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Introduction1. 
The printing industry has been going digital since the 

1990s. Beginning with digitization of the plate making 
process by the advent of DTP, digitization of the pre-press 
field has been completed by CTP technology. Digitization 
of printing is attracting attention as a supplement to offset 
printing to meet diversified needs, such as short run printing, 
with an increase in real time information by the spread of IT, 
and a rise in environmental awareness.

FUJIFILM has launched “Jet Press 720”, a fully-fledged 
digital press, and it has been well received.

This report explains innovative technologies that enable 
the high performance and high image quality.

Overview of Jet Press 7202. 
Jet Press 720 is developed from the design concept of a 

digital offset press to support short run printing. The new 
press has the following features. It (1) has equal ease of 
operation to that of a sheet-fed offset press, (2) supports 
landscape feeding of general offset sheet paper, (3) provides 
offset image quality, (4) suits short run printing and (5) 
generates low VOC emissions (water-based ink). The press 
also has the following advantages over the conventional 

offset presses. The press (6) prints in vivid color, (7) ensures 
high color registration accuracy, (8) is easy to make color 
adjustment and (9) produces stable outputs which makes 
revision easy. Specifications are as follows:
Image quality :  Equivalent to 175 lpi offset printing (1,200 dpi / four 

levels of grayscale)
Number of colors : Four colors (YMCK)
Paper feeding : Impression cylinder and chain grippers
Output speed : 2,700 sheets/hour
Paper size :  545 mm × 394 mm to 750 mm × 530 mm  

(landscape feed)
Dimensions : 7,350 mm (W) × 3,700 mm (D) × 2,060 mm (H)

Technologies behind the Features3. 
Overall System3.1 

To print a high-resolution image with the quality of an 
offset print on common offset paper that does not have an 
ink absorbing layer, this system applies a pre-conditioning 
solution to the paper prior to printing to prevent bleeding. 
The system, to produce a print equivalent to that of an offset 
press,  also needs to prevent paper curling due to use of 
water-based ink, ensures image strength and prevents image 
flaws characteristic of single pass inkjet presses. In order to 
meet these conflicting requirements, we have identified key 
factors of the image forming process along the timescale 
using advanced analysis technology. As shown in Table 1, we 
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Table 1   Technical requirements to provide the high quality demanded.

Required capability Material Marking process Head Hardware Image processing
Offset image quality Prevent bleeding Examine a 

phenomenon and 
determine control 
values

Precise droplet 
control

Ensure constant application of a 
preconditioning solution

Screening design with 
dot gain prevention

High density 
arrangement of 
nozzles

Arrangement of four color heads 
on an impression cylinder

Anti-curling Delay water infiltration
Prevent curling by a 
moisturizing solvent

Quick drying

Image strength Increase rub resistance 
and block resistance

Control of heat pressure fixing

Image flaw reduction Increase discharge 
stability

Increase discharge 
stability

Stable paper feeding
Precise gap control

Correction of streaks 
and unevenness

Reliability Maintain head characteristics
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have taken different measures in different aspects: Material, 
marking process, head, hardware and image processing. As 
a result, we have employed the image formation system as 
shown in Fig. 1.

Paper

Application of 
preconditioning solution 

Drying
Drawing
with ink Drying Heat pressure

fixing

Fig. 1   Printing process with Jet Press 720.

Material Technology3.2 

Rapid Pigment Coagulation (Rapic) Technology3.2.1 
We have employed technology for rapidly coagulating ink 

by a reaction between the preconditioning solution and ink 
to prevent bleeding and dot gain. The technology prevents 
dots from joining together and helps each dot to keep their 
shape (Fig. 2). Furthermore, it helps prevent a decline in 
repeatability of characters due to bleeding, which is inherent 
to inkjet presses (Fig. 3). Coagulation occurs when pigment 
and latex are negatively charged and dispersed in the ink and 
when a flocculent in the preconditioning solution controls 
the electric charges and eliminates the repulsion (Fig. 4). We 
have increased the speed of coagulation by designing the 
molecules of our original pigment dispersant and latex and 
developing a new manufacturing process.

Preconditioning solution is not applied

Preconditioning solution is applied

 

Fig. 2   Ink dots with and without Rapic applied.

