Prvy Towsendov koeficient

prva teoria popisujuca pomery
v plynnom el. vyboj1 —
Townsendova teoria lavin

- nech e opustaju katodu v
dosledku fotoemisie

n, pocete, ktoré opustaju jednotku plochy katody za 1 s
jo  prudova hustota na povrchu katody

kazdy e pri svojom pohybe k andde ionizuje neutralnu Casticu plynu,
vznikne d’alsi e, ktory je tieZ urychl'ovany el. pol'om, tieto e tieZ narazom
1onizuju, vznikne lavina

Prvy Townsendov koeficient je pocet ionizaénych zrazok, ktoré¢ elektron
vykona na jednotkovej drahe (1 cm) pri pohybe v smere elektrického pola.




dn =n e dx

n(x)=ne""

Spatial multiplication factor or Gain

j.fl"l.':lni .f-"l"-

My

a = Townsend coefficient

Electrons

Combined cloud chamber-avalanche chamber
Avalanches can begin with single electron
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m  Ako jednotka pre E/n sa vo fyzike el. vybojov pouziva i




Vzduch
trojny zachyt: O, +e+M — O, + M
disociativny: O,+e — O +0

lonization alpha/N and attachment eta/N coefficients, m™2
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Reduced electric field E/N, Td




Vzduch
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Figure 1. Fraction of electron energy lost in excitation of internal
energy modes and ionization of O, and N, molecules in air as a
function of reduced electric feld. E/N.
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Dhr, 5.2 Zapalovanie vwhoija: a) vwhoijka na meranie zapalovacieho napiitia: K - katoda,
A - anoda, UV - ultratialove Ziarenie zabegpedujice omisin primarnveh elektronoy, VS -
napojenie na vakwowvy svstom; B oelektronova lavina:, o) omnadenio polohy elektrod




Experimentalne usporiadanie pre Stidium Townsendovho vyboja

Ultrqyiolet light

Current limiting
' resistor

Adjustable
h.v. source




na drahe dx jeden e uskutocni o dx 10nizacii

prirastok dn, ktory zapriCini n elektronov vo vrstve dx potom je
dn=n a dx

riesenie:
In n = a x + konst.
pretoze pre x = 0 je n=n, bude po odlogaritmovani :
— ox
n = nye

prudova hustota je analogicky

] = o™




Ak vzdialenost’ medzi elektrodami bude rovna d, potom celkovy
pocet elektronov, ktory dopadne na anodu bude :

od
1’106

v tomto pocte su zahrnuté aj povodné e z katody, teda pocet
elektronov NOVOvzniknutych 1onizaciou medzi K a A je

od

to je sucCasne rovne poctu kladnych 16nov, ktoré¢ vznikli vo
vybojovom priestore (zanedbavame priestorovu 1onizaciu narazom
kladnych i6nov, t.j. )

ak dopadne na katodu kladny 10n,
vyrazi z nej y novych elektronov, teda ak na katodu dopadne

ny(e* — 1) kladnych iénov, vyrazi z nej yny(e®®— 1) novych
elektronov




Potom bude teda z katody vystupovat’ viac elektronov, nielen 7n,, ozna¢me
ich pocet na katode v n,; €o bude celkove

n,=ny,+yn,(e*—1) zcoho n,=ny (I-y(e*-1))
A na anddu dopadne n, elektronov : n, = n,e*
Potom:

kdeze driftova rychlost’ elektronov = je vSade rovnaka (homogénne el.
pole), a na andde je prud elektronov rovny celkovému ustalenému prudu
plati (¢ je elementarny naboj): v.q .n, = v.q.n,e* , ize j, = , kde

=Jjo/ (I-y(e*'= 1))

Takze pi1 ustadlemom stave prudova hustota na andde a vSade bude

teda prad lavinoveého vyboja pro konStanom priereze

= leg/ (1-y(ezd ] 1)




