— hori pr1 znizenom
tlaku, obvykle menej nez 0,01 atm




(i/p?) = konst. (Engel a Steinbeck)

1kPa




Doutnavy vyboj mo6ze v zvlastnych pripadoch horiet’ 1 za atmosferického
tlaku:




Zapalenie samostatn¢ho vyboja:
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Oblasti tlecieho vyboja:
(katodovy potencialovy spad — najdolezitejsia pre
existenciu vyboja):
— elektrony sa urychl'uja, eSte nemaju energiu
dostatoCnu na excitaciu
— elektrony excituju, ale eSte neionizuju
—uz neexcituju ale este neionizuju
— 10nizuju (tu vznika vacsina elektronov)
— maju malu energiu, takze ani neexcituju

— Ille Je d@l@ilt}” pI'C glo postive —anode

negative gio COlLmn 5 ' gl

existenciu vyboja, ale vyznamny pre
aplikacie — kvazineutralna izotermicka catharle anode
plaZIna cathocde aracay anode D5,

electron density
The Glow Discharge
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Paschenova krivka — Sirka katodovej oblasti:
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Doutnavy vyboj mo6ze v zvlastnych pripadoch horiet’ 1 za atmosferického
tlaku:




Pr1 nizkom tlaku a vysokom napéati mozno pozorovat’
vytvorenie elektronoveho luca:




Elektricka plazma - definicia:

m Podmienka kvazineutrality

m Debyeov polomer tienenia je mensi nez
chrakteristicky rozmer plazmy — plazma
ClastoCne tien1 vonkajSie elektricke pole —
na vonkajSiu zmenu pol'a reaguje
prerozdelenim alebo vytvorenim noveho
naboja



— ne1zotermicka plazma
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Normalny doutnavy vyboj — udrziava si konstantny (optimalny) katodovy spad a

konStantnu hustotu prudu vyboja

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

Dl | Copyright © 2002 RGB Ltd www.element-collection.com



(fluorescencné zdroje svetla zaloZené na tlecom vyboji)

Ziarivka pozostava zo sklenej trubice pokrytej fluoroscenénou vrstvou, Startéra a balastnej zat’aze. EL.
priudom, ktory doda Startér sa napred rozhavi vlakno vo vnutri trubice, ktoré potom termoemisiou emituje
elektrony Startujuce tleci vyboj v trubici. Trubica je naplnena obycajne argonom s malou primesou par
ortute, ktora vyZaruje hlavne v ultrafialovej oblasti spektra. Fluorescenc¢na vrstva meni ultrafialové Ziarenie

na viditel’'ne. Balastna zat’az stabilizuje vyboj, ¢ize zabranuje vzniku oblukového vyboja.

*hosphor Coating

Electrode

AFC
[electron flow)




Industry-standard solid-state ballast circuit for CFLs

TYPICAL CFL
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Jednotlive materialy v ziarivke:

m ArgoOn — sluzi na I'ahkée zapalenie a udrzanie
vyboja

m Ortut’ — po ohriati sa jej pary excituju a
vyzaruju s vysokou ucinnostou UV ziarenie

m FluoresCencna vrstva — meni UV Ziarenie na

viditeI'ne so spektrom blizkym slneCnému
Ziareniu



Bez fluorescencnej vrstvy:




Plynove¢ lasery:

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

m A laser consists of at least three components:
m a gain medium that can amplify light that passes through it

B an energy pump source to create a population inversion in the gain
medium

m two mirrors that form a resonator cavity

m  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 1s operated continuously (cw) or pulsed. The
following headings describe specific laser designs.



Gas lasers are typically excited by an electrical discharge.

high
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excimer : ArF* - 248 nm, XeCIl* - 308 nm (pulsed)
nitrogen : 337 nm (pulsed)

He-Ne : 632.8 nm (cw)

Arion : 488, 541 nm (cw)

CO2 :10.6 um (cw or pulsed)

) Helium-neon gas reservoir

oufpt

Laser bore tube

Output
coupler

High

Crlass envelope = )
sy envelope A8
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Excimeérne lasery a lampy — uc¢innost’ az 40% !

/ N / *
L Xe :| —— |: e :|
&, .-"’ LY i

=, -
Qo L

Ground Silate Exciled State

—,
-~ o, P

F
!

f AV
( x'E*_.a*In,___ Xe ":I

o -
e o S

Excimeaer

hv 172nm

¢ b
( Xe }
\__ _.F
i
S

Ground State Ground State

" Laser Transitions
in the Ultra-Violet
Spectrum

AR.H Ground State
Separated Atoms

Distance Between Atoms [nm]



. Wavelength
i (nm)
L~ i i i -
100 350 400

A |
: Spegtral C}urve of |
| Cell|lnactivation :
e |
Strong interactlon | :
with silica, 0,.. I |
e |
|| i

Xuv Vacuum UV uv-_c uv-B UV-A Visible—



Excimer Spectra
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- katodové rozpraSovanie
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Magnetron
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Magnetron

source TItEIFII.LJrTI 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




m TerCiky:




Plazmova nitridacia:




Plazmova nitridacia:







m The plasma immersion 1on implantation
process 1s of potentially great significance
for the modification of surfaces, since 1in
principle 1t permits the implantation of 1ons
into a surface without the usual line-of-sight
restrictions of 1on-beam techniques.



0600

t=0,U=0 t=t,U=U, t,<t<t,U=U,

sample Immersed voltage pulse U_from f, to ¢
In plasma displacement of electrons (~ 1 ns)
acceleration of ions (~ 100 ns)
plasma sheath expansion (~ 10 ps)




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




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

(Simple) Thyratran cantral circuit
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Tleci vyboj s dutou katodou:

anode

Power +

supply .

cathode

lens lens

hollow atomized
cathode lamp  sample

detector

monochromator ="




Zdroje plazmy pre vyrobu mikrocipov




Ionove reaktivne motory

~— Haollow cathode Step 5 —
neutralizer Electrons injected
. into beam for
Step 1 — i neutralization
Electrons (shown in . . .
yellow) are emitted by the
discharge hollow cathode,
traverse the discharge
chamber, and are
collected by

the anode walls —-
' Step 2 —

Propellant (shown in
green] is injected from
the plenum and travels
toward the discharge
cathode
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