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PURPOSE OF PUBLICATION
    This annual publication is issued in order to introduce the results of research and development carried 
out in the laboratories of FUJIFILM Corporation and its subsidiaries. To provide an overview of our 
wide-ranging R&D activities across numerous business fields, this collection includes the papers, which 
are newly written or have already been published in various science and technology journals, regarding 
our noteworthy new products and novel technologies. In addition, a list of such papers published in 
journals and those presented at academic conferences in the past one year is attached at the end.
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Editorial Note
On January 20, 2014, FUJIFILM Corporation commemorated the 80th anniversary of its foundation. To 

mark the occasion, the company published a brand statement and created a new corporate slogan, “Value from 
Innovation,” declaring its mission to keep creating value for customers. In addition, aiming at co-creation 
using external technology in combination with its own, the company set up the Open Innovation Hub on the 
second floor of the Tokyo Midtown West building, thus entering a new era for the next few decades.

This annual journal reviews the results of our research and development. It consists of original papers 
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from the fields of medical/healthcare products and ink jet technology in which we have made great progress 
in the last year. Many other research products are expected to be commercialized soon, and articles about 
those technologies will appear from the next issue onward.
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of co-creation.
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Foreword

Masahiro Asami
Director, Corporate Vice President and
General Manager of the Research & 
Development Management 
Headquarters
FUJIFILM Corporation

On January 20, 2014, FUJIFILM Corporation celebrated its 80th anniversary. Since the establishment 
aiming the domestic production of photosensitive materials, during its long history of research for pho-
tosensitive materials and associated systems, the company has constantly introduced world-class prod-
ucts into the market. Furthermore, its research on non-silver salt photopolymers, magnetic materials 
and microcapsules has also led to many other excellent products. When the silver-halide photography 
market rapidly declined after the turn of the century, the company drastically diversified the scope of 
its research as well as its development objectives. Now, by applying core technologies developed based 
on our work on photosensitive materials, etc., we are releasing novel products into new fields such as 
high-functionality materials, digital printing and healthcare.

However, our conventional approach will no longer suffice to ensure further growth amid the chang-
ing world. To ensure decades of future prosperity, we will strive to create new value to society based 
on a new corporate slogan, “Value from Innovation”. Our goal is to provide people with products and 
services that support their health and improve their quality of life, thereby creating more comfortable 
social environments. To that end, we must find out the true needs of our customers via interactive, 
co-creative processes with them and effectively utilize our technologies to provide new solutions to 
them.

In the future, instead of merely making incremental improvements in our conventional R&D, we 
must create substantial value by innovation based on technology combining other factors such as pro-
duction systems, product lines and business models. To create innovation of true social value, we must 
review the objectives of our research, and think again how we conduct our development work.

The global economy is at last recovering from a prolonged slump. However, other social issues are 
becoming more serious: aging populations in combination with low birthrates and an unstable employ-
ment situation for younger generations in advanced countries, and the widening social inequalities in 
the process of development in emerging nations. Those factors will lead to major changes in corporate 
objectives and methods for creating social value. Accordingly, we need to clearly identify suitable tar-
gets for innovation, and then focus our R&D on them.

FUJIFILM Corporation will continue to bring innovation into society with its diverse products and 
services to support human health in the prevention, diagnosis and treatment of disease, make the envi-
ronment greener and more sustainable, and allow people to live a more comfortable life.

This journal contains papers describing such research and development activities, and, I hope, it 
conveys the essence of our extensive R&D work. FUJIFILM Corporation will keep striving to achieve 
its mission of improving the future of humans and the earth through innovation.
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1.   Introduction
In recent years, medical technology has become highly sophis-

ticated, which has greatly increased the amount of information, 
such as examination images, sampling data, medication data and 
vital information.*1 Physicians need to refer to such information 
in their daily clinical activities to make a diagnosis of an indi-
vidual patient or to decide his or her treatment plan.

In clinical practice, physicians select and carry out examina-
tions according to the symptoms of the patient and, comparing 
the results with the past medical records, they identify changes in 
the patient’s conditions, make diagnoses and consider treatment 
plans.

However, in cases when long-term follow-up observation is 
necessary or when the patient suffers from multiple diseases, the 
amount of data required for clinical practice becomes enormous 
and it takes much labor to collect and refer to them; therefore, a 
system has been requested that efficiently organizes and presents 
diverse information.

To respond to that demand, we developed the clinical advanced 
viewer CA-V.*2 The system narrows down, by patient and dis-
ease, the information required for physicians to make diagnoses 
or consider treatment plans, aggregates the time-series changes in 
the patient’s conditions in a single window and thereby supports 
them with their clinical practice.

In addition to displaying diverse information after efficiently 
organizing it, the CA-V in conjunction with our medical-use im-
age information system, SYNAPSE,*3 allows easy viewing of 
examination images. Moreover, in combination with our 3D im-
age analysis system, Volume Analyzer SYNAPSE VINCENT, it 
is also possible to view the 3D image analysis results of examina-
tion images.

This report describes the clinical usefulness and system char-
acteristics of the CA-V that we released via FUJIFILM Medical 
Co., Ltd. in July, 2013.

2.   CA-V
This system provides two types of views: Time Line View 

(TLV) that visualizes and displays the clinical information of each 
patient as a graph on a timeline; and Time Slice View (TSV) that 
displays a table of numeric data for all the clinical information 
items. They can be selected depending on the current purpose. 
Our own database technology has enabled the quick display of the 
aggregated clinical information.

Development of Clinical Advanced Viewer “CA-V” for 
Supporting Clinical Practice

Takashi HOSHINO＊， Shinichi TAKEYAMA＊， Fumitake TANAKA＊， Akinari TSUGO＊，
Yoshiyuki KURAMI＊， Shoji KANADA＊， and Akira OSAWA＊

Abstract

We have developed the Clinical Advanced Viewer “CA-V” for supporting the clinical practice of physicians. The system can 
appropriately narrow down clinical information based on the problem, and can display the patient’s information on a timeline on 
one screen. The physician can thus more easily diagnose and decide a treatment strategy, by referring to the aggregated clinical 
information of this system. The system is expected to enable physicians to more effectively understand the condition of a patient.

Original paper (Received December 3, 2013)
＊ Medical System Research＆Development center
Research＆Development Management Headquarters 
FUJIFILM Corporation
Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa 
258-8538, Japan

*1  Values and waveform information indicating the current conditions of the human body (pulse, heart rate, respiratory rate, blood pressure, body 
temperature, etc.)

*2 Acronym for Clinical Advanced Viewer
*3  The collective name for FUJIFILM radiology PACS (Picture Archiving and Communications System) products. The PACS is a medical-use 

image information system that electronically stores, retrieves and analyzes examination image data from medical-use image diagnosing sys-
tems such as CT, MRI and CR equipment.
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2.1   Characteristics of the system
(1)  Display of changes in the patient’s conditions on a timeline in 

a single window
The TLV (Fig. 1) aggregates information required for clinical 

practice, such as basic information about the patient, examination 
images, sampling data, medication data and vital information, 
and instantaneously converts the data into a time-series graph in 
the window via simple user operations.

The display period can be changed via the intuitive operation 
of sliding the time scale setting bar. The graph can also be scaled 
up or down. That enables the easy, visual understanding of chang-
es in the patient’s conditions.

(2)  Display of clinical information narrowed down by major dis-

ease using an original function
We have developed a smart function incorporating opinions 

from physicians, which allows the narrowing-down of clinical 
information items for each major disease. That streamlines the 
extraction process of data required for the disease from among 
enormous quantities of information.

(3)  Display of a table containing numeric data for all the clinical 
information items

The TSV (Fig. 2) displays and enables easy reference of data 
of all the examination items without omission. In this view win-
dow, it is possible to check data even before the disease is identi-
fied, for example, at the first visit of the patient. After the identi-
fication of the disease, even when clinical information narrowed 

③

①

②

(ii) Narrowed-down display

The field displays the items narrowed
down by the disease selected from
among the list of diseases.

The field displays the list of diseases
registered for each patient.

(i) List of diseases

The display period can be changed via
the intuitive operation of sliding the time
scale setting bar. The graph can also be
scaled up or down.

(iii) Change of the display period

Images

Medication
data

Vital information/sampling data

Fig. 1   Time Line View (TLV).

①

(ii) Display of all the examination items

The field displays all the examination
items, independently of the disease
selected from among the list of diseases.
Data outside the normal range are
displayed in red.

②

A single click switches the views.

(i) TLV/TSV switching

Simple mouse operations change the
display items and periods.

(iii) Change of the display items and periods

Fig. 2   Time Slice View (TSV).
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down by disease is being referred to in the TLV, the window can 
be switched easily to the TSV, allowing the confirmation of nu-
meric data of all the other clinical information items that are not 
displayed in the TLV.
(4)  Linkage with SYNAPSE and VINCENT

Linking with SYNAPSE, the CA-V allows easy reference of 
examination images simply by setting the cursor over the target 
image icon. It can also display image diagnosis results in com-
bination with our reporting system. Moreover, it is possible to 
view 3D image analysis results of SYNAPSE VINCENT from 
the CA-V.

2.2   Configuration of the system
The system consists of a CA-V server and client terminals. The 

client terminals display clinical information using a web browser. 
The basic information about patients, sampling data, medication 
data and vital information are recieved from the Electronic medi-
cal record server. Fig. 3 illustrates a configuration example.

3.    Database technology that enables high-
speed display

Figs. 4 and 5 illustrate our original database technology that 
has realized high-speed data access. As shown in Fig. 4, this sys-
tem does not recieved data as a set of all the necessary detailed 
information of each patient but creates purpose-specific summary 
tables (dimentions are data type and time : month · day), which 
enables rapid data reception.

In addition, as shown in Fig. 5, stratified reception of data re-
quired for display solves the issue of slow access observed in a 
conventional system when a large amount of clinical information 
is gathered in the case of longer treatment periods.

4.   Product concept and value of the CA-V
The system was developed to visualize the clinical informa-

tion and support physicians with their clinical decisions based on 

Data are recieved as a
set of all the necessary
detailed information of
each patient.

Minimum denormalized
data are added to the
patient’s information.

Access paths are integrated
via abstraction and
consolidation of data structures.

Purpose-specific
summary tables are
created.
・Data type axis
・Time axis

Patient

Prescription/
injection
records

Sampling
records

Vital
records

Patient

Summary by
data type

Summary by
month

Detailed
records

Data reception slows
with the increase of
recieved data types.

…

Conventional system CA-V

Fig. 4   Building a database summary for each object.

Electronic
medical
record

SYNAPSE
server

Reporting
system

SYNAPSE
Vincent

Image
diagnosis
reports

3D image
analysis
results

Images

Basic information
about patients
Sampling data
Medication data
and vital information

CA-V server

Physician

Client
(HIS terminal / 
interpretation 
terminal)

Fig. 3   Example of system configuration.

The data structure
is normalized for the
registration function.

All the detailed
data are recieved
at one time.

Because of the record granularity
for registration and update
processes, the number of records
increases enormously.

The data required for
display are recieved
via stratified accesses.

Only the data
summarized for
display are accessed.

PatientThe longer the treatment
period, the slower the data

reception becomes.

ACID BASE

Patient

…

Serial execution
Parallel execution

Parallel execution

Application HTML Application

Serial execution

Conventional system CA-V

Prescription/
injection
records

Sampling
records

Vital
records

Summary by
data type

Summary by
month

Detailed
records

Fig. 5   Parallel data acquisition by BASE transaction.
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the following concepts.
(i)  Simple presentation of numerous types and enormous 

quantities of independently managed medical data
(ii) Pin-point reception of essential data
(iii) Visualization of important patterns and relations
It visualizes clinical information by displaying an aggregated 

item of values and graphs and their changes on a timeline.

4.1   Difference from conventional systems
(1) Issues of conventional systems

Current hospital information systems consist of several in-
dependent subsystems, such as the Electronic medical record 
system, examination system, nursing system and PACS, and the 
data are managed individually by the associated subsystems, for 
example, examination results by the examination system, nursing 
information by the nursing system and images by the PACS.

The main purpose of keeping Electronic medical record is to 
manage clinical descriptions as well as medication and examina-
tion orders; therefore, although being the primary tool to view a 
variety of data, they are not sufficient to display comprehensive 
data integrated from detailed records.

In the light of clinical practice, it is sufficient to view the ex-
amination results of a single day at the first visit of the patient but, 
when he or she is hospitalized, it is important to observe changes 
with time, comparing treatment and/or medication with the con-
sequence (examination results) including side effects.

However, it is unrealistic to display all the raw medication and 
examination data on a timeline in a single window because the 
number of display items will then be enormous. In addition, such 
a volume of information will cause problems of system perfor-
mance. Consequently, proper operability of Electronic medical 
record has not been realized.

(2) Solutions provided by the CA-V
The extent of medication and the role and importance of ex-

aminations vary depending on the patient. Sometimes, in addition 
to those to check the conditions of the current disease, examina-
tions are carried out to detect other unexpected symptoms. In the 
former examinations, time-series display is useful while, in the 
latter, an indication of the results per examination may be good 
enough.

In medication, minor information, such as those about medi-
cine for chronic maladies not directly related to the main disease 
and about intravenous infusions, is not necessary to confirm the 
condition of the treatment of the main disease.

That is, if the display items are limited to only those requir-
ing the time-series confirmation of data essential for the clinical 
practice of the target disease, the number can be reduced greatly, 
which can fit into a single-window display.

We then developed and incorporated into the system a function 
in which users can display only essential data on a timeline by 
simply selecting the target disease according to the pre-defined 
display items for each disease (the “disease-specific display item 
set”). That has enabled physicians to easily refer the data of in-
terest and to reduce the considerable amount of time and labor 
required to confirm the details.

