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Plazma

blesk polarni zare
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Plazma
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Plazma

neizotermicka plazma — studena plazma
Ti a To — teplota iontl a neutralnich tézkych Castic

Te — teplota elektronu
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Plazmové strikani

- Plazmové strikani
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Plazmové strikani

- neatomarni rust
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Plazmové leptani

- povrchova reakce vedouci k tvorbé tékavych sloucenin
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P¥iklad PTFE: Pfed plsobenim plazmy Po plsobeni plazmy
http://www.plasma.de/cz/plasmatechnique/etching.htmi
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PVD - fyzikalni nanaseni

- naparovani
- napra$ovani ‘ SUBSTRATE

- magnetronove naprasovani

deposited

86 VACUUM PLASMA SOURCES @ layer
% . sputtered

& < particles
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Figure 16.8. Drawing of a parallel-plate magnetron configuration for the deposition of
sputtered cathode material on workpieces located on the anode.
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Strukturni model
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Strukturni model

kompaktni struktura

sloupcovita struktura

subslrate
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0.Zindulka, SHM s.r.0. Sumperk, www.shm-Cz.cz

2BKY 258X 4@.8pm @AB4S 72299 A79



&

LABORATORY OF SURFACE ENGINEERING

TECHNICAL UNIVERSITY OF LIBEREC

DEPARTMENT OF MATERIAL SCIENCE

Povlakované nastroje
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Plazmochemické zpracovani povrchu -
PECVD

- plazmova aktivace smési plynu a par, snizeni procesni teploty

- leptani, modifikace, depozice
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Chemicke reakce PECVD

Gas-phase reactions

(G1) Ga(CH3)3 ->Ga(CH3)2 + CH3*
(G2) Ga(CH3)2 -»GaCH3 + CH3*
(G3) CH3* + AsH3 —»AsH2 + CH4
(G4) CH3* + H2 -CH4 + H*

(G5) H*+ H* +M ->H2 + M

(G6) CH3 + H* +M -»CH2 + M

(G7) CH3* + CH3* -»C2H6

(G8) GaCH3 + CH3* —-»GaCH2 + CH4
(G9) GaCH2 + H* -GaCH3

(G10) Ga(CH3)3 + CH3
—Ga(CH3)2CH2 + CH4

(G11) Ga(CH3)2CH2 + H* —>AsH2 +
Ga(CH3)3

(G12) Ga(CH3)2CH2 —»Ga(CH3)2 +
CH3*

(G13) Ga(CH3)CH2 —»Ga(CH2) +
CH3*

(G14) Ga(CH3)3 + H* —»Ga(CH3)2 +
CH4

(G15) Ga(CH3)2 + H* —Ga(CH3) +
CH4

(G16) Ga(CH3)2 + CH3* —»Ga(CH3) +
CH4

(G17) Ga(CH3)CH2 + H* —Ga(CH3)2

trimethyl galium
arsen
vysledek GaAs

Surface reactions

(S1) H* + SG ->HG*

(S2) H* + SA ->HA*

(S3) CH3 + SG «» (CH3)G*
(S4) CH3 + SA < (CH3)A*
(S5) GaCH3 + SG «<>CH3*
(S6) Ga(CH3)2 + SG —»GaCH3* +
CH3*

(S7) Ga(CH3)3 + SG -»GaCH3* +
2CH3*

(S8) GaCH2 + SG + SA —»GaC + H2
(S9) Ga(CH3)CH2 + SG + SA —»GaC +
CH3* + H2

(S10) Ga(CH3)2CH2 + SG + SA —»GaC
+ 2CH3* + H2

(S11) AsH + SA «<>AsH*

(S12) AsH2 + SA ->AsH* + H*

(S13) AsH3 + SA ->AsH* + H2

(S14) CH3* + HG* -»CH4 + SG

(S15) CH3* + HA* —-CH4 + SA

(S16) H* + (CH)G* -»CH4 + SG

(S17) H* + (CH)A* -CH4 + SA

(S18) HG* + (CH)A* -CH4 + SA+ SG
(S19) HA* + (CH)G* —»CH4 + SA+ SG
(S20) HA* + HG* —-»H2 + SA + SG
(S21) (CH3)A* + (CH3)A* —C2H6 +
SA + SG

(S22) GaCH3* + AsH* —»GaAs + CH4
+ SA + SG

(S23) AsH* + AsH* ->As2 + H2 + 2SA
(S24) CH3* + ASHG* —»As* + CH4
(S25) As* + As* —»As2 + CH4

(S26) GaCH3* + As* —»GaAs + CH3* +
SG + SA
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Z.arizeni pro kombinovany proces

Procesni Cas cca 35sec

DynaMet 4V

1. preduprava —
~ povrchova modifikace
~a polymerizace
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2. pokoveni - PVD

3. ochranna vrstva
- PECVD

Leybold Optics GmbH
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Z.arizeni pro komblnovany proces
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RF reaktory

Kapacitné vazany vyboj Indukéné vazany vyboj
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Depozicni zarizeni
- depozice na napajené elektrodé

NEEDLE VALVE
[ EVAPORATOR
GAS INLET -
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DepoziCni aparatura
- depozice na uzemnéne elektrodé
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MW reaktory

reakéni viko rezonandéni
komci / MW komor:
substrat
L —
vyskové
stavitelny \\
stolek
lasonic : : I
T | |
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MW reaktor