Existing inkjetJet Press 720

Fig. 3 4 pt letters printed with Jet Press 720 and conventional 
inkjet press.
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Fig. 4   Mechanism of pigment coagulation.

This rapid coagulation technology has not only achieved 
high definition by preventing dot gain and prevented bleeding 
but also made it possible to increase the ink droplet density and 
thereby broadening the range of reproducible hue (Fig. 5).

Fig. 5   Color gamut of Jet Press 720 and Japan Color (coated 
paper).

Water Penetration Deterrence (WPD) 3.2.2 
Technology

We have developed paper anti-curling technology by 
combining material technology and process technology.

Deformation of paper due to moisture is minimized by 
three technologies. The rapid coagulation technology using 
a preconditioning solution retains the moisture content of 
ink in the coagulated image and that delays its infiltration 
into the paper. Quick drying technology dries the retained 
moisture rapidly and process technology controls the timing 
of drying.

Ink contains a high-boiling-point organic solvent as 
a moisturizing agent. The solvent does not vaporize and 
remains in the image. This solvent gradually disperses into 
the paper. That is one of the causes of paper deformation. 
We have found a solvent that curls paper much less than 
common solvents for water-based ink, such as glycerin. 
Combining this solvent with ink, we have found a low-
curling ink formula.

The low curling ink had problems. It reduced paper 
surface strength, ink storage stability and discharge stability 
due to ink clogging. We have solved the problems with ink 
formula design, pigment dispersant design and clogging 
prevention by the system, respectively.

High Image Strength Technology3.2.3 
To ensure rub resistance of an image immediately after 

it is drawn, a stable film must form while ink is being 
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fixed. To stabilize film formation, the softening temperature 
of polymer (film forming temperature) must be regulated 
not to exceed the fixing temperature. After ink has been 
fixed, to ensure block resistance to prevent stickiness of an 
ink film, the polymer softening temperature needs to be 
higher than the ambient temperature (Fig. 6). By finding the 
optimum formula for blending the polymer latex FUJIFILM 
has developed with several solvents, we have achieved 
control of thermophysical properties to keep the softening 
temperature (film forming temperature) low during fixing 
and high after fixing in various situations, such as printing 
and transportation.

Head Technology3.3 

Head performance required for a high-3.3.1 
resolution single pass inkjet press

With an ordinary inkjet printer, ink discharged from a 
nozzle may not hit the intended spot or make a dot of the 
correct size. To make these errors less noticeable, the head 
runs in the same place on paper several times and an image is 
drawn by several nozzles to even out the errors of individual 
nozzles. This mechanism also makes the pixel density higher 
than the nozzle density. For instance, it enables printing at 
over 1,000 dpi.

To print at high speed, a printer needs to have the head 
fixed and only paper moved. The nozzle density needs to 
be the same as the pixel density on paper. As errors cannot 
be evened out by drawing with several nozzles, the ink 
discharge accuracy of the inkjet head itself must be increased. 
Furthermore, Jet Press 720 must have as high print position 

accuracy as that of an offset press to implement the product 
concept, i.e., a press. Jet Press 720, therefore, feeds paper 
with an impression cylinder. The four color heads have to be 
placed on a single cylinder and thus each head needs to be 
reduced in width.

Jet Press 720 is improved in the ink discharge direction 
and dot size accuracy, using Micro-Electro-Mechanical 
Systems (MEMS) process technology. In addition, we have 
developed a reduced-width head with a nozzle density of 
1,200 dpi.

Jet Press 720 head is small in size, high in nozzle density 
and high in machining accuracy. That is the main feature of 
the head.

Structure and Reliability of the Small, High-3.3.2 
accuracy and High-density MEMS Head

Each color line head of Jet Press 720 consists of 17 
modules with 2,048 nozzles arranged in a straight line 
(Fig. 7). We have achieved position accuracy of several 
micrometers by carefully selecting materials and devising the 
optimum assembly and adjustment methods.