Furthermore, by displaying medication data and examination 
results on a timeline, it has become possible to easily find the rela-
tionships between cause (treatment and/or medication) and effect 
(improvement and/or side effect). That allows physicians to con-
centrate on their original duties, clinical decisions and practice, 
without being bothered by the manipulation of tools.

4.2   Supported diseases of disease-specific view
We considered possible treatments and examination purposes 

for individual diseases according to clinical practice guidelines, 
etc.,1)-12) and incorporated into the system a definition file of items 
to be displayed on a timeline for each disease (disease-specific 
display item set). Currently, the display item set responds to about 
forty diseases (Table 1). It is available for use from the moment 

Respiratory organs Circulatory organs
Digestive organs

Internal secretionStomach and 
intestines

Liver, biliary 
tract and pancreas

Cancer/tumor Lung cancer Stomach cancer 
Esophageal cancer 
Colorectal cancer 
GIST

Hepatic tumors 
Biliary tract cancer 
Pancreatic cancer

Thyroid cancer

Other major 
diseases

Lung infection
COPD
Interstitial pneumo-
nia

Ischemic 
heart disease
・Angina pectoris
・Myocardial infarction
Heart failure

Gastroduodenal 
ulcer
Ulcerative colitis
Crohn’s disease

Hepatitis
Cirrhosis
Cholangitis/
cholelithiasis
Pancreatitis

Diabetes

Rheumatism/
collagen disease Urinary organs Breast oncology Gynecology

Cancer/tumor Kidney cancer
Prostate cancer
Bladder cancer
Upper urinary tract 
cancer

Breast cancer Cervical cancer
Endometrial cancer
Ovarian cancer
Uterine fibroid

Other major 
diseases

Rheumatoid arthritis 
Other collagen diseases

Chronic kidney disease/
renal failure
Dialysis

Table 1   Supported diseases of disease-specific view.
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the system is introduced to the site.
The disease-specific display item set is defined by broad cat-

egories of diseases. For example, lung cancer, lung infection, 
chronic obstructive pulmonary disease (COPD) and interstitial 
pneumonia are defined for respiratory organs, which can cover 
over 70 % of inpatients with respiratory disease.

The display item set covers major diseases, including lifestyle 
disease, as well as those requiring hospitalization for which ex-
aminations are essential.

Major diseases in the categories outside the scope of the cur-
rent version will be supported as required in the next version on-
ward.

4.3   Use of the TSV and TLV
(1) TSV

This view is designed to display the general data only around 
a specified date of medication and examinations performed on a 
patient for the confirmation of his or her condition at the first visit 
or unexpected symptoms in follow-up observation.

In general, Electronic medical records provide result data as a 
list per examination. Therefore, it is often difficult to identify the 
data of examinations rarely carried out if the dates are uncertain. 
However, this view displays a list of all the examination items, 
allowing easy reference of such rare data.

(2) TLV
The details of this view are illustrated in Fig. 6 below. The 

displayed information is not actual data but an example created 
for the purpose of explanation.

The list of diseases at the upper center of the window shows 
that this patient suffers from lung cancer and diabetes. Currently, 
“lung cancer” is selected and medication and examination data 

narrowed down by the disease are displayed. In cases where the 
patient has multiple diseases, selecting the checkbox for the target 
disease in this field displays the associated clinical data items.

The major medicines for lung cancer are anti-cancer, side-
effect treatment and analgesic drugs. Analgesics are important 
only for advanced cancer; therefore, they are not displayed in the 
figure (the visibility is selectable). In this case, the first course of 
treatment was conducted with paclitaxel and carboplatin as anti-
cancer drugs.

Examination items displayed are of vital signs (e.g., body 
temperature, pulse) to confirm the basic conditions of the patient, 
sampling data requiring caution to check for side effects of anti-
cancer drugs and tumor markers to check the condition of can-
cer.

The figure shows a drop of the white blood cell count (WBC 
count), which is a typical side effect of anti-cancer drugs. When 
the count decreased to 900/μL, which was lower than the level 
that requires remedy (1000/μL), a treatment drug, Gran Syringe, 
was administered. It is clear at a glance that, as a result, the con-
dition of the patient was improved. Consequently, in the second 
course, the dosage of anti-cancer drugs was reduced, considering 
side effects.

In addition, it is possible to view image data in the TLV. That 
allows easy confirmation of curative effects by comparing the 
sizes of tumors before and after anti-cancer therapy.

The above example is a case of a short-period display. The 
time scale can easily be changed as required. For example, it is 
possible to set a longer display period for image data and tumor 
marker information to about one year for follow-up observation 
after cancer therapy. Setting a long time scale enables the rec-
ognition of gradual changes in tumor markers that are not easily 
detected.

Administration of
anti-cancer drugs

WBC count

Normal range of
the WBC count

Administration of side-
effect treatment drugs

Administration of anti-cancer drugs
with the dosage reduced

Recovery to
the normal range

Reduction of the WBC count
because of side effects (Neutropenia)

Fig. 6   Case of using Time Line View in clinical practice.
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In reality, even after a diagnosis is made, the conditions of the 
disease vary depending on the individual patient and the confir-
mation of extra examination values may become necessary. In 
such cases, the display items of the TLV can be added via the 
TSV. The added items are saved together with the disease infor-
mation of the patient. Therefore, next time the data of the same 
patient are referred, they are displayed in the TLV without setting 
again.

As described, the CA-V provides, via simple operations and 
in an easy-to-understand way, the information useful for a series 
of clinical processes such as the understanding of the contents 
of treatment, confirmation of its curative effects, recognition and 
treatment of any side effects, creation of new treatment plans and 
follow-up observation.

(3) Snapshot function
The timeline windows also display the summary of the course 

of important information for patients.
This system has a function that takes “snapshots” of the win-

dows, saves and refers them at any time. It is expected that the 
function will be useful on various occasions, such as conferences, 
where physicians and health-care providers need to be involved 
in clinical practice, sharing the conditions of patients.

5.   Conclusion
We developed the CA-V to efficiently provide optimal views 

of information at clinical sites where it is necessary to refer to 
enormous quantities of diverse clinical data and make decisions 
about diagnoses and treatment strategies based on them. The sys-
tem thus aims to help physicians to make clinical judgments.

We are planning to add support functions and to further im-
prove the information sharing function in the future.

We hope that the system will be introduced widely into clinical 
sites and will contribute to various clinical activities conducted 
there.
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ferred to in this paper are generally respective trade names or 
registered trademarks of other companies.
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1.   Introduction
In recent years, new technologies, such as digital breast 

tomosynthesis (DBT), have been introduced into the field 
of medical diagnosis and their use has been increasing at 
actual clinical sites.

Tomosynthesis is a technology to generate a tomo-
graphic image from multiple images taken so it can be 
utilized in diagnosis (Fig. 1). In addition to the creation 
of images at a high resolution, which has already been 
achieved in conventional mammography, tomosynthesis 
requires imaging at a lower radiation dose because ex-
aminees need to undergo mammography several times 
to make one tomographic image. To respond to those re-
quirements, FUJIFILM developed a panel to achieve high 

image resolution and low radiation exposure for our new 
product, AMULET Innovality (Fig. 2).

AMULET Innovality provides two tomosynthesis 
mammography modes that are selectable depending on 
the purpose; imaging technology to achieve, with the low-
radiation W anode, the same high-level of resolution as 
is possible with the Mo anode; and the intelligent auto 
exposure control function (i-AEC) to optimize the quality 
of images of the mammary gland region, regardless of the 
condition of the subjects such as having implants. The sys-
tem was thus developed based on the consideration of its 
usability for patients, doctors and technicians.

This paper describes the main features of AMULET 
Innovality.

Development of Digital Mammography System “AMULET Innovality” for 
Examining Breast Cancer

Yoshinari ODA*, Takaaki ITO*, Keiichiro SATO*, and Junya MORITA**

Abstract

We have developed a new mammography system “AMULET Innovality” in which high image quality is achieved by a 
newly developed TFT panel with hexagonal close pattern structure. AMULET Innovality comes with dual tomosynthesis 
mammography modes for increased usability, to meet the various needs of different users. This report reviews the features of 
AMULET Innovality.

 Original paper (Received December 3, 2013)
 ＊ Medical Systems Research＆Development Center
  Research＆Development Management Headquarters
  FUJIFILM Corporation
  Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa 

258-8538, Japan

 ＊＊ Imaging Technology Center
  Research＆Development Management Headquarters
  FUJIFILM Corporation
  Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa 

258-8538, Japan
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Fig. 1   Tomosynthesis Mammography. Fig. 2   AMULET Innovality.
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2.   Main Features
2.1 HCP-structured TFT panel that achieves high 

resolution and low radiation exposure
We developed a panel that achieves high resolution and low 

radiation exposure by making design improvements to conven-
tional TFTs.

The conventional design of TFTs incorporates spaces between 
neighboring picture elements (i.e., pixels) for the laying of sig-
nal wires and address wires. However, because those gaps do not 
have electrodes, the electrical field intensity is naturally weak 
there, which reduces the collection efficiency of signal charge 
generated from X-rays.

We then focused on the fact that, at the corners of square pixels 
constituting conventional TFTs, the electrical field is greatly dis-
turbed and thus the collection efficiency of signal charge decreas-
es significantly. Therefore, we introduced the hexagonal close 
pattern (HCP) structure into TFTs. With no sharp angles, hexago-
nal pixels can be arranged leaving no gaps, which suppresses the 
disturbance of the electrical field intensity at their corners. Conse-
quently, we succeeded in increasing the sensitivity by about 20% 
compared with conventional TFTs using square pixels.

Fig. 3 illustrates the difference between the HCP structure of 
AMULET Innovality and the conventional structure consisting 
of square pixels and Fig. 4 shows their electrical field intensity 
dependent on the structural difference.

2.2 Two purpose-specific tomosynthesis mammogra-
phy modes

In tomosynthesis, several breast images are taken from dif-
ferent angles to generate, via reconstruction, a tomographic im-
age of the inside of the breast and the wider the imaging angle, 
the higher the depth resolution of the image becomes. Having 
directed our attention to that characteristic, we incorporated two 
different tomosynthesis mammography modes, i.e., ST mode and 

HR mode.
ST mode achieves imaging as quickly as just four seconds by 

narrowing the imaging angle. Also, the mode allows setting a low 
dose of radiation with auto exposure control (AEC), benefiting 
from the improvement of sensitivity gained via the introduction 
of the HCP structure. Quick and low-radiation tomosynthesis 
mammography is possible in this mode.

HR mode provides high depth resolution by widening the im-
aging angle. That enables observation focusing on the region of 
interest.

Fig. 5 presents conceptual diagrams for ST mode and HR 
mode, indicating the imaging angles and depth resolutions of 
their reconstructed images, respectively.

Providing those two distinctive modes allows users to make 
purpose-specific selection.

2.3 Radiation quality correction that achieves the 
same quality of images with the W anode as with 
the Mo anode

In general, images taken with the Mo anode represent stronger 
contrast than with the W anode, which allows physicians to make 
diagnoses more easily.

X-rays generated from the Mo anode have a low energy dis-
tribution; therefore, they are easily absorbed in the breast. That 
enables high-contrast imaging. However, it also means that, with 
the Mo anode, the radiation dose is definitely larger than with the 
W anode.

We therefore addressed the difference in energy distribution 
between the two types of anodes and analyzed their radiation 
quality physically. As a result, we came to develop a radiation 
quality-correcting technology to create the same high quality of 
images with the low-radiation W anode as is possible with the Mo 

A A
C C

B B

Fig. 3   Pixel form of HCP structure (left) and square pixels (right).

ST mode（Standard mode）
Imaging angle: ±7.5°

HR mode（High resolution mode）
Imaging angle: ±20°
20° 20°7.5°7.5°

Fig. 5   Conceptual diagram of difference in reconstructed images 
due to different exposure modes.

Electrical field
intensity

Stronga-Sea-Se

PixelPixel

A BBC CA

PixelPixel

WeakWeak electrical field area

Cross sectional views of A-C-B planes

Fig. 4   Distribution of electric field intensity on A, B and C surface in Fig. 3.
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anode: Image-based Spectrum Conversion (ISC).
Fig. 6 presents images taken, respectively, with the Mo anode 

(left) and with the W anode incorporating ISC (right). The images 
are of the same quality, while the radiation dose with the W anode 
was reduced by about 14% compared with the Mo anode.

2.4 i-AEC that achieves more precise radiation dose 
We improved the conventional AEC function and incorporated 

that intelligent version, i-AEC, into AMULET Innovality.
The conventional AEC uses multiple sensors to detect X-rays 

that have passed through the subject. It calculates the required 
dose based on the sensor that received the smallest quantity of X-
rays through the subject during pre-irradiation, that is, the sensor 
for the region where the glandular density is considered to be the 
highest. On the other hand, i-AEC detects the mammary gland 
region based on the morphological characteristics recognized 
within the images taken during pre-irradiation. The latter method 
has realized radiation dose control that optimizes the quality of 
images of the mammary gland region, regardless of the state of 
the breast, such as being fatty, with the scattered mammary gland 
and having implants.

Fig. 7 shows the results of the identification of the mammary 
gland region with i-AEC for multiple patients in different breast 
states. Regardless of the difference in condition, the region was 
localized precisely.

3.   Conclusion
This paper describes the main features of AMULET Innoval-

ity.
AMULET Innovality is not a mere mammography system 

incorporating a tomosynthesis function. It is the system of high 
total performance, excellent in both image quality and equipment 
usability. We expect that the system will contribute to the further 
development of diagnosis using mammography.

Trademarks
• “AMULET Innovality” is a registered trademark of FUJIFILM 

Corporation.
• 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.

