values up to (15.2 +2.5) x 10°, more than doubling that of the as-grown sample .

A detailed morphological analysis was carried out using atomic force microscopy, enabling
statistical evaluation of the tip radius of curvature r.. By correlating morphological and
electrical data, we establish a clear inverse relationship between the field enhancement
factor and the tip curvature radius, described by f(r.) = k/r., with k = (175 = 13) pm.

This result provides a predictive framework for estimating FE performance directly from
surface morphology measurements, bypassing the need for complex cryogenic setups.
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Session 1.2 Thermionic Emission

Recent advance in dispenser cathode
Jinshu Wang
College of Materials Science & Engineering, Beijing University of Technology,China
Email: wangjsh@bjut.edu.cn

As the electron source of vacuum electron devices, the performance of cathodes plays an important role in the
device stability and operational durability. In recent years, we made a serial studies on the mixed matrix of Ir-W
scandate cathodes, introduction of inert barrier layer Ni in the dispenser cathode, optimizing the composition of
barium-calcium aluminates[[1-3]. In order to improve the emission property, a new BaO-CaO-Al,O;-BaF,
quaternary aluminate impregnant was obtained and the addition of BaF, decreases the viscosity and melting point
of the aluminate impregnants. The emission current density of Ba-W cathode impregnated with quaternary
aluminate impregnant can reach 15.89 A-cm™ at 1100°G,, which is 1.11 times higher than that of the without BaF,,
Theoretical calculations confirm that introducing fluorine triggers the number of point defects and barium
compound in impregnant to gain electron convert to the metastable Ba®" (0 < & < 2), enhancing the ability to
produce active substance Ba. The introduction of Ni can inhibit the reaction between W and Ba-Ca-aluminates
during the impregnation process of the matrix. After cathode activation, the surface Ba:O ratio is 0.88:1.00, much
higher than the Ba dispenser cathode without Ni doping. The pulse electron emission current density at 1100°C,,
was 18.65 A/cm”. It has a low evaporation rate and the accelerated lifetime test predict a lifetime of over 160000
hours. W-Ir matrix scandate cathode presented the highest emission current density of 83.43 A/cm® at 900 °G,. Ir
can decrease the evaporation of active substance, effectively stabilizes the W-O-Ba-Sc surface configuration, and
therefore significantly enhances the emission property of the cathode.
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THERMIONIC CATHODES MANUFACTURING

Daniel Busbaher
3M Technical Ceramics, Inc., 695 Laco Dr., Lexington, KY 40514, USA
E-mail of corresponding author: dbusbaher@mmm.com

ABSTRACT

A thermionic (dispenser) cathode is an electron source commonly used in Vacuum Electronic Devices
(VED). Its operation is based on principals of thermionic emission, and while the physics of the
thermionic emussion 1s well understood and described, the cathode’s performance depends on many
factors, mecluding but not limited to materials’ purity and properties, manufacturing process control,
facility cleanliness and environmental controls, and most importantly operators’ skills. Since the
cathodes cannot be tested for performance before being installed into electron guns (or a specially
designed test equipment), it is critical that all these requirements are met at the highest possible level.
However, some other, post-manufacturing processes are also critical for the cathode performance,
including proper packaging, storage and activation processes.

This paper will not address the physics of the thermionic emission and will be focused on the
manufacturing processes and best practices mmplemented at 3M Technical Ceramics to ensure high
quality and rehiability of the thermionic cathodes.
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Contributions to the theory of Scandate cathode emission
G. Gaertner, Aachen (C9T, oral, IVESC 2026, Bad Honnef)

In a paper of B. Vancil et al. ,New Theory of Emission for Scandate Cathodes” [1] presented at IVEC
2026, with a parallel paper by M. Caplan et al. [2], the authors give evidence, that Scandate cathodes
exhibit features of semiconductor cathodes similar to oxide cathodes. Of course these features are well
known, among these are the anomalous Schottky behaviour in saturation, the field dependence of
activation and peak shifts of Miram plot work function distributions dependent on peak electric field (see
also G. Gaertner, Y. Wang [3]). In the paper of Caplan he fitted the anomalous Schottky characteristic
with oxide cathode theory as outlined by Wright, Woods and Morgulis [4,5], but with the result of a Debye
length of 2.1 um*. Yet B. Vancil et al. [1] show by high resolution characterization, that the Sc rich layer
on tungsten is very thin, in the order of 6 nm, with oxide particles in the order of 20 nm. Hence there is a

clear contradiction between these very thin films and a Debye length of 2.1 ym*(*the definition of Ap of
Caplan differs by a factor V2). The Debye screening length is a characteristic parameter for charge
separation and band bending at the surface of a semiconductor between donors and acceptors and is
given by Ap = (&€ kT / (€2 n; ))1'2 where n; is the density of ionized donors [3,4,7]. Of course one
prerequisite is, that the semiconducting layer is thicker than the respective Debye length. A first specific

theory was derived by Raju and Maloney [6] for semiconductor layers thinner than Ap on metals, giving a

transition from thick oxide to metallic behaviour. According to B. Vancil the experimental Schottky
characteristic [2] could not be fitted with their theory.

There are three possibilities to explain the discrepancy between the very thin Sc and BaO layers on the
cathode surface and the large Debye length. First: Due to the electrical image expansion of the beamlets
originating at distributed Ba-scandate particles (emissive spots) of about 15 — 20 nm diameter by a factor
of 100 — 200 the apparent large Debye length can be explained, in line with the model of G. Gaertner [8].
The second possibility is, that the large Debye length occurs only at larger oxide particles or at the oxides
in the larger pores, which strongly contribute to high electron emission; but this is also in line with the
beamlet effect for a bit larger spots. The third possibility relies on the scaling of Ap, which is decreasing
with increased density of ionized donors n;. With the following parameters n; = 3*10"" cm™ similar to Chin
et al. [9], e(Ba-scandate) =10 and T = 1260 K Ap = 14.1 nm is obtained, consistent with the 15 nm oxide
particle thickness of the characterization [1]. Yet for uniform emitting layers e.g. of 6 nm thickness this
would be in clear contradiction with the observed Debye length and also with the low Richardson constant
of Scandate cathodes. The major advantage of scandate cathodes over oxide cathodes with their limited
dc loadability is consistent with the model, namely due to very thin Ba.Sc-oxide layers of scandate
cathodes the conductivity limitation disappears.
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EVOLUTION OF M-TYPE CATHODE EMISSION DURING LONG-TERM LIFE-TESTS

S. Maine, D. Farjots, J.-M. Roquais, A. Gallissian
Thales AVS France, 2 rue Marcel Dassault, 78140 Vélizy-Villacoublay, France
E-mail of corresponding author: sylvain.maine@thalesgroup.com

ABSTRACT

Numerous models have heen proposed to predict the lifetime of thermionic cathodes [1-5], yet long-
term experimental validation remains scarce, particularly over multi-decade timescales. In this work,
the long-term evolution of the zero-field saturation current density of multiple M-type impregnated
cathodes was investigated over four decades. The cathodes, impregnated with Ba—Ca aluminate
(4:1:1) and coated with an osmium—ruthenium layer, were mounted in dedicated bulbs and operated
in diode configuration at a current density of 1.5 A/cm? across a range of temperatures
(970-1030°CB). Periodic measurements of Jo reveal a clear and systematic degradation of the
emission over time.

Complementary analyses of end-of-life cathodes by SEM, Auger spectroscopy, and XPS provide
insight into the underlying ageing mechanisms. The experimental results show good agreement with
the semi-empirical life prediction model proposed by Schroff [2]. Altogether, these results provide a
consistent framewaork for understanding cathode ageing and contribute to improved lifetime
prediction in thermionic devices.
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ELECTRON EMISSION MODELLING IN IONISATION GAUGES FOR MAGNETIC
CONFINEMENT FUSION
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ABSTRACT

Preferences:

IVeSC — Oral presentation
Electron Emission Phenomena and Modelling — Thermionic and Field Emission

In magnetic confinement fusion, neutral gas density measurements are a critical diagnostic parameter for
plasma control. The ASDEX ionisation gauge is a diagnostic instrument capable of providing spatially
and temporally resolved measurements of neutral gas pressure around the vessel in the presence of
strong magnetic fields. Its design features a linear electrode configuration comparable to a vacuum tube
triode [1]. The internal physics of the device have been studied through qualitative computational
modelling [2] and experimental optimization campaigns [3]. While prior simulation efforts using
electrostatic particle-in-cell (PIC) methods successfully reproduced diagnostic characteristics under
specific equilibrium conditions, they failed to predict a broader range of operational parameters and
dynamic state transitions. This talk presents ongoing work at the Max-Planck-Institute for Plasma
Physics (IPP) to develop a capable, synthetic ASDEX ionisation gauge model based on a self-consistent,
fully dynamic PIC-MCC (Particle-in-Cell with Monte Carlo Collisions) using an open-source
framework. If successful, this work would not only enable further design optimization for next-
generation fusion experiments but also provide a better understanding of signal instabilities observed
during diagnostic operation [4].

The focus of the talk will be placed on the numerical methods used, as well as the benchmarking of
thermionic electron emission from a heated cathode. First simulation results for different emitter
configurations, materials, and biasing potentials are validated against measurement data. Emphasis will
also be placed on tractable model simplifications and their empirical impact on prediction accuracy.
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ABSTRACT

This paper summarizes recent progress at THALES on two continuous-wave (CW) industrial gyrotrons developed for
fusion Electron Cyclotron Heating and Current Drive, namely the TH1511 for WEST [1] and the TH1512 for DIII-D
[2]. Both programs combine THALES industrial design and fabrication with electromagnetic and electron-optics design
activities at KIT and NKUA and target reliable Megawatt-class operation with high Gaussian mode output beam
content, depressed-collector efficiency enhancement and compatibility with long-pulse operation. The developments
address distinct plasma scenarios and magnetic-field constraints while preserving a common industrial architecture
based on a diode magnetron injection gun, independently adjustable superconducting magnet circuits, advanced cavity
cooling, quasi-optical mode conversion and a swept depressed collector. The TH1511 is specified for 105 GHz, 1 MW
CW operation in the WEST tokamak, where three units will support steady-state plasma scenarios up to 1000 s. It
operates in the TE-20,8 cavity mode with electron beam parameters around 78 kV and 45 A. The TH1512 is specified
for 117.5 GHz, 900 kW CW operation in the DIII-D tokamak, where two units will support 10 s pulses with accurate
power modulation and deposition control. It operates in the TE24,8 mode with beam voltage up to 92 kV and beam
current above 35 A. Prototype fabrication was completed at THALES using qualified processes for vacuum integrity,
high-voltage insulation, hydraulic cooling, and dimensional reproducibility. Short-pulse validation was performed at the
KIT FULGOR facility with calorimetric power measurements, heterodyne frequency diagnostics, and infrared beam
imaging [3]. For the TH1511, 1 ms non-depressed operation at 104.984 GHz yielded about 1.2 MW at 50 A, while
depressed-collector operation provided 1 MW at about 46% efficiency and 1.1 MW in 3 ms pulses. For the TH1512, 1
ms non-depressed operation at 117.703 GHz exceeded 1.3 MW at 43 A and depressed-collector operation produced
1.03 MW with efficiency above 48% in 3 ms pulses. Long-pulse operation of the TH1511 tube delivered 1 MW at 45%
efficiency for 5 s at CEA, where testing is continuing toward longer pulses. Long-pulse tests of the TH1512 gyrotron
delivered 950 kW at 42.5% efficiency for 10 s at KIT, where the unit successfully passed the factory acceptance test.
These results validate the common design approach across two frequency bands and two fusion devices and indicate
that both gyrotrons have reached a maturity level consistent with technical requirements.
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MEGAWATT CLASS GYROTRON DEVELOPMENT AT MPP
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"Microwave Power Products, Inc (MPP), Palo Alto, CA 94304 USA
? Dymenso LLC, San Franciso, CA, 94124 USA

E-mail of corresponding author: monica.blank@mppinc.com

ABSTRACT

MPP is currently engaged in the design, development, and demonstration of several 500 kW — 1
MW power level gyrotrons at millimeter wave frequencies for both fusion and non-fusion
applications. MPP has designed, built, tested and delivered the first of two 600 kW continuous
wave (cw) dual frequency 70/105 GHz gyrotrons for the Oak Ridge National Laboratory’s
Material Plasma Exposure eXperiment (MPEX) program [1]. Detailed design features as well as
the results of experimental demonstrations will be given. In addition, MPP has designed and
built a I MW cw 105 GHz gyrotron for a deep hole drilling application. To date, the gyrotron
fabrication is complete and tests are planned for Spring 2026. Test results, if available, will be
discussed.
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ABSTRACT

The demand for megawatt-class gyrotrons for Electron Cyclotron Resonance Heating (ECRH) and
plasma control in fusion devices is steadily increasing. At the same time, requirements on output power.,
efficiency, operational flexibility, reliability, and industrial manufacturability are becoming more
stringent. KIT addresses these challenges as part of Europe’s coordinated fusion research eftforts.

