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Ion transport through a T-intersection of two silica nanochannels (a main channel, 5 um long and 30 nm wide, and
a sub-channel, 5 um long and 15 nm wide) with surface charge distribution was investigated based on continuum
dynamics calculations. The calculation results revealed that ionic current in the main-channel could be 1) turned
off, 2) regulated and 3) diverged into the main- and sub-channels at a T-intersection by adjusting the potential at
the end of the sub-channel under a fixed potential bias between two ends of the main-channel. This nanofluidic
system is equivalent to a PNP transistor and those connected in series can be used in biochemical applications for
electrophoretic separation and sorting of ions and biomolecules.
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Fig.1 Calculation system of a single nanofluidic
bipolar transistor (a), and series connection of three
nanofluidic transistors and a diode (b)
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Fig.2 Calculated electric potential ¢, ion concentration 7, and pressure p profiles along the main- and sub-channels
at three different base potentials: (a) ¢,=7 V, (b) #,=4 V and (c) #,=0 V. Electric potentials at emitter and collector
are ¢=5 V and ¢.=0 V, respectively, and bulk ion concentration is ny,,,=5 mM. The ¢ and p profiles are along y=0

and x=0 and n profiles are the averaged concentration (concentration averaged in the channel cross-section)

profiles along the x and y directions.
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Fig.3 I-V characteristics of a single nanofludic
transistor (corrector, base and emitter ionic
currents, 1., I, and I, vs. ¢,) at ¢, =5V and ¢. =0V.
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Fig.4 Calculated electric potential ¢, ion
concentration n, and pressure p profiles along the
single main- and three sub-channels (a), and
corresponding schematics (b) for regulation mode
(=10 V, ¢=0 V, ¢%.,=130 V, ¢=522 V and
#,1=9.14 V) in the series-connection system of three
nanofluidic bipolar transistors and a nanofluidic
diode.
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Fig.5 Calculated electric potential ¢, ion
concentration n, and pressure p profiles along the
single main- and three sub-channels, and
corresponding schematics for diversion mode in the
series-connection system of three nanofluidic bipolar
transistors and a nanofluidic diode at different base
potentials (a) ¢, =4V and (b) ¢, ,=2V.
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