Slan 1
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MW reaktory

mikrovlnny rezonator SLAN I

&

pohyb zkratu umoznuje
ladit pfeneseny vykon
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coupling slot

quartz cylinder

feed
shorting plunger

coupling antenna

http://lwww.cst.com/Content/Applications/Article/Microwave+Plasma+Sources
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MW reaktory

rozlozeni energie v rezonatoru
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MW reaktory

distribuce aktivnich Castic a elektrického pole
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measured O* distribution corresponding calculation
of electric field
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ECR-MW reaktor

ECR (Electron Cyclotron Resonance) — zvyseni hustoty plazmatu
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Oxidy titanu

- pInivo barev -> pigment pro kosmetiku,
potravinarsky a automobilovy prumysi, ...
- optika —> antireflexni vrstvy

- elektronika -> dielektricke vrstvy, fotovodiveé vrstvy,
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senzory, solarni ¢lanky
- fotokatalytické materialy

- strojirenstvi -> treci vrstvy, antikorozni vrstvy
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Oxidy titanu

1) Rutil

- tetragonalni mrizka, hustota 4,23 g.cm=3
- vysokoteplotni modifikace TiO,

2) Anatas

- tetragonalni mrizka, hustota 3,8 -4 g.cm-3
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- nizkoteplotni modifikace TiO,
3) Brookit
- rombicka mrizka, hustota 4,14 g.cm—3

- prechodova struktura
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Fotokatalyza

Schopnost rozkladat organicke a jiné latky pii1 osvétleni UV zafenim

standardn{
vodikovd elektroda ||

Mevatl =02/Hz0 (1,23)
hv<413nm KMnO«¢MnO2 (1,70)

(30eV)

H, + 2 h* — 2 H*

2H,0+2H*"+2h*—> 2H,0,
OH- + h* > OH-

3.2 eV (anatase) ~ A = 388 nm
3.0eV (rutile) =i =414nm

A. Fujishima, K Hasimoto, T, Watanabe, TiO2 fotokatalyza, zaklady a aplikace, Silikatovy svaz, 2002
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Fotokatalyza + hydrofilita

@

- -
£ @
02 H20 H20 H20
Oxid titanicity (TVO;) "'T& Orid titanitity (TiO,)
1. Jsou vytvareny elektrony ¢~ a diry h*. 1. Molekuly H,O ve vzduchu reaguji s atomy kysliku
2. Kyslik O, a voda (vzd. vihkost) H,O reagujis e” a h*. na povrchu.

A N\ 0,+€ -0, ]
' H0+h' —-OH+H'
’) 240, +2H +2-0H+0,
L -
ES
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02 H20
\ or \, -OH
Oxid titanicity (TIO)
3. Aktivni kyslik ve formé radikild «O," a zejména OH 2. Hydroxylové skupiny, které zvysuji hydrofilitu,
vznika na povrchu TiO,. se objevuji na povrchu oxidu titanicitého.

A. Fujishima, K Hasimoto, T, Watanabe, TiO2 fotokatalyza, zaklady a aplikace, Silikatovy svaz, 2002
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"

Indukovana hydrofilita

depozice bez piedpéti, teplota 450°C, kontaktni thel 68°, bez UV
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By -

- B 4 L

;iépozi;é bez pi"e;li)ét;, teplota , ontaktni uhel 17°, UV 60min
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Fotokatalyza - pouziti
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N pocet bakterii ve vzduchu
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A. Fujishima, K Hasimoto, T, Watanabe, TiO2 fotokatalyza, zaklady a aplikace, Silikatovy svaz, 2002
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Struktura vrstev —
predpéti -450V

SEM MAG: 59.98 kx DET: SE Detector L1
HV: 30.0 kV DATE: 05/02/06 2 um Vega ©Tescan
TU Liberec
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truktura vrstev —
predpéti -50V
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SEM MAG: 60.02 kx DET: BE Detector ] ] ] ]
HV: 30.0 kV DATE: 05/04/06 2 um Vega ©Tescan
TU Liberec
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truktura vrstev —

predpéti -50V
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Struktura vrstev —
predpéti ~0V
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SEM MAG: 60.00 kx ~ DET: BE Detector L1 1]
HV: 30.0 kV DATE: 04/19/06 2 um Vega ©Tescan
TU Liberec
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Struktura vrstev —
tepelna depozice

SEM MAG: 40.00 kx ~ DET: BE Detector T T T Y A |
HV: 30.0 kV DATE: 04/21/06 2 um Vega ©Tescan
TU Liberec
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Struktura vrstev —

tepelna depozice

Q.60 pm
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Predpéti x tvrdost
TTIP + O,, TiO,

Vykon | Predpcti Mikrotvrdost
| W] V] [HV]
50 -350 255
100 -470 442
150 -560 605
200 -635 689

TTIP + Ar, Ti,O,

Vykon | Predpcti Mikrotvrdost
[ W] V] [HV]
100 -465 1337
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Vzhled vrstev

-630V




&

LABORATORY OF SURFACE ENGINEERING

TECHNICAL UNIVERSITY OF LIBEREC

DEPARTMENT OF MATERIAL SCIENCE

Fotokatalyza
- teplota

Rozklad organického barviva acid orange 2, UV 360 nm
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Atmosteéricka tryska

Fyzikalni ustav AV CR, Dr. Zdené&k Hubicka a kol.
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Atmosteéricka tryska

Fyzikalni ustav AV CR, Dr. Zdené&k Hubicka a kol.
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TU Liberec
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Atmostéricky DBD vyboj

Dielektricky Bariérovy Vyboj
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Dékuji za pozornost
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