
Supplementary Method. Data exploitation for gas permeation measurement 

The transmission rate refers to the time-dependent mass flux density J(t) calculated from the 

permeability and the partial gas pressure. The flux is integrated over the time to obtain the 

cumulative amount transmitted through the membrane Q(t). The lag-time TL (also called break-

through time) express the characteristic offset delay of the transitory regime during the 

permeation measurement.  

We assume the four boundary conditions of Fick’s second law [1]: the upstream concentration 

of the permeant molecules is constant over the experiment, the downstream concentration of 

unbounded molecules is zero at any time, initially the barrier is free of the permeant molecules 

and the barrier is assumed homogeneous. The TFE layer itself cannot be considered as a 

homogeneous material, but the diffusion inside the polymer-based interface, approximated as 

Fickian diffusion, is the main driver for the overall gas transport mechanism through the 

complete barrier. The time-dependent flux can be described within each layer, assuming the 

conservation of the boundary condition for each interface. Consequently, TL for the 

multilayered TFE can be expressed assuming Fick’s second law.  

As t become large over TL, the steady-state regime is obtained: the mass flux density becomes 

constant and the total permeant amount Q(t) increases linearly. The obtained steady-state 

transmission rate WVTR and HeTR express respectively the steady-state mass flux results 

from water vapor and helium permeation. TL is determined graphically from Q(t) plotted over 

time, as the intersection of the asymptote with the abscissa axis.  

Assuming an ideal laminate structure, and considering the numerical calculation performed by 

Kiese et al. [2,3], the permeation kinetics of the studied trilayer (T) and multilayer (M) TFE can 

be described using a Quasi-Steady-State (QSS) approximation, as a first approach for the fit 

of the permeation curves. However, the intrinsic parameters of the layers are not detailed using 

this equation due to major drifts from the model of the ideal nanolaminate structure. First, ultra-

thin layers fabricated using ALD methods are dense and mostly defect-free, the permeation 

mechanism better match the pinhole model that consider the influence of the defect arising 

from the fabrication process over the intrinsic defects of the material [4]. Secondly, as detailed 

in the discussion, the properties of successive barrier layers cannot be considered identical as 

the growth mechanism for ALD methods are highly sensitive to the substrate configuration [5]. 

 

 

 

Supplementary Figure S1. Schematic representation of the complete TFE stack processed 

on top of (a) the top‐emitting OLED architecture and (b) the PET substrate. 



 

 

Supplementary Figure S2. Dispersion and average value of HeTR measurement of the 

studied TFE on 50µm PET substrates. 

 

 

Supplementary Figure S3. (a) dispersion and average value and (b) raw data of WVTR 

measurement of the studied TFE on 50µm PET substrates. 

 

    

Supplementary Figure S4. Percentage of OLED damaged during the weathering test 

(90%HR, 60 °C) (a) over time and (b) as a function of TFE architecture. 



TFE Tag 
Defect occurrence rate (%.h-1) 

α1 (0-48h) α2 (250-500h) 

S 8.6 10-1 4.4 10-2 

B 1.2 10-1 3.5 10-2 

T 6.3 10-2 4.0 10-3 

M 4.9 10-2 3.2 10-3 

Supplementary Table S5. In-situ weathering test data of the studied TFE on OLED substrate. 

 

 

Tag BIF of layer B [nano-CP] 

substrate TFE HeTR WVTR In-situ α1 In-situ α2 

S B 6 ± 2 2.3 ± 0.5 7.5 1.3 

T M 3.3 ± 1.2 2.2 ± 0.4 1.3 1.3 

Supplementary Table S6. Helium, water vapor and in-situ weathering test gas barrier 

improvement of the TFE due to the 5µm nano-CP protective layer 
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