Mo/Mo W/Rh with ISC

Fig. 6   Comparison of images exposed with Mo anode and with  
W anode & image processing.
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Uneven high density

Scattered mammary 
gland

High density
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Mammary gland region localized with i-AEC

Inclusion of 
non-target objects

Fig. 7   Calculation result of mammary gland region in i-AEC.
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1.   Introduction
In the use of conventional flat panel detectors (FPDs), it is 

necessary to capture images in sync with X-ray generation by 
connecting the FPD controller to the X-ray generator with cables. 
However, many X-ray generators do not have interfaces to syn-
chronize the timing with FPD controllers, which has prevented 
the replacement of computed radiography systems with FPDs.

Then, in 2011, we introduced onto the market for the first 
time in the world[1] the CALNEO flex incorporating an automatic 
X-ray detection function, SmartSwitch (Fig. 1). SmartSwitch 
captures images, detecting the start of X-ray irradiation with a 
cassette FPD; therefore, it does not require synchronization with 
X-ray generators. In recent years, however, there is an increasing 
demand for extending the usage of the cassette FPD from inside 
imaging rooms to the outside, such as during patient rounds and 
at home. To achieve that, X-ray generators must be changed from 
high-power types for imaging rooms to low-power types for use 
in mobile X-ray vehicles or portable equipment, requiring even 
higher sensitivity in X-ray detection.

This paper describes a technology, SmartSwitch, we devel-
oped to improve X-ray detection sensitivity.

2.   SmartSwitch technology to improve sensi-
tivity

2.1 Outline of SmartSwitch
The cassette FPD sensor has a structure integrating a phosphor 

layer, which converts X-rays to light, and photodiode thin film 
transistors (TFTs), which convert the light to electrical signals. 
Imaging with a conventional X-ray generator connected requires 
changing the driving mode of the cassette FPD in the sequence, 
reset mode, image accumulation mode and image readout mode, 
in sync with X-ray irradiation timing via the cassette FPD con-
troller (e.g., console).

On the other hand, imaging with the automatic X-ray detec-
tion function changes the driving mode of the cassette FPD upon 
detection of the start of X-ray irradiation. Instead of setting to 
reset mode, X-ray detection mode is started and, when X-rays are 
detected, the mode automatically changes to image accumulation 
mode (Fig. 2).

Technology for Improving the Sensitivity of an X-ray Automatic Detection 
Function “SmartSwitch”

Jun ENOMOTO* and Yasufumi ODA*

Abstract

In order to realize X-ray imaging in a patient room, we have developed a technology for improving sensitivity of X-ray 
automatic detection function “SmartSwitch”. The main feature is the highly efficient scanning for X-ray signal and X-ray 
determination function. Due to the X-ray signal scanning efficiency, X-ray imaging with low power X-ray generator is 
possible. With SmartSwitch, it is possible to achieve both high X-ray detection sensitivity and prevention of false detection 
due to noise by X-ray determination function, and it can provide a user-friendly workflow.

Original paper (Received December 5, 2013)
 ＊ Medical System Research＆Development Center
  Research＆Development Management Headquarters
  FUJIFILM Corporation
  Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa 

258-8538, Japan
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Fig. 1   System configuration of “CALNEO flex”

[1]　Within wireless cassette digital radiography (DR) products on the market as of November 20, 2011 (an in-company investigation)
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To improve X-ray detection sensitivity, we developed two 
algorithms for (i) the control of scanning to enable high-perfor-
mance X-ray detection and (ii) the separation of noise from X-
rays. The details are as follows.

2.2 Development of scanning control to enable high-
performance X-ray detection

In X-ray detection mode, the following cycle is repeated at a 
high speed: integration and amplification of electrical charges to 
voltage with a charge amplifier; conversion to digital values with 
an A/D converter; and X-ray detection with a detection program. 
To improve the performance of X-ray detection, it is necessary to 
increase the proportion of the integral time for electrical charges. 
However, the conventional controller was connected to the cas-
sette FPD as its external unit, requiring time for communication. 
In addition, the processing speed of the CPU was not sufficient 
for the parallel processing required.

To solve those issues, we have recently developed a dedicated 
control program and installed it into the processing IC within the 
cassette FPD. The communication time has thus been minimized. 
Moreover, we employed a field-programmable gate array (FPGA) 
for the processing IC, which enables it to perform real-time paral-
lel processing.

2.3 Development of the X-ray determination func-
tion

In order for the automatic X-ray detection function to sense 
the start of X-ray irradiation and capture images, a quantity of X-
rays not smaller than a threshold level should be irradiated onto 
the cassette FPD. The quantity of X-rays that reach the cassette 
FPD depends on the patient’s physique and the output capacity of 
the X-ray generator. Accordingly, in imaging with a low-power 
X-ray generator for mobile X-ray vehicles or portable equipment, 

it is preferable that the threshold for X-ray signal detection should 
be set to a low value. However, that often causes false detection 
when the cassette FPD receives impacts from the patient’s body 
motion or disturbance noise from peripheral equipment. That 
means, in general, there is a trade-off between X-ray detection 
sensitivity and the ability to prevent false detection.

To solve that issue, we developed an X-ray determination 
function to distinguish X-ray signals from noise when the signals 
exceed the threshold level. The function makes assessments on 
the signals when the driving status has changed from X-ray detec-

X-ray detection mode

Reset mode X-ray 
accumulation mode

Image readout 
mode

Irradiation 
switch ON

Connected by cables

Behavior of the X-ray generator

Driving statuses of 
the imaging section

X-ray 
generation signals

Output of images 
(display)

Changes of FPD driving statuses with a conventional X-ray connection method

X-ray 
irradiation

Automatic mode change

X-ray 
accumulation mode

Image readout 
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Irradiation 
switch ON

Behavior of the X-ray generator

Driving statuses of the imaging section

Output of images 
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Changes of FPD driving statuses with a new automatic X-ray detection function

X-ray 
irradiation

Fig. 2   Operational state of the X-ray detection system and automatic X-ray connection method
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tion mode to X-ray accumulation mode with the scanned signals 
exceeding the threshold. If they are judged to be X-rays, the cas-
sette FPD proceeds to imaging; otherwise, it is set back to X-ray 
detection mode without imaging the signals (Fig. 3). The function 
thus prevents false detection from impacts, etc., while keeping 
high X-ray detection sensitivity even if the quantity of X-rays that 
reach the cassette FPD is small.

3.   Conclusion
Based on the sensitivity improving technology described in 

this paper, we put into use, for the first time in the world, the 
high-quality automatic X-ray detection function, SmartSwitch, 
that can be introduced easily even into existing low-power, ana-
log mobile X-ray vehicles. The function is incorporated into all 
the CALNEO C-series panels, supporting a variety of imaging 
situations that require large panels (17 × 17 in.) such as in imaging 
rooms as well as small panels (24 × 30 cm) such as in incubators 
(Fig. 4). We will keep seeking to develop technologies to achieve 
the higher usability of DR imaging systems and to respond to 
needs at medical sites.

Trademarks
• “SmartSwitch” and “CALNEO” are registered trademarks of 

FUJIFILM Corporation.
• 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.
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Fig. 4   Exposable situation of SmartSwitch
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1.   Introduction
Thyroxine (T4) is among the hormones secreted by the thy-

roid. Its blood concentration is controlled by interaction between 
the hypothalamus, hypophysis and thyroid as follows. Influenced 
by thyroid-stimulating hormone (TSH) secreted from the adeno-
hypophysis, the thyroid increases T4 secretion.1), 2) The adenohy-
pophysis secretes TSH, stimulated by thyrotropin-releasing hor-
mone (TRH) secreted from the hypothalamus. At the same time, 
the secretion of those hormones is inhibited via negative feedback 
that occurs upon an increase of the concentration of triiodothy-
ronine (T3) and T4 in the blood. In that way, the secretion of the 
thyroid hormones is regulated (Fig. 1).

The diagnosis of hypothyroidism in dogs is based mainly on 
the measurement of dog serum T4. When the thyroid function is 
impaired, the T4 secretion that occurs upon stimulation by TSH 
is reduced. Therefore, it is known that many dogs suffering from 
hypothyroidism indicate a low serum T4 concentration, while 
showing a high TSH value3).

In general, veterinary clinics entrust the T4 test to external in-
spection organizations. That prevents veterinarians from prompt-
ly identifying the cause of the symptom because it takes time to 
get the results. In addition, pet owners must come back to the 
clinic for the confirmation of the results and for the treatment of 
their pets. Under such circumstances, there has been a demand 
for compact, rapid inspection systems that can be introduced into 
veterinary clinics.

We therefore developed a compact quantitative immunoassay 
system that enables the measurement of dog serum T4 at veteri-
nary clinics and launched it onto the market in November, 2013. 
The system consists of a T4 assay reagent cartridge, FUJI DRI-
CHEM IMMUNO AU Cartridge v-T4 (hereinafter, the “FDC 
v-T4”), and the dedicated assay analyzer FUJI DRI-CHEM IM-
MUNO AU10V (Fig. 2).

Development of Quantitative Immunoassay Reagent 
“FUJI DRI-CHEM IMMUNO AU Cartridge v-T4”

Tadahiro MATSUNO*, Tomoya OHARA*, Ayumi ONODA*, Kentaro NAKAMURA*, 
Toshihito KIMURA**, and Akihiro KOMATSU**

Abstract

We successfully developed and commercialized “FUJI DRI-CHEM IMMUNO AU Cartridge v-T4” (FDC v-T4) and 
“FUJI DRI-CHEM IMMUNO AU10V”, which is a quantitative immunoassay system for measurement of dog serum 
thyroxine (T4). This system offers rapid measurement, simple operation, and a compact analyzer by using surface 
plasmonenhanced fluorescence (SPF) as the detection principle. Highly-precise T4 inspection in veterinary clinics is possible 
by this system because the FDC v-T4 shows good correlation with the chemiluminescence enzyme immunoassay method 
which used by veterinarians via external orders.
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258-8577, Japan

 ＊＊ Medical System Research ＆ Development Center  
Research ＆ Development Management Headquarters

  FUJIFILM Corporation
  Miyanodai, Kaisei-Machi, Ashigarakami-gun, Kanagawa 

258-8538, Japan

Hypothalamus

Adenohypophysis

TRH

Thyrotropin-releasing 
hormone

TSH
T4

T3

Thyroid hormoneThyroid-stimulating 
hormone

Stimulation

Inhibition

Thyroid

Fig. 1   Negative feedback mechanism for adjustment  
 of thyroid hormones.



14 Development of Quantitative Immunoassay Reagent “FUJI DRI-CHEM IMMUNO AU Cartridge v-T4”

This is an immunoassay system utilizing an antigen-antibody 
reaction in which surface plasmon-enhanced fluorescence (SPF) 
was commercialized as its detection principle for the first time in 
the world. With this system, it has become possible to measure 
in vivo concentrations of small quantities of hormones without 
the intensive light or washing to reduce noise during measure-
ment that are necessary with conventional methods. That realized 
the miniaturization of the system. In addition, because the time 
required for measurement is as short as approx. ten minutes, the 
results can be confirmed and explained to pet owners during their 
visits. The system is thus useful for precise diagnosis and treat-
ment in the early stage.

This paper describes a detection technology established based 
on the fluorescent nanoparticle SPF method that is the fundamen-
tal of the system with the above features, together with the design 
of the FDC v-T4 immunoreaction cartridge utilizing the advan-
tages of the SPF method and its clinical performance.

2.   Development of the detection system
2.1 Surface plasmon-enhanced fluorescence method

When light is irradiated onto the thin metallic film formed on 
a transparent dielectric material, adjusting the incident angle to an 
optimal value (resonance angle) not smaller than the total reflec-
tion angle makes evanescent waves localized on the film resonate 
with compressional waves of free electrons (surface plasmons) 
there. Then, an enhanced photoelectric field is generated near the 
metal surface (near-field light). That phenomenon is called sur-
face plasmon resonance (SPR). Surface plasmon-enhanced fluo-
rescence (SPF) is a technology that detects fluorescence and mea-
sures the quantity of substances by intensely exciting, with the 
near-field light generated in SPR, fluorescent substances that exist 
near the metal surface. Among the characteristics of that technol-
ogy are (i) signal amplification by the excitation light enhancing 
effect of SPR and (ii) noise reduction by local excitation near 
the metal surface using the near-field light. The synergy of those 
two features enables acquisition of very high S/N and improves 
sensitivity, compared with conventional detection methods using 
epifluorescence (Fig. 3).

In the academic domain, many studies on SPF technology 
have already been reported.4), 5) However, no industrial applica-
tion cases had existed, because the SPF method has the problem 
of metal quenching that, if fluorescent substances get too close 
to the thin metallic film, excitation energy is retrieved by the 
film, which prevents its conversion to fluorescence. As a solu-
tion, a method has widely been taken in which metal quenching 
is inhibited by forming a preventive layer (dielectric layer) on 
the thin metallic film to ensure an appropriate space between the 
fluorescent substances and the surface of the film. However, that 
approach is not suitable for commercialization because it is not 
cost-competitive and the optimal layer thickness is difficult to de-
sign.6), 7) We therefore designed and developed original fluorescent 
nanoparticles including fluorescent substances in the quenching 
preventive layer and thus succeeded in solving the metal quench-
ing problem (Fig. 4).

Set a sample, cartridge and tip. Press the Start button.

SampleSample

Tip

Cartridge

Immunoassay analyzer for
veterinary use
FUJI DRI-CHEM 
IMMUNO AU10V

Thyroxine (T4) assay reagent
FUJI DRI-CHEM 
IMMUNO AU Cartridge v-T4

Measurement method

Fig. 2   Quantitative immunoassay system for measurement of dog 
serum T4.
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Fig. 3   Schematic drawings of a) epifluorescence method and b) SPF method.
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Considering endurance against oxidization, we employed gold 
as the metal material. The results of comparison using fluorescent 
nanoparticles fixed onto the thin gold film confirmed that detec-
tion sensitivity with the SPF method is over ten times that with 
the epifluorescence method (Fig. 5).

