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More than 60 Years VON ARDENNE Electron Beam Technology - From the
Roots to Today’s Components and Applications.
In Memoriam Dr. Robert Bakish (* 1926, +2019)

Matthias Neumann, VON ARDENNE GmbH, Dresden, Germany

With the development of the first electron beam melting furnace and EB gun in 1959, the former VON ARDENNE Research Institute marked a milestone for continuing
success in high power electron beam technology. Besides the well-established position in the eastern hemisphere Dr. Robert Bakish recognized the unique features of
the VON ARDENNE EB guns and opened the door to the North American market. Leading metal producers take advantage of the robust and reliable equipment while
coating and other special EB applications benefit from the wide variety of EB components and complete systems.

The presentation will focus on the North American development of high-power electron beam technology and the contribution of Dr. Robert Bakish, who over several
decades was a major promoter as well as nucleus of the high-power EB technology community in the United States.

https://www.svc.org DOI: https://doi.org/10.14332/svc23.proc.0015
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Hll AGENDA

B Introduction

Manfred von Ardenne — Research Related to Electrons and Electron Beams

[1 VON ARDENNE Electron Beam Technology
B First Electron Beam Gun and Melting Furnace

B Historical Review of Electron Beam Equipment

[1 Dr. Robert Bakish
Key Person to Establish VON ARDENNE Electron Beam Systems in North America

[1 VON ARDENNE Today
State of the Art Equipment and Competence
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Bl MANFRED VON ARDENNE

Scientist, Inventor & Entrepreneur
1907 — 1997

Key Inventions

1964 Installations for evaporation coating of thin films
in a high vacuum for industrial applications

1959 The 45 kW electron beam multi-chamber furnace

(EMO) for vacuum melting and refinement of
reactive and refractory metals

1948 Duo-plasmatron ion source of high charge carrier density
1937 First scanning electron microscope
1930 First fully electronic television

His inventions laid the foundation for our work today in the fields of
vacuum, plasma and electron beam technology.
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Hll HISTORY

VON ARDENNE Company History

Established 1928

5 EB-Technology - SVC 2023 CLASSIFIED: RESTRICTED

Milestones
Today VON ARDENNE Group
(Dresden)
1991 VON ARDENNE
Anlagentechnik GmbH
(1991 - 2013)
1955 Manfred von Ardenne
Research Institute (Dresden)
1945 Institute for Industrial
Isotope Separation (Suchumi)
1928 VON ARDENNE Laboratory for

Electron Physics (Berlin)
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Bl MANFRED VON ARDENNE

First Patent at Age of 16 Years
1923

DEUTSCHES REICH

URKUNDE

UBER DIE ERTEILUNG DES PATENTS

Rl Fiir die in der ! i istin dem gesetz-
lich vorgeschriebenén Verfahren

i den Manfred von Ardenne in Berlin

|

( J ein Patent erteilt worden, welchgs in der Rolle die oben angegebene Nummer
erhalten hat.
Das Patent fithrt die Bezeichnung

Verfahren zur Erzielung einer Tonselektion,insbe-
gsondere fiir die Zwecke der drahtlosen Telegraphie

und hat angefangen am 14, Oktober 1923.

REICHSPATENTAMT

Die Patentgebiihr wird in jedem Jahre fillig am 1%. Oktober.
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Bl MANFRED VON ARDENNE

World Premiere of Fully Electronical Television — ,,Flying Spot Scanner*

1931

Che New Work Times.
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Bl MANFRED VON ARDENNE

First Scanning Electron Microscope with High Depth of Focus and Resolution

1937
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Bl MANFRED VON ARDENNE

Universal Electron Microscope of Very High Resolution
1939
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B Image Resolution of 1.2 nm

B Between 1940 and 1953 Microscope of
Highest Resolution Worldwide

s_:

(Photograph made in 1979)

9 EB-Technology - SVC 2023 CLASSIFIED: RESTRICTED 2023-05-08 VON ARDENNE &



Bl MANFRED VON ARDENNE

Cooperations

[11934

Foundation ,Leybold-von-Ardenne-Oszillographen-Gesellschaft,

Cologne

- Manufacturing of Parts for Electron Tubes

later relocated to Berlin

L] late 1930°‘s
Transfer of Company
into Siemens Property
- Requirements for More Capital

[] mid 1980‘s
Cooperation with Leybold,
Hanau
- High Rate Magnetron Sputtering

10 EB-Technology - SVC 2023
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

] Introduction

Manfred von Ardenne — Research Related to Electrons and Electron Beams

l VON ARDENNE Electron Beam Technology
B First Electron Beam Gun and Melting Furnace