The module (Fig. 8) is designed to discharge ink with 
high accuracy. A single module achieves a dot density 
of 1,200 dpi and a printing rate of 2,700 sheets per hour. 
MEMS machining process based on silicone substrate is 
applied to the entire actuator, including the nozzles and flow 
passages that ink discharge accuracy and drive frequency 
greatly depend on and the piezoelectric elements and the 
high-density wiring used to drive ink discharge. That has 
achieved the machining accuracy of sub-micron level, which 
is difficult with traditional machining. To make the most of 

Fixing

PaperPaper
Solvent

Latex

Pigment

Film forming Rub resistance up

Paper

Ink film
(Duplex printing)

Reduction in stickiness by raised polymer 
softening temperature = Adhesion resistance

Te
m

pe
ra

tu
re

Fixing 
temperature

Polymer 
softening 
temperature

Paper 
surface 
temperature

Paper 
surface 
temperature

During fixing Immediately 
after fixing

Transportation 
(high temperature)

<During fixing>

<Immediately after fixing or transportation (high temperature)>

Fig. 6   Demands for the control of polymer thermal properties  under various conditions.

 

Fig. 7   Line-type structure. Fig. 8   Exterior view of ink head module.
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the accuracy, we employ the optimum fluid design and head 
structure and a high-output piezoelectric actuator.

Fur thermore, for downsizing, we have combined 
advanced wiring and mounting technology with material 
technology. Unlike semiconductor devices, an inkjet head 
has microscopic ink passages next to the high-density wiring. 
Ink leakage and moisture can seriously affect the reliability. 
But, there are many restrictions on design of moisture-proof 
sealing because of downsizing of modules and their highly 
precise layout in the line head. It is necessary to achieve 
strength, high ink resistance and moisture-proof barrier 
performance with a small bonding area. We have achieved 
high durability, utilizing a bonding material highly resistant 
to chemicals and stress analysis of sealing material.

Highly Durable Water Repellent Technology3.3.3 
Jet Press 720 uses special ink high in fixing capability to 

achieve resistance of printed products equivalent to that of an 
offset press. To ensure stable discharge of ink for a long time, 
the areas around a nozzle must be highly water-repellent. 
As a water-repellent film is always exposed to ink or other 
chemicals, it needs high chemical resistance. The film also 
needs to have resistance to physical wear due to maintenance 
of the nozzles. As a press is used to print a huge number of 
copies, the quality of a water-repellent film is critical for the 
life of a head. We have used a fluorocarbon-based material, 
which is also repellent to the ink used for this press, and, 
combining with the control of the underlying film, achieved 
a precise and high-strength water-repellent film. Besides 
that, with the ink itself and maintenance procedure, we have 
achieved a long-life press.

Ink Discharge Control and Stabilization 3.3.4 
Technology

The viscosity of ink changes as the temperature changes. 
That affects the way the ink is discharged. To discharge ink 
stably in any environment, Jet Press 720 regulates the ink 
temperature and supplies ink with a constant temperature 
to the modules to reduce fluctuations in ink viscosity. To 
provide offset image quality, three different volumes of 
droplets are required and a correct volume has to be selected 
every time at high frequency. We have achieved that by 
optimizing the drive waveforms of piezoelectric elements 
using fluid simulation technology and discharge monitoring 
technology (Fig. 9).

Hardware Technology3.4 
We have employed many unique hardware technologies 

in Jet Press 720 to meet demanding requirements. Among 
them, this section focuses on paper feed technology and head 
maintenance technology.

To provide the ease of use of a sheet-fed offset press, stable 
sheet feeding and accurate control of the gap between the line 
head and paper; Jet Press 720 uses an impression cylinder and 

chain gripper system, which is a proven paper feed system 
used for offset presses. Thanks to this system, Jet Press 720 
can feed paper at high speed with high accuracy.

To control the gap between the line head and paper 
accurately, a vacuum suction mechanism is installed on 
the drawing cylinder that holds paper while the line head is 
printing on it. The mechanism holds paper firmly, the gap is 
kept constant and the dots are positioned in place. To support 
various sizes of paper, suction holes are made in the suction 
sheet. When a small size of paper is used, air may leak from 
the holes not covered by the paper. However, the internal 
flow passages are so controlled as to ensure that the paper is 
held firmly (Fig. 10).

Fig. 9   Photo of ink droplets.
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Fig. 10   Sheet paper holding mechanism.
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Head maintenance is necessary for maintaining the head 
characteristics. The head maintenance mechanism for Jet 
Press 720 is a web-wiping system combined with a cleaning 
solution specially designed for latex-containing ink, which is 
liable to harden by drying (Fig. 11).

