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Abstracts:    Session 1.1  Field Emission I 

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@trinity.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.  

 

C18I: Richard Forbes, Invited oral presentation (IVESC) 
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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-Al2O3-BaF2 
quaternary aluminate impregnant was obtained and the addition of BaF2 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-2 at 1100℃b, which is 1.11 times higher than that of the without BaF2. 

Theoretical calculations confirm that introducing fluorine triggers the number of point defects and barium 
compound in impregnant to gain electron convert to the metastable Baδ+ (0 < δ < 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℃b 
was 18.65 A/cm2. 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/cm2 at 900 ℃b. 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.   

 
Reference 

1.J. Gao, P. Liu, JS Wang, RM Zhang, YF Yang, WY Zhou, HX Liu, JS Sun,  Acta Materilia,  261( 2023)119400 
2.Z. Liu, YF Yang, P. Liu, JH Sun, HX Liu, YF Cai, JS Wang, International Journal of Minerals, Metallurgy and 
Materials,33(2)(2026) 683-692.  
3.ZC Li, YF Cai, YF Yang, P. Liu, F. Liu, JH Sun, JS Wang, IEEE Transactions on Electron Devices, 6(72) 
(2025)3245 - 3251 

C6I, J. Wang, invited oral presentation (IVESC) 
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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 µm*. 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 µm*(*the definition of D of 
Caplan differs by a factor √2). 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  D = (  kT / (e2 ni ))1/2  where ni 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 D  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 D, which is decreasing 
with increased density of ionized donors ni. With the following parameters ni = 3*1017 cm-3 similar to Chin 
et al. [9], (Ba-scandate) ≈10 and T = 1260 K  

D = 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. 

References:  
[1] B. Vancil, J. Balk et al. “New Theory of Emission for Scandate Cathodes”, IVEC 2026 

[2] M. Caplan, B. Vancil et al., “Scandate Cathode Emission Theory vs. Experiment“, IVEC 2026 

[3] G. Gaertner, Y. Wang, "State of the Art and Future Perspectives of Ba Scandate Dispenser Cathodes" p. 86f 
and G. Gaertner,”Modern developments in Ba oxide cathodes”, p.176f in Modern Developments in Vacuum 

Electron Sources, Springer 2020  

[4]  D. A. Wright, J. Woods (GEC): “The emission from oxide-coated cathodes in an electric field“, Proc. Phys. 
Soc. 65B, 134 – 145 (1952) and D.A. Wright, Nature 164, (1949), pp 714  

[5]  N. Morgulis, “The Schottky effect for composite semiconductor electron emitters”, Journal of Physics 11/1, 
67 – 71 (1957); In Russian 1946 

[6] R. Raju, C. Maloney, “Characterization of an impregnated Scandate cathode using a semiconductor model, 
IEEE Transact. ED 41/12, 2460 – 2467 (1994) 

[7] H. Lüth, “Surfaces and Interfaces of Solid Materials“, Springer 1995, p. 316 f. 

[8] G. Gaertner, B. Vancil, “Electron emission model of Ba dispenser scandate cathodes based on the beamlet 
effect", e-Journal of Surface Science and Nanotechnology 22, XX–XX (2024)  

[9] T. N. Chin, R. W. Cohen and  M. D. Coutts, “Electronic Processes in Oxide Cathodes”, RCA Review 35, 520 
- 538 (1974) 
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Session 1.3: Gyrotrons I 
PROGRESS IN EUROPEAN COLLABORATIVE GYROTRON DEVELOPMENTS 

FOR CEA AND GENERAL ATOMICS  

 
Alberto Leggieri1, Konstantinos A. Avramidis2, Ioannis Chelis2, Benjamin Ell3, Lukas Feuerstein3, 

Gerd Gantenbein3, Stefan Illy3, Jianbo Jin3, John Jelonnek3, François Legrand1, Gérald Lietaer1, Christophe Lievin1, 
Rodolphe Marchesin1, Cyrille Metayer1, Moritz Misko3, Ijaze M. Oumar1, 

David Quetel1, Tomasz Rzesnicki3, Sebastian Stanculovic3, Etienne Vallée1 and Manfred Thumm3. 

1THALES Microwave and Imaging Subsystems, Vélizy-Villacoublay, France 
2National and Kapodistrian University of Athens, Athens, Greece 

3Karlsruhe Institute of Technology, Karlsruhe, Germany 

E-mail of corresponding author: alberto.leggieri@thalesgroup.com  

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. 

