
27FUJIFILM RESEARCH & DEVELOPMENT (No.59-2014)	

1.   Introduction
FUJIFILM Dimatix, Inc. (hereinafter, “Dimatix”), whose pre-

decessor was Spectra established in 1984, is a top manufacturer of 
industrial inkjet printhead products. Having bases in New Hamp-
shire on the east coast and in California on the west coast of the 
United States, the company develops and manufactures wide for-
mat and material deposition inkjet printheads and high-definition 
printheads for commercial printing. Industrial inkjet printheads 
from the east-coast base are employed by many global, wide for-
mat printer manufacturers, and sign boards and outdoor advertis-
ing displays created with them can be seen all over the world. 
On the other hand, the high-definition printhead, SAMBA, from 
the west-coast base, is a product created with all the strengths of 
the FUJIFILM Group by integrating the inkjet technology of the 
east-coast base and the latest technologies of the whole Group. 
The product is employed in the FUJIFILM JetPress 720 digital 
press and has made it possible to achieve an overwhelmingly high 
resolution comparable to offset printers.

FUJIFILM has been developing a variety of high-performance 
inks mainly at its Advanced Research Laboratories in the west 
part of Kanagawa Prefecture in cooperation with FUJIFILM Spe-
cialty Ink Systems Ltd. and FUJIFILM Imaging Colorants Ltd. 
(both in the UK). In addition, via the development of printers 
such as the JetPress 720, the company maintains a constant effort 
for the enhancement of imaging technology as well as marking 
process technology, including the handling of Dimatix’s inkjet 
printheads and ink drying/fixation techniques. The results are fed 
back to Dimatix’s printhead design, which greatly contributes to 
the improvement of the quality of its products.

2.   Outline of inkjet printheads
Table 1 presents a list of the main inkjet printhead products of 

Dimatix. The lineup is extensive, allowing the flexible combina-
tion of native drop volumes, resolutions and nozzle plate materi-
als. However, when making a selection, it is necessary to take into 
consideration the landing accuracy of the ink, durability of the 
nozzle surface and ink compatibility (e.g., acid, aqueous, solvent, 
UV inks).

S-class and DMC printheads are suitable for material deposi-
tion such as printed electronics. The “AA” suffix of model num-
bers for S-class printheads indicates that they support solvent and 
UV inks. The SX3 and SE3 models have electrical interfaces that 
enable nozzle-by-nozzle drop volume control and are suitable for 
use requiring extremely precise ejection control (Figs. 1 and 2).

The DMC-11601 and DMC-11610 are cartridge-type print-
heads exclusively for the DMP2831 material printer from Di-
matix (Fig. 3). Their cartridge integrates a container for liquid to 
be ejected with the printhead, which enables ejection and pattern 
drawing experiments with a mere few milliliters of liquid. There-
fore, the DMC printheads are widely used throughout the world 
for material research in a variety of domains, not limited to use 
in electronics.

The Emerald (Fig. 4) is a printhead for general use includ-
ing wide format printers for signs and displays. It is designed to 
achieve a thin exterior so the carriage of shuttle scanning is small 
when multiple printheads are aligned. The “AAA” suffix of the 
model numbers indicates that they support aqueous, solvent and 
UV inks.

The Polaris (Fig. 5) is a printhead with a resolution of 200 
npi integrating two 100 npi printhead units aligned side by side. 
Dual-color types are also available with the same configuration. 
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Models with numbers suffixed in “2C” can contain two kinds of 
inks.

The Sapphire is a type using a silicon nozzle plate. With the 
high-precision processed nozzle, it achieves a very fine droplet 

volume of 10 pL at the minimum and has a high landing accuracy 
ejection.

The StarFire printhead (Fig. 6), just like the SAMBA print-
head described later, has a mechanism allowing the collection of 

(a) Metal nozzle plate

Resolution

50npi 100npi 200npi 400npi

Native
drop
volume

15pl Polaris PQ-512/15 AAA-2C Polaris PQ-512/15 AAA

28pl Galaxy 256/30 AAA

30pl S-Class SE-128 AA Emerald QE-256/30 AAA
Galaxy 256/30 HM

StarFire SG1024/M-A
StarFire SG1024/M-C

35pl Polaris PQ-512/35 AAA-2C Polaris PQ-512/35 AAA

50pl S-Class SM-128 AA Galaxy 256/50 AAA

80pl S-Class SL-128 AA

Emerald QE-256/80 AAA
Galaxy 256/80 AAA
Galaxy 256/80 HM
Polaris PQ-512/85 AAA-2C

Polaris PQ-512/85 AAA

(b) Silicon nozzle plate

Resolution

50npi 100npi 1200npi

Native
drop
volume

1pl DMC-11601

2pl Samba 1200

8pl S-Class SX3

10pl DMC-11610
Sapphire QS-256/10 AAA

30pl Sapphire QS-256/30 AAA

35pl S-Class SE3

80pl Sapphire QS-256/80 AAA

Table 1   Inkjet printheads of FUJIFILM Dimatix Inc.