Until 2024, research focused on gyrotrons for a prospective EU DEMO power plant operating at
moderate magnetic fields (< 6 T), targeting frequencies of 170 GHz and output powers of up to 2 MW 1n
continuous-wave (CW) operation. In parallel, KIT advanced gyrotron technologies for major fusion
experiments such as Wendelstein 7-X (W7-X) [1] and ITER [2], and developed adapted variants of the
W7-X gyrotrons for TCV (Switzerland) [3], CEA/WEST (France) [4], and GA/DIII-D (USA) [5].

Since 2024, emerging fusion start-ups have introduced concepts for compact fusion devices operating at
substantially higher magnetic fields, which require gyrotrons at frequencies above 200 GHz. In
Germany, this development 1s driven by Proxima Fusion with its Proxima Alpha and Stellaris projects
[6]. Proxima Alpha requires gyrotrons operating at 238 GHz with output powers exceeding 1 MW.
Within the BMFTR project HeatQIS (launched at the end of 2025), KIT. Proxima Fusion, and Diamond
Materials GmbH & Co. KG are jointly developing suitable gyrotrons, diamond windows, and launcher
components. A first industrial gyrotron, manufactured by Thales (France), is scheduled for testing at
KIT by 2029.

In parallel, building on earlier developments of 1.5 MW gyrotrons for W7-X, KIT and IPP are working
within the BMFTR project HIPMiB on a 2 MW version of the 140 GHz gyrotron for Wendelstein 7-X.
This system 1s also targeted for industrial realization by Thales, with testing planned for early 2029.
Looking ahead, future fusion devices may operate at even higher magnetic fields (e.g., SPARC) [7].
Besides the development of stronger magnets, operation at the second harmonic of the electron
cyclotron frequency represents a promising alternative. Within a EUROfusion Enabling Research
activity, KIT and NKUA are investigating corresponding high-efficiency gyrotron concepts [8].
Achieving overall efficiencies of >60% will require the implementation of multistage depressed
collectors (MDCs). KIT has longstanding expertise in ExB-type MDCs, has already presented the
design, manufacture and first test of a first short-pulse prototype, and 1s currently advancing both
theoretical and experimental work toward CW-capable systems [9].

Beyond fusion-related high-power gyrotrons, KIT is also pursuing the development of gyrotron
traveling-wave tubes (gyro-TWTs) for applications such as space radar. In collaboration with
Fraunhofer FHR, a jomt research group has been established. Furthermore, within the DFG
Collaborative Research Center “HyPERION”, KIT 1s developing a 263 GHz, 1 kW gyro-TWT amplifier
for DNP-NMR spectroscopy, with a first prototype planned 1in the current funding phase.

This presentation provides a comprehensive overview of KIT’s activities in high-power microwave
vacuum electronics. covering both fusion and non-fusion applications.
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Experimental Progress in High-Frequency Terahertz Gyrotrons
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ABSTRACT

Terahertz radiation sources have attracted significant attention due to their wide applications in high-
resolution imaging, spectroscopy, and advanced communications. Gyrotrons, as high-power vacuum
electronic devices, are ideal candidates for generating high-frequency, high-power terahertz radiation.
This paper presents two recent advancements in THz gyrotron technology and experiments at Peking
University: the development of terahertz harmonic gyrotrons based on superconducting magnets and
experimental research on terahertz pulsed gyrotrons with high field pulsed magnets.

First, axis-encircling electron beams (also known as large orbit beams), characterized by their
mherent mode-selection properties, can significantly reduce the mode spectral density in overmoded
cavities [1]. This facilitates high-harmonic operation and enables the generation of high frequency
terahertz radiation at relatively low magnetic fields. A magnetic cusp gun (MCG) with strong robustness
n operating parameters produces a large orbit beam with extremely low velocity spread (as low as
0.4%) within a magnetic field range of 4-9 T, providing the foundation for continuous switching among
multiple harmonics over a wide magnetic field range. Experimental results demonstrate that the
developed large orbit gyrotron (LOG) can sequentially excite five different harmonic modes. The third
harmonic achieved an output power of 0.68 kW at approximately 650 GHz, corresponding to an
electronic efficiency of 2.16%. The good agreement between experiments and simulations validates the
correctness of the design and the accuracy of the measurements.

Second, the gyrotron with high-field pulsed magnet provides another solution to meet the magnetic
tield requirements for high-frequency operation. The current mini-pulse-magnet platform can achieve a
maximum field strength of up to 40 Tesla. Based on the fundamental harmonic interaction of the high-
order whispering-gallery mode (WGM) TE: 3 [2], terahertz radiation with millisecond-level pulse width
and joule-level energy around 560 GHz is obtained. Moreover, the mherent time-varying properties of
the pulsed magnetic field provides a natural path for achieving the high-efficiency operation in the hard-
excitation region in every pulse, without the need for manual tuning [3]. The asymmetry of the
operating range in the up-tuning and down-tuning semi-waveforms 1s also observed in the experiments,
which is a direct manifestation hard-excitation-induced hysteresis.

In conclusion, the successful demonstration of multi-harmonic switching in L.OGs and the
exploitation of hard-excitation dynamics in pulsed systems provide critical insights for the future
realization of high-power, stable, and frequency tunable THz radiation sources based on vacuum
electronics.
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Evaluation of a Low Voltage High Current Operation Point for a High-Frequency and Very-High
Order Mode Gyrotron
A. Schmidt!, L. Feuerstein', S. Illy', M. Thumm!, J. Jelonnek! and C. Wu!
'IHM Karlsruhe Institute of Technology (KIT), Germany
E-mail of corresponding author: andre.schmidt@kit.edu

ABSTRACT

The HEATQIS project, funded by the Federal Ministry of Research, Technology and Space (BMFTR),
develops key technologies for future high magnetic field fusion power plants, focusing on plasma
electron cyclotron resonance heating (ECRH). The project mcludes the investigation of ECRH
components such as superconducting magnet systems, diamond windows, and launcher systems for
future stellarator-based fusion reactors such as Proxima Alpha. Central to the project is the development
and manufacture of a 238 GHz, 1.7 MW TEus20 mode coaxial-cavity gyrotron for 100 s long-pulse
operation. Here, the gyrotron will be investigated under two alternative operating regimes: Low Voltage
High Current (LVHC, 75kV, 75 A) and High Voltage Low Current (HVLC, 90kV, 63 A). The
comparison focuses on the influence of both concepts on electron gun performance, beam-wave
mteraction in the cavity, After-Cavity Interaction (ACI), and collector efficiency, with particular
attention to the challenges associated with high-frequency gyrotrons operating at high mode indices and
the resulting differences compared to already established gyrotrons.

The electron gun design is evaluated with respect to peak electric field strength and the associated risk
of arcing for both operating points. In addition, the interaction efficiency is compared for cavity designs
individually optimized for the LZVHC and HVLC regimes. The analysis includes the impact of the
operating point on ACI effects [1], also considering the implications for the dimensions of the quasi-
optical launcher. The collector performance is investigated with emphasis on the slowest electrons
reaching the collector and their influence on collector efficiency and with the points before the overall
gvrotron efficiency. The study aims to evaluate the suitability and limitations of both operating regimes
for efficient and reliable operation of the HEATQIS gyrotron.
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Quasi-Optical Mode Generator for the Verification of a 238 GHz TE49,29 -Mode Gyrotron
Launcher Antenna

M. Misko!. L. Feuerstein!. S. Illy!. J. Jelonnek!=. J. Jin!, A. Schmidt!,
M. Thumm'-, D. Wagner®, and C. Wu!
ITHM. “THE Karlsruhe Institute of Technology (KIT). Karlsruhe. Germany
SMax Planck Institute for Plasma Physics, Garching, Germany
E-mail of corresponding author: moritz. misko@kit.edu

ABSTRACT

Gyrotrons are high-power electron vacuum tubes capable of generating mullimeter waves m the
megawatt range [1] and are a key technology for Electron Cyclotron Resonance Heating (ECRH),
Current Drive (CD), and Collective Thomson Scattering (CTS) diagnostics in magnetically confined
fusion plasmas. For the next generation of high-field plasma fusion devices, a megawatt-class gyrotron
operating at 238 GHz is currently under development [2].

For this gyrotron, the very high-order cavity mode TEio20 has been identified as the designated
operating mode. Efficient transmission of the generated millimeter-wave power requires conversion of
this high-order TE mode into a linearly polarized fundamental Gaussian TEMg,o beam. This task is
realized by an mternal mode-converting launcher antenna in combination with beam-shaping reflectors.
Due to the extremely tight manufacturing tolerances and the limited tolerance for deviations from the
design, experimental low-power verification of the launcher antenna and the quasi-optical system 1s
essential prior to high-power operation inside the gyrotron.

This contribution presents the design of a dedicated quasi-optical mode generator setup developed for
cold measurements of a 238 GHz TE4s 20-mode launcher antenna. A Gaussian millimeter-wave beam is
generated by a horn antenna and shaped using a set of cylindrical Teflon lenses and a quasi-parabolic
mirror, enabling coupling into an optimized resonant coaxial cavity with a perforated wall. The excited
rotating TE4020-mode 1s then used for the verification of the gyrotron launcher antenna.

Acknowledgment With funding from the:
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Ongoing Development of a Gyro-TWT Test Stand up to 263 GHz at IHM

Max Vohringer!*, Alexander Marek?, Benjamin Bischofberger! Stefan Illy!, Manfred Thumm!-,
Chuanren Wu' and John Jelonnek'-
THM, *THE, Karlsruhe Institute of Technology (KIT). Kaiserstr. 12, 76131 Karlsruhe, Germany
“Fraunhofer FHR. Fraunhoferstr. 20, 53343 Wachtberg, Germany

ABSTRACT

The generation of high-power microwaves up to 263 GHz is of considerable interest for numerous
applications, including communications, spectroscopy, and space situational awareness. To address this
demand, a variety of different gyrotron travelling-wave tube (gyro-TWT) configurations have been
developed over the past decades, including designs employing cylindrical [1], dielectrically loaded [2],
quasi-optical [3], and helically corrugated [4] interaction circuits.

Despite their structural differences, all gyro-TWT variants share common features: All utilize the
weakly relativistic electron cyclotron maser interaction principle [5], which enables the amplification of
broadband input signals to power levels in the kilowatt range. Efficient operation necessitates a
homogeneous axial magnetic field within the interaction region, a high-voltage power supply for
electron beam acceleration, and an electron emitter capable of delivering the required beam current.

At THM, the amplifier research activities are focused on gyro-TWTs employing a helically corrugated
mteraction region (HCIR), hereafter referred to as helical gyro-TWT [4]. The HCIR configuration
facilitates second-harmonic electron cyclotron frequency operation, thereby reducing the required
magnetic flux density by a factor of two.

