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Moderador
Notas de la presentación
Good morning everyone, today I will atalk about a thin film plasma polymeroation process able to manufacture thin film encapsulation layers. The aim of this rpesentaton is to introduce a method to produce barrier layer available for encapsulation and show some properties of these barrier layers, that are basucally a stack of polymer and inorganic layers. This project is a joint collaborative project between Gencoa and N4E



Providing solutions for the vacuum thin film industry 

- Magnetron sputter cathodes  
- Reactive sputtering process controllers 
- Ion Sources 
 

- Sputter based processes 
- Evaporation cells for Se, S & monomers 
- Hybrid reactive process 
- HIPIMS 
 

Strong R&D activity 

Moderador
Notas de la presentación
Let me first introduce the companies involved in this projet. Gencoa is  awell known company in the thin fllm industry, that rovides magnetroncathodes, reactie sputttering controllers and ion sources, While N4E is a small and young company, also in the thin film sector, that develop sputtering process, we also develop evaporation cells for Se, S and now monomers and use it for exmample to develop new reactive sputtering processes. We also have experience in HIPIMS, for exmaple with Carbon-based compounds or hard nitrides.



Decreased effective diffusion path for molecules 
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Moderador
Notas de la presentación
So.. Here is a SEM image of a barrier layer, that is barically a stack of inorganic and polymer layers.Basically you combine low permation layers (for example Al2O3  if interested in optical trasparency) with polymer layers . This poymer ñlayers are used for both planarization and maintains flexibility .This barrier layer is used to prevent for example moisture from organic active layers such as OLEDS or OPV
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Moderador
Notas de la presentación
So.. How do they work?The idea behind this concept is avoiding a direct path for the water or oxygen molecule from the atmosphere to the active layer.To achieve this, you must prevent  pinhole aligment.This pinholes come from the inorganic layer,due to the brittle character of the material or the coatings process… and the good thin is that they are randomly distributed. For every inorganic layer you have a given density of  pinholes that it is intrinsic to the deposition process.So what you get is a decrease of effective diffusion path of molecules. Molecules do not penetrate to the active layer, such as OLED or OPVAlso substrate defect play a major role



 
• Food packaging 
• Nuclear industry  
• Implantable electronic devices [A. Hogg et al, J.M.M. 23 (2013) 

075001] 

• Thin film batteries [OakRidge Energy Technologies] 

• (Flexible) OPV [L.C. Olsen et al.,,  Proc. SPIE Conference 2008, San Diego, CA] 

• (Flexible) OLEDs [J. Fahlteich et al, Fall SVC 2014 Bulletin] 
 
 
 
 

 

Applications 

∼10-2 g/(m2·day) 

∼ 10-6 g/(m2·day) 

 

WVTR Needed for ~10 yr device lifetime 

Moderador
Notas de la presentación
Here are some examples of applications and water permeabilitty requirements for 10 years device lifetime.Food packaging, a inorganic is enoughThin film batteries oxygen



 
- All-in-vacuum sputter + polymerization process 

 
- Compatible with large area-high speed processing 

 
- Fast & synchronized multiple monomer injection /mixing 
 

Moderador
Notas de la presentación
In conclusion from this first part, we aim to develop an all vacuum manufacturing process of the barrier layers, compatible with large area processing and with the ability to inject  multiple monomers.



Dual rotatable magnetron AC discharge (GRS75) 

 
• Vacuum process 
• Al targets - Ar , O2  
• Dual AC 40kHz 
• SpeedFlo-Mini TM 

 

Valved Effusion cell  for monomers (gas phase)  

 
• Glass components 
• 3 thermostated zones 
• Vapour pressure as key parameter 
• Adjustable flow  

 

Moderador
Notas de la presentación
How do we perform our process?We use a rotatable magnetron with an Al target and Ar + O2 gas lines in order to deposit the AlOx layer, this magnetron is driven by an dual AC power supply, with a switching frequency of 40kHz. This magnetron is also used for the polymerization process, which is achieved by injecting the monomer is gas phase into de chamber. For this reason we need an effusion cell, which has been developed by N4E, the most critical components are made of quartz, contains 3 thermostated zones, a pulsed valve 
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Higher frequency = 
Higher Vapour flow 

5 100 

Constant vapour pressure and ∆t required 

Pulsed (valved) effusion cell (PEC) 

I. Fernández-Martínez and V. Bellido-González : GB Patent 1307097.4 (2013)  



I. Fernández-Martínez and V. Bellido-González : GB Patent 1307097.4 (2013)  

Pulsed (valved) effusion cell (PEC) 



Optical plasma monitoring 
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Ar + Al plasma 

Ar + Al + Monomer  plasma 



Plasma monitoring - monomer injection 

1ms opening time 
IPA at RT 

λ = 390nm (Al) 

Metallic  Poisoned 

Transition 
regime 

0 to 5% duty cycle 

Penning gauge 



Barrier multilayers 4 x (Butyl-Acrylate/AlOx) 

Monomer injector 
 
- ∆t = 1 ms 
- Frequency: 0 – 100 Hz 
- RT (3.3mmHg) 
- 0.5kW AC 
- 3µbar Ar + monomer 

AlOx 
 
- 3kW AC 
- 3µbar Ar + O2 

Shutter closed in between adjacent layers 



Barrier multilayers 4 x (Butyl-Acrylate/AlOx) 

Moderador
Notas de la presentación
df



Barrier performance– etching of encapsulated Al layer 

Encap. Al thin film 
exposed to vapours 
of: 
 
30 g NaCl 
100 ml H2O 
50 ml H2O2 30% v/v 

200 ml HCl 1N 






Vibrational spectroscopy - FTIR 
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Halide organo-metal Perovskite solar cells 

Courtesy of 

Moderador
Notas de la presentación
The rapid rise of perovskites is unprecedented in solar photovoltaic researchOxford Photovoltaics, expects to have cells commercially available within four yearsPerovskites could resolve this quandary by matching the output of silicon cells at a lower price than that of thin-film CIGS: Their ingredients are cheap bulk chemicals, and the cells can be built using simple, low-cost processing techniques"There has never been this technology that grows in efficiency number so quickly,There is no precedent of this rapid rise in PV



Halide organo-metal Perovskite solar cells 

Moderador
Notas de la presentación
The rapid rise of perovskites is unprecedented in solar photovoltaic researchOxford Photovoltaics, expects to have cells commercially available within four yearsPerovskites could resolve this quandary by matching the output of silicon cells at a lower price than that of thin-film CIGS: Their ingredients are cheap bulk chemicals, and the cells can be built using simple, low-cost processing techniques"There has never been this technology that grows in efficiency number so quickly,HTM : hole trasnporter material



Application to Halide Perovskite solar cells 

After 3 days of continuous light soaking at 25ºC and 55% humidity 
Yellowish color characteristic of degradation to PbI2  

Moderador
Notas de la presentación
After three days of continuous light soaking at 25 C and 55% of humidity, degradation of perovskite without encapsulation is evident, see figure 3. Perovskite sample with no encapsulation is degraded to PbI2 losing the characteristic black color of perovskite and taking the yellowish color of lead iodine. Conversely no color degradation is observed for encapsulated samples 



Application to Perovskite solar cells 

No encapsulated. 
 
No encapsulated 
 
Encapsulated 
 
Encapsulated 
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Thank you for your attention! 

Visit us in booth 216-218  
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