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Cathode ray tube (CRT)Cathode ray tube (CRT) 
Liquid Crystal Display (LCD)
Liquid crystal on silicon (LCOS) 
Di it l Li ht P i (DLP)Digital Light Processing (DLP) 
Field emission display (FED) 
Light-emitting diode (LED) 
Organic light-emitting diode (OLED) 
Plasma display panel (PDP) 
Surface-conduction electron-emitter display (SED)Surface conduction electron emitter display (SED) 
Vacuum fluorescent display (VFD) 
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Anne M. Mulcahy
(CEO of Xerox)
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(CEO of Xerox) 

TV Garden, 
1982 version.

Pyramid II, 1997.

Charlotte Moorman 
performing Paik's 
Concerto for TV Cello 
and Videotapes (1971) 

Nam June Paik
(the first video artist)

and Videotapes (1971) 

6TV Clock, 1989 version.
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Prof. Nicholas Negroponte
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g p
(MIT Media Lab)
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1. Current ‘Display Technologies’ 

2. Technical Issues of Electrochromic Devices

3. ‘Biological Materials’ as a technical solution
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12http://trappist.elis.ugent.be/elisgroups/lcd/lc/lc3.php



Liquid Crystal (LC)Liquid Crystal (LC)
: Substances that exhibit a phase of matter that has properties 
between those of a conventional liquid and those of a solid crystal. q y

Solid Liquid
LC

13Phys. Rev. Lett. 96, 180604 (2006) 

crystal
LC
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LED is a semiconductor diode that emits narrow-spectrum light when electrically 
bi d i h f d di i f h j ibiased in the forward direction of the p-n junction.
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Light emission
Energy consumptionEnergy consumption 
Weight 
E f tiEye fatigue
Flexibilityy
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M i fil i ll di l d tMovie film is usually displayed at a 
speed of 24 frames/sec, which p

corresponds to display switching 
times of about 40 msectimes of about 40 msec.
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Molar Flux Constitutive Equation

Stokes-Einstein RelationStokes Einstein Relation
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Electrochromic layer

Ion strorage electrode Ion conductor

Transparent conductor
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24Nature Mater (2006) 5:89 fantasticplastic.org/2005/10/
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Transition metal oxides
: WO3, Rh2O3, Ni2O3, IrO2

Mi d l l l

Small organic molecules
: viologens
C j d l Mixed-valence metal complexes

: Prussian blue.
Conjugated polymers
: polypyrrole, PEDOT, PANI.
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http://www.picosearch.com

Magnetosomes extracted 
from MV-1 cells

http://www.calpoly.edu/~rfrankel/mtbphoto.html
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pVII and pIVpVII and pIV

pVIII

The highly ordered structure of the M13 
bacteriophage promotes the preferred 
orientation of nucleated nanoparticles through 
the arrangement of appended peptides

pIII and pVI
28

the arrangement of appended peptides.
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Electric pulses Biopanning

AGETQQAM
at  ~1 kV

p g

IrCl3·xH2O
(25 mM, pH 7.5)

IrO2 nanowires
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1.77 nm



Patterned ITO glass

ITO glass

Pt mesh

IrO2 nanowires 
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50 mm In3d

Sn3p

In3p Sn3p

100 μm

Binding energy (eV)
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Ion electrolyte layer

++++ ++

IrOIrO22 + Li+ Li++ + + e e –– LiIrOLiIrO22

Electrochromic layer
(IrO2 Nanowires)

- - - -Transparent conductor
(ITO electrode)

- -
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(ITO electrode)

Li+

PMMA/PC gel

High ion conductivity
Celgard 2400 (SEM 20kX) Li+

High ion conductivity 
Transparency
Mechanical stability Oil absorbent

Electrochemical stability

Nature 414, 359 (2001)

Li+
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Nature Mater 6, 429 (2007)
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Poly(ethylene glycol) dimethacrylate

Propylene 10-1

20 wt.-% PEGDMA (MW 550)
3% Initiator

Propylene 
carbonate  (PC) 

γ Butyrolactone

10-2 BL (transparent)

PC (transparent)
γ-Butyrolactone 

(BL)

σ  
(S

/c
m

)

10-4

10-3

DMC ( )
Dimethyl carbonate (DMC)

10-5

DMC (opaque)

DEC (opaque)
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Diethyl carbonate (DEC) 

10-6 DEC (opaque)

Organic
Solvent

Addition of 
PEGDMA

After 
polymerization



Li ClO4 Propylene 
carbonate  (PC) 

Solidified Gel Electrolytes

Poly(ethylene glycol) 
dimethacrylate 

4-hydroxybenzoquinone
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M13 phages IrO2 nanowires

Specific interactions between peptides 
on phages and inorganic crystals

Electrochromic Devices Phage assembly
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ITO electrode