This contribution presents the ongoing development of a dedicated test stand for gyro-TWTs and
provides an overview of the critical components required for their experimental validation. Particular
emphasis is placed on the requirements and design of the 5.5 T superconducting magnet to enable
efficient operation of helical gyro-TWTs up to 263 GHz. The magnet features a variable magnetic field
profile and a 50 mm diameter warm borehole, allowing for flexible operation of gyro-TWTs for
different frequencies. In addition, an electron gun [6] capable of delivering axis-encircling beam
currents of up to 1 A, as well as the new power supply providing up to 65 kV and 4 A, are described.
The presented components establish the basis for mitial experimental mvestigation of helical gyro-
TWTs and provide a versatile platform for future studies of a broad range of gyro-type devices.
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A Broadband Measurement Platform for Frequency and Amplitude
Analysis of a 263 GHz Gyro-TWT
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'THM Karlsruhe Institute of Technology (KIT), Germany
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ABSTRACT

Gvro-traveling wave tube (gyro-TWT) amplifiers are promising sources for generating sequenced
microwave pulses in dynamic nuclear polarization nuclear magnetic resonance (DNP-NMR)
spectroscopy. During their development, accurate and broadband spectrum diagnostic tools are essential
to vernfy performance and ensure reliable operation. This work presents a novel, modular, and
real-time-capable diagnostics system based on a heterodyne receiver architecture, enabling simultaneous
frequency and amplitude characterization of a 263 GHz gyro-TWT amplifier.

The system incorporates an external front-end module with a sub-harmonic mixer, which can be flexibly
positioned and exchanged to accommodate different frequency ranges through the use of mixers with
varying waveguide dimensions. This modular design allows the characterization of gyro-TWT
amplifiers across multiple frequency bands through different front-end modules. After down-conversion,
the system utilizes two complementary measurement approaches. The first employs a filter bank with
parallel detector diodes for real-time frequency and RF power measurement. Due to its low latency, this
path can also serve as a trigger for rapid shutdowns in the event of amplifier malfunctions. The second
approach uses a high-speed oscilloscope to capture the down-converted signal and perform short-time
Fourier transform (STFT) analysis. enabling flexible adjustment of temporal and spectral resolution
during post-processing.

By combining these methods, the system enables redundant power level measurement and achieves a
real-time bandwidth of 38 GHz through ambiguous mixing over a frequency range of 160-288 GHz. The
system delivers a frequency resolution of up to 10 kHz, a dynamic range of 40 dB, and a power
measurement uncertainty within +21 % for the given gyro-TWT amplifier. In addition, pulse durations
as short as 250 ns can be reliably resolved.

Future extensions include amplifier gain and phase characterization, for which concepts have already
been developed and validated in preliminary experiments, increasing its future flexibility and use-cases.
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30 years of IVESC - a short historical review

Georg Gaertner, Consultant, Aachen, Germany
Email: georg.f.gaertner@t-online.de

With the 16" International Vacuum Electron Sources Conference (IVESC) 2026 here in Bad
Honnef, Germany, we also celebrate 30 years of IVESC. At the 1994 TRI Services/NASA
Cathode Workshop in Cleveland / USA it was decided to start an international vacuum electron
sources conference in continuation of this biennial cathode workshop, which had been
organized by the cathode research groups in US Army, Navy and Airforce, and by NASA since
1978 in USA, but only with limited participation by European and Japanese researchers. The
16™ IVESC is also the 25" cathode conference in the sequence Cathode Workshops = IVESC.
The first IVESC was organized by Philips Research and took place in Eindhoven / The
Netherlands in 1996 and was chaired by Dr. Sjaak Deckers from Philips Research. About 200
participants gathered there (105 from Western Europe, 27 from Eastern Europe, 23 from Japan,
2 from Korea, 33 from USA). The Proceedings (a selection of 54 papers) were published in a
special issue of Applied Surface Science, a tradition which lasted till the 5th IVESC. It was also
decided to change the location biennially from Europe to Asia and then to USA. In 1998 the
second IVESC was hold in Tsukuba/Japan and was chaired by Prof. Shigehiko Yamamoto from
the University of Tsukuba, with some 182 participants, among these 142 from Asia. The third
IVESC in Orlando, Florida followed in 2000, hosting 106 participants, among these 56 from
USA. It was chaired by Edwin Wintucky from NASA and was locally organized by IEEE. The
fourth IVESC in Saratov in 2002 was the first IVESC in Russia and had in total 176 participants
(142 from Russia). The 5" IVESC 2004 in Beijing hosted about 166 participants from 14
countries, among these 144 from Asia Pacific, presenting about 165 papers in form of orals or
posters (116 from China). 45 selected papers were published in Appl. Surf. Sci. 251 (2005). The
6™ IVESC in Monterey, California was a joint conference with the 7" IVEC. General Chair was
Robert Fickett (CPI, USA) with Co-Chairmen B. Levush (NRL, USA) and E. Wintucky (NASA,
USA; IVESC part); 155 orals and 110 posters were presented, with the majority of contributions
from USA. 41 orals and 18 posters were contributed by IVESC. The 7" IVESC took place at
Queen Mary University of London in 2008. Conference Chair was Prof. David S. Barratt from
Blackburn MicroTech Solutions (formerly LG.Philips Displays Blackburn). From the 79
participants 37 came from Europe. The generally high participation from the conference site
region shows, how important the site change is in order to involve the whole electron emission
community over the years. The following conferences will be addressed in the presentation and
also a complete list of proceedings and books of abstracts will be given there.

The 13" IVESC in 2020 was planned as the first joint conference with 7" ITG IVEW in Bad
Honnef, but due to Corona could only take place online in Thales virtual room (France). IVESC
chair was Dr. J.-M. Roquais and IVEW chair was Dr. W. Knapp. 31 IVEW and 38 IVESC
contributions were presented. Now the 16™ IVESC 2026 is a joint conference with 10" VDE ITG
International Vacuum Electronics Workshop (IVEW) again, with the chairs Dr. Wolfram Knapp
(IVEW) and Dr. Alice Gallissian (IVESC). 49 abstracts were contributed by IVEW and 23
abstracts by IVESC, with about 80 participants. We wish this joint conference further success
and express our thanks to the organizers. By the way, also ITG IVEW can celebrate a jubilee,
since it is the 20" conference/workshop in a row, which started with 1% NTG-Conference on
“Electron Tubes and Related Devices” 1977 in Garmisch-Partenkirchen. After the 10" ITG-
Conference on Displays and Vacuum Electronics 2004 in Garmisch-Partenkirchen it was
continued by the 1°' ITG International Vacuum Electronics Workshop 2008 in Bad Honnef.
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Session 2.1: VED Theory and Manufacturing

Multifunctional THz Vacuum Electronic Sources Enabled by Momentum Engineering and
Symmetry-Broken Microstructures

Chao-Hai Du?, Ji-Tao Yang', Feng Zhang'
'School of Electronics. Peking University
duchaohai@pku.edu.cn

ABSTRACT

The Terahertz frequency range, situated between the microwave and mnfrared regions, has long been
identified as a frontier for next-generation technological breakthroughs [1]. However, the development
of compact, high-power, and spectrally agile THz sources remains a significant challenge, often referred
to as the "THz Gap." While solid-state devices face inherent thermal and power density limitations at
higher frequencies, vacuum electronic devices (VEDs) have re-emerged as a premier solution. This 1s
due to their exceptional power-handling capabilities, vacuum-based low-loss transport, and high
scalability of interaction circuits from millimeter to micron scales [2]. This work presents significant
progress in the development of multifunctional THz vacuum electronic sources by leveraging
subwavelength periodic microstructures and advanced beam-wave interaction physics.

Central to this research is the utilization of free electrons to excite Cherenkov radiation within
customized electromagnetic environments. By employing the principles of momentum engineering, we
integrate spoof surface plasmons (SSPs) and sophisticated grating architectures to bridge the momentum
mismatch between slow moving electrons and fast electromagnetic waves. This approach allows for the
precise alignment of the electron beam’s slow-wave space charge line with specific Floquet-Bloch
harmonics. Such deterministic control enables the design of devices with unprecedented functional
flexibility. We demonstrate tunable far-field directivity, allowing for dynamic beam steering without
mechanical movement, and wideband polarization synthesis, which is critical for complex
communication and imaging environments. Furthermore, we report the generation of broadband tunable
vortex beams carrying defined orbital angular momentum (OAM), offering a new dimension for high-
capacity THz multiplexing. A key highlight of this work 1s the proposal of a novel, all-electric THz
frequency comb concept. Unlike traditional combs that rely on complex optical pumping or mode-
locked lasers, our design exploits symmetry-broken quasi-bound states in the continuum (quasi-BICs).
By strategically introducing structural asymmetries into the periodic micro-resonators, we transform
non-radiating dark modes mto leaky resonances with extremely high-quality factors. The resulting
extreme near-field enhancement facilitates intense electron-wave interaction, producing a stable, comb-
like spectrum directly from an electron beam. This mechanism provides a pathway toward high-
precision THz metrology and molecular spectroscopy in a compact vacuum-sealed package.

In conclusion, by emphasizing the microscale control of electron-wave interactions through
dispersion tailoring and topological physics, this work establishes a new design paradigm for THz
VEDs. The integration of momentum engineering and BIC-inspired architectures paves the way for a
new generation of multifunctional, compact THz sources. These advancements hold transformative
potential for high-resolution radar, cognitive electronic warfare, and advanced spectroscopic sensing,
ensuring that vacuum electronics remain at the heart of the THz revolution.

References

[1] Diddams, S. A., Vahala, K. & Udem, T. Optical frequency combs: Coherently uniting the electromagnetic
spectrum. Science 369 (2020).

[2] Mezzapesa, F. P. et al. Terahertz Frequency Combs Exploiting an On-Chip, Solution-Processed, Graphene-
Quantum Cascade Laser Coupled-Cavity. ACS Photonics 7, 3489-3498 (2020).

This work was supported in part by the National Key Research and Development Program of China (2021YFA1600302), and
the Stable Support Project of the 12th Research Institute of China Electronics Technology Group Corporation.

W6I, Chao-Hai Du, invited oral presentation (IVEW)

43



High-Order Terahertz Vortex Fields Driven by Free Electron Beam: Phase Modulation in Multi-
Helical Structures

Zonglin Mao,Ping Zhang”. Xueer Wang, Yan Sun,Chengyu Zhang,
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School of Electronic Science and Engineering, University of Electronic Science and Technology of
China, Chengdu, China
E-mail of corresponding author: zhangping@uestc.edu.cn

ABSTRACT

Utilizing azimuthally varying slow-wave structures to apply precise spatial phase modulation to
electromagnetic waves provides a novel degree of freedom for free-electron vortex radiation. Previous
studies have shown that when free electrons pass through a helical superstructure, spatial vortex fields can
be effectively excited and mampulated via the Smith-Purcell radiation (SPR) mechanism(!l. By loading a
helical superstructure onto a metallic cylindrical shell, the cooperation between an annular electron beam
and a multi-helical structure can control the topological charge of the vortex radiation based on 1ts number
of grooves and handedness[?l. Furthermore, the Cherenkov wakefield mechanism excited by dielectric-
loaded structures has been proven to be an effective approach to enhancing the coherence and frequency
selectivity of vortex radiationl].

This paper presents the latest research progress on the beam-wave interaction between an electron beam
and a multi-helical superstructure, with the expectation of reproducing and expanding the generation of
vortex radiation fields within a more streamlined architecture by driving multi-filar helices with a circular
electron beam. Focusing on the azimuthal phase modulation effect of the multi-helical structure, a
dielectric-loaded structure is taken as an example: at the 500 GHz band, when a circular electron beam
propagates through a hollow dielectric cylinder (with a wall thickness of 100 pm) loaded with multi-filar
metallic helices, the internally excited field is modulated by the helical structure and directly radiates into
a free-space vortex field carrying orbital angular momentum.

