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Drug delivery via microjets is a method that can potentially overcome the
disadvantages of conventional needle injections. We implemented a microjet
injection system that operates with spark-generated bubbles. The system consists
of three components: a battery, power supply system, and microjet injector,
which allows 10—20 discharges and microjet injections per second. In order to
increase discharge efficiency, the circuit elements and electrode shapes were
optimized and the flow inside the discharge chamber was operated to minimize
the influence of metal colloids generated by electrode erosion. The microjet
ejection was captured by a high-speed camera to correlate the energy of the spark
discharge with microjet characteristics in order to make the system suitable for
transdermal drug penetration.
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Fig. 1 Schematic of two a different power sources and drug
chamber nozzles attached to a pressure chamber of an
underwater spark discharged system

Fig. 2 Check patterned electrodes of which diameter is 4 mm.
The number of each spike is 34
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Fig. 3 Schematic of microjet injector with driving liquid circulation
system
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Fig. 5 Schematic of microjet injection system actuated by spark
discharge
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Fig. 6 Sequential image of dielectric breakdown in pressure
chamber where the electrodes submerged into the distilled
water. The frame interval was 12 ps
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Fig. 7 Sequential image of microjet ejection due to the dielectric
breakdown in pressure chamber. The frame interval was
42 ps
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Fig. 8 Voltage measured at the electrodes where the electrode
shape was flat (dashed line) and check patterned (solid
line) in the sealed pressure chamber. This voltage was
measured after 200 shots
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Fig. 9 Voltage measured at the electrodes when the pressure

chamber was filled with colloid particles which were
generated by electrodes erosion in the sealed pressure
chamber (dashed line), and the voltage measured when
the pressure chamber was flushed by water circulation
(solid line). Each voltage was measured after 200 shots
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Fig. 10 The pressure chamber filled with colloid particles which
were generated by electrodes erosion
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indicate the jet speed measured when the pressure
chamber was flushed by water circulation

Table 1 Breakdown probability, pre-breakdown time and jet
speed of each electrode and chamber condition.

Description B.P. B.V. Deposit Jet speed
[%] [kV] energy [J] [m/s]
Flat electrode 33 44 1.9 105+48
Patterned electrode
in the sealed 100 4.7 22 124 +38
chamber
Chamber circulated 100 4.9 24 111+25
Diode attached 100 5.0 2.5 119+19
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Fig. 12 Voltage measured at the electrodes when the pressure

chamber was flushed by water circulation and when the
diodes were attached at the anode side
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