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• Founded 1908 with endowed chair 

• Work on Photography till 1990

• Today: 

• Organic Semiconductors 

• Novel devices

• Ca. 120 employees

Web: www.iapp.de

Roland Moser, Michael Halbe
Heinle, Wischer & Partner

Dresden Integrated Center for Applied Physics and Photonic 
Materials (IAPP)
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Hermann Krone 1858

Hermann Krone., 1858
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Organic semiconductors
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Electron traps due to hydrated oxygen
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Dark spots due to electrode delamination
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Multilayer thin-film encapsulation
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Rollable OLED TV (LG)
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Time

1. wave: small display 
OLED 

3. wave: OLED 
lighting

4. wave: OPV

2. wave: OLED TV

5. wave: Organic
Transistors

The future of organic products

Images: Samsung, Philips, Novaled, Heliatek, Plastic Logic
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OLED Television

Xiaomi
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Novel lighting concepts

● OsramLG, Osram
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This talk made from 100% 
organic electrons

OPV Testbed at IAPP
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Time

1. wave: small display 
OLED 

The future of organic products

3. wave: OLED 
lighting

Images: Samsung, Philips, Novaled, Heliatek, Plastic Logic

4. wave: OPV

2. wave: OLED TV

5. wave: Organic
Transistors
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Where silicon transistors stand

=469 GHz/Volt
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• Silicon record: 469 Ghz/V
• Organics record:  7 Mhz/V   (Borchert et al., Science Advances 6(21):eaaz5156 (2020))

4   A. Perinot et al., Adv. Sci. 8, 2001098 (2021)

Transit frequency record values for organic transistors
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• Silicon record: 469 GHz/V

• Best organics value:  Borchert et al., Science Advances 6(21):eaaz5156 (2020): 7MHz/V

4   A. Perinot et al., Adv. Sci. 8, 2001098 (2021)

Transit frequency record values for organic transistors

Mobility ratio silicon:organics: ~10

Transistor speed ratio: ~ 67,000
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Outline

• Organic Bipolar Transistors

• Organics for Neuromorphics

• Resorbable Organics
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Rubrene single crystal results

V. Podzorov et al., Appl. Phys. Lett. 82, 1739 (2003)
V. Podzorov et al., Appl. Phys. Lett. 83, 3504 (2003)
V. C. Sundar et al., Science 303, 1644 (2004)
V. Podzorov et al.,  Phys. Rev. Lett. 93, 086602 (2004)
O.D. Jurchescu et al., Acta Cryst. B62, 330 (2006)
J. Takeya et al., Appl. Phys. Lett. 90, 102120 (2007)
T. Hasegawa and J. Takeya, Science and Technology of Advanced Materials 10, 024314 (2009)

• Grows in large single crystals 
• Excellent mobilities reported: 40 cm2/Vs 

(Hasegawa&Takeya 2007)

Gershenson, Podzorov &Morpurgo, Rev. Mod. Phys. 78, 973 (2006) 
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Highly ordered rubrene films
• Rubrene evaporated as thin film

• Heating to 130-1700C forms large crystals

• Organic underlayer allows morphology control
S.-W. Park et al., Appl. Phys. Lett. 90, 153512 (2007)
H. M. Lee et al., ACS Nano 5, 8352 (2011)
M.A. Fusella et al., Chem. of Mater. 29,  6666 (2017)
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Epitaxial growth is possible!

• Evaporation of amorphous film
• Annealing In glove box
• Triclinic and orthorombic structure

Further layers grow epitaxially!

M. Sawatzki, PhD thesis, TU Dresden
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Highly ordered rubrene films: Doping

M. Sawatzki et al., Adv. Sci. 2003519 (2021)

• Layers can be reasonably well p- and n-
type doped

• Doping efficiency in the 1...5% range: 
expected due to reserve regime

W2(hpp)4F6-TCNNQ
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Bipolar Organic Transistor

S-J. Wang, M. Sawatzki et al., Nature  606,  700-705 (2022)
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Bipolar Organic Transistor

• Rubrene vertical pnp structure

• Pin diodes for reasonable blocking

• Challenge: Keep uniform potential in base:
hit the right doping range!