The angular momentum of this vortex field maps directly to the handedness and the number of strands in
the multi-helical structure. Under the condition that the radiation power and operating frequency remain
essentially stable, the topological charge of the vortex radiation field can be independently controlled
solely by altering the handedness and the number of helices. In this work, both the number of helices and
the topological charge are increased to 4, which has been verified by simulations, successfully and stably
converting the internally excited fields into a spatially uniform, high-order multi-mode vortex radiation.
To fully reveal the performance and potential of the helical structure, based on the streamlined architecture
where a circular electron beam directly drives the metallic helices, this paper also conducts performance
comparison and optimization regarding core parameters such as the number of helices, duty cycle, and
pitch, further clarifying the modulation characteristics of the multi-helical structure. This work expands
the spatial radiation dimension of free-electron-induced terahertz waves, providing a highly promising
multi-mode radiation source scheme for future terahertz communications and high-resolution imaging.
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ADVANCED MODELING OF VACUUM ELECTRON DEVICES®
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ABSTRACT

The computer modelling and optimization now are critical components in the development of vacuum
electron devices (VEDs) suitable for accurate prediction of device operation what can accelerate the
design of new devices with improved performance. Advanced computer modeling can substantially
reduce amount of experimentations and to be at the highest level called “First pass design success™ [1],
as the ultimate goal of numerical modelling. Through vears the joint team from Naval Research
Laboratory (NRL) and Leidos (former SAIC) developed variety of codes for modeling and design of
VED:s. The codes are based on models that are commonly used to calculate beam particle motion in self-
consistently evolving fields. We distinct between “First principles” (PIC) codes and “Parametric/Hybrid
beam wave interaction” codes. The recent twin review papers [2-3] contain detailed description of
approaches and algorithms implemented in the codes. First principles codes solve for the charged
particle dynamics with minimal approximations. Parametric/Hybrid beam wave interaction codes
essentially describe the same dynamics but solving a reduced set of equations, which is based on a
number of physically proven simplifying approximations. This approach results in computational
savings which make design and optimization more efficient. We are going to discuss advantages and
limitations of both approaches for modleing of variety of VEDs such as gyrotrons, Helix based TWTs,
Klystrons, Multiple-Beam Klystrons (MBKs), and Coupled Cavity (CC) and Folded/Serpentine
Waveguide (FW) Travelling-wave tube (TWT) Amplifiers. We also will discuss applicability of
different NRL codes for optimization including advanced optimization based on adjoint approach what
1s developed recently.
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RECENT ADVANCES IN THE TESLA-FAMILY OF 2.5D LARGE-SIGNAL ALGORITHMS
FOR THEIR APPLICATIONS TO THE MODELING OF KLYSTRONS AND TWTS*
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'US Naval Research Laboratory, Washington DC, USA
Leidos, Inc.. Reston, VA, USA
E-mail of corresponding author: igor.a.chernyavskiy.civ(@us.navy.mil

ABSTRACT

The developed in the US Naval Research Laboratory (NRL) TESLA-family of 2.5D large-signal codes
[1-6] 1s based on a set 4 highly accurate and efficient algorithms. The codes currently are widely used by
the Vacuum Electronics (VE) industry and US companies as computational tools capable to model
linear-beam amplifiers, including klystrons, MBKs, IOTs, EIKs and TWTs. These codes, being capable
to produce the same level accuracy of solutions as the Particle-in-cell (PIC) codes, are far less
demanding on computer resources and memory, while allowing fully 2D modelling of the VE amplifiers
on a single core of the modemn CPUs. To meet the challenges of the fast progressing area of VE
amplifiers, we continue to extend and improve all TESLA algorithms to enable modelling of
increasingly advanced and complex structures and designs. For example, recent trend in development of
TWTs based on increasingly “open” Serpentine Slow-Wave Structures (SWSs) required extension of the
code TESLA-FW algorithm to take into account potential effects of inter-gaps “coupling” [7]. Another
part of our activity involves extension of the applicability of TESLA algorithms with their applications
to high-power microwave (HPM) amplifiers: recent improvements in the klystron code TESLA
algorithm enabled accurate modelling of the experimental relativistic klystron [8]. More general
algorithm of the code TESLA-ZM [6] enabled geometry-driven large-signal modelling of a wide variety
of VE amplifiers, including klystrons and TWTs. Recent extension of this algorithm enabled linear
(“zero-drive”) stability analysis of the TWTs [9]. Following the previously completed study [10],
ongoing development of the code TESLA-ZM algorithm targets modelling of such challenging
phenomena as large-signal mstabilities, including Drive-Induced Oscillation (DIO) [11]. We will present
an overview of these developments and demonstrate results of application of newly improved and
extended TESLA algorithms to the modelling of variety of experimental amplifiers.
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QUANTITATIVE ASSESSMENT OF ADDITIVE MANUFACTURING FOR VACUUM
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C.G. Whyte!. C.R. Donaldson!, K. M. Donaldson®. D. C. Speirs!, K.J. Wilson!, K. Ronald!,
S. Tammas-Williams?®, K. Uzdowski?. E. Scl"lamiloglu3 C.W. Robertson', P. MacInnes',
AR Young' and A.J. MacLachlan'

! Department of Physics, SUPA. University of Strathclyde, Glasgow. G4 ONG. UK.
* University of Edinburgh. Edinburgh EH9 3FB. UK
3 University of New Mexico, Albuquerque, NM 87131-0001 USA
E-mail of corresponding author: Colin. Whyte(@strath.ac.uk

ABSTRACT

Vacuum electronics depends on achieving phase synchronism between streams of electrons and
electromagnetic waves, usually confined by a waveguide. Many techniques require subtle metallic
structures with complex mechanical connectivity to mediate the phase speed of the electromagnetic
signals over a range of frequencies to enable this synchromism. The emergence of additive
manufacturing techniques offers significant potential to impact on this requirement, which i1s
increasingly difficult to meet as feature sizes decrease, to address the needs of applications demanding
higher frequencies. Challenges remain however for these novel fabrication methods, as the materials
used in vacuum electronics need to be non-porous, must be able to withstand extreme temperatures
during fabrication and bakeout procedures, so any inclusions and defects can be problematic.
Furthermore, as frequencies increase the effective conductivity of the metallic surfaces decreases. and
becomes very sensitive to the surface roughness. This leads to increased microwave power loading of
the surfaces and losses n the transmutted signals, whilst larger scale imperfections in the profile can lead
to loss in the required wave dispersive behaviour. The Universities of Strathclyde, New Mexico and
Edinburgh are therefore undertaking quantitative comparative investigation of the performance of
components manufactured by additive methods compared to more conventional electrodeposition.

The authors would like to gratefully acknowledge the sponsors of their collaboration. The work at the
University of Strathclyde and New Mexico is funded in part by the U.S. AFOSR under FA8655-25-1-
7034 FAB655-22-1-7251 and FA8655-25-1-7028. Dr. Andrew Greenwood AFOSR/EOARD (London,
United Kingdom) is thanked for stimulating discussions. The research is also supported by the
respective Universities and this is also gratefully acknowledged.
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Session 2.2.: Vacuum Interupters

LOW- AND VERY LOW FREQUENCY SHORT-CIRCUIT CURRENT INTERRUPTION IN
VACUUM

Dietmar Gentsch!. Andreas Lawall?. Sergey Gortschakow’
' ABB Ltd. Electrification - Distribution Solution (ELDS). Oberhausener StraBe 33. 40472 Ratingen / Germany
2Siemens AG. 13629 Berlin / Germany
* Leibniz Institute for Plasma Science and Technology. 17489 Greifswald, Germany
dietmar.gentsch(@de.abb.com

ABSTRACT

Vacuum interrupters are a safe and reliable part of electrical power systems. Those devices are designed
for a broad operation frequency range from 50/60 Hz [1] in conventional networks down to 16.7/25 Hz
in rail electrical power systems [2]. Expanding green energy applications such as wind turbines, pumped
storage, DC to AC converters in solar parks and shipboard applications bring new requirements to
interrupter systems as they can generate temporary fault conditions with very low frequencies [3].
Depending on phasing, the long arcing tumes and high transferred charge may occur, making current
interruption at the current zero (CZ) difficult [4]. In the present work the interruption performance limit
to frequencies between 0.5 — 2 Hz based on the test performed at 16.7 and 50 Hz was calculated [5]. The
contact erosion rates were also grouped into three different clusters as a function of the current, and the
erosion during multiple short-circuit operations from 10-40 kA rms at 50 Hz and at several hundred of
amperes at 0.5 — 5 Hz. Test sequences from the generator circuit breaker standard are also examined,
such as delayed CZ and very high direct current (DC) offset tests. These tests are effectively equivalent
to lower frequency tests. In addition, low frequency tests at 2.4 Hz and 1250 A have been performed to
observe the impact of multiple switching operations on the contacts, metal vapor deposit on the
ceramics, and heat build-up. The vacuum interrupters equipped with three different contact systems and
sizes were used.

Finally, in order to study the properties of arc at low frequencies more in detail, experiments in a model
vacuum chamber at 2.4 and 3.5 Hz and rms current in the range 1000 — 1750 A have been performed.
Arc dynamics have been analysed by means of high-speed camera technique.

Preferred format of presentation: O: Oral
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High-Current Vacuum Ares at Large Gaps: Influence of Electrode Movement

Ralf Methling!, Timo Meyer®?, David Cziumplik?, Sergey Gortschakow', Michael Kurrat?, Dirk
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ABSTRACT

Vacuum interrupters (VIs) have been established as the standard technology in the medium voltage
range, e.g,, in distribution networks. For the last decade, the development towards higher voltage levels
has been opening a growing number of applications in the HV range like in transmission lines, also
forced by demands for reliable SF6-free solutions. Typical designs are based on larger contact gaps and
the serial connection of multiple VIs. Larger gaps can lead to a specific behaviour of the arc and the
attachment modes at the electrodes which depend in addition on the polarity of the moving contact [1].
We report on analysis of arc modes for larger gaps through a combination of electrical and optical data.
Experiments were conducted using CuCr25 butt contacts at peak currents of up to 15 kA and a
frequency of 35 Hz, with a contact gap of 30 mm at current zero, and with operating the moving contact
either as the anode or as the cathode. The arc behaviour was observed using a high-speed camera (HSC)
and optical emission spectroscopy (OES) [2]. The HSC captures the arc dynamics, while a computer-
aided evaluation facilitates the analysis of different arc modes. The OES results allow for an estimation
of the spatial distribution of copper and chromium atoms and ions in particular in the region of the
anode spots. Different arc behaviour and anode attachment modes were observed, particularly
influenced by the polarity of the movable contact. The time after contact separation at which the arc
changes into a jet mode is longer in case of the moved cathode in comparison with the moved anode.
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Comparison of different contact geometries for current interruption in vacuum using long gaps
up to 45 mm
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ABSTRACT
The evolving expansion of decentralised renewable energy generation facilities requires an efficient and
reliable electric transmission grid. A key component 1s the circuit breaker, which must operate with low
losses in closed position and also be capable of interrupting a fault current across a wide range of
switching conditions. The climate-friendly and low-maintenance vacuum circuit breaker has been
established in the medium-voltage sector for several years and are the dominating technology in this
voltage levels [1]. When the contacts get opened under load, a vacuum arc is formed, which can be
observed and analysed. To meet the requirements of higher voltage levels, studies at higher contact gaps
are necessary. For high-voltage applications, many studies involving axial magnetic field (AMF)
contacts, which promise a high switching capability at long gaps [2]. The alternative contact geometry
of the transversal magnetic field (TMF) contacts offers the advantages of lower losses when closed with
a lower manufacturing cost [3]. Both contact geometries use the formation of magnetic field, to
distribute the vacuum arc over the whole surface. However, the application of the TMF contacts at
higher voltage levels remains underexplored.
This study presents the results of current mnterruptions in a vacuum environment at large contact gaps up
to 45 mm for various opening trajectories. Both TMF and AMF contacts were used for current
interruptions up to 31.5 kA for frequencies of 50 Hz and 35 Hz. The lower frequency enables the larger
contact gap of 45 mm at curent zero. The different opening trajectories are implemented with a
programmable servo drive
For each measurement, electrical data (current, voltage and gap) and optical data were captured and
used for the evaluation. The vacuum interrupter is fitted with two angle arms and mirrors, enabling a
high-speed camera to capture images with 30.000 fps from two angles. A python program allows a
three-dimensional analysis of the vacuum arc between the contacts. Particular emphasis is placed on the
analysis of different arc modes (diffused and constricted arcs), as well as an assessment of local contact
erosion caused by the charge distribution on the contact surfaces.
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ABSTRACT

In medium voltage, the vacuum interrupter (VI) has emerged as the predominant switching technology
[1]. As SFgis subsequently banned in Europe for higher voltages, the emerging gap in technology can be
filled by vacuum technology [2]. To efficiently enhance its electric strength and enable an application at
higher voltages, among other things a more profound comprehension of the VI as an insulation system is
imperative.