Nozzle surface

Cleaning solution

Non-contact

Pressure by spring

Travel of head bar

Cleaning solution
spray nozzle

Web is rolled

Spraying of 
cleaning solution Web wiping

Fig. 11    Method of web-wiping head maintenance using cleaning 
solution.

The nozzle plate of the head is stained with ink mist 
generated during printing or covered with dust. The head 
maintenance system of Jet Press 720 sprays a cleaning 
solution to the plate from a non-contact nozzle to make 
the ink and dust easier to remove. They are then wiped off 
completely with a clean surface of the web and the head is 
kept clean. After the web has wiped the plate, the web is 
rolled to renew the cleaning surface and maintain cleaning 
capability.

Image Processing Technology3.5 
Jet Press 720 employs the single pass system to achieve 

high speed printing. With this system, drawing defects 
immediately lead to image defects, streaks or unevenness in 
the paper feed direction (Fig. 12). The drawing defects are 
a “dot position error” in which an ink droplet hits a spot off 
the right position by the specified distance, “uneven dot size” 
caused by unevenness in droplet volume and “missing dot” in 
which a nozzle fails to discharge ink.

Even if a high-powered head is used, it is difficult to 
completely prevent these image defects. Jet Press 720 is 
provided with two types of correction functions using image 
processing techniques to correct the image defects. The two 
correction functions both reduce the visibility of defects to 
help provide high image quality.

Single pass system

Discharge
port

(Nozzle)

Missing dotUneven dot sizeDot position error

Fig. 12   Diagram showing errors in the single pass printing.

Defective Nozzle Correction Function3.5.1 
The defective nozzle correction function corrects high-

frequency unevenness appearing as thin streaks caused by a 
discharge error or missing dot. Correction is performed in the 
following sequence.
(1) Output test charts

 The defective nozzle detection pattern is printed in the 
margin where paper is gripped during printing for one 
color per paper. This is to monitor for defective nozzles 
during printing.

(2) Read image information
 The inline sensor built in the system reads the defective 
nozzle patterns.

(3) Analyze image information
 The system analyzes the read detection patterns and 
identifies a defective nozzle (dot position error or missing 
dot) if any.

(4) Perform correction
 The system increases the drawing density of adjacent 
nozzles to the defective nozzle identified in the step (3) by 
the specified rate (Fig. 13). Increasing the density of adjacent 
nozzles decreases the visibility of a white streak caused by 
missing dot. After a defective nozzle is identified in (3), 
the nozzle is forced not to discharge ink and therefore a dot 
position error is corrected the same way as missing dot.

Missing dot White streak Missing dot Adjacent nozzles

Nozzle defect is caused Defect corrected

Fig. 13   Diagram showing correction of the missing dots.

Low-frequency Unevenness Correction Function3.5.2 
Unevenness in dot size (unevenness in droplet volume) 

depends on the characteristics of each module, including 
accuracy of drive control. It often becomes relatively stable 
low-frequency unevenness. Low-frequency unevenness is 
corrected with a correction sequence called Auto Calibration 
Print (ACP) prior to printing. Correction is performed in the 
following sequence.
(1) Output test charts

 The system outputs an ACP test chart for each color of C, 
M, Y and K with several gradations.

(2) Read image information
 The ILS in the system reads the images of the APC charts.

(3) Analyze image information
 The system creates a gradation correction table for all the 
nozzles used to make the density data of each gradation of 
each color uniform in the nozzle width direction.
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(4) Perform correction
 The system adjusts gradations using the gradation 
correction tables created in (3) to produce an image with 
each gradation uniform in density in the nozzle width 
direction (Fig. 14).

After correction
(Density)

ACP test chart

Nozzle width direction

Nozzle width direction

Nozzle width direction

Correction
table

Head nozzle
array direction Values read by ILS

(Density before
correction)

Fig. 14    Diagram showing correction of non-uniformity due to low 
frequency noise.

Conclusion4. 
Development of Jet Press 720 has been achieved with the 

help of inkjet head technology, material technology, system 
integration technology and image design technology.

We will make our efforts to offer new business models 
making the most of the added values, i.e., features of a digital 
press and continue technological development to expand 
versatility of printing substrates, increase printing speed and 
enhance image quality.

(In this report, “Jet Press” is a registered trademark of 
FUJIFILM Corporation.)