Fig. 1   S-Class SE128 AA

（a）DMP2831 （b）DMC printhead

Fig. 3   Material printer DMP2831 and DMC printhead

Fig. 4   Emerald printheadFig. 2   S-Class SE3
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ink that has even reached the vicinity of the nozzle. By injecting 
new ink into the printhead, with an externally installed circulation 
system to collect unused ink inside, it is possible to maintain the 
ink inside the nozzle in an always fresh and optimal condition. 

That ensures stable jetting without causing any adherence of ink 
around the nozzle even if the ink itself is prone to becoming dry 
or the printhead is in a high-temperature and dry environment. In 
addition, the nozzle plate is replaceable; therefore, in the case of 
nozzle clogging, there is no need to replace the whole printhead. 
Two types are available in the series: SG1024/M-A for aqueous 
ink and SG1024/M-C for ceramic ink.

The Galaxy 256/30HM and Galaxy 256/80HM are hot-melt 
ink printheads. They heat solid ink, which is like clay at room 

temperature, with a built-in device up to 125°C and eject lique-
fied ink (Fig. 7).

3.   High-definition inkjet printhead, SAMBA
Fig. 8 shows the exterior of the SAMBA printhead. The base 

shape is a parallelogram; therefore, a wider line head can be creat-
ed via in-line connection. Because the line head width is narrower 
than that of the heads connected in a staggered array, it is possible 
to reduce the equipment size by arranging multiple line heads 
next to each other and to suppress color drift due to the oblique 
motion of media. Moreover, the marking conditions are uniform 
over the whole line head area, which greatly mitigates the preci-
sion level required for the positioning of neighboring heads.

The following are the technological advantages of the SAM-
BA printhead.
(1) Manufacturing process with MEMS technology

The silicon-base ink channel in the vicinity of the nozzle is 
manufactured via the microelectromechanical (MEM) process 
based on semiconductor lithography technology. The wafers are 
connected to each other by the interatomic force of the silicon 
interface and there are very few cases in the world in which such 
connection is realized on a commercial basis. The precision of 

Fig. 5   Polaris printhead

Fig. 6   StarFire printhead

Fig. 7   Galaxy 256/30 HM

（a）Figure （b）Inline stitching

Fig. 8   SAMBA printhead
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the processing is very high, which prevents the occurrence of 
variation between individuals in their fluid path properties and, 
as shown in Fig. 9, contributes to the achievement of extremely 
small deviation in the jet direction.

(2) Sputtered PZT
The PZT actuator of the SAMBA printhead is created based 

on our original sputtered PZT (or lead zirconate titanate) film de-
position technology that achieves an extremely high piezoelectric 
constant. Conventionally, a method has been used in which bulk 
PZT is thinned via polishing. However, with our sputtering tech-
nology, it has become possible to streamline production process-
es and stabilize the ejection performance. In addition, sputtered 
PZT films are highly heat-resistant, which improves flexibility in 
high-temperature processes and enables the stable formation of 
protective films with low moisture permeability on the surface. 
That prevents moisture penetration from affecting the life of the 
product. A rigorous endurance test, in which high-voltage pulses 
were applied 700 billion times in a high-humidity environment, 
achieved an excellent result that none of the 2,048 PZT actuators 
failed at all.

(3) Structure that enables ink circulation
The SAMBA printhead has the same mechanism as the previ-

ously described StarFire printhead that collects ink that has al-
ready reached the vicinity of the nozzle.

(4) Non-wet coating
In the SAMBA printhead, an inorganic film is deposited as 

a base over the silicon nozzle plate surface, on which organic 
materials containing fluorine are densely arranged. In that way, 
a homogeneous, highly liquid-repellent film is formed and im-
proves tail break off liquid when it is ejected, achieving stable 
jets of fine droplets. The coating is so thin that it does not affect 
the shape of the nozzle and will not be the cause of deviation in 
the jet direction. In addition, with its high adhesion to the base 
material (silicon), the film cannot easily be scratched off even 
if the nozzle surface is wiped by a rubber blade, etc. The film 
keeps high liquid repellence for a long time and has a low risk of 
clogging the nozzle with its shavings in the downstream of wip-
ing. The nozzles can thus maintain stable ejection for over a long 
period of time.