3.   Development of the Immunoassay cartridge
3.1 Configuration of the cartridge

The FDC v-T4 immunoassay cartridge consists of a flow re-
action plate and two cups (Fig. 6): Reaction Cup 1 containing 
a reagent (T4 dissociation agent) that dissociates serum T4 from 
T4-binding protein; and Reaction Cup 2 containing anti-T4 mono-
clonal antibodies that have been labeled using fluorescent nano-
particles (hereinafter, the “fluorescent particle-labeled anti-T4 
antibodies”). The reagent and the antibodies are sealed inside the 
cups respectively in dry form. The plate consists of a cover and a 
base having a thin gold film formed on a PMMA prism, and T4-
bound bovine serum albumin (T4-BSA) is fixed on the film. By 
jointing this base with the cover, an immunoreaction channel with 
a height of approx. 50 µm is formed over the thin gold film.

3.2 Reaction principle
T4 is measured as follows (Fig. 7). First, a sample is dispensed 

into Reaction Cup 1 and T4 is dissociated from T4-binding protein 
(Step 1). Next, the reaction solution is dispensed into Reaction 
Cup 2 and fluorescent particle-labeled anti-T4 antibodies react 
to T4 contained in the sample, while dissolving in the solution 
(Step 2). During that time, as the serum T4 concentration becomes 
higher, the quantity of T4 bound to the antibodies on the fluores-
cent particles increases. That decreases the binding sites of the 
antibodies. Subsequently, the reaction solution is dispensed into 
the inlet of the reaction channel of the plate and, being sucked 
from the outlet side, it flows inside the channel. The fluorescent 
particle-labeled anti-T4 antibodies that have not reacted to serum 
T4 there react to T4-BSA on the thin gold film, which causes the 
fluorescent particles to be captured near the film (Step 3). The re-
action speed in Step 3 increases proportionally with the quantity 
of the binding sites of the antibodies on the fluorescent particles 
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Fig. 4   Methods for preventing metal quenching.
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and decreases inversely proportionally with the T4 concentration 
of the sample. In the actual detection system, the time change of 
fluorescent signals (rate value) is obtained by exciting the fluores-
cent nanoparticles with a laser at the same time as the occurrence 
of the reaction in Step 3; the value is converted into the T4 con-
centration based on the calibration curve information pre-record-
ed in the QR code attached onto the bottom of the cartridge; and 
the final measurement results are obtained.

The series of measurement actions described above (i.e., dis-
pensing, mixing, solution infusion, detection and conversion to 
concentration) are performed automatically by the dedicated 
equipment and all measurers have to do for inspection is sim-
ply press the Start button after setting a sample, the cartridge and 
consumables.

3.3 Points of the development of the reaction system
(1) Design of the fluorescent nanoparticles

As previously described, we established a high-sensitivity 
fluorescence measurement method, having solved metal quench-
ing by including fluorescent pigments in the quenching preven-
tive layer. This paragraph describes the design of the fluorescent 
nanoparticles considering their application to immunoassays.

(i) Selection of the particle material
For the quenching preventive layer, it is possible to utilize 

light-transmitting materials, such as SiO2 and polymers, which 
do not interfere with fluorescence. However, because of its ease 
in surface modification by antibodies and decentralized stabiliza-
tion in the water system, we selected polystyrene (“PS”) as the 
material.

For fluorescent substances to be included in PS particles, we 
selected a fluorescent pigment with an excitation wavelength of 
660 nm and a fluorescence wavelength of 680 nm, taking into 
consideration the interference of serum samples with fluores-
cence (absorption and intrinsic fluorescence) and the versatility 
of the laser used in the photometric system.

(ii) Determination of the particle size
Particle sizes contribute to SPF excitation and immunoreac-

tion differently. Therefore, to obtain highly sensitive and stable 
signals, it is important to select an optimal particle size, consider-
ing the contribution to both of them.

As regards SPF excitation, the larger the fluorescent particle 
diameter, the higher the excitation efficiency becomes. Because 
the SPR-enhanced photoelectric field decays exponentially in 
proportion to the distance from the surface, fluorescent pigments 
distant from the surface are difficult to excite. The reason is that 
the quantity of those pigments inside the particles increases pro-
portionally with their volume; therefore, as a result, the fluores-
cence per particle increases (Fig. 8). On the other hand, consider-
ing immunoreaction, if the percentage by weight concentration of 
fluorescent particles is constant, the smaller the size, the higher 
the molar concentration becomes, which increases the reaction 

efficiency. Moreover, the fluorescent particles captured on the 
thin gold film by immunoreaction may decrease the reaction ef-
ficiency, having steric effects on the surrounding fluorescent par-
ticles. In such cases, too, small particle sizes act advantageously 
for the reaction efficiency. That is, because there is a trade-off 
relationship between the SPF excitation efficiency and the immu-
noreaction efficiency, particle size optimization is essential. We 
therefore performed simulation about the relationship between 
fluorescent particle sizes, immunoreaction efficiency and SPF 
excitation efficiency. The results revealed that a particle diameter 
between 150 and 400 nm can achieve efficient signals and the 
estimated optimal particle diameter was 250 nm (Fig. 9).

Based on the results of the above considerations, we devel-
oped original fluorescent nanoparticles and employed them in the 
reaction system of this immunoassay system.

(2) Construction of the homogeneous assay system
In general immunoassays, a heterogeneous approach is em-

ployed in which unreacted labeled antibodies are removed after 
the antigen-antibody reaction via washing (B/F separation). How-
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ever, it is not suitable for in-hospital inspection for the following 
reasons: (i) liquid waste is generated; (ii) measurement takes a 
long time because of B/F separation; and (iii) the measurement 
equipment is large. Because the SPF method employed in the 
FDC v-T4 has the advantage that only fluorescent labels near the 
thin gold film are excited, we were able to realize a homogeneous 
assay that does not need B/F separation.

As described in paragraph 3.2, fluorescent nanoparticles are 
captured on the thin gold film by supplying fluorescent particle-
labeled anti-T4 antibodies to the surface of the film with T4-BSA 
fixed. During that time, by supplying the reaction solution inside 
the micro channel at a constant flow rate and thus preventing any 
decrease of the concentration of the sample near the reaction re-
gion (diffusion limitation), linear and more stable signals can be 
obtained in a short period without causing any decrease of the 
reaction speed. Fluorescent signals in SPF are affected to some 
extent by scattering caused by fluorescent nanoparticles on the 
surface of the thin gold layer. However, because the particle con-
centration is kept stable by the constant supply of reaction solu-
tion, the effect of scattering does not change with time and the 
intended antigen-antibody reaction rate is unaffected (Fig. 10). The 
introduction of the rate approach into the measurement method 
has thus enabled the extraction of only the target signals without 
washing via B/F separation. We not only realized short mea-
surement times but also succeeded in the size reduction of the 
equipment.

(3) Inhibition of the agglutination of fluorescent nanoparticles
In performing immunoreaction in serum using fluorescent 

nanoparticles as labels, a problem was observed that reactivity 
was much lower than in buffer solution because particle aggluti-
nation occurred. To solve it, we added, as a pre-treatment reagent, 
high-concentration magnesium chloride to the serum to inhibit 
the agglutination of fluorescent nanoparticles and thus improved 
the reactivity. That enabled measurement without diluting sam-
ples (Photo 1).

4.   Clinical performance of the FDC v-T4
4.1 Confirmation of correlation

To verify the effectiveness of the FDC v-T4, we confirmed 
correlation in dog serum, using as a control method the chemilu-
minescence enzyme immunoassay8) (CLEIA) method employed 
by veterinary inspection centers.

The FDC v-T4, with a correlation coefficient (r) of 0.958, in-
dicated a good correlation with the CLEIA method. Slope (a) and 
intercept (b) of the regression line (y=ax + b; x for the CLEIA 
method, y for the FDC v-T4) were 0.972 and −0.116 respectively, 
which confirmed that the measured T4 values for the FDC v-T4 
were very close to those for the CLEIA method (Fig. 11). That is, 
the FDC v-T4 enables a very quick in-hospital inspection that is 
as precise as those available at external inspections.
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4.2 Confirmation of simultaneous reproducibility
We performed measurement on the same sample repeatedly 

with the FDC v-T4 and checked its simultaneous reproducibility. 
Table 1 shows the results of measurements performed ten times 
each using three test solutions with different T4 concentrations. At 
each concentration level, the coefficient of variation (CV), which 
is a criterion for variation, was 6% or less. The results confirmed 
that the reagent used has sufficiently high reproducibility (quanti-
tativity) for immunoassays.

5.   Conclusion
We developed a quantitative immunoassay system for ani-

mals, FUJI DRI-CHEM IMMUNO AU Cartridge v-T4, and the 
dedicated assay apparatus, FUJI DRI-CHEM IMMUNO AU10V. 
By employing SPF as its detection principle, we realized a com-
pact system design without the washing process that is neces-
sary for general immunoassay systems, enabling quick and easy 
T4 inspection inside veterinary clinics. Although it is a desktop 
inspection apparatus, the system exhibits high correlation with 
the CLEIA method used by external inspection organizations. 
Therefore, it can be said that the system provides high-precision 
inspection results.

We have an extensive product lineup in the veterinary clinic 
market, such as biochemical examination systems, digital X-ray 
image diagnosis systems and ultrasound equipment and they have 
been introduced into many facilities. In the future, based on this 
system as a platform, we are going to promote our research and 
development activities in the field of immunoassay, extending 
measurement subjects beyond T4, and to thereby contribute to 
further improvement of the quality of medical care for animals.
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T4 level Low Middle High

1 1.26 4.24 6.01

2 1.08 4.29 6.13

3 1.24 4.34 6.15

4 1.25 4.41 6.00

5 1.20 4.44 6.40

6 1.20 4.37 6.41

7 1.21 4.16 6.49

8 1.06 4.50 6.31

9 1.15 4.11 6.13

10 1.13 3.95 6.78

Ave. (µg/dL) 1.18 4.28 6.28

SD (µg/dL) 0.07 0.17 0.18

CV (%) 5.9 4.0 2.9

(µg/dL)

Table 1   Reproducibility of measurements with FDC v-T4.
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1.   Introduction
In addition to the research on collagen we have pursued for 

over eighty years, we have introduced our antioxidation and 
nanosization technologies into the research and development of 
FUJIFILM healthcare products, including the ASTALIFT brand.

The Lunamer series are basic skin care products to solve skin 
problems, targeting women in their 20s and 30s. The Lunamer AC 
(acne care) series (Fig. 1) launched onto the market in September, 
2013, was developed to reduce adult pimples. Having identified 
their cause via our original skin analysis technique, we created 
a new ingredient named Acne Shooter that infiltrates intensively 
into pores where pimples grow and we have blended it into our 
cosmetics products.

2.   Adult pimples
The principal cause of pimples has been thought to be the 

clogging of pores with oily matter and the consequent inflam-
mation nearby due to excessive sebum secretion. In the case of 
pimples in puberty, the factor causing the excessive sebum secre-

tion is said to be the activation of the male hormone. On the other 
hand, the causes of pimples in grown-ups, whose sebum should 
have decreased, are considered to be the changes in its secretion 
due to disorders in hormone balance related to menstrual cycles 
or daily stress, etc., or its increase to protect dry skin. However, 
the definite mechanism was yet to be identified.

Development of Cosmetics Brand for Pimples “Lunamer AC”

Makiko AIMI*, Yuki IMAIZUMI*, Akina NAKAUNE*, Noriko OHIRA*, Takuji KOSUGI*, 
Naoko YOSHIDA***, Eriko IKENAGA***, Takeharu TANI***, and Gen OMURA****

Abstract

“Adult pimples” are serious skin trouble for women in their 20s and 30s. By using our original image analysis technology, 
we have found that the major cause of adult pimples is not the amount of oil but a partial drying state of the skin. We have 
developed a unique new ingredient “Acne shooter” which is 80 nm in diameter. Acne Shooter is a nano capsule made from 
stearyl glycyrrhetinate (active ingredient for acne) and natural vitamin E, glycerin (moisturizer). We confirmed that Acne 
shooter infiltrates into pores intensively, increases the moisture level of the skin, and improves the water-retaining function 
inside the skin. Based on this invention, we have developed “Lunamer AC” containing this new Acne shooter ingredient to 
reduce adult pimples.
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3.   Identification of the cause of adult pimples 
using the original skin analysis technique

3.1 Visualization of pimple regions
Dark spots, wrinkles, pores and pimples of the skin all have a 

variety of colors and shapes. Using a technology that analyzes, 
from images, the individual characteristics of their colors, shapes 
and regions, we precisely localized reddish, inflammatory pim-
ples in the face images of twenty-five women in their 20s and 30s. 
We then categorized them into three groups, i.e., those heavily af-
fected (having at least fifteen pimples); those lightly affected; and 
those without pimples, according to which, we visualized regions 
where pimples tend to grow on the whole face by superimposing 
all those images (Fig. 2).

The visualization results revealed that pimples grow frequently 
and intensively on the lower part of the face, in particular, along 
the face line. Also it was indicated that those lightly affected tend 
to have pimples locally on their chin.

3.2 Correlation of the amount of moisture and oil 
content with pimple regions

With twelve women in their 20s and 30s, we performed multi-
point measurement (five points along the face line and nine points 
of other parts of the face) of the amount of facial moisture and oil 
content after they washed their faces and their skin stabilized in 
an environment at a room temperature of 23°C and a humidity of 
50%. We then analyzed correlation between those two factors and 
pimple regions.

