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Abstract

Inkjet technology has recently emerged as one of the most
powerful  patterning  tools  for  electronics  devices.
For inkjet technology to be a reliable patterning tool, the jetting
status of the inkjet dispenser needs to be monitored to immediately
detect any malfunction. We present a self-sensing circuit to detect
failure of jetting by measuring electrical signal only. In addition,
practical issues of inkjet condition monitoring for multi-nozzle
printhead are discussed. Finally, sofiware was developed and
presented to demonstrate the feasibility of the proposed method for
detecting jetting failures in printing systems.

Introduction

Inkjet printing uses ink droplets to form required patterns on a
substrate. With inkjet technology, the volume of a droplet from the
inkjet printhead can be controlled to an accuracy of picoliters and
the droplet can be placed onto the substrate to an accuracy of
micrometers. Due to these features, inkjet technology has recently
emerged as one of the most powerful tools for patterning
electronics devices, such as large area display applications, radio
frequency identification (RFID), printed circuit board (PCB) [1-3].

The key inkjet printing components for printed electronics are
motion stages, an inkjet printhead (dispenser), materials (ink) and
substrates. The most important component to ensure the
productivity and reliability may be the inkjet printhead. Any
problems in printhead jetting performance must be identified and
fixed immediately: therefore, studies have been performed to
monitor and identify jetting conditions [4,5].

A piezo inkjet printhead uses a piezoelectric crystal. By
applying a waveform voltage, the piezo can create pressure waves,
which expel ink droplets. The piezo actuator in the inkjet dispenser
can be used as a sensor: it senses the force that results from the
pressure wave inside the dispenser. The use of a piezo as both a
sensor and actuator has been tried in many other engineering
applications due to its so-called self-sensing capability [6]. There
are currently two inkjet applications: the design of waveforms for
driving inkjet dispensers [1,7], and the detection of inkjet
malfunctions [4,5]. In this work, self-sensing measurement
techniques and their application to inkjet malfunction detection are
proposed.

Two commercial printheads were considered in this study: a
single nozzle dispenser from Microfab (MJ-AT-01-50) and a
multi-nozzle printhead from FUJIFILM Dimatix (SE-128). Faulty
nozzle detection schemes based on self-sensing techniques were
developed for each head.

To measure a self-sensing signal for the single nozzle
Microfab printhead (MJ-AT-01-50), a bride circuit was developed
[5]. Driving voltage and driving current are the two major concers

382

in measuring piezoelectric self-sensing signals. The actual driving
voltage for piezo can be changed (reduced) from the original
driver voltage using a sensing resistor (or capacitor) to measure the
self-sensing signal. To drive both the the piezo-actuator and the
equivalent capacitor, driving current can be increased. Thus, the
driving current can be an issue in measuring the self-sensing signal,
especially for a piezo-actuator with large capacitance.

Measuring the self-sensing signal of each ejector in a multi-
nozzle printhead might require as many detecting circuits and data
acquisition channels as the number of nozzles in the printhead.
Therefore, a self-sensing implementation is likely to be more
expensive and complicated than for a single nozzle device. On the
other hand, in some commercial printhead, a multi-nozzle head
may have a common ground for driving each nozzle or there may
be a shared driving line for driving many nozzles at the same time.
Therefore, the measurement scheme and algorithm may differ
significantly according to the design of the commercial inkjet head.
We used an SE-128 multi-nozzle head from Dimatix. In this
design, only two drivers are needed to drive 128 ejectors. A new
scheme for detecting jetting failure from the SE-128 was
developed and the advantages and limitations of the proposed
methods are discussed.

Jetting failure detection from a single nozzle
printhead

Possible causes of inkjet malfunction include air bubbles
entrapped in the dispensers, ink degradation, aging of the inkjet
dispenser, an environmental change such as temperature, blockage
of the nozzle due to particles and nozzle clogging due to ink
drying on the nozzle surface. Among these malfunctions, air-
bubbles trapped in the dispenser are a major problem that can
result in jetting failure since the air bubbles can be generated even
during the drop formation [4]. This work mainly discusses piezo
self-sensing detection and monitoring methods for inkjet jetting
failure due to air bubbles.

Piezo in the inkjet dispenser can be used as both sensor and an
actuator. Therefore, it can be used as a monitoring tool during the
printing process. In piezo current, there are two components when
waveform voltage V is applied to the piezo: a self-sensing signal,

iq , and a powering signal, i, as follows [1]:
i= iq +i, @)
where ; :Cdl and ; quJ.
¢ dt T dr
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Here, i, comes from the piezoelectric charge due to the

change of the piezo-strain whereas i. is the powering current

which comes from the applied voltage behaving like a capacitor
with capacitance C. To extract the self-sensing signal, the

powering signal must be removed from the measured piezo current.

For this purpose, a bridge circuit, as is shown in Fig.1, was used to
extract the self-sensing signal from the piezo [5].

Vin

(R%)

Figure 1 A bridge circuit for piezo self-sensing [5].

From the bridge circuit, a self-sensing signal was obtained
through the voltage difference V-V,: this signal can be
implemented using differential amplifiers [5].

