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Thermionic Emission
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A Thermionic Emission
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Electron
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Communications & Power Industries

Thermionic dispenser cathode
with integrated heater and grid

Sinter of W andaO

lcn?
12 W heater
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PAUL SCHERRER INSTITUT

Bs

diamond
Swiss Light Source

90 kV triode gun with Pierce geometry

Lifetime =

1000 ns, $1Clong pulses
or several thousand hours
1 ns, 1.51Cshort pulses
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Photo Emission

First observed bideinrichHertz in1887

v e

Theoreticakexplanation by
Einstein inl905 '
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Photo electric emission
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Photo Emission Gun

Cathode Anode

VCathode Ground

Photo fj
cathode

Electron
beam

Materials: Laser beam

Cu QE 0.001%
GaA QE 5%
CsTe QE 10%
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16.5 inch

flange

Insulator

Laser input

20 mA average current
at 250kV
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Lasers are so fast they can easily bea
o Chlld-LangmUIr(to be fair, so can

gridded extraction)

UNpED Anode
C.D Chlld
1911 Very short at I yOI {8¢ Ground
Photo Beam pulse beam
Cathode
CsTe

Irving Langmuir
limited by 1913

space charge

Very short lasel
pulse
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CsTe ‘ |
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RFPhotemissiorSource

RF waveform

A
Resonant RF cavity B mission
(normal or super conducting)
1.3 GHz
RF feed A | A >
I | Laser Laser Time
High Field$ pulse pulse
> 10 MVmt
vV
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Cathode EEmission at I yolF1S¢é
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= |GEMEINSCHAFT ﬁ HELMHOLTZ
Photo Injector 5 ZENTRUM DRESDEN
Test Facility [EN ROSSENDORF

Normally conducting Super conducting

waveguide

bucking coil

main solenoid

20 ps, 1nCpulses 15ps, 1 nCpulses
(50 A pulse) (67 A pulse)

High brightness low emittance guns for FEL
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Plasma Cathode

Very high electron currents can be
extracted from plasma cathode
electron sources

Other electron sources:

Combinations of those

Cathode Anode already mentioned
Plasma e.g. photethermionic
chamber

|
> 1A Rarely used In

accelerators:

Field emission from needle arrays
Diamond amplifiers
Etc...

000000
{—

L Ground
Long cathode lifetimes oun
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Plasma Ploneers
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HeinrichGeil3ler * JuliusPliicker
Gas discharge tube and Mid m Y p 0O a : y A @é [

mercury displacement pump

just less than InBar magnetism could move the glow discharge
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Basic Plasma Properties

Density,n (percn®or m3)

n, = density of electrons

n, = density of ions
n, = density of neutrals

Temperatue T (eV)

T, = temperature of electron:

sl T = temperature of ions

T, = temperature of neutrals
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http://upload.wikimedia.org/wikipedia/en/4/4c/Plasma_scaling.svg

Temperature Distribution

©
o

If thermalised
velocity
distributions .
should follow S}
Maxwell Boltzmann

0.5

velocity ofelectrons, v, = Eu?',jﬁ

T.
velocity of ions, v, = 1,5?\};

statistics °
N
. o
However, In
magnetic fields: = 7]
Vil vy 1V, S _



http://upload.wikimedia.org/wikipedia/commons/5/5d/Maxwell-Boltzmann_distributionPDF.png

Magnetic Confinement
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Particles spiral along magnetic field lines
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Dipole field




Solenoid field
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Hexapole
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Multicusp Confinement

+ 2%




lonisation

Positive lon

Most sources rely on electron impact ionisatior
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Quasi Neutrality
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Debye Length




Cathode Sheath

Anode Cathode
|
|
|
|
' Sheath
:
|
|
|
| |
Vanode : : Vcathode
| |
: Electrons !
A
vV ! have a :
anode : greater :
S i mobility !
S :
e I
> :
|
Vcathode I )

Distance
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Canal Ray Source

In 1886EugenGoldstein discovered canal rays

Anode Perforated Glass

Caymde / Tube

Positive

lon

Power Supply

1-100 V
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Arthur bempster

Electron Bombardment
Source (1916)