Fig. 3 shows facial moisture distributions. According to the 
figure, those heavily affected by pimples had partially dry skin 
with little moisture, in particular, along the face line, and those 
lightly affected had locally dry skin at a part of the forehead or 
chin. Those without pimples had homogeneous facial skin mois-
ture and no dry parts observed. Regardless of pimples, there was 
no significant difference in the amount of their facial oil content.

The correlation*1 of the moisture ratio of the face line to the 
rest of the face with the number of pimples revealed a tendency 

for pimples to increase as the difference between the amounts of 
moisture in those two regions becomes larger.

As regards the oil content ratio, no correlation*1 with pimples 
was observed.

We also analyzed the relationship of the amounts of facial 
moisture and oil content with menstrual cycles. Those who tend 
to grow pimples before menstruation have obvious, partially dry 
skin then, while the others exhibit few changes in facial moisture 
before and after menstruation.

4.   Acne care utilizing pores
For efficient adult pimple treatment, it is essential to resolve 

the above described “partially dry” condition, that is, to inten-
sively moisturize partially or locally dry facial areas, as well as 
to precisely administer anti-inflammatory ingredients into pores 
where pimples are growing.

Pores have sebaceous glands as appendages. They are natural-
ly oily, and water-soluble ingredients do not easily infiltrate into 
them. Therefore, we considered that highly lipophilic, oil-soluble, 
anti-inflammatory ingredients would be effective for smooth ab-
sorption into the pores.

4.1 Development of Acne Shooter
Stearyl glycyrrhetinate is an oil-soluble, natural plant-derived 

ingredient that is extracted from a bean-family perennial, licorice. 
It is known to have anti-inflammatory and anti-allergic effects. 
Among oil-soluble, anti-inflammatory active ingredients*2 that 
are approved for blending into cosmetics in Japan, it is the most 
highly lipophilic and, because of its high crystallinity, it does not 
easily dissolve in water, which has prevented it from being blend-
ed into cosmetics effectively.

Under such circumstances, we succeeded, with our original 
nanosization technology, in stably nanosizing such stearyl gly-
cyrrhetinate into 80-nm particles combining other moisturizing 
ingredients and thus created a new acne care ingredient, Acne 
Shooter, that allows for effective introduction into cosmetics 
(Figs. 4 and 5).

*2 Anti-inflammatory active ingredients that the Ministry of Health, Labour and Welfare of Japan has permitted to be blended into cosmetics (as of the end of June, 2013)

*1 Correlation: Relation between  and the number of pimples
Average amount of moisture (oil content) of the face line

Average amount of moisture (oil content) of the rest of the face

Distribution for those heavily affected

Number of pimples
Many

None

Distribution for those lightly affected Distribution for those without pimples

Fig. 2   Pimple points in the whole face.
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4.2 Intensive infiltration of Acne Shooter into pores
Applying our original optical coherence tomography (OCT) 

technology, we obtained data indicating that Acne Shooter can 
infiltrate intensively into pores (Fig 6).

OCT is a technology to capture precise tomographic images 
of biological tissues, noninvasively (without hurting subject bod-

ies), by applying light in the depth direction at the measurement 
point and obtaining information from the interference effect that 
occurs by the interaction of the direct and reflected light beams 
when they overlap and either reinforce or negate each other’s fre-
quency. For this research, we developed a 3D-OCT skin measur-
ing instrument exclusively for the observation of the structures of 
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Fig. 3   Amount of moisture and oil content in the whole face.
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Fig. 5   Image of “Acne shooter”.
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pimples and pores. By using it in combination with our original 
imaging technology, we succeeded in the noninvasive, clear vi-
sualization of the internal structures of pimples and pores whose 
detailed observation was impossible before.

4.3 Moisturizing effect of Acne Shooter
Acne Shooter infiltrating into the skin increased, by up to 

about seven times, the production of filaggrin, which is a protein 
essential for the horny layer to retain its skin protective function 
and moisture. The results confirmed that Acne Shooter can im-
prove the moisture-retaining function inside the skin (Fig. 7).

Filaggrin protein exists in the horny layer of the skin and has 
a role in enhancing its barrier function. It also exhibits moisture 
retention capability when it decomposes in the horny layer into a 
natural moisturizing factor (amino acid).

5.   Effects on skin
To verify the effects of using Lunamer AC (improvement of 

the pimple conditions), we performed a four-week continuous 
use test on thirty-six women in their 20s and 30s, in which they 
used, every morning and night, Lunamer AC Fiber Foam, Lu-
namer AC Skin Conditioner (normal/moisturizing) and Lunamer 
AC Gel Cream, and their before- and after-use skin conditions 
were checked.

Figs. 8 and 9 show the changes of the number of pimples and 
the amount of moisture in that four-week use test. Compared with 
the state before use of those products, improvements were ob-
served in their skin conditions in regard to both the number of 
pimples and the amount of moisture.

6.   Conclusion
The acne care brand, Lunamer AC, described in this paper is a 

range of cosmetics available only from FUJIFILM, with the aim 
of reducing adult pimples. They were developed using original 
skin analysis techniques based on image diagnosis and optical 
analysis technologies acquired via development activities in the 
digital camera and medical equipment fields and making use of 
our emulsification and dispersion technology derived from pho-
tography.

We will keep striving to develop science-based cosmetic tech-
nologies that only FUJIFILM can realize and to solve skin prob-
lems one by one.

Trademarks
• “ASTALIFT,” “Lunamer,” and “ACNESHOOTER” are regis-

tered trademarks of FUJIFILM Corporation.
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registered trademarks of other companies.
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Fig. 6   Comparison of action on skin before and after application of 
 “Acne shooter” using OCT.
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Fig. 7   Fluorescent microscopy image of  
 3-dimensional human dermal model.
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1.   Introduction
At FUJIFILM we have developed unique and functional skin 

care products by applying photographic expertise. On March 1, 
2013, we launched onto the market a new brightening*1 skin care 
brand, the ASTALIFT WHITE series (nonmedicinal products), 
for women of all ages who have skin problems such as blemishes 
and dullness of the skin (Fig. 1).

Dark spots, freckles and dullness of the skin are common 
problems for many women in their late 20s or over. The market 
size of the brightening cosmetics in Japan is approximately 150 
billion yen. However, according to a survey*2, nearly 70% of the 
users of those cosmetics are not satisfied with their effects (Fig. 
2). Therefore, to respond to their needs, we have striven for the 
development of skin care products with high brightening effects.

Development of Functional Cosmetic “ASTALIFT WHITE”

Fumi KUSUDA＊， Katsuhiko KANAZAWA＊， Toshiyuki HONMA＊， 
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Abstract

We have developed “ASTALIFT WHITE”, which contains our unique dispersion “nano-AMA”, as a new skin care brand 
for women of all ages with skin problems such as dark spots and dullness. We focused on the brightening component 
“AMA”, which has anti-inflammatory effects. It contains three main components, “Asiatic acid”, “Madecassic acid” and 
“Asiaticoside”. However, they are slightly soluble both in water and oil, so we developed approximately 20 nm water-
dispersions, which is expected to penetrate into the skin. A comparison of “nano-AMA” with normal “AMA” showed that it 
had up to double the inhibitory effect on melanin production in a 3D skin model. Furthermore, “nano-AMA” greatly 
suppressed the dendrites’ elongation of the melanocytes. We performed a clinical test for 8 weeks to evaluate the effects of 
the serum “ESSENSE INFILT” which is formulated with “nano-AMA”. We observed a significant decrease in the melanin 
index, which indicates the depth of blemishes, and most subjects perceived a brightening effect.

Original paper (Received December 2, 2013)
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  Research and Development Management Headquarters
  FUJIFILM Corporation
  Ushijima, Kaisei-machi, Ashigarakami-gun, Kanagawa 
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 ＊＊ Life Science Products Division
  FUJIFILM Corporation
  Akasaka, Minato-ku, Tokyo 
  107-0052, Japan
 ＊＊＊ Analysis Technology Center
  Research & Development Management Headquarters
  FUJIFILM Corporation
  Nakanuma, Minamiashigara, Kanagawa
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*1  Preventing the production of melanins to suppress the outbreaks 
of dark spots and freckles

*2  A survey conducted by FUJIFILM

Fig. 1   The new cosmetic brand “ASTALIFT WHITE”.
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2.  Histological characteristics of dark spots
Histologically, dark spots are defined by elongated rete ridges 

deeply protruding into the dermis and forming buds, and a mas-
sive accumulation of melanin and an increased number of mel-
anocytes in the basal layer of the buds.1) (Fig. 3) Therefore it is 
important to deliver brightning components to the deep skin layer 
in order to reduce dark spots.

3.   Development of ASTALIFT WHITE
3.1    Nanoization of a brightening component, AMA, 

into a size of approx. 20 nm with our unique 
technology

Focusing on “AMA”
Centella asiatica is an Apiaceae herb that widely inhabits the 

subtropical zone (Fig. 4). From a legend that wild tigers cured 
wounds by rubbing themselves against it, the plant is also called 
tiger’s herb. It is known to have excellent wound healing and 
anti-inflammatory effects and has thus often been used as a me-
dicinal herb in folk remedies such as Ayurveda. Among the con-
stituents of that Centella asiatica extract, we focused on a bright-
ening component, AMA, which contains three ingredients with 
high anti-inflammatory effects: asiatic acid, madecassic acid and 
asiaticoside (Fig. 5).

Effective
30.1%

Not effective
69.9%

Fig. 2   Survey results on skin brightening effect  
of the cosmetic product.

At dark spots, melanin is
over-produced by
melanocytes here

Fig. 3   Skin structure of normal region (1) and of spot (3)

Fig. 4   Centella asiatica.
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Development of “nano-AMA”
AMA, which is a brightening compound of the above three 

ingredients, does not easily dissolve in either water or oil. In ad-
dition, because of the similarity of their structures, the ingredi-
ents easily aggregate to each other. Therefore, in order to deliver 
AMA to the deep skin, it is necessary to increase its permeability 
by nanoizing it. To solve those problems, combining them com-
plexly with natural amphiphilic ingredients, we established nano 
unit technology that effectively arranges and stabilizes those in-
gredients, without causing aggregation, so they can exhibit their 
effects. With that technology, we succeeded in the development 
of nano-AMA with a size of approx. 20 nm that can be expected 
to infiltrate into the skin (Fig. 6). With a large particle diameter, 
non-nanoized AMA does not let light pass through; therefore, it 
looks turbid. On the other hand, the nano-AMA we developed is 
stabilized with a very small particle diameter and looks transpar-
ent, letting light pass through (Fig. 7).

3.2   Confirmation of the effectiveness of the brighten-
ing component, AMA, with a skin equivalent

Inhibitory effect of nano-AMA on melanin production
To verify the effects of nano-AMA and non-nanoized, normal 

AMA on melanin-producing melanocyte cells, we conducted a test 
using a 3D skin equivalent containing melanocytes, with a similar 
structure to that of human skin (Fig. 8). The skin equivalent simu-
lated the condition of melanocytes that exist in the deep skin.

Inhibi tory effect of nano-AMA on the elongat ion of 
melanocyte dendrites

The morphological characteristics of melanocytes were also 
observed in the test. In the skin equivalent nano-AMA added, it 
was confirmed that dendrite elongation was greatly suppressed in 
dormancy (contraction) and thus the production of melanin was 
inhibited (Fig. 10). It can be considered to have happened because 
the permeability of AMA into the skin increased via nanoization, 
enhancing the effect on melanocytes.

The skin equivalent was cultured for fourteen days under the 
following three different conditions: (i) no addition; (ii) AMA 
added; and (iii) nano-AMA added. Subsequently, melanins were 
extracted from the skin equivalent to determine the quantities. As 
a result, the inhibitory effect of nano-AMA on melanin produc-
tion in the skin equivalent was found to be about double that of 
normal AMA (Fig. 9).

Fig. 7    “Micro-sized AMA” (left) and “nano-sized AMA dispersion” 
(right).
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Fig. 9   Nano-sized AMA dispersion has twice the skin brightening 
effect of AMA.

Melanocyte

Fig. 8   3D-skin equivalent of human skin including melanocytes.

100nm

Fig. 6   Cryo-TEM image of nano-sized AMA 
dispersion of ice-embedded sample.



26 Development of Functional Cosmetic “ASTALIFT WHITE”

4.   Confirmation of the effects of ASTALIFT WHITE 
ESSENCE INFILT in vivo by a clinical test

We show the results of the clinical test to confirm the brighten-
ing effects of  ASTALIFT WHITE ESSENCE INFILT which is 
formulated with nano-AMA below.

We recruited 26 women, aged 32-59, who had dark spots on 
their faces, and determined one spot to be observed for each sub-
ject. All the subjects have applied ASTALIFT WHITE ESSENCE 
INFILT to their entire faces twice a day for eight weeks. We mea-
sured the darkness of the spots as melanin index and took images 
before first application, after four weeks and eight weeks applica-
tions.

The average of melanin index of the spots was significantly 
decreased from 191 to 183 (p < 0.01) after four weeks of applica-
tion, and from 183 to 168 (p < 0.0001) after another four weeks 
(Fig. 11) . As the average of melanin index of normal region was 
140, those results meant the spots moved to closer normalcy 
by ASTALIFT WHITE ESSENCE INFILT application. Fig. 12 
shows improvement of the spot as a typical case. Large spot with 
a well-defined border on the cheek was brightened, with indistinct 
border. It was obvious that the spot were brightened and not only 
by measured value but also by visual observation.

In addition, 77% (20/26) and 85% (22/26) subjects found their 
spots were improved by themselves, after four weeks and eight 
weeks application, respectively. Thus, we have achieved our goal 
of developing skin care products with high brightening effects 
enough to satisfy women who had not realize before.