Podmienka samostatneho vyboja

pri samostatnom ustalenom vyboj1 musi platit’ Ze prud vyboja uz
nezavisi od /', (netreba dodavat’ do vyboja elektrony pomocou
externého zdroja ), teda menovatel rovnice e Qe R~
musi byt’ blizky nule. Teda (fyzikalne nie ¢isto matematicky)

y(cad D >{1

V-A charakteristiky pre 3 rozne hodnoty I, (intenzity UV ):

D, Self-sustained




Sekundarna emaisia elektronov

Townsendov koef. emisie

m  Emisia elektronov z katddy je kriticka pre udrzanie samostatného
vyboja
¢ Dva rdozne mechanizmy:
o pr1 dopade jednej Castice vytvorenej vo
vyboji
» Kladné 160ny (energia ionizacie > 2E,)
e Fotony
* Neutrdlne excitované Castice (metastabily)
o I cmisia a to hlavne:
e Termickd emisia
e Emisia silnym el. polom, autoemisia, studena emisia
(tumelovy efekt)




SE pr1 dopade kladnych 16nov

D. B. Medved, P. Mahadevan and J. K. Layton, Phys. Rev. 129, 2086 (1963).

Figure 1.3: Secondary electron emission coefficient
as a function of energy for argon ion and atom
bombardment of molybdenum [66].
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Fig. 7.9 Total electron yield of He** and He* ions on
atomically clean molybdenum.
H. D. Hagstrum (1953)
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Zavislost’ na materiali katody

v [electron/ion]




Vystupna praca E

I1NTERFACE




Fotoemisia:

_ : Electron leaves metal
nigh energy violet quantum

Quantum energy

[ L1 (LRI

(Diagram: resourcefulphysics org)




Fowlerova Nordheimova rovnica:




Paschenov zakon — Paschenova krivka

m Napatie pr1 ktorom sa zapali samostatny el. vyboj v danom

plyne zavisi len na pomere medzielektrodovej vzdialenosti

a vol'nej drahy , ktoru potrebuje elektron na 1onizaciu
molekuly narazom, Cize . Ked’Ze v danom plyne je
nepriamo umerna tlaku plynu ((hustote N) je zapalne
napatie samostatného vyboja funkciou (N.d).

m Ani priliS vel’ke, ani prili§s male p.d nie st vhodné pre
ucinnu 1onizaciu, t.J, sposobuju zvysSenie zapalného
napitia. Preto pre dany plyn existuje optimalne (p.d)
kde je zapaln¢ napatie minimalne:




Zapalne napatie
Koeficienty o ay zavisia od napatia medzi elektrodami

Vyraz pre zapalné napatie U, dostaneme spojenim vzt'ahov

ay(e®*—1)>1 (pricom U =E.d)
(odvodenie vid’. V. MartiSovic: Zaklady f. plazmy, Bratislava 2004)

zapaln¢ napatie je funkciou sucinu tlaku
plynu a vzdialenosti elektrod!

Paschenovlzakon




The Breakdown Voltage (V/ 'V

rnin)

Pl = (o) min
Long Path Breakdown




Paschenova krivka je experimentalne urCena zavislost’ zapaln€¢ho napatia
Uz na tlaku plynu p a vzdialenosti elektrod d. Pri atmosférickom tlaku a
vzdialenosti d = lmm je prierazné napatie ve vzduchu asi 1 kV. Nejmensi
prierazné napatie 300 V odpoveda tlaku 1 torru a vzdalenosti elektrod

1 cm. Paschenova kiivka pro vzduch je zndzornéna

na obrazku
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Na 1zolaciu VN mozeme pouzit’, alebo vakuum,
alebo vysoky tlak plynu. V oboch pripadoch vSak
narazime na limit intensity el. pol'a asi 10°V/cm.

VYacuum insulation

High pressure insulation




30 25 20 Hmm

4
3

mm
d - diameter of catode
d =13,5,10,15,20,25 mm Oppermann (1972)
d =20,30,40,50,60 mm Kawaguchi et al (197 1a)




Gas Breakdown

Vacuum
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Figure 3. Measured de breakdown voltages for the ring assembly
L B - . R 1y
from 2 = 107 to 10" mbar in different gases.




