


Classes of Polymer Surfaces

1) as substrate: 2) as surface layer: 3) as surface 4) as discrete particles:
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General Modification Strategies

- surface transformation: - film formation by - surface segregation:

reagents energy material depositi%n:
(e.9.0,) (e.g. hv, v, kKT) :
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the polymer surface (often polyolefins) is treated with a
burner flame (1000-2000°C, 0.2-0.3 s)

process parameter:
type of gas, air-to-gas ratio, flow rates, position of
flame to object, treatment time

— heat and reactive components of the flame cause
chemical modification of the surface

— promotes adhesion (for gluing or printing) and
wetting

Oxygen concentration (at, %)
Contact ergle of water (dogreas)
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Corona Discharge Treatment

Shnlls electrode
discharge

high-voltage/
-frequency
generator

metal polymer film
roll

dielectric | L
coating i

corona discharge glow:

p

chemical reactions:
R-H — Re + He

the polymer surface (often polyolefins) is treated with the
products (normal pressure plasma) from a corona discharge
in ambient atmosphere (about 4000-35000 J m?)

the workpiece (usually thin polymer film) is placed between
an electrode an a grounded metal roll

electrons are ejected from the electrode by strong electric
field

— these electrons collide with air molecules and the polymer
surface to generate free radicals, ions, photons,
excited and reactive intermediates

— reactions at the polymer surface can lead to:
a) chain scission,
b) cross-linking, and
c) introduction of functional groups (oxidation)

— promotes adhesion (for gluing or printing) and wetting

Re+ 0O, > R-O-Oe —» ... ¢ ooH —C-OH

R-R' — Re + R'e




Plasma Treatment

plasma generation in vacuum / low gas pressure via
electro-magn. high frequency (RF) field (100 kHz, 10-
20 MHz, 2.45 GHz) — glow discharge (RFGD)

— the generation of functional groups at the
polymer surface can be controlled by the
O> I(zhogzce) oprllIasma gas (e.g. H,0, O,, Ar, N,,
o =] 27 27 3)
i | — free electrons, ions, radicals, and vacuum UV

1) gasinlet 2) valve 3) plasma + sample are reactive species (penetration depth few

4) pressure gauge 95)lig. N, 6)trap 10 nm)

7) vac. pump  8,9) matching, RF gen. — functional group generation, material
ablation, chain scission, cross-linking

reaction cascade in a pulsed
normal pressure plasma plasma ablation process parameter:

—— © i - type_ of_ gas, pressure, flow rate,
- excitation power, exc. frequency,
- time of treatment, pulse duration /
pause, temp. of substrate
- geometric factors (reactor, sample)

— improved adhesion (metal films
and printing)




(Wet) Chemical Treatment

chemical transformation, etching and dissolution of polymer modification of
surface morphology

surfaces by active reagents (often oxidizers like H,SO,, KMnO,, e
CrO, / H,CrO,, or transformation of -COOH or -OH with SO,CI,) etching with H,SO,

— often differentiation between amorphous (more reactive) and
crystalline (more inert) regions - enhanced by solvent treatment

— improves roughness and adhesion of metal film in plating
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lon-Beam Modification

ion beam

polymer surface is bombarded with ions B dlecliee
(often focused as beam) to ablate / mill the ot
substrate material or to deposit new
material
— by scanning the focused ion beam 3D

structures with >10 nm resolution can

be generated

ion-milled incorporated
'semiconductor particle
", > ion bombardment of the polymer surface increases
the surface roughness, generates new functional
groups and may increase conductivity

platinum process parameter:
PIECUIOL type of ions, ion energy, beam dose
type of polymer

— reactions at the polymer surface:
a) reduction
b) oxidation
c) chain fragmentation

deposit metal d) cross-linking a
mill cross sections e) loss of heteroatoms & aromaticity

surface morphology
of PTFE after ion

bombardment w/ Xe
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T6) UV-Irradiation i
- ultraviolet region

violet - red

irradiation treatment with short-wavelength UV v
light (~180-250 nm) to activate polymer Bl 5| A

: surfaces, or to decompose dirt on the surface ™| |
"UV cross-linker" N

— energy of light induces chemical
£100 — —— reaction in and near the surface

Irradiation treatment with
90 short-wavelength UV light

b6 Sample . Voctra AIS0 (structuring by irradiation through

45 photomask possible)

50 r

10 | in ai * process parameter: ol high
ol o wavelength (photon energy), dosis | pressure

10 FUV light: 184.9nm + 253.7nm (energy per area), surrounding | Hg lamp

0 0 50 100 150 200 species / medium 7 L I spectrum
Time of trealment (sec.) - m‘u

e pOSS|b|e reactions 200 260 320 380 440 500 560 620 680 740 800

UV laser (248 nm, 60 mJ cm?, @) ablation (e.g. activation of oxygen to ozone — volatile ox. prod.)

10 pulses) _ b) surface group transformation (e.g. elimination)

c) introduction of functional groups by photochemical reaction with

SO0 400nm

Contact angle of distilled water

species from the environment / medium (e.g. -COOH by ox.)

e.g. PVC: hv Cl hv Ar-laser

(>300nm 2 (>250nm) &« (488nm)
M S S = R
In C|2 C in N in air

(substitution) (elimination) (carbonization)




Vacuum metallizing method Sputtering apparatus

Mate rial De pos iti o n : Vacuum V“-‘SSE'TLH"_ e Target
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,M M \ D1 ) Metallzatlon ( o ' | *Stainless steel

M ! Heater : —
] a) metal evaporation >S 3

—r and sputtering:
I
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metal evaporation in vacuum by  Arones Vacuum
Vacuum line = %

Poweer aroit = &\ S heat, e-beam, or glow discharge

"sputtering": high voltage across a low-pressure gas (e.g. Ar, 5 millitorr) creates plasma
(glow discharge), energized plasma ions strike "target" (coating material), and eject
atoms from target which travel to and bond with the substrate .\

b) electroless / chemical metal deposition (plating):

usually deposition of a metal film (e.g. Cu, Ni, Co, Au, Ag, Pd, Pt) by chemical reduction of a
soluble metal salt (also on non-conductive surfe:/cis possible) (—CuSO4/H2C=O

(e.g. plasma) ( SnCl, [sSn]  PdCl, [Sn/Pd]

OH OH @) @) @) @) [
1. | ) | | 3. | | 4. |

metal film

= > e —
polymer polymer polymer polymer polymer

surface activation / metal

functionali_zation s(eer?;gznaéilo)n nucleation reducj[ion /
& etching 2 (e.g.PdCl) plating




D2) Plasma Polymerization

plasma polymerization or plasma enhanced chemical vapor
deposition (PECVD) utilizes a similar setup as shown in T3)
"Plasma Treatment", but addition of monomer through gas
phase to generate a polymer film at the substrate surface

— CAP-mechanism (competitive ablation and polymerization:
parallel processes of ablation (material removal) and

polymerization (material deposition) in plasma of monomer
at low gas pressure

— can generate homogeneous, highly cross-linked polymer
films with thicknesses of up to 1 ym (=10 nm min")
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Growth mechanism of plasma
polymerization

Cycle |

Plasma
gxcitation

Fig. 6.1

polymerization.
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Applications

Material transport through plasma polymers.
Barrier and protective films.

Electrical applications.

Abrasion resistant coatings.

Optical applications.




