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1. Publishable summary 
 

1.1. Project objectives. 
 

The target of the project is to develop a highly reliable high brightness conformable 
low cost scalable display for demanding applications such as their use in cars, aircraft or 
extreme sport applications. The proposed solution to achieve this target is an AMOLED 
emissive display technology where lighting and information content are integrated at the pixel 
level. AMAzOLED is planning to push the technology to its limits to achieve the expected 
display functions. The display will use Color Filters on White OLED; Top emission will be 
used to achieve high aperture ratio and luminance.  Each pixel element will be driven by a 
polymorphous TFT with a higher reliability compared to a-Si TFT without degradation on 
other parameters. Both new OLED and new TFT technologies are compatible with existing 
industrial means thus limiting the capital expenditure to manufacture the product at a lower 
cost. The concept is designed to enable 2mm thick big size high-resolution TV products in a 
near future. The display can be built on peelable polyimide on glass as developed in 
FLEXIDIS. Using conformal displays offers a higher capability of integration in the 
envisaged applications. 
 

1.2. Description of the work since the beginning of the project 
 
During the first year the following tasks were completed: 
 

• End user requirements and display specifications for a high luminance 3ATI avionic 
display and an automotive round display. 

• Definitions of products design rules and electrical designs of the backplanes for top 
gate and bottom gate AMOLEDs.  

• Optical conception of the displays. 
• Display layouts of the final demonstrators. 
• Design and fabrication first test vehicles to exchange between the partners. These test 

vehicles allow to the partners to verify the different technology bricks (TFT, OLED, 
CF, encapsulation) and their compatibility. 

• Bottom gate polymorphous TFT backplanes fabrication. 
• TOP OLED basic material study. 
• Encapsulation of the OLED stacks 

 
During the second year the following tasks were completed: 
 

• Bottom gate polymorphous TFTs and backplanes for AM-OLED displays 
• Single device OLED validation 
• Transfer of OLED to pm Si backplane 
• Color filter plate manufacturing 



 2 

• Coupling of color filters with OLEDs 
 
During the period 3 (month 25-30) the following tasks were completed: 
 

• Bottom gate polymorphous backplanes process was fixed to avoid the step coverage of 
the OLED on the TFT topology. 

• Top gate polymorphous TFT and backplanes processes were fixed. A seven masks 
process was selected. 

• Single and stacked device OLED validation for both pin and nip OLEDs. 
 

1.3.  Description of the main results achieved so far. 
 
The design of the final demonstrators is completed. Figure 1 is an overview of these displays 
showing the active matrix OLED area, the integrated row drivers and the external connections 
of the automotive and avionic display. 
 

 

Figure 1. Automotive and Avionic Demonstrators. The active area is in red. Integrated drivers (I.D.) and 
external connections are underlined. 

 
These designs were validated during the second year and two redesigns to improve the final 
design were done: 

• In the bottom gate automotive demonstrator design 4 columns were not driven. A new 
mask was completed and validated to repair this design error. 

• A redesign of the top gate avionic demonstrator row driver to improve its 
performances was done. The layout of the top gate avionic demonstrator was 
completed and will be fully compatible in the peripheral contacts with the bottom gate 
avionic demonstrator. This redesign was improved/completed during the 3rd period.   

  
Bottom gate polymorphous TFTs have been fabricated with TFT characteristics and threshold 
voltage shift within the targets of the project ( Mobility>0.5cm²/V/s, Ioff<2pA & Threshold 
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Voltage shift  <3V after 60000sec at Vgs=12V Vsd=0.1V & T=60°C) Transfer of 
polymorphous TFT from the laboratory to the G1.5 pilot line has been successfully done. 
More detailed studies of stability were done during the 3rd period. These studies compare TFT 
stability at different Vsd (0.1 and 10V) Vgs (12 and 30V) and temperatures (20, 60 and 90°C) 
The Threshold voltage shift at RT was 1.88V after 10h. It was limited mainly by the insulator 
quality.  
 
During the second year this task was completed with the following work: 
 

• In house development of pm-Si by three different partners was completed. The results 
of the first year were confirmed. A more detailed analysis of the TFT performances 
and their stability has been done.  

• Pm-Si process transfer from CNRS to CEA and to Thales was completed 
 
Top gate with a low mask (2 masks) count has been achieved with amorphous silicon TFT 
and will be completed with polymorphous TFT and adapted to AMOLED backplanes. During 
the second year the process flow was optimized (4 masks) to achieve reproducible and good 
performance of the TFTs. Three extra masks are then required for the planarization of the 
backplane, the definition of the OLED bottom electrode (“backplane top metal”) and the edge 
coverage. The process is detailed on figure 2. 
 
 

Figure 2. Final demonstrator top gate process flow 

Bottom backplanes of the final demonstrators were fabricated during the second year.  
Six masks were made using a standard AMLCD process. This process is routinely used for 
the avionic display at the G1.5 pilot line with a high yield and more than 80% of displays with 
zero pixel defects. Three extra masks are also required. These extra layers are the key issues 
of the backplane fabrication. The figure 2 is a SEM cut view in the pixel area. Planarization 
layer has been satisfactory optimized but passivation layer is still in progress to obtain a 
smother edge. During the 3rd period the passivation layer step coverage was improved using a 
double layer of SiNx and photo resist. The inter-pixel spacing was correctly covered and the 
slope was smooth. 
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Figure 3. Scanning Electron Microscope cut in one pixel showing the contact of the driver TFT Drain metal 
with the top metal, the planarization layer and the passivation layer used for edge coverage of the vias contacts 

and inter-pixel area. 

Figure 4 shows the automotive backplanes fabricated at the pilot line. 
During the second year Color filters were also fabricated in a second glass plate that will be 
used for encapsulation. The color filters are also shown on figure 4. 

