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Electrolyte gating relies on the use of electrolytes as gating media to modulate the conductivity of
semiconducting thin films.

The principle of electrolyte gating is known since almost 60 years, having been used in the early
works of Shockley, Bardeen and Brattain. Electrolyte-gated transistors consist of source and drain
electrodes and a channel containing the semiconducting material in ionic contact with a gate elec-
trode via an electrolyte solution, which replaces the gate dielectric used in more usual field-effect
transistor structure.

In electrolyte-gated organic transistors the application of a gate voltage induces the formation
of an electrical double layer (EDL) at the electrolyte/semiconductor interface. EDL capacitances
per unit areas are in the order of 10 Fcm-2 and can be as high as 500 Fcm-2, whereas the typical
capacitance of a 200 nm-thick SiO2 dielectric is of the order of tens of nFcm-2.

Electrolyte gating is used to fabricate transistors operating at low voltage (below 1 V) as an alter-
native to other approaches such the use of high-k, or ultrathin gate dielectrics.

Besides that, electrolyte-gating represents an exciting opportunity for investigating the properties
of organic materials under high charge carrier and exciton density as well as high current density
conditions, to unveil the interrelationships between charge carrier density, charge carrier mobility,
and light emission in organic electroluminescent materials. Interestingly, high current density ( 1-
100 A cm-2) has been observed in organic-light emitting transistors with no detrimental effect on the
emission efficiency, in contrast to what is observed with organic light-emitting diodes.

Despite the tremendous progress in the field, the physics behind the electrolyte gating phenomenon,
in particular the specific effect of a certain electrolyte on the conductivity modulation, is largely
undiscovered.

Here we report on electrolyte-gated transistors based on organic semiconducting solution-processed
thin films (making use of the light-emitting polymer poly[2-methoxy-5-(2-ethyl-hexyloxy)-1,4-phenylene-
vinylene, MEH-PPV, and the n-type fullerene derivative phenyl-C61-butyric acid methyl ester, PCBM)
and making use, as the electrolyte, of different imidazolium- and phosphonium-based ionic liquids
(e.g. BMIM-PF6, BMIM-TFSI, EMIM-TFSI).

A tentative correlation between the effectiveness of the gating and the ionic conductivity, ionicity,
and surface energy of the ionic liquids is proposed.