The present contribution is an examination of a moditied VI devoid of a metal vapor shield with the
objective of observing the influence of the shielding on the breakdown process under lightning impulse
stress. The results of the performed measurements are documented in the form of voltage data and
recordings with a high-speed camera.

A reference measurement of a VI with metal vapor shields reveals the presence of an external flashover
path on both halves of the split ceramic insulation structure. In certain experiments involving the
modified VI, an external flashover is observable on only one half of the ceramic structure. In addition to
the camera lootage, it is observed that these breakdowns exhibit a voltage curve that is significantly
different from the typical flashovers, where the entire path is externally visible. Therefore, it is
hypothesized that the other part of the breakdown propagates inside the VI in vacuum.

While the occurrence of partial internal breakdown is discernible in positive polarity as well as in
negative polarity with an inverted VI, the non-observable part is invariably located on the anode side of
the VI. Furthermore, it has been observed that subsequent to multiple instances of breakdown, a slight
deconditioning effect may be discerned in the series of measurements where partial internal breakdowns
are assumed to occur.

The observation of the transition from external to internal breakdown or vice versa leads to the
conclusion that it is necessary to observe breakdowns in VIs more closely especially when raising the
external flashover voltage to a point where internal breakdowns may occur even on non-modified Vls.
The results indicate that a combination of breakdown processes occurs concurrently and is not always
limited to the external insulation. A more thorough examination of the mechanisms behind the observed
phenomena is necessary to provide a precise description of the breakdown process of VI as an insulation
system.
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INFLUENCE OF MOVING AND FIXED CATHODES ON THE VACUUM ARC

S. Gortschakow?!,
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ABSTRACT

In Vacuum Interrupters (VIs) there are typically a moving and a fixed contact which are separated during
the switching process. While switching AC-currents the polarity of the contacts can be different from one
to the other operation. Although the VIs are successfully operating in both polarities, recently there have
been some differences noted i the behaviour of the vacuum arc depending on whether the cathode was
the moving or the fixed contact. In this publication we try to get some insight on the underlying processes
which lead to this polarity dependant behaviour. For this we observed the behaviour of the vacuum arc in
a vacuum chamber by a high-speed camera. Additionally, the burn-off rate of the electrodes in different
setups have been measured. The results give some insight into the effect of the polarity during the
switching operation in a vacuum interrupter.
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ABSTRACT

Due to the high global warming potential (GWP) of sulfur hexafluoride (SFs), its application in
electrical equipment 1s increasingly restricted by international legislation, such as the current EU’s
Regulation on fluorinated greenhouse gases. Consequently, natural origin gases (NOGs) are gaining
significant importance as climate-friendly alternatives for gas-insulated systems (GIS) as they offer a
very low GWP and ease of handling.

In modern medium-voltage (MV) applications, these gases (and synthetic air in particular) are typically
utilized in combination with vacuum interrupters. While SFs has been researched for decades, there is
limited knowledge regarding the dielectric properties of NOGs under pressurized conditions,
particularly concerning the external dielectric strength of vacuum switches. A critical challenge is the
influence of humidity, which can enter the system via surface adsorption during assembly or post-
assembly through leakages driven by partial pressure gradients [1].

In contrast to SF¢ insulation, where humidity is primarily a concern if condensation occurs on surfaces,
oxygen-containing NOGs exhibit a higher sensitivity to moisture within the gas phase. Humidity leads
to the formation of Oz(H20)4 clusters [2], which increase negative ion density and have been shown to
mfluence the partial discharge inception voltage (PDIV) [3].

This work mvestigates the dielectric behavior of synthetic air using a strongly inhomogeneous electrode
configuration (needle-plane arrangement) within a pressure range of 0.15 to 0.5 MPa, and a systematic
variation of humidity content from 5 to 5300 ppmv. To characterize the PD inception behavior and
determine the breakdown voltage (BDV), various diagnostic methods are utilized, including IEC 60270,
UHF. and HFCT sensors. The results provide vital insights for the insulation design of vacuum-based
switching equipment and evaluate the reliability of existing PD diagnostic systems under varying
environmental conditions.
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Session 2.3 Tube History, Vacuum Gauges and Plasma

On the History of Vacuum Electronics: The Tube Museum of RWTH Aachen University
G. Gaertner, Aachen (oral C10T for IVESC 2026)

The “Museum of Tubes and Communication Techniques” of the Institutes of High Frequency
Technology (IHF) and of Communications Engineering (IENT) of RWTH Aachen University in
Melatener Str. 23+25 was founded by Professor Aschoff (communication) [1] and Professor
Doring (tubes) in 1952. Prof. Déring is well known to some of the audience from the ITG/NTG
Fachtagungen in Garmisch-Partenkirchen and his presentations on Gyrotrons and other tubes
[2]. With over 1000 exposition items the museum reflects the dramatic development of these
technologies from their historical beginning to their modern status [3,4]. Early communication in
the 18th century was essentially based on optical techniques, which were followed by various
developments of wired telegraphy systems [1,3]. Vacuum tube technology then offered a ,new"
solution, starting 1904 with the diode rectifier by John A. Fleming (UK) and Arthur Wehnelt
(Germany) and continuing in 1906 with the triode by Lee de Forest (USA) and von Lieben
(Austria). In 1916 followed the tetrode by Walter Schottky and in 1926 the pentode by Bernard
Tellegen (Philips, NL). Numerous radio tube types are shown in the exhibition. Also low power
reflex klystrons, a Philips 600 kW multicavity klystron of 500 Mhz and about 3 m length, other
microwave tubes and X-ray tubes are shown, and last but not least several types of CRT tubes.
The rise and fall of radio tubes and cathode ray tubes and the historical trends and
technological waves in vacuum electronics and neighboring fields will also be discussed [5]. In
contrast to the generic technology cycles of radio-receiving tubes and cathode-ray display
tubes, microwave tubes did experience only a partial replacement by solid-state devices and
defend the high-power, high-frequency domain.

Unfortunately the exhibition is currently disassembled due to renovation of the building. We all
hope, that the exhibitions will be set up again after renovation, because this tube museum is a
unique collection and witness of the historical development of vacuum electronics. After Prof.
Doéring the tube collection of the IHF was continued by Prof. H. J. Schmitt and later by Prof. B.
Rembold. Currently the director of the IHF is Prof. D. Heberling, whereas Dipl. Ing. J. Pamp is in
charge of the tube collections [6]. The director of the IENT is Prof. A. Raake and responsible for
the part of communication techniques is Dr.-Ing. C. Rohlfing [6]. We should thank them for
maintaining this unique museum in Aachen.

The tube museum should not experience the detrimental fate of the Computer Museum of
RWTH Aachen, which was closed and abandoned in 2009, with some acquisitions by other
museums. The city of Aachen certainly honors the heritage of Charles the Great, but it seems it
does not really honour its technical history with the same intensity.
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ABSTRACT

Modern scientific tools such as electron microscopes, X-ray machines, and mass spectrometers all rely
on very strong vacuum conditions to work properly. Traditionally, creating such a vacuum requires large
equipment and complex pumping systems. These setups are expensive, bulky, and difficult to
miniaturize, which limits their use outside specialized laboratories.

Recent progress in microtechnology offers a completely new approach. Instead of using large external
systems, scientists can now create and maintain a vacuum inside tiny devices, similar in size to a few
millimetres. At Wroclaw University of Science and Technology, researchers have developed a miniature
vacuum pump that can be integrated directly into microdevices [1]. This tiny pump can generate
extremely low pressure without the need for external equipment.

Thanks to this breakthrough, it is now possible to build very small and fully integrated vacuum-based
devices. Examples include miniature X-ray sources [2], compact gas analysers [3], and small mass
spectrometers [4] and miniaturized scanning electron microscopes [5]. These devices combine vacuum
technology, electronics, and advanced materials into a single sealed structure, making them more robust,
portable, and energy-efficient than traditional systems.

This new approach represents a major shift in how vacuum technology can be used. Instead of large,
stationary installations, we can now design small, independent devices tailored to specific applications.
Such systems could find use in space missions, environmental monitoring, medical diagnostics, and
many other fields where size, mobility, and efficiency are important.

Overall, these developments open the door to a new generation of compact scientific istruments that
can operate outside traditional laboratory environments, bringing advanced measurement capabilities
closer to real-world applications.
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Qualification of HEMPT Hollow Cathode Neutralizer with integrated
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ABSTRACT

Thales Microwave Imaging and Subsystems (MIS) at Ulm site in Germany qualified a thermionic gas
discharge dispenser hollow cathode neutralizer [1] HCN6500, impregnated with Ba/Ca-Aluminate. This
neutralizer is operated with an internal hot getter to dispense with an external purifier of the flow control
unit (FCU), which removes cathode poisoning contaminants as oxygen and water from the propellant.
The HCN6500 1s dertved from the fully space qualified HCN5000, which 1s currently demonstrating in-
orbit operation with the HEMPT-3050 (High Efficiency Multistage Plasma Thruster) Electric Propulsion
(EP) System on the Heinrich Hertz Satellite supported by the DLR (Deutsches Zentrum fir Luft und
Raumfahrt) and 1s integrated into the new HEMPT-EVO EP technology which 1s expected to tfinish its
lifetime test in Q1/2027 [2]. The HCN6500 is based on the HCN5000 cathode technology. As the EVO
[3] it was redesigned in terms of production costs and industrialisation to account for the needs of the
growing space satellite constellation market with numbers of up to thousands of satellites per
constellation [4,5]. The use of an internal hot getter instead of an external purifier is beneficial in
handling during performance testing and satellite integration and in terms of costs for the thruster
system. High getter capacity allows the choice of rather low propellant grades to save costs and to
maintain the flexibility for the loading process from the source to the spacecraft. Thales MIS presents
results of the HCN6500 qualification in the context of getter operation. Two qualification vehicles have
been vacuum tested at the Thales MIS test facility in Ulm. To accelerate the test campaign, the
neutralizers have been fed with a specifically contanunated Krypton gas to demonstrate the getter
capacity. One device under testing was operated continuously in Keeper or plasma mode while the
second was submitted to 10600 complete on/off cycles consisting of a heating and a subsequent Keeper
phase. The hollow cathode performance was monitored by continuous data acquisition, notably Keeper
voltage, heater resistance as indicator for the cathode temperature and inlet pressure. The operating point
was chosen to comply with the specification of the HEMPT-EVO lifetime test.
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Session 3.1: X-Ray Sources, Microwaves and E-Beam Applications

Cold Cathode Based Electron Beam(C-beam) for Extreme Ultraviolet and x-ray source
applications
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ABSTRACT

Here we present cold cathodes-based electron sources for the EUV (extreme ultraviolet) and x-ray
sources. We developed cold cathode electron beam(C-beam) with carbon nanotubes (CNTs) electron
emitters and applied as electron sources for semiconductor and display inspection and metrologies
application. We developed the EUV light sources with C-beam irradiation techniques and applied for
EUV mask pellicle inspection [1]. The EUV light sources shows very stable operation, short-term
stability less than 1% and reliable long-time operation. The quality of EUV light sources collimated
with MLMs(multi-layer-mirror) and apertures. Also, high performance x-ray sources with C-beam
observed and confirm resolution less than 30 pm and possible low voltage and lower dose inspection of
secondary ion batteries and microscopy [2]. The resolution and anode current would be controlled by C-
beam size and CNT emitters density distribution. Detail of C-beam fabrications, performances of the
beam and design of the beam would be presented, The EUV light sources and x-ray sources fabrication
and performaces would be presented.
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Vector Based Magnetic Axis Determination of Solenoids for Gyro-Devices
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ABSTRACT

High-power vacuum electronic devices (VEDs), especially gyro-devices, rely on precise alignment with
the magnetic field of the superconducting solenoids in which they operate. Accurate knowledge of the
magnetic axis relative to the device axis 1s therefore essential. with required tolerances on the order of a
few tens of micrometers.