B Historical Review of Electron Beam Equipment

[1 Dr. Robert Bakish
Key Person to Establish VON ARDENNE Electron Beam Systems in North America

[1 VON ARDENNE Today
State of the Art Equipment and Competence
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Manfred von Ardenne Research Institute Established in Dresden
1955

Former Main
Administration Building

o e i
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

First 45 kW Multi-Chamber Furnace
1959

Highlights Y N
* Whole Project Time: 7 months \ :
« EB Gun: 45 kW, 24 kV

* Minimum Beam Diameter on Target:
3 mm at Beam Current of 2 A

Pt
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

First Electron Beam Gun 45 kW / 24 kV to 800 kW / 60 kV
1959

2004
Elektronische Elemente Vakuumtechnische Elemente

Stoddaten. [, wQ8A; Uyw 500Y === = ———=

-2k -y
15, . Oiffusionspumps [
mmnm:;hlar :_', ! '«_ ¢ Strahlerkammer(l)
Solkatods
Strahlerkatods
(W-Schesbo,$Brsnd
Wassorkihlung
Presse - Elektrods Blendensystam /1
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

First EMO 200 - Installed at Steel Mill in Freital (close to Dresden)
1963

Technical Parameters

EB Gun
200 kW, 30 kV

Productivity

Remelt of Steel Ingot
diameter 250 mm
length 1500 mm
weight 480 kg
meltrate 150 kg/h

Remelt of Tungsten Ingot
diameter 80 mm

length 1500 mm
weight 150 kg
meltrate 12 kg/h
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Series Manufacturing of EMO 200 in Cooperation with LEW Hennigsdorf
1963
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

EB Equipment for Vacuum Metallurgy in Cooperation VON ARDENNE - LEW Hennigsdorf

1963 - 1990

17

Oberingenieur Giinter Hoffmann
Generaldirektor

Kombinat

VEB LEW Hennigsdorf

£

Prof. Dr. Siegfried Schiller
Stellvertreter des Institutsdirektors
Forschungsinstitut

Manfred von Ardenne

Kombinat

VEB Lok ivbau-Elektr hnische Werke

»Hans Beimler”, Hennigsdorf
Stammbetrieb

DDR - 1422 Hennigsdorf

Telefon: Hennigsdorf 50

Telex: 015 8531 lokh dd
Telegramm: Elektrolok Hennigsdorf

TG Mitglied im
[QI2)] Warenzeichenverband VEM
VEM)

Volkseigener AuBenhandelsbetrieb
der Deutschen Demokratischen Republik

EXPORT-IMPORT DDR - 1026 Berlin,

6, Haus der
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

EMO 1200 Drip Melt Furnace - Installed at Steel Mill in Freital (close to Dresden)

1964 - 1966

Cathode System

= Weight = 80 kg

= Cathode & 25 mm

= Filament with
Support Wires

= Water Cooled

Nickname:
,Freital Angel*

18 EB-Technology - SVC 2023
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Electron Beam Gun EH1200/50 - Most Powerful EB Gun For Vacuum Metallurgy

|

o R Y
» i " -'--K.JJ
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Production of EB Guns - Assembly Workshop in Dresden

1985 - 1990
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

EMO 600 - Drip Melt Furnace with EB Gun EH600/40

Since 1986

+4500

=D

Lo U] BB £F
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Electron Beam Welding

1970°s - 1990
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Treatment of Grain - Polymerization of Plastics
1970‘s - 1990

‘. e/
R
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Steel Strip Coater
Since 1979
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

FOBA 800 — Web Coater with Magnetic Trap MT 1000
1986 - 2000
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Il VON ARDENNE ELECTRON BEAM TECHNOLOGY

Coating Plants and Complete VON ARDENNE EB Melt Furnaces
1990 - 2003

26 EB-Technology - SVC 2023 CLASSIFIED: RESTRICTED 2023-05-08 VON ARDENNE &



Il DR. ROBERT BAKISH

] Introduction

Manfred von Ardenne — Research Related to Electrons and Electron Beams

[1 VON ARDENNE Electron Beam Technology
B First Electron Beam Gun and Melting Furnace

B Historical Review of Electron Beam Equipment

l Dr. Robert Bakish
Key Person to Establish VON ARDENNE Electron Beam Systems in North America

[1 VON ARDENNE Today
State of the Art Equipment and Competence
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Il DR. ROBERT BAKISH

Life Data and Education

04.01.1926 Born in Sofia, Bulgaria as Isi Ruben (Izzy Reuben) Bakish

July 1944  Registered as immigrant in Haifa, Palestine

May 1947  Arrival with family as immigrants at Ellis Island, New York
Documents issued under the name Robert Bakish

1952 Bachelor’s degree in Metallurgy at
Columbia University School of Engineering

1953, 1955 Master’s degree and PHD in Metallurgical Engineering
from Yale University

15.10.2019 Passed away in Englewood, NJ
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Il DR. ROBERT BAKISH

Business Career

(1955)
(1957)

(1958)

(1959)
1960

(1962)

Senior metallurgist for Sprague Electric Co.

