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Doutnavy vyboj

Doutnavy (tleci vyboj) — hori pri znizenom tlaku, obvykle menej nez 0,01 atm
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Doutnavy vyboj

Doutnavy_vyboj.avi
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Doutnavy vyboj

(j/p?%) = konst.

(Engel a Steinbeck)




Doutnavy vyboj

Doutnavy vyboj moze v zvlastnych pripadoch horiet’ i za atmosferického tlaku:




Zapalenie samostatneho vyboja
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Doutnavy vyboj

Oblasti tlecieho/doutnavého vyboja:

Katodova vrstva (katodovy potencialovy spad — najdolezitejsia
pre existenciu vyboja):
Astonov tmavy priestor — elektrony sa urychl'uju, este
nemaju energiu dostatocnu na excitaciu
Katodoveé svetlo — elektrony uz excituju, ale este neionizuju
Katodovy tmavy priestor — uz neexcituju ale este neionizuju
Zaporné svetlo — ionizuju (tu vznika vacsina elektronov)
Faradayov tmavy priestor — maju malu energiu, takze
ani neexcituju

Kladny stlpec — nie je dolezity pre existenciu vyboja, ale
vyznamny pre aplikacie — kvazineutralna izotermicka plazma

Anodové svetlo
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Doutnavy vyboj
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Rms volts

Paschenova krivka — Sirka katodovej oblasti:
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Pri nizkom tlaku a vysokom napati mozno pozorovat vytvorenie elektronového luca:
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Elektricka plazma - definicia:

« Podmienka kvazineutrality

« Debyeov polomer tienenia je mensi nez chrakteristicky rozmer plazmy —
plazma CiastocCne tieni vonkajsie elektrické pole — na vonkajsiu zmenu pola
reaguje prerozdelenim alebo vytvorenim nového naboja
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Plazma kladného stlpca tlecieho vyboja

Plazma kladného stipca tlecieho vyboja — neizotermicka plazma
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Striacie su vrstvy viditelne v plazme tlecieho vyboja: pomocou rychlych
kamier. Niekedy, ked sa nepohybuju su viditefné i volnym okom

Cathode Faraday Anode
layer dark spacc glow

- - -

- -

Cathode Negatuve

Posttive column Anode
glow with striations
Ako vysvetlili Franc and Herz uz v r. 1914 hlavhym dovodom je, ze elektrény v plazme
odovzdavaju svoju energiu po kvantach a takto excitovane molekuly/atomy ju zase v
kvantach vyzaruju. Tento jav vsak velmi zlozitejsi a suvisi so sirenim ionizacnych vin v
plazme kladného stlpca. Doteraz nie je uspokojivo kvantitativne opisany.
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Normalny tleci vyboj — udrziava si konstantny katddovy spad odpovedajlci minimu
Paschenovej krivky a konstantnud hustotu pridu vyboja j/p? = konst.

Anomalny tleci vyboja — ma vyssiu hustotu prudu a vyssi katodovy spad
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Aplikacie neizotermickej plazmy kladného stipca tlecieho vyboja:

,neonky"”
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Aplikacie neizotermickej plazmy kladného stipca tlecieho vyboja:

Ziarivky (fluorescenéné zdroje svetla zaloZzené na tlecom vyboji)

Ziarivka pozostava zo sklenej trubice
pokrytej fluoroscencnou vrstvou, Startéra a
balastnej zataze. El. prudom, ktory doda
startér sa napred rozhavi vilakno vo vnutri
trubice, ktoré potom termoemisiou emituje
elektrony Startujuce tleci vyboj v trubici.
Trubica je naplnena obyCajne argdbnom

s malou primesou par ortute, ktora vyzaruje
hlavne v ultrafialovej oblasti spektra.
Fluorescencna vrstva meni ultrafialové
ziarenie na viditelne. Balastna zataz
stabilizuje vyboj, Cize zabranuje vzniku
oblukoveho vyboja.

Main light switch

starter

Phosphor coating

S, class tube

Electrode

Ballast
(coil of wire)

BEC
(electron flow)
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Industry-standard solid-state ballast circuit for CFLs
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Jednotlivé materialy v ziarivke:

« Argon - sluzi na l'ahké zapalenie a udrzanie vyboja
» Ortut — po ohriati sa jej pary excituju a vyZaruju s vysokou uc€innostou UV ziarenie
» Fluorescencna vrstva — meni UV ziarenie na viditefné so spektrom blizkym slneCnému Ziareniu
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« Bez fluorescencnej vrstvy:
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Plynové lasery

A laser is a coherent and highly directional radiation source. LASER stands for Light
Amplification by Stimulated Emission of Radiation.