Pre malé vzdialenosti elektrod:

Air tests

Paschen'’s law plot
(black line)
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PASCHEN'S LAW
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Plot of the breakdown voltage as a function of the electrode gap spacing d for ambient air at atmospf
pressure using different cathode materials

D B Go and A Venkattraman 2014 J. Phys. D: Appl. Phys. 47




Malterova emisia

OPTOELECTRONICS AND ADVANCED MATERIALS — RAPID
COMMUNICATIONS Vol. 6, No. 3-4, March - April ,p-416-421

Investigation of field electron emission from I'TO/glass
interfaces

JADWIGA OLESIK

m . In 1936 Louis Malter studied the phenomenon of secondary emission from
poorly conducting oxides and discovered some anomalies [1-3]. The
anomalous secondary emission was caused by charging of the emitter surface
and production of an internal electric field in investigated samples.

If it was possible to produce a given value internal field in a
sample, then the secondary emission would be controllable. In this work such

an attempt has been taken.*
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Vplyv magnetického pola:

Mitrogen
P={0.050 - 0.080) torr
d={4.0- 11 )cm
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Figure 3. Breakdown voltage (Vg ) for nitrogen as a function of Pd
(Paschen curves) for two values of magnetic field.




Magnetr(’)nové naprasovanie:
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Ionovy reaktivny motor:

FERMAMENT EXTHRACTICON AMNLY
MAGNETS i 0¥ o AGCELERATING GRIDS

e

CATHODE

DISC HARGE MNEUT RALIZING
CHAMBER s ELECTROM BEAM
-




Ionovy reaktivny motor:

VASIMR Laboratory Experiment

Magnetic Nozzle-
creates a directed plasma flow

ICAH Antenna-
heats plasma to many
millions of degrees Kelvin
Magnet Coils-

generate a field that confines
the ionized plasma

Helicon Antenna-

ionizes the gas to

form a plasma
Quartz Tube-
confines neutral gas
before it ionizes

Gaseous Propellant Injection System-
regulates the flow of hydrogen or helium gas.




Figure 6.11 The Penning ion source, with =
center amwd wo cathodes at either end A
cathode allows a beam of jons 1o escape,

evlindrical ano
small hole on the




m lonizacné energie:
m He (24,59 eV)

m Ar (15,4 eV)

= SF, (15,3)
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Lieberman and Lichtenberg, Principles of Plasma Discharges, Wiley 2005.

-pd (Torr cm)




He + ¢ — He*

He* + 2 He — He*, + He
He*, + X — 2He + X

He*+ N, - N, + He +¢
He*,+ N, - N, +2 He +e¢
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,,Pseudospark® spinace

™
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Time/ns

I Tube
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* 3 stages during a pseudospark discharge:
a) Townsend discharge
b) Hollow cathode discharge
c) Superdense glow discharge (conductive phase)

M. Stetter. P. Felsner. J. Christiansen. K. Frank. A. Gortler. G. Hunts et al, IEEE Trans Plasma Sci., vol. 23.

no. 3, Special Issue on Pseudospark Physics and Applications, pp283-293,2004




Meramia pr1 tlaku radove 100 Pa ( jednotky Torr), napatiach radove kV
a prudoch 0,01 pA az 10 nA

Ulquyiolet light

Cathode ———( £

Current limiting
' resistor

Adjustable
h.v. source

Pre hodnoty [gEs! takze

aod + Ink

mx + ¢




Typicky tvar prudu :

Breakdown

Self sustaining discharge

1= exp(ad)

-
-

Non-seif sustained discharge

A

.—.———————-———-————-——--“1--

Napred sa zmeria v oblasti T, a potom sa dosadi do Townsendovho
vztahu a v oblasti T, sa zmeria




