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Development of Novel Bend-mode Piezo Inkjet Print Head Utilizing MEMS Technology for Printed Electronics Applications
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Abstract

Printed electronics (PE) technology has received a great
deal of attention recently. PE technology has been aimed at
using printing technology in the manufacturing of large area
devices. PE technology features low energy consumption and
substantial resource savings, and it has been studied for ap-
plication to flexible devices. Among printing technologies,
inkjet technology is especially suitable for printed electronics.

We developed a new bend-mode inkjet printing head us-
ing MEMS technology for PE applications. The new head can
eject small volume (1 pl) droplets precisely and stably with
high frequency and small angle deviation.

The newly developed print head consists of three layers: a
nozzle plate, an intermediate plate, and an actuator. For the
actuator, a unimorph structure with bulk PZT ceramics was
adopted. To eject small volume droplets at high speed, we
investigated the effects of the shape of the nozzle-hole, the
structure of the pressure chamber, and the shape of the ink
inlet. By optimizing these shapes and structure, we achieved
an actuator which is able to drive a small amount of displace-
ment at high frequency.

Further, by adopting a drive-per-nozzle (DPN) driving
method which can independently control the driving volt-
age for each actuator, the piezo actuator driving can mini-
mize droplet volume fluctuation.
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Table 1 Specification of KM128SNG-MB-DPN.

Jetting method
Number of nozzles

On-demand piezoelectric
128 (in one row)

Droplet size 1.0 pl
Fluid viscosity range 1~5mPa-s
Nozzle spacing 300 pm
Print width 38.1 mm
Dimension 67 mmW*40 mmD*70.02 mmH
Maximum frequency 15 kHz

Driving method DPN (Drive per nozzle)
Maximum voltage 40V

Fig. 1 Picture of KM128SNG-MB-DPN.
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Fig. 2 Cross section of an individual MEMS head.
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Fig. 3 Cross section of ink supply.
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Fig. 4 Jetting condition.
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Fig. 5 Structure cross talk simulation model.

W& 7 v A b — 7 OGS % Table 2 IR T,

IRERD YA ¥ 7 7 AR IFHL, F7L— bR
JANVT L= DERIFECTHD, HE/aA =0 %
lcE 2E8bn 2, Frl3, EEEEEZZEL, &3
WL 72,

Table 2 Structure cross talk simulation.

Dimension A B C D E

Diaphrum thickness (um) 15 | 15 | 15 | 30 | 30
Intermediate plate thickness (um) | 200 | 150 | 150 | 150 | 200
Nozzle plate thickness (um) 310 | 310 | 206 | 206 | 310
Modulus of volume change (%) 0406|0719 |16
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Fig. 6 Drop placement error vs non wet layer processing accuracy.
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Fig. 7 Transition of filament shape at satellite free.
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Fig. 8 Trajectory angle deviation.
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