5.   Conclusion
ASTALIFT WHITE described in this paper is a functional cos-

metic using original dispersions created based on the emulsifica-
tion and dispersion technology we have acquired via conventional 
development activities in the field of photography. The effect was 
proved with a model close to actual human skin.

Leveraging our own expertise, we are going to keep striving 
for the development of functional cosmetics that create new cus-
tomer value.

References
1） Lin, C. B. et al. Journal of Dermatological science. 59（2）, 

p.91-97（2010）
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registered trademarks of other companies.
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Fig. 12    A typical case of the spot improvement after four 
weeks application.
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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. 

FUJIFILM Group’s Inkjet Printhead and Technology

 Yoshinori KATO*

Abstract

This paper introduces FUJIFILM Dimatix’s inkjet printhead products and technologies. The broad product range includes 
devices with various native drop masses, print resolutions, and nozzle plate materials. Especially, stable jetting is expected 
with the new StarFire printhead which features a unique ink recirculation structure that maintains the ink inside the nozzle in 
the best condition. In addition, the world’s most advanced printhead ‘SAMBA’ uses not only the ink recirculation but also 
MEMS technology, high-efficiency sputtered PZT actuator, and durable non-wet film on the nozzle plate to achieve precise 
and stable printing with a high resolution of 1200 dpi.

Original paper (Received November 7, 2013)
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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.
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Fig. 11   Imaging by Versa Drop technology
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1.   Introduction
The actuators of ink-jet heads, etc., use piezoelectric materials 

for their driving units. To achieve higher definition and higher 
performance from those devices, it is necessary to refine the actu-
ator mechanisms by applying semiconductor technologies such as 
microelectromechanical systems (MEMS). To that end, research 
and development have been undertaken that enable piezoelectric 
materials to be changed from conventional bulk materials that re-
quire polishing to thin films.1)

Normally, long-established PZT materials are used for that 
purpose. The piezoelectric performance (d31) of undoped genuine 
bulk PZT materials is −93 pm/V and that is not sufficient for ac-
tuators. Therefore, in general, third component-added denatured 
PZT or materials in the relaxor system are used. Among the meth-
ods to make piezoelectric materials into thin films are the sol-
gel process, sputtering, aerosol deposition and chemical vapor 
deposition.2)-9) To form good-quality films with a high piezoelec-
tric constant, those methods have introduced an annealing step 
after film deposition or techniques utilizing epitaxial growth with 
single-crystal substrates to enhance crystallization. Currently, 
however, films formed on silicon substrates compatible with the 
MEMS process have not been able to achieve sufficiently high 
piezoelectric performance.

Therefore, by using sputtering, which is highly versatile and 
enables easy film formation in the order of micrometers, we 
formed a PNZT film with a piezoelectric constant enhanced by 
doping PZT with Nb on a silicon substrate via electrodes. This 
paper describes the characteristics of that film and its application 
to MEMS devices.

2.   Nb-doped PZT thin film by sputtering10)-12)

2.1 Nb-doped PZT thin film
PZT is a complex oxide having a perovskite structure, ex-

pressed by the chemical formula Pb(ZrxTi1−x)O3. Fig. 1 illustrates 
the structure. Pb2+ ions are positioned at A sites, and Zr4+ or Ti4+ 
ions occupy B sites. At a temperature not greater than the Curie 
point, B-site ions, Zr4+ or Ti4+, shift from the center of the crystal 
and that causes spontaneous polarization. Those ions undergo a 
displacement in response to the external electric field, which ap-
pear as ferroelectricity and piezoelectricity. In this development, a 
trial was made to increase the piezoelectric constant with a mate-
rial created by doping the B sites with Nb (hereinafter, “PNZT”).

Preparation of Nb-doped PZT Thin Film with High Piezoelectric Performance 
and Its Application to MEMS Devices

 Takamichi FUJII*, Takayuki NAONO*, Akihiro MUKAIYAMA*, Takami ARAKAWA*,
Yoshikazu HISHINUMA**, Youming LI**, and Jeffrey BIRKMEYER**

Abstract

We have developed a method of forming PZT films on silicon substrates with a high piezoelectric coefficient using RF 
sputtering. Films have been formed on 6-inch wafers with thickness variation of less than +/− 5% across the entire wafer. 
Our PZT film has an unusually high content of Nb dopant (13%) which results in 1.7-fold higher piezoelectric coefficient 
than sputtered PZT films previously reported. The X-ray diffraction patterns of our PZT film formed on a 6-inch wafer 
demonstrate that the film is in a perovskite phase with (100) orientation which partly accounts for its high piezoelectric 
performance. One of the unique properties of our sputtered PZT film can be observed in the P-E hysteresis loop shifted to the 
positive electric field, suggesting that the polarization axes have been aligned in a certain direction beforehand, making a 
post-deposition polarization process unnecessary. We applied the PZT film to an ink-jet head and micro-mirror as a MEMS 
device application, and demonstrated high actuation performances of both devices.
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2.2 Conditions for the forming of a sputtered PNZT 
thin film and its evaluation method

Using a silicon substrate with a (100) orientation, we formed, 
as follows, a PNZT thin film with our original RF magnetron 
sputtering equipment that allows 6-inch film formation. First, a 
20-nm Ti adhesion layer was formed on the silicon substrate by 
sputtering. Then, a 150-nm lower Ir electrode was deposited. On 
that substrate, a PNZT film was formed by sputtering using the 
Pb1.1(Zr0.46Ti0.42Nb0.12)O3 target. The ratio of Zr to Ti in the target 
was set to 52:48, which is the same as that of the morphotropic 
phase boundary (MPB). That composition achieves the highest 
piezoelectric constant and electromechanical coupling coefficient; 
therefore, it is suitable for actuators. Also, to further improve its 
piezoelectric properties, we made a 12% doping of the target with 
Nb (perovskite B-site conversion). Under those conditions and at a 
deposition temperature between 450 and 550°C, we succeeded in 
the formation of a stable PNZT film with a perovskite structure.

For the evaluation of the formed PNZT film, we checked its 
crystal structure and orientation with X-ray diffraction (XRD), 
observed the cross-sectional structure with a scanning electron 
microscope (SEM) and a transmission electron microscope 
(TEM), and performed composition analysis with X-ray fluo-
rescence (XRF). To evaluate its ferroelectric properties, the P-E 
hysteresis loop was measured and, using an impedance analyzer, 
the dielectric constant and loss tangent values were measured. In 
addition, we created a diaphragm structure via micromachining 
and evaluated the film’s mechanical displacement properties by 
applying a voltage and measuring the magnitude of the resulting 
displacement with a laser Doppler vibrometer. The piezoelectric 
constant (d31) was determined via simulation and the value was 

evaluated with the e31, f measuring equipment (manufactured by 
aixACCT). For some evaluation items, comparison was made 
with genuine PZT samples without Nb doping.

2.3 Structure and composition
Fig. 2 shows the results for the XRD measurement of the 

PNZT film formed on the 6-inch wafer. The measurement posi-
tions are at the center of the wafer and at locations 5 cm above, 
below, to the left and to the right of the center. The observation 
of the diffraction peaks revealed that the film did not have any 
peaks other than the perovskite phase. Therefore, it can be said 
that PNZT with a single-phase perovskite structure was created. 
With regard to the crystal orientation, only a peak attributable 
to the (100) orientation appeared, which means the crystal was 
perfectly oriented in that direction.

The in-plane composition distribution of the film was also 
measured with XRF. The results obtained are shown in Table 1, 
according to which, a PZT film containing approximately 13% 
Nb was formed evenly on the wafer. While doping general bulk 
materials with Nb at a concentration of 3% or more may cause 
separation, form a pyrochlore phase or decrease performance, 
this film incorporates Nb atoms in without such problems. Under 
the deposition conditions of this film, doping with an even larger 
amount of Nb caused cracks on the film. Thus, no higher level of 
Nb doping was used.

Fig. 3 presents the cross-sectional SEM and TEM images of 
the obtained film. The film having a columnar structure is densely 
packed without gaps between grain boundary or at the electrode 

Nb dopant

Perovskite structure

Zr, Ti B site

O

Pb A site

Fig. 1   Crystal structure of PZT. 
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Fig. 2   X-Ray diffraction pattern of PNZT film.

Position Pb/(Zr + Ti + Nb) Zr/(Zr + Ti) Ti/(Zr + Ti) Nb/(Zr + Ti + Nb)

Top 1.096 0.505 0.495 0.130 

Left 1.099 0.505 0.495 0.130 

Center 1.121 0.506 0.494 0.128 

Right 1.085 0.503 0.497 0.130 

Flat 1.086 0.502 0.498 0.129 

Table 1   Composition of 6-inch sputtered PNZT film at 5 locations on a wafer.
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interface. A fine PNZT film was formed from the lower electrode 
interface.

2.4 Piezoelectric and electrical properties
We formed an upper electrode on the obtained film and mea-

sured the P-E hysteresis to evaluate its ferroelectric properties. 
The results obtained are shown in Fig. 4. For comparison, the 
data for genuine PZT are also shown. According to the figure, the 
PNZT film achieved an excellent hysteresis loop, which is sig-
nificantly shifted to the right, compared with genuine PZT. That 
means, as one of its major characteristics, the film has a polarized 
state right from its creation (described later).

Table 2 contains the thickness, dielectric constant (ε), loss tan-
gent (tan δ) and maximum value of remanent polarization (Prmax) 
of the film on the 6-inch wafer. Each property was relatively uni-
form across the wafer.

2.5 Piezoelectric constant evaluation, drive proper-
ties and other properties of the PNZT thin film

To calculate the piezoelectric constant, we created a diaphragm 

structure as shown in Fig. 5 with MEMS technology and, while 
applying voltage between the upper and lower electrodes, mea-
sured the displacement magnitude at the center of the diaphragm 
with a laser Doppler vibrometer. Subsequently, the piezoelectric 
constant, d31, was determined with the finite element method.10), 11) 
For the Young’s modulus of the PNZT film, which is an important 
parameter required for that determination, we used 49GPa calcu-
lated from the resonance frequency of the structure. As a result, 
d31 = −259 pm/v was obtained for this PNZT film. The value was 
approximately 1.7 times that of conventional material.

Separately, we measured the e31, f piezoelectric constant with 
the four-point bending system aix4PB manufactured by aixACCT 
Systems. That piezoelectric constant can be evaluated by reading 
the electrical charges that are generated in the piezoelectric film 
via the positive piezoelectric effect caused by the application of 
stress with the four-point bending method to the laminated canti-
lever of a silicon substrate (25 mmL × 3 mmW), lower electrode, 
piezoelectric film and upper electrode. As shown in Fig. 6, e31, f = 
−25.1 C/m2 was obtained for this PNZT film, which is the highest 
performance for mass-production products currently available.

With a diaphragm structure as shown in Fig. 5, we also evalu-
ated the drive properties of the film by applying voltage to the up-
per electrode and connecting the lower electrode to ground poten-
tial. The results obtained are presented in Fig. 7. When negative 
voltage was applied to the upper electrode of the obtained device, 
the displacement increased linearly (①) and, as the voltage was 
reduced, it decreased linearly (②). Next, when positive voltage 
was applied, the polarity of the piezoelectric material was invert-
ed near its coercive electric field (at approximately 10 V), chang-

（a）
（b）
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Mag ＝ 10.00KX

Date：24 Feb 2010
WD ＝ 6mmEHT ＝ 2.00kV ESB Grid ＝ 1400V
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Fig. 3   SEM and TEM images of PNZT cross-sections:
(a) SEM image and (b) TEM image.
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Fig. 4   P-E hysteresis loops of PZT and PNZT.
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Fig. 5   Schematic of diaphragm structure for 
displacement measurement.

・D032912-4#16-4 ： e31，f＝25.1C/m2

Fig. 6   Piezoelectric coefficient e31, f of PNZT film.
Position Thickness (μm) є tan б Prmax (μC/cm2)

Top 3.01 1161 0.020 38.8 

Left 2.96 1139 0.020 38.9 

Center 3.14 1209 0.022 37.6 

Right 2.99 1136 0.020 39.4 

Flat 3.09 1184 0.020 38.9 

Table 2   Film thickness, dielectric constant, tan б and max.
polarization of PNZT film at 5 locations on a wafer.
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ing the direction of displacement, and the displacement became 
greater with the voltage. Then, as the voltage was reduced, the 
displacement occurred in the way shown as ④. Although this is 
not given in Fig. 7, when negative voltage was applied again, the 
displacement exhibited the same tendency again as shown at ①. 
Thus, the obtained PNZT film has the characteristic of returning 
to the previous state immediately even if the polarity is inverted. 
That is, the PNZT film is a strong spontaneously polarized film, 
initially in the direction that will achieve excellent displacement 
with negative drive; therefore, even if it is polarized in the op-
posite direction, the film is restored to the previous state immedi-
ately. Incidentally, because of the dependence of its capacitance 
on temperature, the Curie point of the film was the same level as 
general PZT materials (approximately 340°C). Moreover, it was 
revealed that the PNZT film spontaneously keeps its polarity in 
the same direction and even if it is heated, it re-polarizes itself.

In summary, the obtained film has the following characteris-
tics: it is pre-polarized immediately after its formation; it is not 
easily polarized in the direction opposite to its spontaneous po-
larization; and it restores its polarity even if it is heated. Those 
characteristics can be considered to be advantageous for the ap-
plication of the film to devices, indicating that no depolarization 
occurs even in high-temperature processes such as reflow and no 
post-deposition polarization process is necessary, and thus they 
can achieve long-term stable drive performance.