References 

[1]  A. Leggieri et al., “THALES TH1511 105 GHz 1 MW CW Industrial Gyrotron: A New ECRH Power Source for the WEST Fusion Reactor,”   
27th IEEE IVEC, Monterey, CA, USA, Apr. 20-23, 2026. 
[2] A. Leggieri et al., “The Thales TH1512: A New 117.5 GHz 1 MW Continuous-Wave Industrial Gyrotron for the DIII-D Tokamak,” 27th IEEE 
IVEC, Monterey, CA, USA, Apr. 20-23, 2026. 
[3] S. Stanculovic et al., “Testing the high power gyrotrons for fusion ECRH at KIT FULGOR - recent activities”, 33rd IEEE SOFT, Dublin, 
Ireland, September 22-27, 2024. 

W3I: A. Leggieri, invited oral presentation (IVEW) 
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MEGAWATT CLASS GYROTRON DEVELOPMENT AT MPP 

 

Monica Blank1, Stephen Cauffman1, Philipp Borchard2 

1Microwave Power Products, Inc (MPP), Palo Alto, CA 94304 USA 

2 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 1 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. 

 

References 

 [1] J. Rapp, et al, “The Material Plasma Exposure eXperiment: mission and conceptual design,” 
Fusion Eng. Des., vol. 156, p.111586, 2020. 
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Session 1.4: Gyrotrons II, Gyro-TWT, History of IVESC 
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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 16th 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 
16th IVESC is also the 25th 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 5th 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 
6th IVESC in Monterey, California was a joint conference with the 7th 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 7th 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 13th IVESC in 2020 was planned as the first joint conference with 7th 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 16th IVESC 2026 is a joint conference with 10th 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 20th conference/workshop in a row, which started with 1st NTG-Conference on 
“Electron Tubes and Related Devices” 1977 in Garmisch-Partenkirchen. After the 10th ITG-
Conference on Displays and Vacuum Electronics 2004 in Garmisch-Partenkirchen it was 
continued by the 1st ITG International Vacuum Electronics Workshop 2008 in Bad Honnef. 

C23I, G. Gaertner, invited oral presentation (IVESC) 
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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 
Döring (tubes) in 1952. Prof. Döring 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. 
Döring 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.  
References  
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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 
University of Surrey, School of Mathematics and Physics, Guildford, Surrey GU2 7XH, UK 

Permanent e-mail alias: r.forbes@trinity.cantab.net 
Institutional e-mail: r.forbes@surrey.ac.uk  

 
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 

 J
MG0(BKH)  = {tBKH(yF)}–2

 a–1
F

2
 exp[–vBKH(yF)  b3/2/F], (1) 

where a and b are the Fowler-Nordheim universal constants, yF is the Nordheim parameter 
defined below, and vBKH(yF) and tBKH(yF) are functions based on work by Burgess, Kroemer and 
Houston in 1953. In the "21st Century" (or "FD") approach, the equation is written 

 J
MG0(FD)  = {tFD(f)}–2

 a–1
F

2
 exp[–vFD(f)  b3/2/F], (2) 

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

 f  =  yF
2 =  (e3/40) –2

F, (3) 

where e is the elementary charge and 0 is the electrical constant. 
The SMF vFD(x) is a purely mathematical function that is a special solution of the 

Euler/Gauss Hypergeometric Differential Equation (HDE) Exact mathematical definitions of 
vFD(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 vFD(x) there are no terms involving x1/2: this shows that 
x is the natural mathematical variable to use: hence using f is better than using yF. 

(2) The defining equation for vBKH(yF) is more complicated than the defining equation for 
vFD(x) or vFD(f), and is less obviously a special case of the Euler/Gauss HDE. 

(3) Basic algebra related to vFD(f) is simpler than basic algebra related to vBKH(yF). 
(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 √F. 

(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 yF . 
(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 yF,  
C19P, R. Forbes, poster presentation P1 (IVESC) 
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PROOF THAT IN FIELD ELECTRON AND ION MICROSCOPES 

THE ELECTRON/ION PATH IS INDEPENDENT OF 

THE CHARGE/MASS QUOTIENT 

 

Fernando F. Dall-Agnol1, Thiago A. de Assis2, Richard G. Forbes 
1Department of Exact Sciences and Education, Federal University of Santa Catarina, 

Blumenau, Santa Catarina, Brazil 89036-004 
2Institute of Physics, Fluminense Federal Univ., Niterói, Rio de Janeiro, Brazil, 24210-340 
 3School of Maths & Physics, University of Surrey, Guildford, Surrey GU2 7XH, UK 

1fernando.dallagnol@ufsc.br;  3r.forbes@surrey.ac.uk  
 

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 (q/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 q/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 q/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. 
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