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Project Summary 

Timeline: 
Start date: 8/1/2013 

Planned end date: 7/31/2016 

 

Key Milestones: 
1. On-line IEL capability, 12/14 

2. Low cost sputtered anode, 4/15 

3. IEL, EEL, IEL/EEL evaluation, 7/15 

4. Process optimization, 7/16 

Budget: 

Total DOE $ to date: $841,351 

Total future DOE $: $1,504,287 
(Includes Budget Periods 1 and 2) 

Key Partners:  

Project Goal:  

Manufacturing process for a large area and  

low-cost “integrated” float glass based substrate 

product for OLED solid state lighting. 
 
 Cost Target: $60/m2 by 2015 

and $28/m2 by 2020 
 

 Performance Targets: 50% extraction 
efficiency; sheet resistance 10 Ω/ for anode 
layers 

Target Market/Audience:  

OLED Lighting panel manufacturers for solid 
state lighting products in consumer and 
commercial applications 

Universal Display Corporation 
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Purpose and Objectives 

Problem Statement: Optical index differences in the OLED structure cause low 
light out-coupling efficiency.  A cost-effective manufacturing process is needed to 
improve out-coupling efficiency with integrated IEL and EEL structures. 
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Purpose and Objectives (cont.) 

Target Market and Audience:  Large volume manufacturing process required for 
producing integrated substrates for OLED Lighting panel manufacturers 
 
 
 

 A typical float glass line produces ~300MM ft2 

glass per year. 
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Purpose and Objectives (cont.) 

Impact of Project:  
 
1. Output: Large area OLED integrated glass substrates meeting DOE cost and 

performance targets 
 

2. Impact path:  

a. Near term: Evaluation of integrated substrates by OLED device 
manufacturers  

b. Intermediate term: OLED device manufacturers use integrated substrates 
to produce reduced-cost OLED lighting  panels 

c. Long term: Market acceptance of OLED drives further scale up in 
substrate size, performance improvement, and further cost reduction 
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Approach 

Approach:  

Internal Extraction Layer (IEL): In-situ generation of nano-sized high optical index 
particles in a float glass manufacturing process without reheating the glass. 
Particles embedded in the glass with smooth surface for redirecting the light.  
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Approach (cont.) 

Approach:  

Anode Layers: A sputtered process using 
metal/conductive oxide layers for 
providing low sheet resistance, high 
transmittance, and corrosion resistance.   

 

 

External Extraction Layer (EEL): Use of 
off-line patterning to generate textured-
type EEL with high durability.   

  

 

( 
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Approach (cont.) 

Key Issues:  

• Complete particle embedment with high particle concentration and desired 
particle size and depth of penetration 

• Reduced defects and low surface roughness on anode layer to prevent dark 
spots and short circuiting in OLED device 

• Optimized light out-coupling performance with combined IEL and EEL 

Distinctive Characteristics:  

IEL 

– Uniform distribution of particles in the glass 

– An energy saving approach without reheating the glass 

– Large area and low cost 

Anode 

–  Low cost 

EEL 

–  Low cost and durability 

 



9 

Progress and Accomplishments 

Lessons Learned: 
• Scale up from laboratory to manufacturing was more challenging than expected. 

– Achieving high particle density in the glass required high starting material feed rate 
and high deposition efficiency into hot glass surface.  

– Stretching and compression in glass-forming chamber resulted in cracking line defects. 

 
Key Accomplishments: 
• IEL 
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Progress and Accomplishments (cont.) 

Key Accomplishments: 
• Anode – achieved sheet 

resistance (<10 ohm/□), 
high transmission (>85% 
weighted in the visible), 
and surface roughness 
(Rpv) <12 nm. 
 

• EEL -  targeted haze 20% to 
50% achieved with 
measured pattern depth 
(Rq) 180nm to 1µm.     

 
Market Impact:  
• PPG is working with OLED 

lighting manufacturers for 
evaluation of early stage 
products. 
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Project Integration:  
• PPG Glass Business and Development Center (GBDC) leads project. 
• GBDC collaborates with manufacturing plants to develop processes, optimize 

product properties, and generate prototype samples. 

 
Partners, Subcontractors, and Collaborators: 
• UDC as partner in OLED device  
      fabrication and testing  

 
 
Communications:  
• Presentation made at project review/DOE visit 
• Project results reported monthly and annually to DOE staff 
• Presentation and posters made at DOE SSL workshops 
• Presentation made at OLED project peer review 
• Presentation and poster made at PPG cross group meeting 

 

Project Integration and Collaboration 
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Next Steps and Future Plans:  

• Continue on-line IEL manufacturing process development 

• Complete sputtered anode manufacturing development 

• Evaluate efficiency of textured glass EEL, IEL, and combined IEL/EEL 

• Fabricate and characterize OLED panels with UDC 

• Develop commercialization plan 

• Optimize process and manufacture large area panels 

 

 

Next Steps and Future Plans 
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REFERENCE SLIDES 
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Project Budget: The project spend is significantly under budget, due to delays in 
achieving initial technical results and subcontractor issues that combined to 
necessitate a major change to the project plan and schedule. 
  
Variances: Budget Period 1 received an initial 9-month extension and an additional 3 
months has also been granted. The planned spend from subcontractor Solvay is being 
redirected to alternate in-house anode manufacturing process development. 
 
Cost to Date: Current spend is 61% of Budget Period 1 total. 
  
Additional Funding: PPG is providing substantial unplanned funding to support this 
project through a major internal realignment. 

 Budget History 

8/1/2013 – 2/28/2015 
(Budget Period 1 to date) 

3/1/2015-7/31/2015 
(Budget Period 1 Remaining) 

8/1/2015 – 7/31/2016 
(Planned Budget Period 2) 

DOE Cost-share DOE Cost-share DOE Cost-share 
$841,351 $841,351 $531,745 $531,745 $972,541 $972,541 

Project Budget 
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Project Plan and Schedule 