Fig. 8 indicates the I-V properties measured to investigate the 
breakdown voltage of a 3-μm-thick PNZT film. According to the 
figure, the breakdown voltage was not smaller than 300 V. The 

reason for negative voltage being applied was that, as previously 
described, it was the pre-polarization and actual drive direction of 
the film: that is, negative voltage was applied to the upper elec-
trode when the lower electrode was connected to ground poten-
tial. It can be considered that such a high breakdown voltage is 
achieved because the film is dense and contains no gaps as shown 
in Fig. 3. Applying this high breakdown-voltage PNZT film to 
devices enables drive design with sufficient capacity.

However, because breakdown voltage can be affected by dam-
age via the MEMS formation process, it is necessary to handle the 
film with care in the process of its application to devices.

3.   Application examples
3.1 Application to ink-jet heads

We applied the PNZT film we developed in this research to 
ink-jet heads. Fig. 9 illustrates the outline drawing of an ink-jet 
head using a piezoelectric material. Conventional ones are made 
by polishing a bulk material attached to a silicon substrate. On the 
other hand, a PNZT film is directly formed via sputtering, which re-
duces variations in thickness and differences in levels as well as im-
proves homogeneity (Fig. 10). Bulk materials are difficult to handle 
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because they can be depolarized and thus their polarization quality 
degrades considerably after reflow. However, as already described, 
this PNZT film does not need a post-deposition polarization pro-
cess and does not change with heat; therefore, it is highly durable 
and can provide a technological margin for process conditions.

Fig. 11 presents a photo of a head module manufactured by 
FUJIFILM Dimatix using this PNZT film. Having incorporated 
MEMS technology, the ink-jet head realized a resolution of 1,200 
dpi, droplet volume of 2 pL, 2,048 nozzles/inch, frequency of 100 
kHz and high durability. Thus, it has an extensive range of uses.

3.2 Application to micromirrors
Drive methods for micro scanners are divided into the follow-

ing four categories: electrostatic; electromagnetic; thermoelec-
tric; and piezoelectric. Each method has its own advantages but 
the piezoelectric method seems particularly promising because it 
can be applied to a variety of uses, achieving a large driving force, in 
spite of its compact size and relatively low voltage requirements.13) 
As part of medical applications, FUJIFILM has already developed 
micromirrors for incorporation into endoscopes.14)  Fig. 12 shows 
a conceptual image of the obtained device and a photo of the 
MEMS mirror. Being held with meandering hinges associated 
with the cantilever structures driven at both ends, the mirror ro-
tates as the cantilevers move up and down. The drive properties 
of the device can be changed by altering the thickness, width and 
number of turning paths of the hinges.

Fig. 13 indicates the drive properties of the above described 
device when it uses a PNZT film and a genuine PZT material, each 
with and without polarization. According to the figure, the device 
using genuine PZT achieved an optical scan angle of approxi-
mately 19° without polarization (as-deposition state) at a drive 
voltage of 0.5 V. With polarization, the angle greatly increased 
and an optical scan angle of approximately 43° was achieved at 
the same drive voltage. That means, the genuine PZT film re-
quires polarization. On the other hand, the one using a PNZT film 
achieved an optical scan angle of approximately 128° at the same 
drive voltage, regardless of polarization.

The results confirmed that the PNZT film we developed has a 
larger piezoelectric constant than conventional genuine PZT ma-
terials and does not require polarization.

As regards MEMS mirrors, we created some other structures 
with different resonance frequencies and evaluated their drive 
frequencies and optical scan angles. To compare the performance 
with conventional methods including piezoelectric, electromag-

Fig. 11   MEMS ink jet head“SAMBA”.
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netic and electrostatic techniques, data cited from other papers 
are plotted together in Fig. 14.15)-22) In general, the higher the 
drive frequency, the smaller the scan angle of the mirror be-
comes. Therefore, as a whole, the higher the drive frequency, the 
smaller the scan angle becomes. For this research, we developed 
three types of mirrors: the above described low-speed mirror for 
endoscopes (resonance frequency of approximately 100 Hz); a 
middle-speed mirror for displays (approximately 25 kHz); and a 
high-speed mirror intended for medical, fast wavelength-swept 
devices (approximately 65 kHz). Each mirror achieved a larger 
scan angle than the values reported for conventional ones. We 
believe that it happened because the performance of the PNZT 
piezoelectric material used as their drive source is superior to 
conventional ones.

The overall results confirmed that, by using our PNZT film 
in combination with MEMS technology, it is possible to create 
higher-performance MEMS mirrors than ever. We are planning to 
develop products with higher added value by further improving 
the performance of the piezoelectric film and designing devices 
that make the most of its characteristics.

4.   Conclusion
We formed an Nb-doped PZT film (PNZT film) on a 6-inch wafer 

via sputtering and evaluated its properties. The PNZT film thus ob-
tained achieved piezoelectric constants, d31 and e31, f, of −250 pm/V 
and −25.1 C/m2 respectively, which proves that the performance of 
the film is much higher than conventional genuine PZT materials. 
Across the 6-inch plane, the film exhibited excellent structure and 
homogeneity in its film thickness and composition. In addition, it 
was confirmed that the film requires no polarization process be-
cause it is pre-polarized immediately after its deposition.

We created an ink-jet head with that PNZT film, realizing high 
resolution, high-speed printing and high reliability. Moreover, in 
its application to MEMS micromirrors, having achieved larger 
scan angles than conventional products, we are convinced that it 
can be developed for use with various-purpose mirrors.

The PNZT film we developed has unconventionally excellent 
properties. We will seek to advance that technology into various 
useful devices, while combining MEMS technology compatible 
with it and will thereby present new values in society.
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1.   Introduction
The printing industry has been supporting the movement for 

reducing environmental burden by encouraging the introduction 
of eco-friendly printing systems, including the Green Printing 
certification system by the Japan Federation of Printing Indus-
tries.1)

As a printing plate manufacturer, FUJIFILM has developed 
Computer to Plate (CTP) systems that produce only a small 
amount of industrial waste (developer waste) and Plate to Plate 
systems that recycle the aluminum of consumed CTP plates back 
to their raw materials.

Fig. 1 illustrates one of those environment-friendly systems. 
We have made efforts to reduce environmental burden in printing 
via various green activities throughout the life cycle of plano-
graphic products.

Among such efforts, we have provided ecological CTP sys-
tems, such as the liquid waste-free processless CTP system, Eco 
& Free System XZ-R, and the XP-series positive thermal CTP 
plates that can considerably reduce the amount of developer 
waste by using it in combination with the developer waste reduc-
tion system, XR-2000/5000.

In particular, by mounting the plate onto the printing equip-
ment and realizing on-machine developing at the start of print-
ing, we have created a completely processless CTP system with 
an ultimate environment-friendly design that does not require 
either alkaline developing or gum processing. Fig. 2 illustrates 

the stages of the processless CTP system. Different from alkaline 
developing CTP, neither alkaline developing nor gum process-
ing is necessary; therefore, no associated processing equipment 
is required, either.2)

However, compared with alkaline developing CTP, that ulti-
mate eco-oriented-design, processless CTP plate XZ-R needed 
further improvements in its printing durability. We therefore de-
veloped nano-order structure control technology using anodic 
aluminum oxide to resolve that problem and applied it to the sup-
port for the plate.

Development of Technique for Controlling the Nano-order Structure 
of Anodic Aluminum Oxide

Yoshiharu TAGAWA*, Shinya KUROKAWA**, Atsushi MATSUURA*, Yuya MIYAGAWA*, 
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2.   Characteristics of the support for our pro-
cessless CTP plates

Fig. 3 illustrates the layer configuration of our processless 
CTP, XZ-R. The CTP consists of a stratified photosensitive lay-
er, an anodic oxide film and an aluminum support with a relief 
(grained) structure. The properties required for the support are 
adhesion to the photosensitive layer for the imaging section and 
ink detachability, moisture retentivity, hydrophilicity and scratch 
resistance for the non-imaging section. To improve printing dura-
bility, which is of concern, it is necessary to enhance the adhesion 
of the support to the photosensitive layer without decreasing the 
functionality of the non-imaging section.

3.   Design policy for the support of our CTP
3.1 Conventional technology

The Multi-Grain V (MGV), which is a support for convention-
al CTPs, has a relief structure consisting of the following three 
types of superimposed undulations: (i) large undulations with a 
wavelength in the order of tens of microns; (ii) medium undula-
tions with a wavelength in the order of microns; and (iii) small 
undulations with a wavelength of submicron order. Fig. 4 shows 
the fracture surface structure of the conventional CTP support.

By using those multiple undulations with different wave-
lengths, it becomes possible to maintain and control the struc-
ture of each wavelength, which increases the flexibility of design 
and improves the balance of physical property values that have a 
trade-off relationship.

The physical property parameters that may affect the per-

formance of the support are surface area, steepness, arithmetic 
roughness average (Ra) and density of locally deep parts (Dpn). 
The surface area has an influence on printing durability and the 
steepness, on contamination resistance and balance between wa-
ter and ink. Ra affects printing wetness visibility and Dpn, sensi-
tivity. Fig. 5 illustrates their significance.3)

The following are the considerations for wavelength design.
(1) Large undulations

Enhancing the retention of dampening solution improves 
printing wetness visibility. The retention can be improved by in-
creasing Ra. However, if it becomes too large, the unevenness of 
the photosensitive layer thickness increases, which has an impact 
on sensitivity. Reducing Dpn realizes an even dispersion of large 
undulations.
(2) Medium undulations

Medium undulations contribute to contamination resistance 
and balance between water and ink. Reducing their steepness 
prevents the retention of ink, which achieves a contamination-
resistant support. However, at the same time, that decreases the 
surface area and affects the adhesion of the support to the photo-
sensitive layer. Thus, printing durability decreases. That is, in op-
timization, there is a trade-off between contamination resistance 
and printing durability.
(3) Small undulations

Small undulations with a wavelength of submicron order do 
not affect contamination resistance. By superimposing those 
small undulations on medium ones with reduced steepness, low 
steepness and a larger surface area become compatible. That has 
achieved the cancellation of the trade-off between contamination 
resistance and printing durability.

Photosensitive
 layer

Aluminum
 support

Top layer 
(oxygen blocking property)

Imaging layer 
(highly sensitive radical 
polymerization system)

Middle layer (interface adhesion)

Support 
(multi-grain pattern)

Anodic oxide �lm

Fig. 3   Configuration of CTP plate (XZ-R).

Surface area: Rate of increase in the actual areas to the projected areas

Dpn: Density of locally deep parts
Ra：Ra＝1/L・∫｜f（x）｜dx

θ

Steepness: Proportion of the areas 
 angled by 45° or more.

Fig. 5   Physical property parameters of substrate.

Fig. 4   Cross section of MGV.
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Fig. 2   Process-less CTP system.
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3.2 New nano-order structure controlling technology
Conventional processless CTP uses an MGV support consist-

ing of three sizes of undulations: large, medium and small. To 
improve the printing durability of our processless CTP by modi-
fying the support design, we have developed a new technology to 
control the nano-order structure of the anodic oxide film. Specifi-
cally, we have improved an idea that has already been employed 
in the development of supports that have acquired a larger surface 
area and low steepness by superimposing short-wavelength undu-
lations on longer-wavelength ones.

First, we considered forming a relief structure of undulations 
with a shorter wavelength than submicron order, applying con-
ventional design principles of supports. To do so, we decided to 
use micropores, which are nano-order fine structures of the an-
odic oxide film originally intended to have scratch resistance. 
Fig. 6 illustrates the wavelengths of the conventional large, me-
dium and small undulations and the micropore diameter of the 
anodic oxide film.

However, micropores at the surface layer of the anodic oxide 
film have small diameters between 5 and 10 nm and thus the pho-
tosensitive layer cannot conform to them. We then enlarged the 
micropores to make the layer to conform to them, but that resulted 
in a significant problem. That is, although the intended effect was 
achieved, the layer sank deep inside the micropores, which sub-
stantially decreased on-machine developability. Moreover, even 
if on-machine development was possible, the non-imaging sec-
tion became prone to contamination during printing because ink 
got inside the enlarged micropores.

Fig. 7 provides conceptual images indicating the structural 
models of anodic oxide films: one having conventional micropo-
res with a surface layer diameter between 5 and 10 nm; and the 
other having those with a surface layer diameter enlarged to over 
10nm.

To resolve that problem, we developed a technology to control 
the nano-order structure of the anodic oxide film and created one 
with a stratified structure consisting of larger-diameter pores (top 
layer) and small-diameter pores (bottom layer). Fig. 8 provides a 
conceptual image of a stratified anodic oxide film.

Near the surface, the photosensitive layer conforms to the in-
side of the larger-diameter pores, which enlarges the surface area 
of the film adhering to that layer. Thus, the film gains improved 
printing durability. On the other hand, in the bottom layer, the 
diameter of the pores is so small that the photosensitive layer 
and ink cannot infiltrate into the pores. That stratified structure 
improves printing durability without reducing developability or 
contamination resistance.

Furthermore, the structure does not change the forms of the 
large, medium and small undulations. Therefore, it is possible 
to increase the surface area while retaining the characteristics of 
the conventional support, in particular, steepness. Fig. 9 presents 
electron micrographs of the surface of a conventional support and 
the newly developed support. The latter images indicate that the 
larger-diameter pore layer was formed on the new support with-
out changing the forms of any types of undulations.
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undulations

Micropore diameter of 
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1μm 100nm Smaller than 10 nm

Fig. 6   Size of each wave.
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Fig. 10 shows the relationship between the surface area and 
the steepness of the medium undulations that affects contamina-
tion resistance. It revealed that the new support can achieve a 
larger surface area than the conventional support with the same 
steepness.

3.3 Performance of processless CTP
The results of a performance evaluation with our developed 

processless CTP sensitive materials confirmed that they can in-
crease printing durability while maintaining the essential perfor-
mance properties of processless CTP: on-machine developability 
and contamination resistance (Table 1).