This presentation introduces a novel vector-based method for determining the magnetic axis of
superconducting solenoids with fields up to 11 T. The approach uses measurements from a 3D Hall
probe and reconstructs the magnetic axis by evaluating the intersections of projected magnetic field
vectors. In contrast to conventional methods, the proposed algorithm enables smmultaneous
determination of axis tilt and lateral shift from a single circular measurement layer, reducing
measurement effort while maintaining high precision.

The method was developed and wvalidated through detailed simulations incorporating realistic
measurement noise and positioning uncertainties. The results demonstrate that the algorithm can
reconstruct axis tilt with an accuracy better than 0.01 deg. and lateral displacement within 60 um. Based
on these investigations, quantitative requirements for the measurement and positioning accuracy were
derived, providing practical guidelines for implementation in high-field measurement environments.

The presented work establishes an efficient and precise approach for magnetic axis characterization of
superconducting solenoids used in gyro-device applications and provides the basis for improved
alignment procedures in high-power RF systems.
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Delay Line Structures for High-Power and High-Frequency TWTs
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Abstract

Traveling-Wave Tubes (TWTs) continue to a be competitive source of RF power, from satellite
navigation in L-Band [1] to satellite-bomme Radar in X-Band, to satellite communications in Ku-, Ka-
and V-Band [2], [3]. TWTs provide high output power, high efficiency, resilience to envirommental
changes, and good bandwidth and lineanty.

TWTs operate by transferring the kinetic energy of an electron beam to an RF wave, thus creating RF
amplification. Unlike many other vacuum-electron devices, the exchange of energy takes place
continuously while beam and RF wave travel together along a delay line. The delay line reduces the
phase velocity of the RF wave to that of the electrons, typically 0.1¢ to 0.3¢c. This way, synchronism is
kept between the bunches in the electron beam and the decelerating phase of the RF, which is a
requirement for any continuous beam-wave interaction.

The key performance parameters for delay lines are the level of dispersion (determining the bandwidth
of the TWT), the strength of the electric field in the beam tunnel (*coupling impedance”, related to the
beam tunnel diameter), power handling capabilities, size, and manufacturing effort. Each delay line type
also has different oscillation modes, requiring careful analysis to avoid stability problems.

Historically, there have been a large number of delay line topologies. From the 1990s, the large majority
of TWTs were designed and manufactured with helical delay lines, which combine very good bandwidth
with high interaction impedance and acceptable manufacturing from L-Band (1 GHz) to the lower Ka-
Band (20 GHz). However, it is difficult to scale this type of delay line beyond Q-Band (40 GHz). TWT
designs addressing higher frequencies, or trying to increase the output power, typically feature “Folded-
Waveguide” (FWG) delay lines, which combine higher power-handling capabilities with easier
manufacturing, but are generally more narrow-band and less efficient.

This contribution will compare these to types of delay lines, focusing on use-cases at Thales, particularly
tor high-power and/or high-tfrequency TWTs, and highlighting current developments and trends, such as
alternative manufacturing methods.

References

[1] P. Burtel, W. Duerr and E. Cakir, "Recent Developments in High-Power Traveling-
Wave Tubes for Earth Observation." 2026 17th German Microwave Conference (GeMiC),
Karlsruhe, Germany, 2026, pp. 330-332

[2] V. Guivarch, J. Gastaud, T. Dubois and M. Kojok, "New Product Dual Ka-Band TWT
THL20060D Development and Qualification," 20235 26th International Vacuum Electronics
Conference (IVEC), Rotterdam, Netherlands, 2025, pp. 1-2

[3] P. Birtel, L. Sabaut and W. Duerr, "High-Power V-Band TWT Development for
Satellite Uplink Services," 2025 26th International Vacuum Electronics Conféerence
(IVEC), Rotterdam, Netherlands, 2025, pp. 1-2

W21T, P. Birtel, oral presentation (IVEW)

67
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ABSTRACT

The Tracking and Imaging Radar (TIRA) of Fraunhofer FHR is one of the most capable ground-based
sensors for space domain awareness in Europe. To meet the challenges posed by the trend toward ever-
smaller satellites, by dense mega-constellations and increasing space debris, TIRA is undergoing major
upgrades. One of it 1s a new Ka band imaging radar with integrated tracking capabilities [1]. Moving
from the current Ku band imaging radar to the new system operating at Ka band, enables a substantially
larger resolution in the range and cross-range direction by increasing the bandwidth and center
frequency, respectively.

The new Ka-band system will be powered by two coupled-cavity TWTs from Microwave Power
Products (MPP) integrated in a quasi-optical power-combining front end. The front end uses free-space
Gaussian beam propagation, polarization-selective wire-grids, and Faraday-rotator-based duplexers to
provide low-loss transmission, high isolation between transmit and receive paths, and full polarization
ability.

Given the critical role of the Ka-band TWTs and the RF front end in overall system performance, FHR
is building a dedicated Ka-band test stand. This facility allows safe and flexible experimentation with
the RF, high-voltage, cooling, control, and protection system of the future TIRA installation i a
laboratory setting. It will support detailed characterization of single TWTs and the combined chain in
terms of output power, efficiency, gain and phase flatness over bandwidth, pulse shape, stability, and
long-term drift. The test stand will also be used to validate the quasi-optical components under
high-power operation, verify polarization switching and modulation schemes, and quality interlock and
monitoring concepts for reliable unattended operation.

The presentation will describe the Ka-band transmitter architecture, the quasi-optical power-combining
and duplexing concept, and the design and role of the new test stand, highlighting how advanced
vacuum-tube technology underpins the next generation of radar space observation in Europe.
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ABSTRACT

Vacuum and cryogenics are technologies emploved by various large-scale experiments in the field of
astro-particle physics. Electron sources in vacuum are used for detector calibration with e-guns for
mono-energetic electrons and other purposes. Electron rates from fA to mA are required. Here we report
on three projects where arrays of field emission sources (FES) are investigated as alternative to the
usually used hot filaments or UV light illuminating a thin layer of metal. Both techniques produce light
and heat that can be a problem for cold, light sensitive particle detectors.

The first project is the Karlsruhe TRIttum Neutrino (KATRIN) experiment [1], which aims to determine
the mass of neutrinos from high-precision spectroscopy of electrons from tritum beta-decay. A FES
based e-gun (20 keV) operated close to the light-sensitive SDD detector array is being developed.

The second project is the Einstein Telescope (ET), the next generation gravitational wave observatory
being planned in Europe [2]. The UHV cryostats for the 10-K mirrors of the low frequency laser
interferometers require very good vacuum conditions that produce less than one monolayer of ice per
year on the cold mirror surfaces. This may require regular in-situ cleaning of the mirrors, best without
producing stray light or excessive heat. A working group started developing FE-based electron emitters
(200 eV) for this purpose.

The third experiment (XLZD) is a next generation Dark Matter (DM) detector using 60 to 80 tonnes of
liquid Xe in a time-projection-chamber (TPC) to detect the elusive signal of hypothetical DM particles,
so-called WIMPS. Electrons from Xe atoms 1onized by a WIMP are drifted in an electric field through
the liquid Xe. They can be captured by electro-negative impurities before reaching the detectors.
Continuously removing any trace of radioactive isotopes as well as electro-negative molecules from the
Xe 1s mandatory to reach the required sensitivity of less than one background event per year. The use of
FE sources 1s investigated to improve the cleaning process of the Xe.
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Poster Presentation

Field Emission:

ON THE ADVANTAGES OF USING THE SCALED FIELD f AS THE
AUXILIARY PARAMETER IN MURPHY-GOOD FIELD EMISSION THEORY

Richard G. Forbes
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Permanent e-mail alias: r.forbes@trinity.cantab.net
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The Murphy-Good zero-temperature field electron emission (FE) equation for local emission
current density J, as a function of the local work function ¢ and the magnitude F of the local
surface electrostatic (ES) field, can be written in two alternative (but numerically equivalent)
mathematical ways. In the "legacy" (or "BKH") approach, the zero-temperature MG FE equation
is written

MMOBKH) = {tpku(yr)} - ag ' F exp[-vekn(Yr) - bg*/F], (1)

where a and b are the Fowler-Nordheim universal constants, Yg is the Nordheim parameter
defined below, and vpku(Yr) and tgku(yr) are functions based on work by Burgess, Kroemer and
Houston in 1953. In the "21% Century" (or "FD") approach, the equation is written

MOED) = {tep(f)} % - ag ' F exp[-vip(f) - b */F], )

where f is the "scaled field" defined below. vep(f) and tpp(f) are derived, by setting x=f, from a
"purely mathematical" new special mathematical function (SMF) vgp(X) introduced by Forbes
and Deane in the period 2006 to 2010. yr and f relate to a Schottky-Nordheim tunnelling barrier
of zero field height equal to the local work function ¢, and are given by

f =y = (e'/4ng) ¢°F, (3)

where e is the elementary charge and & is the electrical constant.

The SMF vgp(X) is a purely mathematical function that is a special solution of the
Euler/Gauss Hypergeometric Differential Equation (HDE) Exact mathematical definitions of
vep(X) can be given in many different ways

The "BKH" and "FD" approaches both yield the same numerical results, and currently both
are acceptable. However it is argued in this Poster presentation that the FD approach is
mathematically superior and superior in practice, for the following reasons.

(1) In the precise series expansions for vep(X) there are no terms involving x"'%: this shows that
X is the natural mathematical variable to use: hence using f is better than using Y.

(2) The defining equation for vpku(Yr) is more complicated than the defining equation for
vep(X) or vep(f), and is less obviously a special case of the Euler/Gauss HDE.

(3) Basic algebra related to vep(f) is simpler than basic algebra related to vexu(Yr).

(4) In discussion involving an auxiliary parameter, it is usually easier to work with a parameter
that is proportional to "field" F, rather than with one that is proportional to VF.

(5) The concept of "scaled field" is easier to understand than the Nordheim parameter.

(6) The orthodoxy test is already formulated in terms of f, rather than yg.

(7) The theory of the Murphy-Good plot (which is more nearly straight than a Fowler-
Nordheim plot) is already formulated in terms of f.

