Plazma polymerace a depozice

Velmi tenké vrstvy Il



Velmi tenké vrstvy

Efekty od ,,nano” tloustky



Polymerizace

* je zakladni reakce pro
vyrobu plastu, syntetickych kaucuku a
umelych vlaken, v nanotechnologiich se
uplatnuje zejmeéna pri vytvareni tenkych
polymerovych vrstev.

* Je to chemicka reakce, pri které z malych
molekul (monomeru) vznikaji
vysokomolekularni latky (polymery).



http://wiki.verkata.com/cs/wiki/Plast
http://wiki.verkata.com/w/index.php?title=Syntetick%C3%BD_kau%C4%8Duk&action=edit&redlink=1
http://wiki.verkata.com/cs/wiki/Chemick%C3%A1_reakce
http://wiki.verkata.com/cs/wiki/Monomer
http://wiki.verkata.com/cs/wiki/Polymer

Polymerizace

e Existuje cela rad typu téchto reakci, plazmova
polymerizace je zvlastnim pripadem
radikalové polymerizace.

* Priaktivaci plazmou dochazi k interakci iontu a

elektronu plazmy s molekulami monomeru ke
tvorbeé radikalt - molekul s volnymi vazbami.

* Na povrchu substratu se vytvari polymer z
rdzné prositovanymi vazbami.
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http://www.desy.de/~agingw/trans/ps/yasuda.pdf




Moznosti

* Lze deponovat vrstvy organickeé, anorganické
nebo hybridni, a predevsim lze fyzikalni a
chemické vlastnosti téechto vrstev ridit
depozicnimi podminkami. Vysledkem jsou
vrstvy s definovanymi elektrickymi,
mechanickymi a optickymi vlastnostmi.
Morfologii povrchu vrstev lze rovnéz ménit v
sirokém rozsahu.



Meénitelné parametry

e tlak: 0,1 -1000 Pa, vybér vhodného plynu
nebo monomeru, davkovani plynu, pripadné
par monomerdu, vykon, frekvence, tlak, proud
plynu/par, geometricky faktor

* Depozicni rychlost, s jakou je vrstva nanasena,
zavisi na depozicnich podminkach a pohybuje
se vrozmezi 0,1 - 10 um/hod.
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Spin coatings

DepoziCni proces vytvarejici homogenni vrstvy na plochych
substratech.

Deponovany material se nanasi na stred rotujiciho substratu a
odstfediva sila zpusobuje pokryvani substratu od stfedu ke
hranam, prebyteCny material je odstriknuty mimo substrat.
Soucasné se odparuje pouzité rozpoustedlo . Tloustka vrstvy
zavisi na otackach, viskozite a koncentraci materidlu v
rozpoustedle




Vytvareni - Triodovy PECVD systém

13,56MHz

Elektrody lze zapojit
i obracené.




Superhydrofobni povrch

PACVD z C4F8

Vzorek na napajené elektrodé Si pokryt
fotorezistem

Vzorek byl pred depozici zdrsnén pomoci
iontového bombardu

Vysledny povrch odpuzuje vodu




Vysledek

Fig. 4. SEM picture of sample (a) after 2.5 min of etching and (b) after cleaning in ultrasoni acetone bath.

a B Experimental b Y . . ;
180 T T T Cassie's calculation 04 1
val's cale !
A Wenzel's calculation . - . |
1704 " L] | | =
16 4 4 - T T T T T
D e { H
g 160 e g " 3
= - 1 ! B
4 £ 124 4 - ]
i 150 1 -~ 4 1 1.
@ § o 1 1
© 4 o { 4
9 10 5 4 4 —
< { { "= zd g
IRER . . § 6 { E = o
| £ | { Z O
c - -v [
G 120 & 1 é L] | =
(3] ES kS 24 { =
a ] H 1 o 1
1104 A A . 0« 4 =
1 , . ) 2
T T T L T 1 - .
1 2 3 4 s X 3 4 e ;
Etching time (min) Etching time (min)
Fig. 5. (a) Water contact angle values of CF, surfaces for difierent etching time. The black squares, the light grey arclkes and the dark
grey triangles are respectively the experimental measurements, contact angles calculated from Cassie equation, and contact angles 1
calculated from Wenzel equation. Open symbols are measurements done on clkean rough substrate. (b) Surface energy of CF | layers for | ."‘r\"--'
dificrent etching time, !
- a I ]
a : T T .
300 2 1300 1402 152

Wavenumber [om )



S pouzitim nanosférické masky
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Naparovani

e Kovy (oxidy prakticky pouze reaktivne)

— To uz znate

* Organickeé latky



Vhodné organicke latky pro naparovani

FIGURE 2.1. Chemical structure of (a) pentacene, (b) quaterthiophene, (¢) a,a’-
dihexylquaterthiophene and (d) sexithiophene.

http://www.rug.nl/research/portal/files/3148598/c2.pdf



Realizace
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FIGURE 2.2. Expernmental High-Vacuum evaporation setup.



