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Electrodes and organic layers are very sensitive to water vapor and oxygen

→ Thin film encapsulation is mandatory for organic electronic devices:
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Thin film encapsulation

Choice of multilayer barrier material and deposition method:

1. Silicon nitride as compared with silicon dioxide and aluminum oxide

2. hot-wire CVD as compared with plasma-enhanced CVD (lower density

material) and atomic layer deposition (very low deposition rate)

Choice of analysis techniques for SiNx:H films:

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Effect of optimized treatment time on number of SiNx:H multilayers: 

Maximum ion bombardment energy is fixed at low value 20 eV 

Treatment duration is fixed at 8 min

→ Increase of lag-time with number of layers

→ Decrease of WVTR with number of layers

→ Minimum WVTR = 2 × 10-4 g/m2.day for a total thickness = 250 nm
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Effect of maximum ion energy for a fixed treatment time = 8 min

Number of layers is fixed at 2 (total thickness = 100 nm)

Maximum ion energy is increased from 10 to 100 eV

→ From 0 to 10 eV: no significant effect on WVTR

→ At around 30 eV: minimum WVTR = 5 × 10-4 g/m2.day 
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Choice of analysis techniques for SiNx:H films:

X-ray diffraction: structure of layers

UV-visible ellipsometry: refractive index and absorption 

coefficient

Integrating sphere: transmittance and reflectance

X-ray reflectometry: mass density

Electrical Ca test method: water vapor transmission rate
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Tentative conclusion for SiNx:H multilayers grown by 

HWCVD without any further treatment

Variations of lag-time and WVTR:

� Increase of lag-time

� Slight decrease (10%) of WVTR for each 

successive single-layer

� Minimum WVTR= 8 × 10-3 g/ m2.day for 

5 x 50 nm multilayer thickness

× Insufficient results for organic devices
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Fabrication of SiNx:H multilayer barriers grown by HWCVD, each single-layer 

being separated from the previous one by a plasma treatment

Choice of plasma species: in the case of elastic collision between the incoming

ion (M1) and an atom at rest in the target (M2), the energy transfer is equal to 

4M1M2/(M1 + M2)2 times the maximum kinetic energy of the incoming ion

Atoms in the target: Si and N  →  Ar+ chosen as ion species 0 5 10 15 20 25 30 35
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GD-OES

→ At around 30 eV: minimum WVTR = 5 × 10-4 g/m2.day 

→ > 40 eV: increase of WVTR at same level as < 10 eV

→ Inverse effect on lag-time
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Analysis of results based on FTIR measurements

3 samples (50 nm thick) SiNx:H layers deposited on  crystalline silicon

1) Sample A: as deposited

2) Sample B: maximum Ar ion energy = 30 eV

3) Sample C: maximum Ar ion energy = 100 eV

→ No significant change between samples A and B

→ Increase of Si-H2 absorbance for sample C compared with A
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Sample C

Analysis of results based on GD-OES and XPS measurements

For sample B compared with sample A: decrease of H (FTIR and GD-

OES) and O (GD-OES and XPS) → decrease of nanovoids

For sample C: increase of H (FTIR and GD-OES) and O (GD-OES and 

XPS) → increase of nanovoids; detection of Ar signal (< 0.1 at%) by 

GD-OES while no Ar signal detected by XPS (below detection limit)

Plasma treatment (PECVD):
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Film growth (HWCVD):
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Plasma process flow chart
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Effect of treatment duration for low energy E
max

= 20 eV

Maximum ion bombardment energy is fixed at low value: 
20 eV (Pw = 350 mW/cm2 and pg = 50 mTorr)
Number of layers is fixed at 2 (total thickness = 100 nm)
→ Stabilized minimum WVTR obtained for Ar treatment

time > 8 min 0 2 4 6 8 10 12 14 16 18 20
10-3

10
-2

W
V

T
R

 (
g/

m
2 .d

ay
)

Ar treatment time (min)

 

 

Analysis of results based on XRR measurements

For sample A: density = 2.83  g/cm3 in the whole thickness (50 nm)

For sample B: density = 2.83  g/cm3 in the bulk region (48 nm) and 

higher density (2.91  g/cm3) in the surface region (2 nm)

For sample C: density = 2.83  g/cm3 in the bulk region (43 nm) and 

lower density (2.35  g/cm3) in the surface region (7 nm)
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