It is argued that, in the long term, it would be better for the subject area if FE researchers
changed to using f rather than g,
C19P, R. Forbes, poster presentation P1 (IVESC)
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MEMS INFINITY —= MULTIPLE USE MEMS ADAPTER TO MEASURE FIELD EMISSION IN
VACUUM ENVIRONMENT

Igor Czerwiec, Gracjan Malmowski, Michat Krysztof
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E-mail of corresponding author: 277680(@student. pwr.edu.pl

ABSTRACT

For more than 10 years, high vacuum MEMS devices were developed at Wroclaw University of Science
and Technology [1]. Usually, during the development stage the systems and parts of the systems, e.g.
electron emitters, are tested in vacuum chambers. However, to test the final device, all technological
processes needed to be performed, including anodic bonding of the whole structure to ensure vacuum
sealing of the device. This process is difficult and sometimes leakages are encountered, so the final
device cannot be tested. Moreover, the anodic bonding is final. so there cannot be any changes in the
structure of the device.

In this work, we present our solution of a MEMS structure with a vacuum adapter and a valve that can
be placed on a desk to do easier measurements and tests, e.g. field emitters in the setup of a final device.
We called 1t MEMS Infimty because it 1s a compact sized portable adapter, which can be reusable, that
allows carrying out tests on manufactured silicon field emitters. Minuscule dumensions of this adapter
allow measurements in a restricted space environment, and it also offers an easy way to replace the field
emitter that is bemg studied, which improves replicability of measurements; moreover, it saves time
during assembly of the measured structure. The components of the adapter, as well as the silicon tips
that were tested with it, were manufactured using wet anisotropic silicon etching in aqueous solution of
potassium hydroxide, similarly to that in [2]. As an electron detector, a flat silicon structure was
used [3]. The structure of MEMS Infinity was integrated using anodic bonding, which ensures
preservation of structural integrity and minimizes outside environmental factors that may significantly
affect the occurrence of field emission phenomenon, such as accumulation of humidity, furthermore
specially manufactured efferent canals, allowing for formation of vacuum 1nside the structure of MEMS
Infinity in order to test the phenomenon of field emission. Further development of the vacuum adapter
in the case of unambiguous as well as nondeviant from expected results would be based on further
minmiaturization while conserving the simplicity of cable connections.
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THE STUDY OF HIGH AND LOW DOPED P-TYPE SILICON FIELD EMITTERS
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ABSTRACT

In this work, we present the results of our study on changes in occurrence of fields emission
phenomenon depending on the amount of dopant in silicon wafer used in the emitter making process.
Saturation level of current which appears in p-doped silicon field emitters [1] could be used to improve
stability of generation of electrons in electron beam, which in term could result in better performance of
electron microscopes. Analysing the influence of amount of dopant on the field emission phenomenon
could open up new possibilities of designs and implementations of field emitters in vacuum MEMS
electron devices [2]. Silicon tips were manufactured from both high (boron, 0.001-0.005 Q-cm) and low
(boron, 10-20 Q-cm) doped p-type silicon wafers. In the process of making tips wet anisotropic silicon
etching was used in aqueous solution of potassium hydroxide as well as photolithography using
specially designed mask in order to increase the height to width ratio of the emuitter [3]. The pyramids
were used to induce and measure field emission n vacuum environment, taking into special
consideration the voltage required for this phenomenon to happen and for a stable emission of electrons.
In order to have a thorough comparison the experiment was repeated for n-type silicon wafers, same
technological processes and measurements methods were used in order to replicate the environment of
the first experiment. The results indicate significant differences in both the amount of voltage needed for
a field emission phenomenon to happen between p-type wafers with different amounts of dopants as
well as significant difference in the amount of time needed for wet etching.
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Thermal and Photo Emission:

Evidence for semiconducting behavior of Scandate cathodes

B. Vancil, V. Schmidt, C. Osborne, D. Jones (all e beam inc., Beaverton, OR 97007 USA), M.
Caplan (Caplan Physics Applications, Freemont, USA), W. Ohlinger (Ohlinger Consulting,
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Poster contribution for IVESC 2026; modified by. G. Gaertner (Consultant, Aachen, Germany)

Abstract: A new theory of emission is offered for scandia doped dispenser cathodes [1, 2]. It is
based on data collected at ebeam and the University of Kentucky from 2016 to 2024. The data
confirms that scandate cathodes do exhibit certain features of semi-conductor cathodes, such
as the anomalous Schottky effect in the temperature limited regime, which is much higher than
expected from normal Schottky emission. But they also exhibit some of the features of metallic
cathodes, such as insensitivity to duty factor variations. The conventional understanding [3, 4]
is, that an approximately 80 nm thickness of scandium rich material lies on the surface of these
cathodes, and this accounts for their semiconductor properties. However, this layer was not
found on any of the cathodes constructed at ebeam. This finding is based on SEM/EDS, XPS,
TEM and Auger in situ studies presented here.

However, a 4-6 nm layer of scandium-rich material was detected on the surface of all tungsten
particles in the matrix of activated and emission tested cathodes. This layer was observed using
TEM (transmission electron microscopy) on thin cross-sections. It was also detected on the
emitting surface of activated cathodes operated at normal emission and temperature by in situ
Auger studies.

As a result of these experimental results a new theory of emission is offered. It assumes a thin
film semiconductor exists on each tungsten particle in the matrix. These particles in aggregate
seem to constitute a thick film semiconductor such as is seen on oxide cathodes, theoretically
described by Wright and Woods and Morgulis [5, 6]. This approach was used to fit the
anomalous Schottky characteristic by M. Caplan [2], resulting in a Debye length of 1.5 pm.

Keywords: Scandate Cathodes, electron emission, electron guns, thermionic emission,
vacuum electron devices.
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ABSTRACT
Electron emission from cathodes occurs when electrons in the conduction band of the cathode overcome
a certain potential barrier. Depending on the physical conditions enabling the release of electrons from
the cathode, the mechanisms of electron emission are categorized as resulting from individual events
(1on bombardment) or collective effect [1].
This contribution is concerned with the emission of electrons from cathodes made of selected materials
(Cu, W, Cd, Zn, Ir) that occurs by collective etfects (high temperature in the cathode, high electric field
on the cathode surface). These effects characterize the arc regime of operation of electric discharges that
are relevant to cathodic arcs, electric arcs in switching devices to mention a few application fields. In
order to obtain the electron emission current for operation with cathodes of the aforementioned
materials, the transferred matrix method is applied [2]. This method is applicable to arbitrary shapes of
the surface potential barrier. The selected materials considered in this work represent both refractory and
non-refractory cathodes.
The results obtained imndicate that cathodes made of Ir and W, which can withstand high temperatures
before melting, provide a field-enhanced thermionic electron emission with current density of (10%-107)
Am™ even for electric fields in the order of 107 Vm™! (W) or 10* Vm™ (Ir). For cathodes made of Cu,
such current densities can be reached at temperatures below and slightly above the melting point of Cu
(1358 K) provided the electric filed is in the range (2-3)x10° Vm!. Cathodes made of Cd and Zn start
melting at temperatures of 594 K and 692 K, respectively. For these materials, electron emission current
density in the order of (10°-107) Am™ is predicted for electric field of about 3x10° V™!, An increase of
the temperature up to the corresponding values for melting or even up to the boiling point does not give
a rise of the current density for weak electric fields since the main mechanism of electron emission is
field emission.
The work is funded by the German Research Foundation (DFG) Project number 548964199.
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Microscope Electron Sources:

Design of a thermal field electron gun immersed in the magnetic lens field
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Scanning electron microscopes (SEM) are confronted with low speed!™ ?l. The thermal field
electron gun immersed in a magnetic lens field can achieve high throughput and rapid imaging
by enhancing the probe beam current of the SEME1.

In this work, a magnetic field immersed thermal field electron gun was designed, which enables
efficient collection of electrons emitted from the cathode, thereby increasing the effective
emitted beam current. The optical characteristics of the magnetic field-immersed thermal field
electron gun were analyzed theoretically. The performance of three different magnetic lens
designs which are the single polepiece, the double polepiece with axial gap and the double
polepiece with radial gap was simulated and compared. Based on the double-polepiece axial-
gap lens, a magnetic field-immersed electron gun was developed. and the variations in beam
spot size, beam current, and angular current density with respect to the magnetic immersion
lens were systematically analyzed. The magnetic field distribution of the immersion lens and
the effective emitted beam current of the gun were measured based on an experimental platform.
The effective emitted beam current of the proposed magnetic field-immersed thermal field
electron gun reached 44.97 nA at a low acceleration voltage of 3.3 kV and 638.12 nA at a high
acceleration voltage of 23.5 kV, representing an approximately fourfold increase compared to
that of a conventional thermal field electron gun (see Fig. 1).
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Fig 1 Left: Schematic design of the magnetic field immersed thermal field electron gun.
Right: Experimental results of the effective beam current variation with the extractor voltage.
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In normal circumstances, the path taken by a charged particle (electron or ion) moving in an
electromagnetic or electrostatic field depends on the charge/mass quotient (g/m). However, in the
contexts of the operation of field electron and field ion microscopes and the materials-analysis
technique of atom-probe tomography (APT), it has been known for 70 years (and has been
repeatedly confirmed) that electrons and ions (whatever their mass) follow essentially the same
paths when moving in the electrostatic field associated with a needle-like emitter (although in
APT there are some very small path differences associated with surface atomic structure of the
needle). The technique of APT would not work if this were not the case. This result has also
been confirmed (by more than one author) by trajectory simulations using finite-element
methods. However, no clear theoretical explanation of this result is available in the literature of
these techniques.

This Poster reports an analytical theoretical explanation of the above results, using theory
based on Coulomb's and Newton's Laws. Details will be outlined on the Poster. Briefly,
trajectory independence of g/m is to be expected if: (a) the particles are moving in a purely
electrostatic field; and (b) particles start from the same point in space; and (c¢) particles start with
zero kinetic energy; and (d) final velocities are non-relativistic. The time taken to traverse a
given path, however, does depend on the quotient g/m. These conditions apply to the field
electron and field ion microscopes and APT, and to various other situations involving
electrostatic fields.

An implication of this result is that (for a given emitter shape) the field electron and field ion
microscopes have the same magnification. This equality of magnifications is a key part of the
theory of a new method of measuring emission area on field electron emitters, proposed by T.
Shuai et al. [1].

[1] T. Shuai et al., submitted for publication and under review.

C20P, F. Dall-Agnol, poster presentation P10 (IVESC)

84



ELECTRON BEAM FOCUSING USING AN OCTUPOLE
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ABSTRACT

Achieving precise electron beam focusing is still a major challenge in MEMS-based electron
microscopes [1]. These devices usually rely on Einzel lenses, which can introduce strong distortions and
aberrations [2] and are very sensitive to voltage changes, lowering image quality. To improve this, the
developed design uses an octupole as a focusing element: by adjusting the voltages on its eight
electrodes. it can recreate the field of an Einzel lens while also allowing real-time correction of the
beam. While traditional MEMS electron columns rely on high-risk. multi-step anodic bonding [3] that
prevents component replacement, the implemented modular architecture restricts bonding to the
component level. While this ensures a vacuum-tight seal, the process is permanent and risky, a single
error during any of the numerous bonding stages can destroy the entire column, with no possibility of
repairing or replacing individual components. This work presents a new approach of integrating MEMS
electron columns by replacing the monolithic bonded architecture with a modular system. A key point of
this design is the strategic use of anodic bonding: it is not entirely eliminated, but its role is shifted from
system-level assembly to component-level fabrication. Specifically. anodic bonding remains essential
for creating the octupole element. To function correctly, the octupole’s silicon electrodes must be
permanently joined to a glass insulator to maintain their precise radial positions and electrical isolation.
However, once this "silicon-on-glass" component is finished, no further bonding is required to build the
rest of the microscope. This modular approach replaces permanent bonding with a high-precision DLP
3D-printed housing and custom PCB interface, enabling precise axial alignment of MEMS components
and the easy replacement of individual layers during prototyping. Design mmproves flexibility for
research in high vacuum environments, discussed further in a separate abstract on this conference.
Replacing the standard Einzel lens with an octupole can also improve performance. By adjusting
voltages on 1ts eight electrodes, the octupole can act as a focusing element, beam deflector, and shape
corrector. This makes beam scanning possible, which is needed for Scanning Electron Microscopy
(SEM). In this study, the focusing ability of the octupole is compared with a traditional Einzel lens.
Beam spot quality 1s measured using a CMOS camera detector [4], enabling detailed image analysis and
evaluation of focusing performance. By comparing the results 'before' (standard Einzel mode) and 'after'
(octupole-based focusing), this research aims to determine the superior method for beam manipulation,
providing a quantitative basis for the transition toward multifunctional MEMS electron optics.
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MODULAR 3D-PRINTED MEMS PLATFORM FOR A FIELD EMISSION SCANNING
ELECTRON MICROSCOPE
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ABSTRACT

A novel approach to MEMS vacuum device design 1s presented, addressing limitations of conventional
fabrication techniques, particularly anodic bonding, which is prone to leakage thus insutficient for
maintaining the high vacuum required for stable field emission. The system is based on a MEMS scanning
electron microscope architecture developed at Wroelaw University of Science and Technology [1].

