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Outline 

• An introduction to Printed 
electronics. 

• Light and Thin film devices 
– Organic Solar Cells 



The Dawn of the Information Age 
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The Dawn of the Information Age 
Computing 
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The Dawn of the Information Age 

Electricity to light 

Light to electricity 

Optoelectronics 

1879 

1941 

Energy Generation 



The Dawn of the Information Age 
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An information revolution 
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Printed Electronics: Ubiquitous 
information   

Avatar Harry 
Potter 

Samsung, 2013 

Heliatek, 2013 

Plastic Logic, 
2013 



A shift of paradigm in manufacturing 

Printing  electronics, 21th century 
Flexible or free form; Large area; Low-cost. 

Inkjet printing Roll-to-roll 



Thin-film devices: The building 
blocks 

Functional structures with many layers 
of different materials with thicknesses 

ranging from less than a nanometer 
to hundreds of nanometer  

• Light emitting 
diodes 

• Solar cells  
• Photodetectors 
• Antenas 
• Sensors 
• Field-effect 

transistors 
• Capacitors 
• Batteries 
• Memories 
• Etc. 

Georgia Tech 
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A nanometer? 

Nanometer 

1 m 

Fullerene (C60) 



A big is a light wave? 

700 nm 

390 nm 

Visible spectrum 
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Light waves interact : 
with each other 

 To control 
interference 

with materials 

Reflection 

Transmission 

Refraction 

 Control refractive index 
and thickness 



What do we do? 
1 

Select materials and 
characterize their properties 2 

3 

Select functionality. What 
kind of device we want. 

When possible, simulate 
optical and electrical 
properties to design 

structures 
Georgia Tech 

OLED 

Solar cell 

Transistors 

MDPBG 

Fabricate devices and 
analyze performance 

4 

Publish results 



The need for solar power 

• Abundant 
• Affordable 
• Reliable 
• CLEAN 





Solar cell technologies 

C.W. Tang, Appl. 
Phys. Lett, 48, 183 

(1986)  
1% 

South China University of Technology:   9.2%    
(polymer) Aug. 2012 

HeliaTek:  12%   (small molecules) Jan  2013 
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Design the detector around the light 
source 
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Example 1: semitransparent solar 
cells for smart windows 

P3HT:PCBM

Glass
PH1000

ZnO

PH1000
CPP-PEDOT

Zhou Y. et.al. Applied Physics Letters 97(15), 153304 Oct. (2010) 
Zhou et al. Organic Electronics 12 (5) 827 (2011) 

Zhou et al.  Science, 336 (2012) 327-332. 

PCE = 1.8 % 

P3HT:ICBA

PH1000

PEDOT-blend

PEI

PES

PCE = 3.3 % 

Metals like Ag are expensive, so do not use them. 



Tandem solar cells 
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Thickness of active layer 2 (nm)
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Wavelength (nm)

ITO
PEIE

P3HT:ICBA 

PEDOT:PSS PH1000

Glass

PEIE

PBDTTT-C:PCBM 

MoO3

Ag 

Zhou, et al. Energy & 
Environmental Science, 5 

(2012) 9827-9832. 



Recyclable solar cells 

200 nm 

                        CNC substrate    
             Ag (20 nm) 

             PEIE (10 nm) 
PBDTTT-C:PCBM (90 nm) 

MoO3 (15 nm) 
Ag (150 nm) 
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VOC = 0.65 ± 0.01 V 
JSC = 7.5 ± 0.1 mA/cm2 

FF = 0.54 ± 0.01   
PCE = 2.7 ± 0.1%  



Recycling 
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Light knifes 

Eye 

Dental 

Blood vessels 

Neuroendoscope 
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Our Innovation  

Dose Control System (Shutter) ~ $2k 
(Compact and Ultrafast) 

Ultrafast Mirror 
(R changes) 

Journal paper published 
Provisional patent filed (GTRC 6221) 

 





Organic molecules and polymers  
Synthetic organic compounds. 

 
An important class of organic 

compounds:  
conjugated organic 

molecules and polymers  

28 

• Conduct electricity 
• Absorb 
• Emit light 



Light waves 

700 nm 

390 nm 

Visible spectrum 
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Light waves interact : 
with each other 

Interference 

with materials 

Reflection 

Transmission 

Refraction 
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