Consultant in charge of physical metallurgy for
CIBA Basel, Switzerland

Vice president and director of research and development for
Alloyed Electronics Corp.

Executive vice president of Electronics and Alloys Inc.

Consultant for the Electro-Chemical Division of
Republic Foil Inc., Danbury

Director of research and development
Republic Foil Inc., Danbury
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Il DR. ROBERT BAKISH

Bakish Materials Corporation

1961 First meeting with Prof. Manfred von Ardenne in Dresden
(1966) Foundation of Bakish Materials Corp., Englewood, NJ
1978 Import of first VON ARDENNE EB Guns into USA

2010 Formal retirement and closure of business activities
further available as agent and consultant

2016 Business closed of Bakish Materials Corp.

BAKISH MATERIALS CORPORATION

71 SHERWOOD PLACE
P.0. BOX 145
ENGLEWOOD, N1, o701
usA

Ty 7 iomsengsion é/ e

TELEX NO. 64217 BAKISH EGW « TELEPAX 2015676684
ol RAKSHMA T s
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Il DR. ROBERT BAKISH

% i

.

Prof. Robert Bakish
Bakish Materials Corp., USA

R N T
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Il DR. ROBERT BAKISH

Bakish Materials Corporation

EB Systems for Vacuum Metallurgy

NORTH HILL ENTERPR!SES INC

D and f ers of speci:
and electron beam melting equ:pmen!

UL

Drip _lvléﬁ:Fu}maéé (Zr, Nb, Hf)
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Il DR. ROBERT BAKISH

Bakish Materials Corporation

EB Systems for Vacuum Metallurgy

-

titanium EB hearth
furnace in the worfd

=
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Il DR. ROBERT BAKISH

Teacher and Promoter

[0 Professor and Researcher at Fairleigh Dickinson University

1 Assistant Professor at Columbia University

[ Initiator and Organizer of Varios International Technical Conferences
B Electron and lon Beam Science and Technology (1964 — 1980)
B Pervaporation Processes in the Chemical Industry (1983 — 1989)

B Electron Beam Melting and Refining (1983 — 2000)
continued as €beam 2002 to ébeam 2016

B The Laser vs (and) the Electron Beam in Welding, Cutting and
Surface Treatment (1985 — 1991)

B Web Coating (1987 — 1992), co-sponsored by BVT, Galileo, Vadeko
[0 Supporter of the US Titanium Industry

B Axel Johnson — Titanium Hearth Technologies (THT) — Timet — PCC

B Oremet — Allvac — ATI

[0 Promoter for Bulgarian Academy of Sciences, Sofia

B Prof. Mladenov — EBT conferences Varna, Bulgaria
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Il DR. ROBERT BAKISH

Teacher and Promoter

Conferences and Publications

E== & . FLEGIRONwANDUIONSBEAMGS
ATIONAL COR e = SCIENCE AND TECHNOLOGY

e ELECTRON AND ION-BE
: 'SCIENCE AND TECHNOL( &

=

E ON VACUUM WEB COATING

ELECTRON AND ION BEAM
SCIENCE AND TECHNOLOGY

Llectron Beam Melting and Refining

— .
State of the Art 1985
Edited by R. Bakish
e Electron Beam Melting and Re

" STATE OF THE ART 1989

ELECTRON BEAM MELTING AND REFINING CTRON AND ION BEAM
S—— e I NCE AND TECHNOLOGY

Edited By R. Bakish

; State of the Art 1991 e
Elect B The LASER vs the ELECTRON BEAM

Edited by R. Bakish in Welding, Cutting and Surface Treatment
ate of the Art 1985

