{: SCISPACE

formerly Typeset

@ Open access - Journal Article « DOI:10.1103/PHYSREVLETT.109.056601
Two-Dimensional Charge Transport in Disordered Organic Semiconductors
— Source link (4

J. J. Brondijk, Wsc Christian Roelofs, Wsc Christian Roelofs, Sgj Simon Mathijssen ...+7 more authors

Institutions: Eindhoven University of Technology, Philips, University of Groningen

Published on: 01 Aug 2012 - Physical Review Letters (American Physical Society)

Topics: Charge carrier, Organic semiconductor, Organic electronics, Field-effect transistor and Semiconductor

Related papers:

» Two-Dimensional Carrier Distribution in Top-Gate Polymer Field-Effect Transistors: Correlation between Width of
Density of Localized States and Urbach Energy

» Theory of the field-effect mobility in amorphous organic transistors
« Spatially correlated charge transport in organic thin film transistors
» Approaching disorder-free transport in high-mobility conjugated polymers

« 25th anniversary article: organic field-effect transistors: the path beyond amorphous silicon.

Share this paper: @ ¥ M &

View more about this paper here: https:/typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-
23kj3094hy


https://typeset.io/
https://www.doi.org/10.1103/PHYSREVLETT.109.056601
https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy
https://typeset.io/authors/j-j-brondijk-51ky246a1o
https://typeset.io/authors/wsc-christian-roelofs-5942vbvwt6
https://typeset.io/authors/wsc-christian-roelofs-5942vbvwt6
https://typeset.io/authors/sgj-simon-mathijssen-2uvq7xn3tk
https://typeset.io/institutions/eindhoven-university-of-technology-131kgvqf
https://typeset.io/institutions/philips-3rduy2jw
https://typeset.io/institutions/university-of-groningen-1unz7wt1
https://typeset.io/journals/physical-review-letters-3av85aju
https://typeset.io/topics/charge-carrier-1n7mrgec
https://typeset.io/topics/organic-semiconductor-1iqhx7b2
https://typeset.io/topics/organic-electronics-3kqlr6xw
https://typeset.io/topics/field-effect-transistor-3i479z0a
https://typeset.io/topics/semiconductor-28wekfs4
https://typeset.io/papers/two-dimensional-carrier-distribution-in-top-gate-polymer-snth7urten
https://typeset.io/papers/theory-of-the-field-effect-mobility-in-amorphous-organic-16bm5sazan
https://typeset.io/papers/spatially-correlated-charge-transport-in-organic-thin-film-1ntvvuo904
https://typeset.io/papers/approaching-disorder-free-transport-in-high-mobility-340czpfvy5
https://typeset.io/papers/25th-anniversary-article-organic-field-effect-transistors-56cmlfirhg
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy
https://twitter.com/intent/tweet?text=Two-Dimensional%20Charge%20Transport%20in%20Disordered%20Organic%20Semiconductors&url=https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy
https://typeset.io/papers/two-dimensional-charge-transport-in-disordered-organic-23kj3o94hy

7%
university of 5%,
groningen % %

i

University Medical Center Groningen

University of Groningen

Two-Dimensional Charge Transport in Disordered Organic Semiconductors

Brondijk, J. J.; Roelofs, W. S. C.; Mathijssen, S. G. J.; Shehu, A.; Cramer, T.; Biscarini, F.;
Blom, P. W. M.; de Leeuw, D. M.

Published in:
Physical Review Letters

DOI:
10.1103/PhysRevLett.109.056601

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2012

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):

Brondijk, J. J., Roelofs, W. S. C., Mathijssen, S. G. J., Shehu, A., Cramer, T., Biscarini, F., Blom, P. W. M.,
& de Leeuw, D. M. (2012). Two-Dimensional Charge Transport in Disordered Organic Semiconductors.
Physical Review Letters, 109(5), 056601-1-056601-5. [056601].
https://doi.org/10.1103/PhysRevLett.109.056601

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 30-05-2022


https://doi.org/10.1103/PhysRevLett.109.056601
https://research.rug.nl/en/publications/c1d9bd4d-072c-46cf-a117-cb043fb91a39
https://doi.org/10.1103/PhysRevLett.109.056601

Supplemental material

Two-dimensional charge transport in disordered organic

semiconductors

J.J. Brondijkl, W.S.C. Roelofs2’3, S.G. I Mathijssen2’3, A. Shehu 4, T. Cramer”,
F. Biscarini*, P. W. M. Blom'” and D. M. de Leeuw'"

Corresponding author.

