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On-demand electrohydrodynamic printing with meniscus controls by a
piezoelectric actuator
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On-demand ejection of ultra-fine droplets that uses both
electrohydrodynamic (EHD) force and mechanical actuation is
presented. The liquid meniscus was controlled by a piezoelectric
actuator and droplets were ejected by EHD force. Through these
effects, it was possible to obtain a high operational jetting
frequency of 5kHz with a short delay-time (about 50 us) when
compared with existing on-demand EHD jetting methods, such as
the pulsating jet mode (3-10 msec) and the pulsed-voltage cone-jet
mode(3.6 msec). Also, we obtained ultra-fine droplets at a volume
that was at the femto-liter level simultaneously. The jetting
characteristics were examined for both hydrophobicity and
hydrophilicity of the surface of a capillary.
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Fig. 2 Schematic of hybrid jetting system.
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Fig. 4 On-demand jetting using hybrid jetting system at firing
Fig. 1 Nozzle structure and principle of Hybrid jetting. frequency of 1kHz.

-+ Jetting by residual electric force
20v Jetting off
time
} } 1 } } } } } }
__\_[]0 us 20 us 30 s 40 ps 50 ps 60 ps 70 us 80 ps 90 us
10V
‘A
Driving waveform of piezoelectric actuator
Fig. 3 Jetting and changes of meniscus when the waveform of piezoelectric actuator was applied.
Table 1 Comparison of measured roughness data
Viscosity Electrical Relative Surface tension Density Charge
(mPa s) conductivity permittivity coefficient (kgm™) relaxation time
(Sm™) (ei/ €0 ¥ (Nm™) B e oK (s)

1.16 3.0E-4 25 0.022 789 6.0E-7
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