Filament Power

Supply
2-10 A

—
Cathode
Filament

Early mass

spectrometry /A”Ode

| [/ Extraction
Electrode

[ |

D == Beam
I //
] I+ |-
- | Discharge Powef Extraction Voltage

Supply 0.2310 A Supply 110 kv
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Filament Power

Supply
2-100 A

Plasmatron(late 1940s)

Conicalntermediate
Electrode

Anode

/

Extraction

Gas Feed
[s | | 1
ﬁ >.I =
//
—
Cathode
Filament | |

Electrode

Beam

al

1+ |-

- | Discharge Powef

Supply 2100 A

Extraction Voltage
Supply 550 kV
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Duoplasmatron (1956)

Solenoid Field Iron Conicalron Funnel

Return Yoke Intermediate
Electrode

Solenoid
Anode Ex%ansmn
N\ / up
. = / Extraction
. 3 Gas Feed s/ Electrode
>:| | |: ‘ |Z| 4
Filament Power :> .
Supply = ‘ =< Beam
2-100 A Cathode Y
Filament
Defocusing
Solenoid
+ + -
- | Discharge Powef Extraction Voltage

Supply 2100 A Supply 550 kV
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300 mA protons
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Plasma Mencius

XAa y2aG | OGdz ff &

because of Debye length, it has a thickness,

odzi A0 A& | dzaSTFdzZ O2yOSLIWi 6KSYy O2ya,



Plasma Mencius

Plasma Extraction Plasma Extraction Plasma Extraction
Electrode Electrode Electrode Electrode Electrode Electrode

Beam

Convex Flat Concave
Not including space charge effects
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Space Charge

Plasma Extraction
Electrode Electrode

I I Neutralising Particles

Optimum =
slightly

Il

concave

0% I Fodp:
Percentage compensation

Beam
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Suppressor Electrode

Plasma Electrode Suppression Electrode

Ground Electrode

Plasma

o \
—> Compensating particles

ié reflected by the Suppression

—_ Electrode

Extracted Beam

V (kV)

> Z(mm)
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Emittance of Real Beams

Halo Effect
- Plasma boundan
- Fringe fields

How Dbig Is this
beam?

05% emittance
rmsemittance
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Brightness

Be careful Some definitions include factors of 2, 8 and
Are the emittances normalised?
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Trigger
Electrode
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Vacuum Arc lon Sources

1980s- lan Brown at LawrencBerkley Laljand others)

L
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Cathode

Expansion  Extraction High Voltage
Region Aperture Insulators
—l /I ~ [{ / i |l
+ — 01 Beam
A EL . |' |
/ \ ; /
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Solenoid F PN YHlectrode Ground
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| aser Plasma lon Sources

Plasma Target Expansion High Voltage Suppressor
Plume Chamber Region Extraction Insulators  glectrode
Aperture

‘ /y :

__fl

l
llLll j\eround
8. _ Electrode
Target N Salt Window L1

~N

Rotation F nnn YY
Mechanism Laser Beam

I High Power

Focusing Optics Laser

1-100 Joules per pulse!
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ITEP Laser source at CERN




TWAC at ITEP Moscow

7Ys, 10> &Jdzft 4 Sa 2

BrROOKHEVEN BN | andRIKEN® =k

W& = Tl \asahiro Okamurhasdemonstrated
A4 Direct Plasma Injection into an RFQ
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Microwave lon Sources

Off resonancer high pressure)
= Microwave discharge ion sources

HWave

e Electron
Vit e
On resonance O)
= Electron Cyclotron Resonance (ECR) source



Microwave Discharge lon Source

Solenoids
Plasma Chamber

Gas Feed I_I
RF |n—|

:>;(

ngh Voltage Insulators

ol T

eam

|
Discharge Reglori ! |l

Stepped RF L] I_IR ﬁ

};

Matching Section Ground
| | EFI)Iafmc? Electrode
F wMnn YY ECLrode Suppressor
Electrode 2.45 GHz

commonly
used



SILHI Microwave Sourcesg =

\\\‘ ARIMER'
RafaelGobin
CEASaclay
Late 1990s

140 mA DC proton:
For one year!
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ECR lon Source

A SuperConducting B

Plasma Chamber Solenoids
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Higher frequency = higher charge states