S-J. Wang, M. Sawatzki et al., Nature  606,  700-705 (2022)
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Bipolar Organic Transistor

• Devices show clearly control of collector current with base current

• Comparatively high leakage current

• High differential gain

emitter current

collector current
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Minority carrier diffusion length

• Differential gain can be related to diffusion length

• Different doping concentrations

• Compatible with                  law

• Best fit: LD~50nm
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Transistor speed estimation

• Transition frequency: 

• with 

• gm ~0.1 S and C~10 pF 

• Speed estimate: 1.6 GHz



Slide 28April 26, 2023

History of transistors

Inorganics: Bipolar transistor: 1947 Field-effect transistor: 1960

John Bardeen  William Shockley  Walter Brattain

Organics: Bipolar transistor: 2022 Field-effect transistor: 1986
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Outline

• Organic Bipolar Transistors

• Organics for Neuromorphics

• Resorbable Organics
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rigid (GPa), dry, von Neumann

soft (<10kPa), water based (>70%), neuromorphic

Information processing in Nature und Technology:
Materials and functions are very different!

Why Bioelectronics?

Figure:  Carsten Werner
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Drug release

Sensory

Logic

Additional 
Fuctionality. .

 .

Complex 
Systems

Smart Electronics for
Humans
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Organic electrochemical transistors

OMIECD SVds

Ions-

Rivnay et al., Nature review materials, 3: 17086 (2018)
PEDOT+  PSS-    PEDOT0  PSS- Na+

G
Vgs

+

• Biocompatible
• Soft
• Water-stable
• Low-power
• …
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• EDOT with NaCl in Water

• Potential and frequency tune directionality 
and branching of fibers

• Fibers work as organic electrochemical 
transistors (OECT)

Polymer network by field directed electropolymerisation

M Cucchi, H Kleemann, H Tseng, G Ciccone, A Lee, D Pohl, K Leo, Advanced Electronic Materials 7, 2100586 (2021)
M. Cucchi, PhD thesis, TU Dresden 2021

2μm
2μm

Matteo Cucchi
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• Network resembles the geometry 
and function of synapses

• Artificial Neuronal Networks

• Pavlovian conditioning and pattern 
recognition shown

100μm

Polymer fibers: Neuromorphic function

M Cucchi, H Kleemann, H Tseng, G Ciccone, A Lee, D Pohl, K Leo, Advanced Electronic Materials 7, 2100586 (2021)
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Learning process on different timescales

M Cucchi et al., Advanced Electronic Materials 7, 2100586 (2021)

Short- and Long-term Plasticity
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Reservoir Computing: Nonlinearity

• Polymer fibers form nonlinear 
network

• Sum and difference frequencies 
in output channels

M. Cucchi et al., Science Advances 7, eabh0693 (2021)

100μm
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Reservoir Computing: Pattern Recognition

• Reservoir employed for 
heartbeat pattern recognition

• Feedback loop improves results

• Competitive recognition rates

• Low power: 200nW

M. Cucchi et al., Science Advances 7, eabh0693 (2021)



Slide 39April 26, 2023

Outline

• Organic Bipolar Transistors

• Organics for Neuromorphics

• Resorbable Organics
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Pressure sensor in the middle ear
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Middle ear pressure sensor
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Anastemosis

● High Risk of leakage
● Very dangerous for patient
● Difficult to detect
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Sensor for Anastemosis-Leakage

With C. Schafmayer et al. Univ. Rostock
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Test on pigs

● Sensor implemented
● After 14 days covered by body
● Next step: sensor functions
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• Founded in  2006

• Production of Small-Molecule Organic Solar Cells

• 4 investment rounds: BASF, Bosch, RWE, Engie, VC

• 13.2% @ 1cm2  efficiency reached 

• www.heliatek.com
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CO2-footprint of organic solar cells

• Manufacturing: 16 kg CO2 per m2

• Results in 7-9g CO2 per kWh
 (in central Europe, better in southern locations)

• Energy fed back after 3 months operation:
4-10x better than crystalline silicon

• Lowest CO2 footprint of any energy generating technology!

Carbon Dioxide Budget
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Lifetime >20 years expected in outdoor environment
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• Organic semiconductors: a success story

• Highly crystalline doped rubrene layers: the 
age of GHz organic electronics has begun

• Organic Bioelectronics: breakthrough potential

• Stability for mass application is there!

Conclusions
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And many, many more I cannot personally mention!
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Master degree „Organic and Molecular Electronics“ 
at TU Dresden

• New Master program 
„Organic and Molecular 
Electronics“

• Started in fall 2012

• Industry grants available

• www.tu-dresden.de/
physik/ome
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Prof. Dr. Karl Leo
Dresden Integrated Center for Applied Physics and Photonics (IAPP)
Technische Universität Dresden
01062 Dresden, Germany
ph: +49-351-463-37533 or mobile: +49-175-540-7893 
email: karl.leo@tu-dresden.de   Web page: http://www.iapp.de  

Contact
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