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The Dawn of the Information Age a¥

Printing
Text to ideas
, “ and
Ideas and ¢ information
Information to
text

20t century

_ Industrial press
Koenig and Bauer

steam powered

‘Gutenberg press (1812)
press (1450)




The Dawn of the Information Age o
Computing

Logic and/or arithmetic's
< to electricity

Electricity to logic
and/or arithmetic's

s gy |

IBM PC, (1981)

Apple |, (1976)

Electronic Numerical Integrator and Computer
ENIAC, U. Penn. (1946)




The Dawn of the Information Age ¥
Optoelectronics

Electricity to light Energy Generation
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Light to electricity




The Dawn of the Information Age al¥
Telecommunications

Information to

electricity or
CD light

Electricity or light
to Information
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An information revolution

_ _ Printing
Printed ideas Light (electro-

and magnetic
Information waves)
Computing Opto-'
electronics
Logic and/or Electricity

arithmetic's

Telecommunications



Printed Electronics: Ubiquitous &%
mformatlon
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A shift of paradigm in manufacturing @T%

Inkjet printing Roll-to-roll

_-/-.

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




Thin-film devices: The building &%

blocks
Light emitting
diodes

Solar cells
Photodetectors
Antenas
Sensors

Field-effect
transistors

Capacitors

Batteries Functional structures with many layers

of different materials with thicknesses

ranging from less than a nanometer
to hundreds of nanometer

Memories
Etc.



A hanometer?

Fullerene (Cgp)

3 .:J
\; y/

=




A big Is a light wave?
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Light waves interact :

with each other

(&'
&} (]

To control
Interference

with materials

Reflection |
- J.
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Transmission
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Control refractive index

and thickness



What do we do?

Select functionality. What
kind of device we want.

OLED

Select materials and A
characterize their properties * |

When possible, simulate
optical and electrical
properties to design

structures

Fabricate devices and " |
analyze performance g 2

Qublish results>




The need for solar power

e Abundant
e Affordable

e Reliable
e CLEAN

a

Photovoltaic Solar Resource
o United States

% The data for Alaska are 3 40 km

Climatological Solar

iom
(NREL, 2003},




R R AR b BRAMRER IR ROWER, THENORLD

BOXES TO SCALE WITH MAP

B 1980 (based on actual use)
207 368 SQUARE KILOMETERS

B 2008 (based on actual use) wp  Areas are caloulated based on an assumption of 20% operating efficiency of collection devices and a 2000 hour per op }r
366,375 SOUARE KILOMETERS year natural solar input of 1000 watts per square meter striking the surface. 4 /
W wp  These 19 areas distributed on the map show roughly what would be a reasonable responsibility for various parts of ;
. 2030 (projection) . theworld based on 2009 usage. They would be further divided many times, the more the better to reach a diversified
196 805 SOUARE KILOMETERS infrastructure that localizes use as much as possible.
s The large square in the Saharan Desert (14 of the overall 2030 required area) would power all of Europe and North
Fequired area thal wauld be meeded in the year Africa, Though very large, it is 18 times less than the total area of that desert,

2030 is shown as ong lange squarg i e key abave
and afsa as distributed around the world refative
to use and available sonhight.

wp  The definition of “power” covers the fuel required to run all electrical consumption, all machinery, and all forms of
fransportation. It is based an the US Department of Energy statistics of worldwide Btu consumption and estimates
the 2030 usage (678 quadrillion Btu) to be 4% greater than thal of 2008

= Area calculations do not inclede magenta border lines.
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Solar cell technologies
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C.W. Tang, Appl. South China University of Technology: 9.2%
Phys. Lett, 48, 183 (polymer) Aug. 2012

(1986) HeliaTek: 12% (small molecules) Jan 2013




Design the detector around the light &%
source
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Example 1: semitransparent solar
cells for smart windows

PEDOT-blend P3HT:ICBA

PEI

PH1000
PES

PCE=1.8% PCE=3.3%

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

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.



Ag

MoO,

PBDTTT-C:PCBM
—

PEIE

PEDOT:PSS PH1000

P3HT:ICBA
—

PEIE

ITO

Glass

Zhou, et al. Energy &

Environmental Science, 5

(2012) 9827-9832.
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Tandem solar cells
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Recyclable solar cells

Ag (150 nm)

PEIE (10 nm) -
Ag (20 nm)
CNC substrate 15 — . , , , , I/

NE I |
s 10 Ve = 0.65 % 0.01 V

E . Jsc =7.5+0.1 mA/cm?

> i FF=0.54+0.01 ’
a PCE =2.7+0.1%
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Recycling
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Light knifes
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Dielectric (=
Dielectric{|~

Ultrafast Mirror

Glass




SURFACE AREA REQUIRED TO POWER_’THE WORLD
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Organic molecules and polymers G

Synthetic organic compounds.

An important class of organic
compounds:

conjugated organic
Mmolecules and polymers

~~

 Conduct electricity
 Absorb
 Emit light
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Light waves interact : aP

with each other with materials

Reflection |
-J.
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Transmission
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