E-mail address: j.j.brondijk@rug.nl

Experimental details

Transistor substrates were fabricated on a heavily n-doped silicon wafer acting as a
common gate electrode. Thermally grown SiO, (200 nm) passivated with
hexamethyldisilazane (HMDS) was used as gate dielectric. The gate capacitance per unit
area was C; = 17 nF/cm®. Au source and drain electrodes were defined using conventional
photolithography, using a Ti adhesion layer. To minimize the influence of short-channel
effects and contact resistances, channel lengths larger than 10 um were used.

As a semiconducting polymer, poly(2-methoxy-5-(3’,7’-dimethyloctyloxy)-p-
phenylene vinylene) (MDMO-PPV) was used. MDMO-PPV was spin-coated in a Nj
atmosphere from chlorobenzene, subsequently the transistors were annealed at 100 °C in
vacuum. Experimental data of spin-coated poly(3-hexylthiophene) (P3HT) transistors and
poly(2,5-thienylene vinylene) (PTV) transistors were obtained from the literature [1,2].
The semiconductor film thicknesses as measured with a Dektak 6M Profilometer were 80

nm or more.



Transistors with a semiconducting monolayer were fabricated using self-assembly
and by thermal evaporation. Self-assembled monolayer field-effect transistors
(SAMFETs) of chloro(11-(5°’-ethyl- 2,2:5°,2°°:5°°,2°°°:5°"°2°">’-quinquethien-5-
yDundecyl) dimethylsilane were self-assembled from a toluene solution, as reported
previously [3.4]. Alternatively, a monolayer of a-sexithiophene (T6, Sigma Aldrich) was
evaporated at a rate of about 0.6 nm/min onto a substrate at elevated temperature (120
°0).

Electrical characterization was performed in vacuum (< 10 mbar) and in the
dark. Measurements were performed using a Keithley 4200 Semiconductor Measurement

System or an Agilent 4155C Semiconductor Parameter Analyzer.



Characterization of T6 monolayers
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FIG. S1 Atomic force microscopy image of evaporated T6 in the transistor channel. The

first monolayer is fully closed and islands of the next layers start to grow.

The evaporation time of T6 molecules was systematically increased to study the layer
growth. Atomic force microscopy (AFM) clearly shows height steps of approximately the
molecular length of T6 (~2.4 nm), as shown in Fig. S1. The first monolayer is fully
closed. Large islands of the second layer, and smaller islands of the next layers, start to
form, but are not percolating. Therefore, only the first monolayer contributes to the

charge transport, and we consider the sample a monolayer transistor.



Current calculations

Spin-coated film: MDMO-PPV & PTV
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FIG. S2 Experimental transfer curves of spin-coated thin-film transistors, measured as a
function of temperature at a drain bias of -2 V. The current was described using Eq. 5,
based on a carrier density which quadratically decreases with distance from the
semiconductor-dielectric interface, Eq. 3. The semiconductor was a film of (a) MDMO-
PPV and (b) PTV. The data were described with the following parameters: For MDMO-
PPV: Ty =411 K, gp=6.2x10> S/m, a”' = 1.6 A, and V, = 0 V. For PTV: Ty = 441 K, 0y =
1.8x10° S/m, o' =1.9e-10 A, and V, =1 V. The MDMO-PPV transistor had a channel
width and length of 2500 pm and 10 ym. The PTV transistor had a channel width and
length of 20000 uym and 20 pm.



Monolayer semiconductor: T6
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FIG. S3 (a) Experimental transfer curves of a T6 monolayer field-effect transistor
measured as a function of temperature, at a drain bias of Vp =-2 V. The curves calculated
according to Eq. 8, based on a step-function carrier distribution, are presented as black
lines. The following parameters were used: W/L = 2500 pm/10 pm, 7y = 539 K, gy =
7.5x10° S/m, al=45 A, and V, = 0-3 V. The semiconductor thickness was taken as 2
nm. (b) The same experimental data as in Fig. S3a plotted on a double logarithmic scale.

The red lines are a power-law fit at high gate bias, for each temperature.
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