 

Figure 4 TFT pm-Si backplanes and Color filters of the automotive demonstrator 

 
TOP OLED material with an efficiency of 10.8 Cd/A for Al/10nm Mo bottom contact has 
been demonstrated. The lifetime at 1000Cd/m² is 13640 hours. In the second year a complete 
review of the OLED performance achievable with the different OLED structure was done. 
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This is summarized in the table 2. This table was completed after the study of both single and 
stacked OLEDs during the 3rd period. 
 

Table 1. All data measured at a brightness of 1000cd/m² except lifetime. 
 
 

 

Figure 5 Test image of the automotive display with a thin film encapsulation and without CF. 

 

Substrate type Colour CIExy Current efficiency 
[cd/A] 

Voltage [V] Lifetime @ 2500cd/m² 

PIN on Al+5Mo 0.33 0.37 11.2 3.11 2130h 

PIN on MoTa 
(complex emission zone) 

0.30 0.38 8.2 3.3 ~3900h 

NIP on MoTa  
(easy emission zone) 

0.36 0.41 6.3 3.9 1600h 

stacked PIN on 
Al+5Mo 

0.34 0.42 17.9 6.9 8200h 
(Bottom emission reference 
with similar stack/colour 
reached 8800h) 

stacked PIN on 
MoTa 

0.34 0.35 13.6 6.82 3930h 

stacked NIP on 
MoTa 

0.33 0.37 11.0 7.45 3990h 
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Backplanes of both the automotive and avionic backplanes were delivered to Novaled for 
OLED deposition and returned to Thales for display power up and evaluation. These 
backplanes were not done with color filter and the final passivation, a thin layer encapsulation 
(TFE) was used instead and shows OLED degradation due to water permeability of the TFE. 
Figure 5 is an image of one automotive demonstrator obtained during the second year. 
 
A maximum luminance of 4200Cd/m² was achieved in the automotive display under 
VDD=11V and Vdata= 9V. This compares well a luminance of the diode of 7.2Cd/A in 
agreement with the value in table 1 (NIP with MoTa) This is enough for the brightness 
required for the automotive display and near of that required for the avionic display (~ 
5000Cd/m²) 
 
Good displays were obtained both for 3 ATI avionic AMOLEDs with bottom gate and top 
gate TFT backplanes with thin layer and glass encapsulation without a colour filter during the 
3rd period. Figure 6 shows two of these displays.  
 

 

Figure 6 First monochrome AMOLEDs  3 ATI with top gate and bottom gate TFT backplanes 

 
The basic process of encapsulation has been studied the main results are: 
 

• Multilayered Thin-film encapsulation has been evaluated and it is shown that it 
provides a strong improvement of efficiency, 

• Combination of TFE plus glass capping with full-sheet gluing, simulating actual full 
display encapsulation, shows very good performance under aggressive humid ageing. 

 
A full coupling process has been developed, using a spacer technology that combines good 
glue confinement and accurate cell gap control. The problem UV absorption by the color 
filters has been solved by addition of photo-sensitizers and photo-initiators in the dispensed 
glue. 
The full assembly process has been applied successfully on actual CF and OLED blackplanes 
as shown on figure 7.  
During the 3rd period, the default assembly process has been applied. 
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Degradation of OLED after assembly has been observed on some displays. This degradation 
has been interpreted as the result of contact between glue and OLED, in the case of single 
layer TFE. New process with double-mayer TFE (50 nm) avoids OLED degradation. 
Separation of colour filter / exfoliation has been observed at the step of scribe/break (made at 
Thales). Exfoliation occurs in the OLED stack and is a consequence of high mechanical stress 
when breaking coupled 100 x 100 mm CF and backplane plates. Process has been modified to 
allow assembly of pre-cut colour filters with 100 x 100 mm backplanes. New process involves 
a new assembly tool, and avoids the need of spacers. By applying the new process, problem of 
CF exfoliation has been solved, and assembly process simplified. 
  

 

Figure 7 Photograph of first assembled automotive display (CF coupled with OLED backplane). 

 
During the 3rd period the bendable alphanumeric display was designed. The substrates with 
polyimide on glass, the reflective metal electrodes and the white OLED where tested. A first 
prototype on glass was demonstrated. See figure 8. 
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Figure 8.  Alphanumeric display on glass 

 
 
 

1.4. Expected final results and its potential impact. 
 
The final results of the program is to demonstrate AMOLED displays with the following 
performances: 
 

• High luminance and lifetime displays compatible with automotive, avionics, extreme 
sports and … TV. 

• Any-shape AMOLED displays will be demonstrated for the first time (round 
automotive display)  

 
These displays can be built on peelable polyimide on glass as developed in FLEXIDIS. 
These displays will be compatible with a-Si TFT technology. This technology dominates 
actually the AMLCD applications with mass production Generation Lines from G1 
(300x300mm²) to G8 (2200x2500mm²) representing an annual capacity of more than 60 
millions of square meters and more than 95% of the total AMLCD capacity.  
 
These achievements will pave the way for Fully System Embedded Multi-Function Displays. 
 
The project was amended in the second year. The possibility to include a partner dealing with 
extreme sport applications was studied. After withdrawal of the expected partner, the 
consortium decides to develop a high reliable low cost up scalable alphanumeric bendable 
OLED display process and related technology. This would be a necessary step towards active 
matrix driven bendable OLED where Europe companies can cover a broad value chain. Three 
partners are involved in a supplementary workpackage: Novaled, University of Stuttgart and 
CEA LETI.   
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Contact person: José Magariño, THALES AVIONICS LCD, 760 rue Pommarin, 38430 
Moirans, France. E-mail: jose.magarino@fr.thalesgroup.com 
 
 
 
 
 
 
 
  

 
 
 
 