(5) Nozzle arrangement
A total number of 2,048 nozzles are arranged in a 32-by-64 ma-

trix. Their relative positions are optimally designed to avoid coales-
cence in which surface tension combines ink droplets ejected onto 
a medium. The resolution in the direction of the printhead width is 
fixed at 1,200 dpi and that in the media feeding direction is 1,200 
dpi or 600 dpi. In high-resolution mode of 1,200 × 1,200 dpi, im-
ages are made of a straight grid of dots while, in high-speed mode 
of 1,200 × 600 dpi, images are made of a gird of dots slanted by 45° 
(staggered arrangement) (Fig. 10). In that way, higher-definition 
images can be realized with the same productivity as the resolu-
tion of 600 × 600 dpi.

(6) Internal protective film
All the channels formed in the silicon inside the printhead are 

covered with protective films. That allows the use of an extensive 
range of inks. Moreover, should foreign substances adhere to the 
walls of those channels during the printhead production process, 
the covering protective film does not let them easily come off and 
thus prevents their inclusion in ink.

The SAMBA printhead has the following three advantages 
that may allow its application to the field of printed electronics.

1) Small native drop volume
The drop volume of the printhead commercialized for the 
JetPress 720 digital printer is 2 pL at the minimum. Tech-
nologically, even a volume of 1 pL or smaller is possible 
to design.

2) High accuracy of drop landing positions
This is advantageous when it is required to eject ink onto a 
substrate with high accuracy.

3) Little contamination to liquid fillings
The channels inside the printhead are made via etching, al-
lowing little adhesion of foreign substances. The internal 
protective film also contributes to the prevention of the 
contamination of ink.

Dimatix provides development kits for the evaluation of the 
flight conditions of the ink drops and the quality of print with the 
SAMBA printhead. With them, a printhead evaluation environ-
ment can be established in a short period.
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Fig. 9   Example of the jet straightness characteristics

（a）1200×1200 dpi （b）1200×600 dpi

Fig. 10   Image structure
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4.   Multi-drop technology
Dimatix employs Versa Drop technology that controls droplet 

volumes by applying multiple pulses continuously to PZT ac-
tuators. That enables the flexible adjustment of droplet volumes 
ejected by printheads, for example, between 25 and 65 pL for the 
SG1024/M-A and even in a wide range between 80 and 200 pL 
for the Emerald QE-256/80 AAA. A single printhead can thus 
generate high-resolution as well as voluminous images.

In addition, individually setting those multiple pulses to on 
or off for each nozzle enables the production of gray-scale im-
ages. That makes it possible not only to realize low graininess and 
high-density printing at the same time but also to adjust nozzles in 
a bad ink drop condition via image processing (Fig. 11). 

Fig. 12 shows an example of Versa Drop drive waveforms. 
With that technology, three ejection stages from Level 1 to Level 
3 are available; however, because the droplet volume created by a 
single pulse at a time does not vary significantly, it is possible to 
maintain the meniscus of nozzles in an optimal condition. Thus, 
long-term stable ejection is ensured.

5.   Conclusion
As described above, it is believed that Dimatix’s inkjet print-

head products and the employed technologies are all excellent. 
However, to realize high-quality patterning and printing, it is es-
sential to make a high-level combination of inks, printhead han-
dling techniques and marking process technologies. The FUJIF-
ILM Group is going to continue enhancing its technology in the 
development of its own brand printers and in cooperation with 
other global printer vendors and to contribute to the advancement 
of science, technology and industry.

Trademarks
•	 “SAMBA,” “Emerald,” “Polaris,” “Sapphire,” “StarFire,” 

“Galaxy” and “Versa Drop” are registered trademarks or trade 
names of FUJIFILM Dimatix Inc.

•	 “Jet Press” is a registered trademark of FUJIFILM Corpora-
tion.

•	 Any other company names, systems and product names re-
ferred to in this paper are generally respective trade names or 
registered trademarks of other companies.

Higher Resolution Lower Resolution Grayscale

Fig. 11   Imaging by Versa Drop technology
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Fig. 12   Example of driving by Versa Drop




