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The electronic band structure of atomically thin semiconductors can be tuned continuously by
the application of a perpendicular electric field. Shortly after the discovery of graphene, this
principle was demonstrated experimentally by opening a finite band gap in graphene bilayers
which naturally are zero-gap semiconductors [1, 2]. So far, however, the same principle could
not be employed to control a broader class of materials because the required electric fields are
too large. Indeed, whereas top gates with high capacitance were readily available in the form
of ionic liquids, the lack of high capacitance back gate restricted the maximum electric field
that could be applied. A solution to this problem was brought by our recent study where we
used Li-ion conducting glass ceramics for electrostatic gating [3]. In it, we showed that these
ionic ceramics had a capacitance similar to that of ionic liquids and could therefore be used in
conjunction with them in double gating measurements. As such, we present in this work an
experimental strategy using double ionic gated devices, which enables very large electric fields
to be applied perpendicularly to atomically thin crystals. Using these devices, we show that the
band gap of few-layer semiconducting transition metal dichalcogenides can be continuously
suppressed from 1.5 eV to zero. This unprecedented level of control of the band structures has
important implications for both future research and applications of atomically thin crystals.
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