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ABSTRACT 
 
Inkjet print heads are commonly designed with a single 

ink reservoir for each color, distributing ink to all the 
nozzles of the same color. This design is conceptually 
limiting the increment of the number of nozzles and the 
print head size, since the distribution means become 
complicated as the number of nozzles increases. In order to 
enable enlargement of the print head a different approach is 
suggested and tested experimentally. The print head is 
divided to small segments; each one is autonomous, and not 
fluid-connected to the neighboring segment. Each segment 
contains a micro reservoir and one or few nozzles. The 
segments are manufactured in close proximity to each other 
enabling area coverage. A segmented print head was built 
and tested. The micro reservoir ink filling method and 
operation of the segments were experimentally proven. Ink 
drops were obtained and lifetime of the resistors was 
measured. Electrical characteristics of power and energy for 
proper operation are also obtained. 
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1 INTRODUCTION 
 
Drop on demand (DOD) inkjet print heads were 

developed in the last decades and a tendency of 
enlargement of the print head is constantly seen [1]. While 
the first DOD print heads contained only few nozzles, 
modern print heads have hundreds or even few thousands 
nozzles. Nevertheless, when trying to get further more 
nozzles we find printers in which several separated print 
heads are cascaded. It seems that practical limit of the 
current technology is reached and it is easier to cascade few 
heads that to design a larger single head. What are the 
reasons for this limitation? This question was addressed in 
Ref [2]. It seems that the ink delivery system is an obstacle 
to the enlargement of the print head. The popular design of 
an inkjet print head usually includes a single ink reservoir 
for each color. This reservoir is connected by means of 
manifold to all the nozzles of its color. For limited number 
of nozzles and limited head size this solution works well, 
but this design is become complicated and unpractical as 
the number of nozzles grows. For proper operation of the 
print head the ink distribution must be done under equal 
conditions of pressure in the nozzles, both during time (in 
the same nozzle during the ink level decreasing) and space 
(in the same time among all the nozzles). The complexity of 
this task increases as the number of nozzles increases. 
Finally the print head size is limited by this factor. 

Another problem is the crosstalk between neighboring 
nozzles. Fluid shockwaves flow between nozzles creating 
interference and this problem is enhanced in larger heads. 

 
2 THE PRINTHEAD ARRANGMENT 
 
In this paper a different approach to realize the print 

head is used. In the suggested approach the manifold that is 
used to distribute the ink from the reservoir to the nozzles is 
taken out. Instead, the print head is divided to small 
segments. Each segment is autonomous. It has its own 
reservoir which therefore can be very small, a micro 
reservoir. Each segment includes also single or few nozzles. 
Therefore no manifold at all or very basic one is sufficient. 
Neighboring segments are not fluid-connected to each 
other. Tiny resistors serve as micro heaters for the micro-
boiling. The segments are arranged in close proximity to 
each other by means of MEMS technology. The micro 
reservoir is not pressure regulated and operates in 
atmospheric pressure. Refilling of the micro reservoirs is 
done by wiping, spraying, dropping or even a sealed 
disposable micro reservoir is possible for some 
applications.  

A close-up picture of the arrangement of few segments 
in one of the fabricated print heads is seen in Fig. 1.  

 

 
 
Figure 1: Few neighboring segments of the inkjet 
print head, each one with 2 100µm resistors (A)  
supporting 2 nozzles (not seen), 180 µm liquid 
entrance from the micro reservoir (B), fluid channels 
from the reservoir entrance to the resistors (C), and 
conductors (D).  
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3 EXPERIMENTAL SETUP 

 
Several print heads with several arrangements of 

segments were fabricated in MEMS technology. The print 
heads were made on a 400 microns silicon wafer with 
oxidation layer. Wafers of 4'' and 8'' were used. A TaNi or 
TaAl layer was used for the resistance layer to perform the 
heaters. Typically 30 Ω resistors were used. A second layer 
of copper coated with gold was used for the conductors. A 
SU8 thick layer with height of 80 microns served as the 
volume layer for ink chamber (seen as a transparent layer in 
Fig. 1). A pass through hole was drilled in the silicon to 
allow the ink flow from the back side where the micro 
reservoir is located. In some models the hole itself was used 
as the micro reservoir. The chamber was tented to seal the 
ink chamber from above by either a nickel foil, a kapton 
foil or photo resist. A hole was drilled in the sealing layer 
above the resistor to serve as a nozzle. After dicing, the 
chips conductors were wire bonded to PCB for operation in 
experiments. Samples in different size were fabricated. The 
smallest chips had few segments (for various tests) and the 
largest were only limited by the wafer size.  

An electrical circuit driven by a computer produced 
tunable operating pulses. The pulses voltage, duration and 
repetition rate were controllable and allowed experiments 
with various parameters. 

An example of a small chip made for the experiments of 
the segments operation is seen in Fig. 2. Such chips were 
operated in various operating parameters. The purpose of 
these small chips were to verify the proper operation of the 
concept, i.e. an autonomous segment that is totally 
disconnected from the neighboring segments can operates 
well based only on its own micro reservoir. 