A laser consists of at least three components:

a gain medium that can amplify light that passes through it

an energy pump source to create a population inversion in the gain medium
two mirrors that form a resonator cavity

The gain medium can be solid, liquid, or gas and the pump source can be an electrical
discharge, a flashlamp, or another laser. The specific components of a laser vary depending
on the gain medium and whether the laser is operated continuously (cw) or pulsed. The
following headings describe specific laser designs.
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Plynove lasery

Plynové lasery su obvykle budené el. vybojmi v plyne.

high
rear voltage output
mirror coupler
........... -
discharge laser

21996 B. M. Tizsue, wawnescitn edia .com
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Plynové lasery

Excimer : ArF* - 248 nm, XeCl* - 308 nm (pulsed) , Cathode Anode
nitrogen - 337 nm (pulsed) output Helium-neon gas reservoir

He-Ne :632.8 nm (cw) - T

Arion :488, 541 nm (cw) Output o
co, : 10.6 um (cw or pulsed) coupler Class envelope reflector
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Plynové lasery

Excimérne lasery a lampy — ucinnost’ az 40% !
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Aplikacie javov na katode tlecieho vyboja

- katodoveé rozprasovanie
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Magnetron

Magnetron
source Titanium target

Excited argon
gas

Sputtered
atoms in
direction
of arrow

~._Metal
substrate

Bright plasma ring — electrons trapped in the magnetic field which |
emanates from a set magnets behind the target
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Terciky

Magnetron
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Plazmova nitridacia
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Plazmova nitridacia
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Plazmova implantacia

Plasma Immersed lon Implantation

The plasma immersion ion implantation process is of potentially great
significance for the modification of surfaces, since in principle it permits the
Implantation of ions into a surface without the usual line-of-sight restrictions of
lon-beam techniques.
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Plazmova implantacia

AR OR

t=0,U=0 t=t,U=U, tL<t<t,U=U, t>t, U=0
sample immersed voltage pulse U, from £, to &, Plasma
in plasma displacement of electrons (~ 1 ns) regeneration

acceleration of ions (~ 100 ns)
plasma sheath expansion (~ 10 pys)

36



Plazmova implantacia

A large vacuum chamber (1m diameter & 2m length) with plasma produced by the
impact ionization of neutrals by thermionic electrons.

A magnetic cusp to enhance plasma density.

A 50 kv DC supply with a hard tube modulator
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Tyratron

- spinacia plynom plnena elektronka na baze t.v. na spinanie VN

ANODE
/ CONTROL (Simple) Thyratron control circuit

Thyratron -
high voltage
ube @ AC source

: ‘ I MOUNTING control ;Z’
. FLANGE voltage 7=
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Prud tlecieho vyboja s dutou katddou ako funkcia vzdialenosti d medzi katédami (katdédou a
antikatddou) prud prudko vzrastie ked sa spoja obe zaporné svetla (d je vzdialenost oboch katod)

PENNING DISCHARGE SOURCES
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Klasicka konfiguracia tlecieho vyboja s dutou katédou

anode

Ionization rate
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§ Plasma potential
/ ]
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A A
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1 — hollow cathode, 2 — anode, 3 — positive space charge, 4 — plasma, 5 — electron trajectory
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Magnetron s dutou katodou
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Tleci vyboj s dutou katodou ako zdroj ziarenia pre absorpcnu spektroskopiu:

anode light
Power + output
supply  _ - —>
cathode
lens lens detector
ot @- et --@" monochromator [***
hollow atomized
cathode lamp  sample :
readout amplifier
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Zdroje plazmy pre vyrobu mikrocCipov
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lonove reaktivhe motory

‘ Hollow cathode Step 5 —
¢+ neutralizer Electrons injected

7 ‘ into beam for
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Electrons (shown in =2 .
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discharge hollow cathode, 2w
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the anode walls — SRR
* o . T——Step 2 —
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GLID ARC

GLID ARC - kizavy obliikovy vyboj,
v skutocnosti vSak klzavy tleci vyboj
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Figure 3. Current and voltage waveforms of the gliding arc discharge.
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GLID ARC
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GLID ARC

Figure 2.
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Figure 3. Current and voltage waveforms of the gliding arc discharge.
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