ELECTRON BEAM MELTING AND REFINING ) aited by R SER AND THE ELECTRON BEAM IN WELDI

STATE OF THE AR ’ CE TREATMENT TE OF THE
\ ART 199¢

35  EB-Technology - SVC 2023 CLASSIFIED: RESTRICTED 2023-05-08 VON ARDENNE &



Il DR. ROBERT BAKISH

Tributes for Lifetime Achivements

THE
ELECTRON BEAM MELTIN
IS DEDICATED TO

HOWARD R. HARKER
O RECOGNIZE HIS LEADERSHIP A

EXTRAORDINARY TECHNOLOG| C
ACHIEVEMENT

)2 D f Ti MISh ”t—J %ng
009 - e' imet Melt Shop 020 L‘iar er
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Il DR. ROBERT BAKISH

Tributes for Lifetime Achivements

K h VON ARDENNE &

> Q—%} < R

= ()

CERTIFICATE OF ‘TONOR

=

/

to: 5/2 %{/4?/ ;/,// /J/

In recognition of having introduced and established
VON ARDENNE electron beam technology
in the North American industry,

honoring his contribution to develop the potential of

electron beam-based vacuum metallurgy and recognizing

2011 - Celebration of Dr. Bakish’s 85t Birthday at the restaurant
“Le Chateau”, former J.P. Morgan’s home in Connecticut

@)
8
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Il DR. ROBERT BAKISH

Tributes for Lifetime Achivements

FOR THE BEST PAPER
ON ELECTRON BEAM TECHNOLOGY
PRESENTED AT

ege;om 2016

Presentation of the Dr. Robert Bakish Award
at the ebeam 2014 conference }
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Il DR. ROBERT BAKISH

Public Recognition

... in Israel

: en Kish Lookbut

B Dedicated on King Saul Mountain- The Bible Trail
g in Memory of

Robert (Izzy Reuben) Bakish

1926 -2019

aqui * De aqui todo empieza « Von hier aus gedeiht alles

Tout commence ici » nnIX 550 ko0 « The source of it all

vPp 12 MoXn

2793 (RN 0R) DYIN D 115 1w T3 Bp

MBI DA T MR DM NRSYDS 13

g

290 53¢ s s o
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T 1o v 229 13wy o

1973 1799 53 99 10 M B 7 90 2 00 0 6 95580 %05 7
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Ben Kish Lookout

Dedicated on King Saul Mountain- The Bible Trail
in Memory of
Robert (Izzy Reuben) Bakish
iy

From a family of underground fighters against the Nazis in Bulgaria

megca

e UBhBH X209 OUBhEH 909U » dcXl UCq xiau « 1nb e1ziul ojpnj e

e 21
DI 107 + KEREN KAY

The source of if all « npix Y5 koD «Tout commence ici

| From a family of underground fighters against the Nazis in Bulgaria.

"N The Gilboa mountain range, at an altitude of 536 meters, in the north of the Samaria mountains,
overlooking the Harod Valley, The Jordan Valley and the Moab Mountains in Jordan and the
Nazareth Mountains. The Gilboa mountain is mentioned in the Bible in the book of Samuel, in

the story of the fall of king Saul and his son Jonathan in the war against the Philistines and the
mourning of David for them. Mount Saul (part of the Gilboa Mountain) is named after King Saul

son of Kish, the first king of the kingdom of Israel in the 11th century BC.

"Ye mountains of Gilboa, let there be no dew nor rain upon you, neither fields of choice fruits.
For there, the shield of the mighty was vilely cast away, the shield of Saul, not anointed with oil".

Samuel 2, chapter 1, 21.
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... iIn USA

American Foundation for Bulgaria presents

BULGARIAN CONCERT EVENINGS in NEW YORK

OPENING NIGHT GALA
OCTOBER 28, 2021 | 7:30 PM EST

in Memory of Robert Bakish

Lora Al-Ahmad

Thursday, OCTOBER 28, 2021 | 7:30 PM B ‘
OPENING NIGHT GALA EVENINGS
in Memory of Robert Bakish NEW YORK

Weill Recital Hall at Carnegie Hall
154 West 57th Street, New York, NY 10019

P. O. Box 231160
New York NY 10023

Mariana Karpatova, mezzo-soprano

Tereasa Payne, flute

Billy Hunter, trumpet

Alexandrina Boyanova, Stanichka Dimitrova, Georgy Valtcheyv, violin
Anna Stoytcheva, Lora Al-Ahmad, Lora Tchekoratova, piano

Works by:
RACHMANINOFF, PIAZZOLLA, MINKIN,
HOHNE, AL-AHMAD, KREISLER, LOEB

Tickets are $30, $50 and $75 available at
Carnegie Hall's Box Office, located at 57th
Street and 7th Avenue, at www.carnegiehall.org,
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Il VON ARDENNE TODAY