Software was developed to monitor droplet jetting from a
CCD camera with a strobed light emitting diode (LED), as shown
in Figs. 2 and 3. By using the strobe LED system, abnormal jetting
behavior can be visualized. In addition, self-sensing signals were
acquired for monitoring, and were compared with the signal
measured during normal status. By setting the threshold value to
the monitoring value, which is defined by square of difference
between normal signals and monitored signals, the software
algorithm can automatically determine when the abnormality

occurs, and its severity.
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Figure 2. Software developed to monitor jetting status (normal
condition) [8].
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Figure 2 shows the jetting behavior image and self-sensing
signal. As seen in the figure, the monitored self-sensing signal (red
line) is in good agreement with the self-sensing signal saved at the
normal condition (blue line). As shown in the CCD camera in
Fig.3, when abnormalities occur in jetting such that the droplet
jetting speed decreases (appearing as multiple droplets in the
image), the monitored signals (red line) differ significantly from
the normal signal saved at normal status (blue line). For more
information, a video clip can be found in [8].
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Figure 3 Software developed to monitor jetting status (abnormal
condition) [8].

Jetting failure detection from multi-nozzle
head

Most industrial inkjet printheads have many dispensers to
increase their productivity as a manufacturing tool. As a result,
there can be many wires from the printhead to the driver. To
simplify wiring connections, most printheads use a shared
common driving (or ground) line. Thus, the measurement of a self-
sensing signal needs different schemes based on the specific inkjet
head and driver electronics. In addition, there will be limitations in
the case of a head with shared ground (or driving), since the
measured piezo current is the sum of the current from each
dispenser. For example, for a commercial multi-dispenser inkjet
printhead such as SE-128 from Dimatix, only two drivers are
required to drive 128 nozzles. Due to the shared ground (driving)
line issue, condition monitoring may not be possible when the
actual printing on a substrate is in progress. Nevertheless,
condition monitoring using self-sensing can be practically
implemented by one nozzle firing at a time in a sequential manner
because the diagnostic process can be fast. This quick diagnosis is
possible because only electrical signals are used without any
precise mechanical alignment for monitoring a specific dispenser.
Therefore, the diagnostic process can be performed while the
printhead is moving to the next printing swath. In such a case, a
low input waveform voltage can be applied for test purposes so as
not to eject any droplets. Condition monitoring without droplet
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jetting has advantages because it can avoid contaminating the
substrate by test jetting near the patterning area [5]. If air bubbles
are detected from the monitoring process, then the printhead
should be moved immediately to the designated place for fixing
such problems by using proper maintenance schemes.

To implement a diagnostic algorithm approach based on one
nozzle firing at a time, a sensing resistor (or output impedance)
inserted between the driver and inkjet head was used as shown in
Fig. 4, was used. The resistance can range from few ohms to
dozens of ohms. Note that a sensing capacitor can be used instead
of the sensing resistor and the measured voltage after the sensing
resistor V,, differs according to jetting conditions due to the
generated piezo self-sensing signals. To extract only the self-
sensing signal, reference signal V. was used to drive the
equivalent capacitor. The capacitor was used to remove powering
signals from the piezo.
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Figure 4. Piezo self-sensing signals from multi-nozzle head.
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Figure 5. Reference signal to extract self-sensing signals from

piezo.

As a final step, the self-sensing signal was obtained by
subtracting V¢ from the measured V,, as shown in Fig. 3. The
subtracted signal was filtered and amplified before the signals
were acquired from the data acquisition (DAQ) system.
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Figure 7. Experimental setup.
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Figure 9. Software developed to detect jetting failure.

Figures 8 and 9 shows the software developed to compare droplet
images and self-sensing signals. The self-sensing signals from
each nozzle measured at normal jetting conditions (red line) are
compared with the monitoring signals (green line) of each nozzle.
Then, if the monitoring signals have deviated from the normal
condition, the status is diagnosed as jetting failure. A video can be
found from the website in [9]. There are challenges to overcome to
use this technology commercially. The main difficulty is electrical
noises since the self-sensing signals are weak in most cases. Also,
there are cost issues related to measuring the self-sensing signals
because an additional device is needed for monitoring and the data
processing. Finally, the detection algorithms need to be improved
to scan many nozzles much more quickly.

Conclusions and discussions

To monitor the operating condition of an inkjet dispenser, the
self-sensing techniques were applied to inkjet printing technology.
The self-sensing signal, which represents the pressure wave inside
the dispenser, was measured from two commercial printheads; a
single nozzle head (Microfab MJ-AT-01-50) and a multi-nozzle
head (SE-128).

For the single nozzle head, it is possible to detect abnormal
jetting behavior via electrical signals. Condition monitoring using
the piezo self-sensing is possible during the actual printing process
since it does not require any mechanical alignment with respect to
the measuring device.

However, for a commercial multi-nozzle head such as the
SE-128, the proposed application can be limited because condition
monitoring needs to be performed by scanning one nozzle after
another to determine whether or not the operating status of a
nozzle is normal. This is because the SE-128 has common driving
line for many nozzles (64 nozzles). Note that the measurement
techniques for inkjet malfunction in multi-nozzle heads are likely
to be design-dependent. Therefore, when a different head is used,
different schemes must be sought. To overcome such limitations in
multi-nozzle heads and to maximize piezo self-sensing ability for
detecting inkjet malfunctions, the printhead manufacturer may
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need to design new head or driver electronics for easy and fast
condition monitoring.
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