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1 Basics on Organic Devices 

BASIC  CONCEPTS on  

ORGANIC SEMICONDUCTORS 

 

Marco Sampietro 

Advanced Course on  

ORGANIC  ELECRONICS 

 Principles, devices and applications 
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• How the organic semiconductor “material” is made ? 

• How charge transport takes place ? 

• How is the interaction with the “external” world ?  

   - photons 

   - metal contacts 

   - defects  

• Which devices have been built ? 

• Which are the technologies involved ? 

• Which are the challenges of the present/future ? 

COURSE  OVERVIEW 
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CARBON ATOM 

• C6 :  6 electrons , 1s22s22p2 
• Medium electronegativity (tendency to “share” electrons 

rather than to “catch” or “give”) 

4 electrons in the 

external shell  
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BONDs with CARBON ATOMS 

sp3 
Diamond, 

Metano (CH4) Ibridizza: 

sp2 
etileneetilene

Can form planar structures with   bonds (strong) on 

plane  and   bonds (lousy) out of plane  

Graphane 

Graphene 
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 - CONJUGATED MOLECULES 

antracene 

 electrons laying in the molecular 

orbitals having higher energy (HOMO) 

Electrons  strongly localized 

within the C nuclei 

Easy CONDUCTION in the molecular plane (delocalisation) 

HOMO 

LUMO 
Easy to be 

excited to an 

higher level 

(LUMO) 

This afternoon 

Beatrice Saglio 

6 Basics on Organic Devices 

MOLECULES … and…. POLYMERS   

Tiophene ring SC4H4 

Polytiophene 

Phenil ring  C6H6 

Pentacene 

Alcuni polimeri coniugati
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PPP PT

PPV

N ** n

 

H
PPy

Poly para phenilene Poly tiophene 

Poly para phenilene vinilene Poly pirrolo 

Powder, soluble in solvents 

Today and 

tomorrow 

Beatrice Saglio 
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ORGANIZATION  IN  SPACE  

 Molecular  crystal  

 strong superposition  of  pz orbitals 

 delocalisation  of electrons over 

“the full crystal” 

Amorphous Film  

 Molecules  are feeling weak Van 

der Wals  forces 
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TRASPORTO DI CARICA nei OFET TRANSPORT of CHARGE : HOPPING  

Low carrier mobility, set by the slowest step 

Tuesday afternoon 

Dario Natali 
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CONDITIONS  for CHARGE TRANSPORT 

Reduced  molecules  

should  NOT react  chemically 

or modify their structure ! 

Neutral 
molecule Molecule  “charged” 

negatively (Reduction) 

Electron 
- 

POLARON 

because the charge distribution 

on the molecule is modified 

Electron 
- 

Neutral 
molecule 
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Molecule 
“charged” 
(Reduced) 

Electron 

Molecule 
returns 
neutral 

Neutral 
molecule 

- 

Molecule should go back to 

exactly  the same  initial state 

REVERSIBLE REDUCTION 

CONDITIONS  for  CHARGE TRANSPORT 

Thursday morning 

Paolo Vacca 
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TRANSISTORS 

Tuesday afternoon 

and following days 

Marco Sampietro 

Dario Natali 

Mario Caironi 

12 Basics on Organic Devices 

MOLECULES  and   BANDS   ! 

Molecule    molecular energetic levels   

Take origin from the atoms (in finite number) in the molecule  

Evac 

Electron affinity,  

Ionization energy, IE 

h+

e-

Eg

LUMO 

HOMO 

Work function q 

Highest 

Occupied 

Molecular 

Orbital 

Lowest 

Unoccupied 

Molecular 

Orbital 

For most materials the “gap” is in the visible !! 



7 

13 Basics on Organic Devices 

METAL-SEMICONDUCTOR CONTACTS  

LUMO 

HOMO 

2.30 eV

2.75 eV

2.87 eV

2.90 eV

3.70 eV

4.25 eV

4.26 eV

4.28 eV

4.33 eV

4.35 eV

4.42 eV

4.50 eV

4.65 eV

4.70 eV

5.10 eV

5.12 eV

5.15 eV

ITO

K
Na

Ca

Li

Mg

Pb

Ag
Al

Ti
Zn

Sn

Cr

Cu

Au

Pd

Ni

Pt 5.65 eV

Pb, Ag, Al, Ti,

Zn, Sn, Cr, Cu

ITO, Au, Pd, Ni

Pt

O

R

G

A

N

I

C

S

E

M

I

C

O

N

D

U

C

T

O

R

Mg

Na, Ca,

Li

Metal 

Organic semiconductors “can not” be doped substitutionally 

Wednesday 

morning 

Dario Natali 
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Electron 

Hole 

EXCITON 
neutral excited molecule 

(presence of e- - h+ couple) 

 

RADIATIVE RECOMBINATION : LED  

Collaborazione TESEO 

(2002) Light 

Metallo  

riflettente  

Conduttore 

trasparente 

50-200 nm Organic 

semiconductor 

Substrate 

I 

Tuesday morning 

Marco Sampietro 
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R         G         B 

HTL 

ITO 

From OLED to SCREEN 

Thursday 

afternoon 

Marco Sampietro 

By LG  
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WHITE OLED  (WOLED) 

No single molecule emitting over the entire spectrum ! 

- 

+ 

Substrate 

V 

Blend of different 

chromophores  

Wednesday 

afternoon 

Marco Sampietro 

Wednesday 

afternoon 

TCI 
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CHARGE PHOTOGENERATION & SOLAR CELLS 

 Exciton binding energies are  50meV÷1eV >> kT  

 thermal dissociation is inefficient 

  external Electric field needed   

or other tricks !! 
Wednesday morning & 

Thursday afternoon 

Maddalena Binda 

e- 
h+ 

Photon 

Friday morning 

Annamaria 

Petrozza 

High performance Solar Cells 

Thursday afternoon 

Antonio Iacchetti 
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INK-JET  or  ROL-to-ROLL  or … 

 

 

  Plastic    PAni        HIL   HTL    Polymer 

Substrate                                         Layer 

FUJIFILM DIMATIX  

jetlab®4 Table-Top 

Tuesday morning 

Andrea Grimoldi 

Organic molecules 

can be deposited 

from solution .. 

Konarka  Thickness 50-150nm ±2%.  Foils processed at 3-30m/min.  

Tuesday afternoon 

Mario Caironi 
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Other applications …. 

“Generation of electronic components that promise to be as 

easily manufactured as colorful magasines and newspapers” 

Thursday  morning 

Margherita Zavelani 

Rossi 
Friday morning 

Annalisa Bonfiglio 

Wednesday & Friday 

morning 

Maria Rosa Antoniazza 

LASERS WEARABLE 

DEVICES  

BIO 

APPLICATIONS 
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Proceedings of the IEEE, Vol. 100, May 13th, 2012, pp.1486-1516 

DOI: 10.1109/JPROC.2012.2190168 
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Patents up to 2011 : raw material (15,696), devices (33,831), equipment(27,685), drive 

circuit (13,512), packaging technique (9183) and application (4617).  

A ROAD paved of SUCCESS 