A key limitation of such devices 1s the difficulty of testing fully integrated systems. To overcome this, a
modular architecture is introduced. replacing permanent wafer bonding with a mechanically assembled
structure that enables direct access to individual functional layers.

The proposed system combines a high-precision DLP 3D-printed housing with a custom PCB interface.
Integrated sockets ensure precise alignment of the field emitter, extraction gate, and octupole electrode.
The key contribution is a reconfigurable MEMS vacuum platform that eliminates anodic bonding [2]
while enabling independent testing and replacement of components, which cannot be achieved in
conventionally bonded MEMS architectures.

Experimental observations show that reduced vacuum accelerates emitter degradation, confirming the
critical role of vacuum integrity. The proposed architecture provides a practical platform for iterative
development of MEMS-based vacuum electronic devices.

References
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[2] J. Dziuban, Bonding m Microsystem Technology, Advanced Microelectronics series, Springer 2006,
The Netherlands.
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Microwave Tubes:

DESIGN AND ELECTROMAGNETIC ANALYSIS OF AN INPUT CAVITY FOR 648 MHz
INDUCTIVE OUTPUT TUBES
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ABSTRACT

Inductive Output Tubes (IOTs) are widely used high-power RF amplifiers for accelerator and broadcast
systems, where the input cavity must provide efficient electron bunching and stable RF coupling. This
work presents the design and electromagnetic analysis of a 648 MHz input cavity with the anode
attached to the shell, as shown 1n Fig. 1. The cavity mcorporates key components including a loop
coupler for input excitation, a 5 mm Al:Os insulator, cathode, Window, focus electrode, and Grid,
optimized using CST Studio Suite simulations.

The cavity was simulated under a cathode potential of -70 kV and a grid bias of 350 V, with a sinusoidal
excitation at 648 MHz. Electromagnetic simulations reveal excellent impedance matching with a
reflection coefficient Si1 of -30.11 dB precisely at 648 MHz, indicating low return loss and effective
power transfer into the cavity. Voltage monitors positioned at the cavity centre and 5 mm offset record
peak values of 54.83 V and 59.02 V, respectively, suggesting a usable RF field distribution for beam
modulation. Particle trajectory tracking in Fig. 3 shows current collision on the anode and grid. These
results demonstrate the cavity's suitability for IOT applications, achieving high Q-factor potential and
coupling efficiency suitable for multi-kW operation. Future work will integrate this mput section with
the output cavity for full device validation [1-2]. This work was Supported by National natural science
foundation of China (Grant No.62527804).
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TWTs
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ABSTRACT

This paper presents the design of a D-band electron optics system (EOS) for geostationary orbit (GEQO)
satellite applications using CST Studio Suite. A Pierce-type electron gun with an area compression ratio
of 204 was developed, generating a 74-mA beam with a cathode emission current density below 2
Alcm?. A periodic permanent magnet (PPM) focusing system with a peak axial magnetic field of 5020
Gs was designed for beam confinement. Simulation results demonstrate stable. zero-interception
transmission over a 40 mm distance with a 100% transmission rate. This design provides a viable
solution for high-power, long-life D-band traveling-wave tubes.

PRIMARY TOPIC:
Vacuum Electronic and Discharge Devices and their Applications-Microwave Tubes (TWTs, Klystrons,
Fast-Wave Devices ...)

SECONDARY TOPIC:
Electron Emission Phenomena and Modelling - Thermionic and Field Emission
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NUMERICAL INVESTIGATION OF 1 kW MICROWAVE HEATING APPLICATOR FOR
ENHANCED POWER ABSORPTION IN ASPHALT PAVEMENTS
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ABSTRACT

The use of microwave energy for heating asphalt-based road construction materials in
repair and rehabilitation applications holds practical importance due to its capability for
rapid and volumetric energy delivery [1], [2]. However, microwave applicator systems
employed for asphalt pavement heating often experience significant reflection losses and
non-uniform electromagnetic power deposition due to impedance discontinuities between
the antenna aperture and the lossy dielectric medium [3], [4]. In the present work, the
influence of an impedance matching layer (IML) on the electromagnetic coupling and
power absorption characteristics of a 1 kW horn antenna—asphalt slab system operating at
2.45 GHz 1s numerically nvestigated. A 3-D electromagnetic model consisting of a horn
antenna, impedance matching layer and asphalt pavement was developed using CST Studio
Suite. Parametric investigations were carried out to examine the influence of dielectric
constant and layer thickness on the S;;, VSWR and volumetric power loss density
distribution. The results demonstrated that the IML significantly improved impedance
matching between the applicator and the asphalt slab. An optimum dielectric constant of
2.5 and layer thickness of 6 mm produced minimum VSWR values near the operating
frequency of 2.45 GHz. The optimized configuration reduced the VSWR from 1.63 for the
base configuration to approximately 1.28, indicating enhanced electromagnetic coupling
and reduced reflection losses. To quantify the power absorption, threshold-based indices
corresponding to power loss density levels of P > 200, P > 400 and P > 800 W/m® were
evaluated. Compared with the base configuration, the optimized impedance matching layer
increased the distributed power absorption region, indicating stronger localized tield
concentration resulting from enhanced microwave power coupling into the asphalt medium.
The study demonstrates that impedance-engineered dielectric interlayers of the applicator
can effectively improve microwave coupling and redistribute power.
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FEASIBILITY STUDIES OF A 140 GHz, = 2.4 MW, CW GYROTRON CAVITY
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ABSTRACT

Gyrotrons are high power mullimeter wave/sub-terahertz sources capable of delivering hundreds of
kilowatts of long-pulse to CW powers for a variety of Industrial-Scientific-Medical (ISM) applications
that include plasma heating in thermonuclear fusion reactors, tokamaks and stellarators [1-2]. In this work,
we present feasibility studies on a 140 GHz, = 2.4 MW, CW, conventional cavity gyrotron, as a potential
alternative for the existing gyrotron systems for W-7X type machines. This is a logical extension of our
earlier work on similar gyrotron operating at 140 GHz [3-4]. During the course of these feasibility studies,
we have first carried out the mode selection. Modes with eigenvalues, typically, between 65 and 85 are
scanned keeping i view the basic design constraints and considerations. For the mode selection, two
mmportant rules are observed to choose a suitable mode. The first one 1s the mode which supports a dimpled
wall quasi—optical mode converter with Am = 3 perturbation for azimuthal focussing. For this, one should
have a mode with m/ymp = 0.5 or 360°/¢ = 3. Another consideration is better stability with respect to
competing modes. The numbers indicate that the modes TEzs.12, TEs1.11, and TEss.12 would be a good
choice to work with. In the next step, mode competition is studied and the design of a conventional cavity
has been designed for all the three modes. In subsequent steps, single-mode self-consistent and multi-
mode time-dependent computations are carried out for cavity output power and efficiencies for all the
three modes considered. Glidcop with conductivity 6. =2.23 x 107 S/m (including surface roughness and
temperature) as cavity material 1s used for calculations All the computations are carried out with the latest
version of Gyrotron Design Studio [5]. Imitial feasibility design studies indicate that such an operation 1s
very much feasible to achieve cavity output powers up to around 2.4 MW with mteraction efficiencies
~= 40 % with the selected modes. Further studies on aspects of RF-behavior are 1n progress at present.
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ABSTRACT

Gyrotrons offer a variety of Industrial, Scientific, and Medical (ISM) applications in millimeter-wave and
sub-terahertz regimes starting from plasma heating i tokamaks to medical spectroscopy and industrial
heating [1]-[2]. To address specific industrial-heating and plasma-diagnostic requirements in India, the
feasibility of dual-frequency gyrotrons operating at 30 GHz and 60 GHz with output powers exceeding
200 kW 1s mvestigated. Both frequencies correspond to operation at the fundamental cyclotron harmonic
(s=1). These requirements motivate the initial design studies reported in this work.

In the calculations, suitable mode pairs supporting the same cavity radius and caustic radius, while
simultaneously satisfying the window transparency condition, are identified [3]. Also, the modes selected
should support the same magnetron injection gun, interaction cavity structure and output system. After a
careful mode selection calculation for dual frequency operation at 30/60 GHz, two modes, TE4 > mode at
30 GHz and TEs ; mode at 60 GHz are chosen.

In the next step, starting currents and diffractive quality factor times coupling coefficients are computed
considering the main mode and the probable competing modes, to study the mode competition for a
suitable cavity geometry supporting dual-frequency operation. These studies ensure that the chosen modes
are well separated from their competing modes. In the succeeding steps, cavity design and self-consistent
(single mode and time-dependent multi-mode) computations are carried out to estimate the output power
and efficiency. All the computations are carried out with the latest in-house computational code Gyrotron
Design Studio (GDS.V.2024) [4]. The imitial feasibility design studies indicate that such a dual-frequency
fundamental harmonic operation is feasible for achieving output powers (200 kW) with electronic
efficiency = 42 % using the selected modes. Further studies on RF-behavioral aspects are currently in

progress.
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ABSTRACT

This study presents a Triode Magnetron Injection Gun (TMIG) for a dual-frequency gyrotron,
targeting operation at 30 GHz and 60 GHz, each with output power exceeding 200 kW. To achieve
the gvrotron's specifications under various technological constraints, the TE42 and TEs; modes are
chosen for operation. The selection of a TMIG 1s based on its effectiveness in controlling the beam
parameters [1]. In the context of a dual-frequency gyrotron, while the physical dimensions of
components designed for one frequency remain unchanged, parameters like beam radius and
compression ratio vary with the frequency. Achieving the required beam conditions involves
modifying the magnetic field strength and profile in the device, necessitating changes in currents
applied to the solenoid coils. Precise optimization of both the TMIG and the magnetic field
distribution is crucial to produce a high-quality beam with minimal electron velocity spread, thereby
enabling efficient beam—wave interaction and power transfer to the desired operating modes. Initial
determination of T-MIG parameters is carried out using the latest version of in-house code
GDS.V.2024 [2]. Subsequent optimization is conducted through particle trajectory commercial code
EGUN, ensuring accurate prediction of beam parameters while integrating the required magnetic
tield profile [3]. A four-solenoid magnet system is employed to generate the required magnetic field
distribution, comprising a central main coil with two auxiliary coils to establish the required static
magnetic field along the interaction cavity and a dedicated gun coil positioned in the emitter region
for the mitial formation of the quasi-laminar electron beam. The operating magnetic fields are 1.07
T and 2.14 T. Assuming a device efficiency of around 40 %, the required electron beam radii are
estimated to be 4.98 mm and 7.68 mm to excite modes TE4> and TEo s 1n the cavity for this dual-
frequency operation at 30/60 GHz, respectively. In addition, window design studies are carried out
considering both sapphire and SIN as candidate window materials [4]. The window design 1s
performed for a Gaussian beam with radial output coupling and an estimated window aperture radius
of 50 mm.
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