  

 
 

Figure 2: Experimental inkjet print head chip with 
segmentation, fabricated for lab experiments of the 
segments operation. This chip has a photo-resist 
nozzle plate. 
 
Another example of experimental print head is shown in 

Fig. 3. Here a much larger print head is used. The purpose 
of this experiment is to ensure that the ink delivery system 
works well in a print head with large area. 4 chips of 6 cm × 

6 cm are tiled to obtain a printing area of 120 cm × 120 cm. 
in this print head only the ink delivery system was tested. 

 

 
 

Figure 3: Experimental large inkjet print head made 
of 4 chips tiled to obtain a 120 cm × 120 cm printing 
area of a single print head. A total of ~57,000 
nozzles comprise this print head. The micro 
reservoir side is seen. The nozzle plate is in the 
opsite side and is made of a nickle foil. 
 
Another model that was build up to a more mature stage 

is seen in Fig. 4. A 8 cm long single chip with 4 rows of 
nozzles was fabricated and mounted on a PCB with 
peripheral electronics to control its operation. This print 
head is designed to support concept of single pass printers. 
That is a printer in which the head is not moving and all the 
width is printed during the paper passing beneath the head. 

 

 
 
Figure 4: A segmented print head with 8 cm length 
chip mounted on a PCB for the use in a single pass 
inkjet printer.  
 

4 EXPERIMENTAL RESULTS 
 
The first experimental step was to fulfill the nozzles 

with ink and check the ink delivery system. This was done 
both to small chips as well as the big 120 cm × 120 cm 
print head. The filling of the micro reservoir was done by 
either dropping of ink drops on the open side of the micro 
reservoir, or by smearing ink with a wiper. As a result of a 
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capillary action in the tiny tunnels, the ink filled the 
reservoirs and crawled into the nozzles chamber, and then 
to the nozzles. A meniscus was formed at the tip of the 
nozzles. This fact ensures that the ink delivery was properly 
done and the nozzle is ready for use. During the entire 
experiment the micro reservoirs were subjected to the 
atmospheric pressure of the room without any regulation. 
This result repeated with several arrangements of the 
segments, and with different nozzle plate materials, kapton 
nickel, and photo-resist. 

 After filling the ink into the nozzle chambers, electrical 
pulses were applied on the resistors, while the reservoirs are 
still in atmospheric pressure and not regulated by any 
means other than the reservoir itself. Various operating 
electrical conditions were applied. Typical pulses of 2-6 
microsecond and 15-20 volts were mostly used.  

Before the operation with ink a series of experiments 
were done to ensure that micro-boiling occurs [3], and also 
to record the terms to get it. For that, chips without the 
nozzle plate were used. The heaters were lighted by 
stroboscope and traced by microscope camera. It was found 
that a combination of power density and energy density on 
the micro-heater must be met to obtain micro boiling. 
800W/mm2 power density and 10 mJ/mm2 are found as 
practical convenient values to get the micro boiling. For 
power density less than 400W/mm2 micro boiling did not 
appear for any energy. Also, for energy density less than 
6 mJ/mm2 micro boiling did not appear for any power. A 
picture of the micro boiling effect taken by the microscope 
camera is seen in Fig.5. The resistor is seen in Fig. 5a 
before the operating pulse and in Fig. 5b during the 
operation. A bubble of vapor is seen. This bubble 
disappears as the operating pulse stops. 

The above working point was typically used to operate 
the print head in its complete form. Ink drops were obtained 
in a repetitive operation. The pulse repetition frequency 
(PRF) was varied from 1 to 12 kHz and regular operation 
and drops were obtained. In lower PRF it was difficult to 
measure the heater lifetime due to the length of the 
experiment. Therefore 12 KHz PRF in continues mode was 
used for the lifetime checks. After 1.5 hour the heater 
cracked, which is ~65×106 drops. It is clear that these terms 
are difficult for the heater and better lifetime is expected in 
lower PRF or non-continuous mode which is closer to 
practical operative mode.  

 
5 DISCUSSION 

 
A segmented print head was built and experimentally 

tested in the lab. The micro reservoir ink filling method was 
experimentally proven. Operation of the segments under the 
uniquely needed conditions in atmospheric pressure was 
tested, ink drops were obtained and lifetime of the resistors 
was measured. Electrical terms of power and energy for 
proper operation are obtained. Crosstalk between 
neighboring segments was totally alleviated because the 
segments are not fluid-connected at all, demonstrating the 

possibility to increase the segments number without limits. 
Arrangement of long one-dimensional print head and large 
two-dimensional print head were demonstrated. The 
suggested design can be the basis the unlimitedly large one 
or two dimensional print head. 

 

 
 

 
  
Figure 5: A micro heater with liquid on it before the 
operating pulse (a), and during the operating pulse 
(b), where a micro boiling bubble appears above it.  
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