28 GHz superconductlng VENUS EC

DanielalLeitner
SN LBNL
: 1 Late 2000s

/\

reerrer l"‘

BERKELEY LAB

200S > W34+ ions
4985 > W*ions
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Electron Beam lon Sources

Electron Gun El€ctron Beam pyift Tubes Superconducting Solenoid Magnetic

Shielding
I I Electron
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Extraction
Electrode

F l—M]|1 noyYy lonisation Chamber
Drift |
TubeY ™™ Stepwise
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Trapping and lonisation Phase e
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Electron Beam lon Sources

Electron Gun El€ctron Beam pyift Tubes Superconducting Solenoid Magnetic

Shielding
I I Electron
Dump
Extraction
Electrode

I .
Y'Y lonisation Chamber

F ~Mnn
Extraction Phase >

High Charge State

A Positive lon Beam
Drift

TubeV

82



BROOKHIUEN

NATIONAL LABORATORY

Jim Alessi

1.7emA 10 pus, 5 Hz
Ag?tions

Fully stripped nuclel can
be obtained in EBIT mode|
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Negative lon Sources

Ripping electrons off is easy!

-LG Aa YdzOK KI NRSNJ (
Not all elements will even make negative ions
Hydrogen has an electron affinity of 0.75&¥

Hhas much larger cross sections thah H
Up to 30 times for ecollisions
Up to 100 times for Heollisions

H¢are very fragile!




Applications

Tandem accelerators Cyclotron extraction

Beam
extractor

nagative ions stripping  accelerating  positive ions

chambar tuba
stesi pressure tank beam stesring

magnet

Stripping foil

© 2002 Encyclopaedia Britannica, Ine.

Neutral Beams
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Cakrimalar £,
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H- from Linac i Speed

lon Banding
kxn Dump Magnal
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Early attempts at producing negative ion beams:

1. Charge exchange of positive beams in gas cells
- very inefficient

2. Extraction from existing ion sources
- mostly electrons extracted
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Early 19708udkerinstitute of Nuclear Physic
Novosibirsk

Production of Hions by surface ionisation with the additionadasium

Surface Plasma Sources (S

, ,. m _____ 4 e & E n-.-TN
? A WF 1 ' || . IF ey

GenhadyDlmdv YurlBeIcheﬁnko VadlmDudnlkov
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Caesium! ¢ The magic elixir

e Periodic Table of the Elements
3 1 hydrogen B poor metals
M, Li | Be alkali metals O nonmetals
@-_’ alkali earth metals B noble gases
N" M12 transition metals rare earth metals
More ajve
. 19| 20| 21| 22| 23] 24 25 28] 27| 28] 29
reactive | kK [ca|Sc|Ti [V |Cr |Mn|Fe|Co|Ni |Cu
3g] 40| 41| 42| 43| 44 45| 48] 47
Sr Y | Zr |[Nb [Mo | Tc | Ru|Rh |Pd [ Ag
57| 72 73| 74 78 78| i 78| 79
EI la|Hf | Ta |W | Re| Os | Ir | Pt | Au
ga| 104 105| 108| 107| 108| 108 110
Fr Ra Ac |Ung|Unp|Unh|Uns |Uno|{Une Unnl
58] &50] 60| 61] 62| 63| 64 65 66| 67] 68 69] 70| 71
M Ce| Pr|{Nd|[Pm|{Sm|Eu |Gd | Tb | Dy|Ho | Er | Tm|Yb | Lu
0| o©1| ©2| o3 94| ©5| o8| o7 ©8| 99| 100] 101| 102] 108|
Th | Pa| U [Np|Pu|Am|Cm Bk |Cf |Es | Fm| Md| No | Lr
1 electron in
the outer :
orbital An amazing donor of electrons

= great for making negative ions
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Early 19708udkerinstitute of Nuclear Physic
Novosibirsk

.....

VadimDudnikov

Pennlng SPS

Very high current density > 1 Aém
Low noise
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Magnetron SPS
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R

80 mA of Hbut only ™%

at low duty cycles < = =

0.5% .
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Volume Productior
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»D-Pace Filament Volume Source

15 mA DC tbeam
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Internal RF Solenoid Antenna
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