Pracovni postup
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Figure 5:

Typical process steps and temperature varia-
tion during an evaporation sequence.
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Figure 6:

Temperature-rate-time characteristic of a
simple crucible-type point source during
evaporation of an organic material (Alg3).

http://onlinelibrary.wiley.com/doi/10.1002/vipr.200890034/pdf




OLED a laser

Ancde

Cathode

i

Figure 7:

Organic light-emitting diodes (OLEDs) used
for displays and as a light source.
Reference: Novaled AG (3]

Figure 9:

Optically pumped laser with active organic

layers (Alg3/DCM) embedded in multilayers
of transparent oxides. Reference: Institut fir
Angewandte Photophysik, TU Dresden.



Thiophene
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FIGURE 2.3. (a) AFM image of 10 monolayers of a-4T on mica, (b) linescan of
an AFM image showing the individual mono-molecular steps and (c) schematic
overview of three molecular layers.



o (b)

FIGURE 2.5. AFM images showing (a) strongly facetted islands with several
monolayers of deposited material, and (b) monolayer islands in the (sub)monolayer

coverage regime.



2D ostruvky a 3D struktury
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FIGURE 2.6. (a) The average height of the islands and (b) the coverage (in per-

centage of the substrate), as a function of the amount of deposited material. The

data points marked with a asterisk (*) are obtained on additionally purified mate-
rial.



Teplota substratu
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FIGURE 2.7. Three different types of a-4T thin-film morphology for several com-
binations of the substrate temperature and the evaporation rate from the source.
The straight line is a guide to the eye and marks the optimal settings (morphology
type II) in order to obtain large individual erystallites within a poly-crystalline thin
film.



Vyroba OLED
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ROLL-TO-ROLL PROCESS TECHNOLOGY

TECHNOLOGY

* Vacuum thermal evaporation (VTE)

* Organic electronic devices on metal and plastic web
» OLED small-molecule evaporation

* Sputtering process of metal and metal oxide layers

. ijxfep;:f:;:i';‘;m e, http://www.fep.fraunhofer.de/content/dam/fe
* Web cleaning p/en/documents/Produktflyer/L12_Organic%2

» Lamination of barrier films OE IeCt ron iCS_n et_E N . pdf



Magnetronové naprasovani

Kovy, oxidy kovu (muzou byt terc)
Polymery (pozor na nataveni)

| ze ridit rust
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Reaktivni naprasovani

e Hysterezni jev

Ii Metuliic Mode

' 3 Reactive gas flow rate
fr, fll



Superhydrofobni vrstva
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carbon plasma palymer films with the substrate-target distance.
Film thicknesses are about 70 nm.

Figure 1. Schematic drawing of the vacuum deposition chamber.
Ar = inlet of working gas (argon), C = magnetron water cooling,
M - magnetron, P — to rotary and diffusion pumps, PTFE -
polytetrafluoroethylene target, RF = to RF power source, 5 -
substrate holder.

I Figure 4 Variation in the static water contact angle of fluoro-

http://onlinelibrary.wiley.com/doi/10.1002/ppap.200900164/pdf



Superhydrofobni vrstva
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I Figure §. Water contact angle of fluorocarbon plasma polymer
a working gas pressure of 5o Pa.



Superhydrofobni vrstva
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Figure 6. Atomic force microscope scan images (5 = §um area) of fluorocarbon plasma polymer films with thicknesses of about 70 nm
deposited at a working gas pressure of 50 Pa and at a different distance from target: a) 14 cm, b) 25 cm; together with ) SEM micrograph of

sample from (b).



Antireflexni vrstva

Single-layer antireflection coatings are generally deposited with a
thickness of A4, where A is the desired wavelength for peak performance.
The phase shift is 180 degrees (17 radians), and the reflections arein a

condition of exact destructive interference.
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Vinoveé délky

Jedno vrstvova jen na nasobky jedné vinové délky
Slozitéjsi systémy pak v néjakém ,,okné“
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Figure 5.17 Typical reflectance curve of an unmodifiedquarter-wave

stack