] Introduction

Manfred von Ardenne — Research Related to Electrons and Electron Beams

[1 VON ARDENNE Electron Beam Technology
B First Electron Beam Gun and Melting Furnace

B Historical Review of Electron Beam Equipment

[1 Dr. Robert Bakish
Key Person to Establish VON ARDENNE Electron Beam Components in North America

l VON ARDENNE Today
State of the Art Equipment and Competence
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Bl COMPETENCE FOR GLOBAL MARKETS

Tackling Global Challenges Today

Energy - Mobility - Connectivity

Solar Cells Turbine

& Modules Blades
Smart Glass & Architectural
Touch Displays Glass

Automotive Batteries

Glass
Optics &
T Hydrogen & Fuel cells
Advanced Driver ECO-Friendly
Assistance Systems Packaging
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Hll OUR EQUIPMENT

‘ Large (GC330H, Mass Production)
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Bl KEY TECHNOLOGIES

Technology Competence Through Experience & Innovation

More than 60 years of experience in electron beam processes and over 45 years of know-how in vacuum coating

Magnetron Sputtering Electron Beam Technology Evaporation Technology

Rotatable Dual Magnetron High-Power Electron Beam Gun Co-/Evaporation Unit
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Il ELECTRON BEAM SYSTEMS AND TECHNOLOGY

High Power Electron Beam Guns

1995 - 2023

235 High Power Electron Beam Guns

44

of Actual Model Series installed

EH150V

max. 150 kW
max. 35 kV

EB-Technology - SVC 2023

EH300V EH800V
max. 300 kW max. 800 kW
max. 45 kV max. 60 kV
CLASSIFIED: RESTRICTED 2023-05-08 VON ARDENNE =



Il ELECTRON BEAM SYSTEMS AND TECHNOLOGY

High Voltage Power Supplies

L1213 High Voltage Transformer L1 L2 L3
Commutation 11 7i7r1(7:I: B?(fti,ﬁ,er, ,,,,,,,,,,, ‘ ‘ ‘
Choke : i
X ; i j_ Output EMC filter rectifier pulse-mode inverter
: — \ : L max. 60 kV _ .
; 3 : —— max. 800 kW high-voltage
i it A ! Capacitor transformer HV rectifier
Thyristor Controller 3 ismoothlng
! i and ) . ~
i | Smoothing Choke zsg:;‘”tat"’" - 1..15kHz 60KV /300 kW
777777777777777 9 ... 15 kHz pulses
pulse width modulated
B arc handling time = 1 ms
B low arc energy
B usable as pulsed power supply
Mains Frequency Technology Mid-Frequency Technology
Thyristor controlled IGBT controlled
max. 800 kW, 60 kV max. 400 kW (600 kW), max. 60 kV
CLASSIFIED: RESTRICTED 2023-05-08
VON ARDENNE &
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ELECTRON BEAM SYSTEMS AND TECHNOLOGY

BCOS — Beam Control System

BCOS

(GGG ST NSNS RGN G PANEL Panell (4] | [H PANELPanel2 (4] | [ PANELPanel3 (4] | [ PANELPaneld (4] | | PROCESSDATA [4] | & SYNCHRONIZATION (4]

w2 GuN1 - DAC Monitor

> Transformed

Beam On: Ml dT:

1]

~ PROCESS DATA

o6 T e T 2 eaT ez DAC Signals
o [ o3| o3| o3| [E ! E
5 5
0,0 0
' SEQUENCE Figures: 2 Mode: Time Mode Fixed Power
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Il ELECTRON BEAM SYSTEMS AND TECHNOLOGY

BCOR - Beam Process Controller

MiAY Lems 1 {3 ) e 2% ) e 147 () -
17 | 1 i
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Il VON ARDENNE TODAY

Operating Figures 2021

VON ARDENNE Group

Order Intake Operating
Performance

% ol

€368 m €227 m

49 EB-Technology - SVC 2023

Revenue Management

©

Pia von Ardenne, CEO

[0 Family-owned company based in Dresden
[0 > 550 coating systems installed in 50 countries
€ 219m [0 ~1000 employees
[1 > 650 patents worldwide
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Il VON ARDENNE TODAY - A GLOBAL COMPANY

VON ARDENNE
Japan

LVON ARDENNE
 Vietnam
¢
E'A\)‘
VON ARDENNE _ -
Malaysi

Engineering
Production
Sales and Service
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51

Phone

+ 49 351 2637 310

Web
+ 49 351 2637 310

EB-Technology - SVC 2023

neumann.matthias@vonardenne.biz #
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