We have thus obtained a prospect for the industrial feasibility 
of this technology.

4.   Conclusion
We developed a technology to control the nano-order structure 

of an anodic aluminum oxide film that is applicable to CTP sup-
ports. The technology enables:
• the creation of a stratified anodic oxide film with nano-order 

micropores consisting of a larger-diameter pore layer and a 
small-diameter pore layer;

• the improvement of printing durability by increasing the surface 
area of the top, larger-diameter pore layer of the film adhering 
to the photosensitive layer; and

• the retention of developability and contamination resistance by 
the lower, small-diameter pore layer preventing the photosensi-
tive layer and ink from infiltrating into the bottom of the mi-
cropore layer.

Applying this technology to processless CTP substantially im-
proves printing durability while retaining on-machine develop-
ability and contamination resistance.

We believe that, with this technology, we can contribute even 
more to the movement for environmental friendliness in the print-
ing market.
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Exposure sensitivity 120mJ/cm2 120mJ/cm2

Printing durability (index) 150 100

On-machine developability ○ ○

Contamination resistance ○ ○

Table 1   Performance of new plate.
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1.   Introduction
Liquid crystal displays are thin, light and energy-saving. 

Therefore, their use has been expanded from PC monitors to 
TVs. In recent years, they have even been introduced into mobile 
information devices, such as cellular phones, smartphones and 
tablet PCs, and have thus increased their presence in our daily 
lives. That recent trend has caused them to require the follow-
ing surface properties: inhibition of reflection from external light 
(low reflectivity); resistance to fingerprint adhesion in the case of 
touch panel usage (contamination resistance); and prevention of 
damage by scratches (scratch resistance). Currently, to respond 
to those needs, material development activities have been con-
ducted vigorously. An effective method to realize the above de-
scribed properties is the introduction of a low refractive-index, 
low surface-energy fluorine compound to a constituent mate-
rial of films.1) To bestow scratch resistance, a method utilizing a 
crosslinking reaction during film deposition is often employed. In 
that case, it is preferable to undertake a curing process after the 
solution deposition of the films using fluorinated materials with 
multiple polymerizable groups. To achieve low reflectivity and 
high contamination resistance, it is effective to employ a com-
pound design that involves an increase of fluorine atom content 
in the material. However, it is widely known that, as the fluorine 
content is increased, solubility in general solvents significantly 
decreases and solution deposition becomes difficult. In addition, 
that also decreases compatibility with other co-existing materials, 
which easily causes phase separation of additives and results in 
a few problems, such as the reduction of film transparency and 
the inhibition of the expression of intended properties. To solve 
those problems, we developed a new fluorinated multifunctional 
acrylic monomer that dissolves easily in general solvents while 
having a high fluorine content. This paper describes the details 
of that material.

2. Compound design and synthesis
In the development of a new fluorine compound, we deter-

mined the following three requirements for the expression of the 
intended surface properties of the film.

 (i) Having high fluorine content
 (ii) Excellent in solvent solubility and not susceptible to the 

phase separation with other co-existing additives
(iii) Having high curing performance (capable of providing 

cured products with a high degree of hardness)
As already described, it is known that there is a trade-off re-

lationship between requirements (i) and (ii). In addition, from 
knowledge gained via consideration of conventional hard coating 
materials, it is necessary to introduce polymerizable groups each 
having at least three functional groups in order to fulfill require-
ment (iii). As a fluorine compound available on the market, Com-
pound 1 whose structure is shown in Fig. 1 is known.2) Compound 
1 has a high fluorine content (44.3 wt%) and multiple polymeriz-
able groups. However, in the course of examination, we came to 
conclusion that it does not, at the same time and to the extent we 
expected, fulfill all the requirements listed above. In particular, 
with regard to requirement (ii), it was revealed that the compound 
prevents other co-existing additives from expressing their proper-
ties. Evidently, its compatibility with other materials needs im-
provement. We assumed that phase separation was caused with 
other additive materials that are non-fluorine compounds because 
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Compound 1 has a molecular structure in which the subunits that 
contain substituent fluorine atoms are distributed unevenly on the 
surface of the molecule. To resolve that problem, we invented a 
molecular design concept shown in Fig. 2 so that those substruc-
tures are not located on the molecular surface.

In the molecular design concept (Fig. 2), a molecule is di-
vided into two parts: the core part and the surrounding part. The 
former contains multiple substituent fluorine atoms and thus the 
fluorine content of the molecule is increased. On the other hand, 
hydrocarbon groups are positioned evenly in the latter so that they 
enclose, inside the molecule, the unevenly distributed substruc-
tures having fluorine atoms. In that way, we intended to bestow 
on Compound 1 compatibility with general organic solvents and 
co-existing additives that are non-fluorine compounds. More-
over, by introducing multiple polymerizable groups (e.g., acrylic 
groups) into hydrocarbon groups deployed in surrounding part, 
it becomes possible to achieve, at the same time, the high curing 
performance described in requirement (iii).

To design the details of a new compound based on the above 
concept, we carried out research on the fluorine compounds avail-
able on the market that might be suitable for the material of the 
core part. However, we could not find any such compound among 
existing ones. We therefore started to design from the very mo-
lecular framework of that part.

Assuming that multiple polymerizable groups are finally intro-
duced, we selected polyalcohol as a starting material and formed a 
core part with a high fluorine content via perfluorination reaction 
after appropriate linking groups (L) were introduced by applying 
the usual organic synthesis reaction. Subsequently, we planned to 
deploy acrylic groups at the end parts (Fig. 3).

For the polyalcohol, we selected three options; trivalent trim-
ethylolethane (TME), tetravalent pentaerythritol (PE) and hexava-
lent dipentaerythritol (DPE). The longer the chain, the more the 
linking group (L in Fig. 3) contributes to fluorine atom content 
after perfluorination reaction. However, shorter chains are rather 
advantageous for a network structure after a polymerization reac-
tion because the density of crosslinking points becomes higher, 
helping cured products to be even stronger. Therefore, we set the 
number of carbon atoms in each straight linking chain to be up to 
four. By using those three options for the polyalcohol and the link-
ing units, we calculated on paper the fluorine content, the polym-
erizable group (acrylic group) content and the number of binding 
sites for crosslinking points of the final product obtained via the 
scheme presented in Fig. 3. Table 1 summarizes the results.

Core part with 
high fluorine 
substitutability

Hydrocarbon 
substituents

Fig. 2   Design concept of new fluorine compounds.

— CF2 — — (CF2)2 — — (CF2)3 — — (CF2)4 —
(L1) (L2) (L3) (L4)

Fluorine content of the final product (wt%) TME 41.6 47.8 52.1 55.3

PE 37.2 44.9 50.0 53.6

DPE 39.5 46.2 50.8 54.1

Polymerizable group content of the final product*1 
(mmol/g)

TME 4.38 3.60 3.05 2.64

PE 4.90 3.94 3.29 2.82

DPE 4.46 3.64 3.08 2.67

Number of binding sites for crosslinking points of the final product*2 7 8 9 10

Raw material availability ○ ○ △ △
Synthesis suitability △ ○ ×~△ ×~△

*1: The mmol quantity of acrylic substituents contained per gram of the compound
*2: The number of binding sites between the carbon atoms as the reactive sites of acrylic groups and the crosslinking points inside the mol-

ecule (carbon atoms with a molecular chain that diverges into three or four branches)

○ : Good
△ : Medium
× : Not good

Table 1   Calculated properties of designed fluorine compounds.
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Fig. 3   Synthesis concept of new fluorine compounds.
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As shown in Table 1, the larger the number of carbon atoms 
in the chain, the higher the fluorine content becomes. At the same 
time, the polymerizable group content decreases and the number 
of binding sites for crosslinking points increases. Based on the 
preferable fluorine content, the lower limit of the polymerizable 
group content, material availability and synthesis suitability ob-
tained via our considerations thus far, we decided to use L2-type 
compounds, each of which has two carbon atoms, as the linking 
group.

We synthesized Compounds 2 to 4 as fluorinated multifunc-
tional compounds having L2-type linking groups (Fig. 4). Among 
them, the synthesis scheme for Compound 3 is shown in Fig. 5. 
Compound 3 was obtained in three steps from Compound 5 (total 
yield: 90%). It is a light yellow, viscous oily substance. The struc-
ture was identified with 1H NMR, 19F NMR and MALDI-MS.

Compound 5 was synthesized using pentaerythritol as a starting 
material according to a method presented in existing literature3), in 

which we utilized the liquid-phase fluorination method to cause 
a perfluorination reaction to substitute all the carbon-hydrogen 
bonds with fluorine atoms.4) Among the perfluorination reactions 
known are electrochemical fluorination, liquid-phase fluorination 
and vapor-phase fluorination. The electrochemical fluorination re-
action is suitable for the fluorination of high-polarity compounds 
because it is performed in anhydrous hydrofluoric acid. It is sub-
ject to bond cleavage, rebonding and isomerization and is often in-
ferior in yield and purity. In the vapor-phase fluorination reaction, 
the control of heat generation is difficult and the reaction is subject 
to carbon-carbon bond cleavage. It is also inferior in yield and 
purity. On the other hand, the liquid-phase fluorination reaction 
has severe restrictions about reaction solvents (perfluoro solvents) 
and is difficult to control because it proceeds with radical chains. 
However, the reaction allows highly flexible molecular design and 
the intended product can be obtained in relatively high yield and 
purity. We thus selected that reaction method.
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Fig. 4   Synthesized acrylic monomers containing fluorine atoms.
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3. Physical property evaluation
The physical property evaluation of Compounds 2 to 4 above 

revealed that they were all equally excellent in solubility in gen-
eral solvents. The relative hardness of their cured films was in the 
order Compound 3 and Compound 4 (equally best), then Com-
pound 2; and their synthesis suitability (ease of refinement) was 
ranked Compound 2 and Compound 3 (equally best), then Com-
pound 4. It was thus confirmed that Compound 3 can achieve 
high performance in all those properties in a well-balanced way.

We compared the physical properties of Compound 3, which 
was the best in its balance of solubility, hardness and synthesis suit-
ability, and its cured product, with those of a reagent available on 
the market, 1,6-Bis(acryloyloxy)-2,2,3,3,4,4,5,5-octafluorohexane 
(Compound 8, Tokyo Chemical Industry, Co., Ltd.) (Table 2). The 
fluorine content of Compound 3 was 44.9 wt% and higher than that 
of Compound 8. Accordingly, the refractive indexes of Compound 
3 and its cured product were smaller. With regard to microhard-
ness, Compound 3 exhibited a higher value, which was considered 
to have happened because the compound had more crosslinkable 
groups and fewer binding sites for crosslinking points and that in-
creased the density of the crosslink structure of the cured product.

Table 3 shows the results of the detailed evaluation for the 
solvent solubility of Compound 3. Only about 1% of it was dis-
solved by n-hexane (very small SP value) and methanol (very 
large SP value). However, it exhibited very high solubility in oth-
er general solvents, such as ethyl acetate and methyl ethyl ketone, 
causing no phase separation even at a concentration of 50 wt%. 
That means, its high solubility enables easy handling as a coating 
solution and rarely causes phase separation with the co-existing 
additives in the composition. That characteristic of Compound 
3 can be considered as highly advantageous for optical use that 
requires high transparency and homogeneity.

4. Conclusion
The new fluorinated multifunctional acrylic monomer we de-

veloped in this research has the following advantageous charac-
teristics compared with conventional compounds: (i) high fluorine 
content; (ii) high solubility in general organic solvents; and (iii) 
formability of a dense crosslink structure with four polymerizable 
groups. Those characteristics make it possible to form low-refrac-
tivity and low surface-energy materials with high hardness. It is 
expected that the compound will not only be utilized for optical 
films but also developed into a variety of products such as surface 
coating agents, lens materials and nanoimprint materials.
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Compound 3 Compound 8

Appearance Light yellow transparent liquid Colorless transparent liquid

Fluorine content 44.9wt% 41.1wt%

Refractive index Monomer: 1.388
Cured product*: 1.410

Monomer: 1.390
Cured product*: 1.420

Number of binding sites 
for crosslinking points

8 11

Number of crosslink-
able groups

4 2

Contact angle 91.8° (water)
66.8° (CH2I2)

74.9° (water)
36.5° (CH2I2)

Abbe number* Monomer: 54.6
Cured product*: 58.0

Monomer: 55.7
Cured product*: 60.0

Microhardness* 136N/mm2 112N/mm2

* Cured product:Created from Compound 3 or 8 (containing DAROCUR® 
1173 at 1 wt%) onto which high-pressure mercury light (1,000 mJ/cm2) was 
irradiated at room temperature under a nitrogen atmosphere after its 
application to a glass substrate.

Compound 8

F2 F2

F2F2

O

O C
C

C
C O

O

Table 2   Chemical and physical properties of compound 3 and 8.

Solvent SP 
value

Solubility at each solid content concentration

1wt% 5wt% 10wt% 20wt% 50wt%

n- hexane 7.3 ○ × × × ×

Toluene 8.8 ○ ○ ○ ○ ○

Ethyl acetate 9 ○ ○ ○ ○ ○

Methyl ethyl 
ketone

9.3 ○ ○ ○ ○ ○

Acetone 10 ○ ○ ○ ○ ○

Isopropyl 
alcohol

11.5 ○ ○ ○ ○ ○

Methanol 14.5 ○ △ △ × ×

○ : Good
△ : Medium
× : Not good

Table 3   Solubility of compound 3 in common organic solvents.
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I hope this journal will assist our R&D activities and new business creation projects based on the concept 
of co-creation.

Toshiaki Aoai
Editor in Chief

Editorial Board

Editor in Chief Toshiaki Aoai
Editors Keitaro Aoshima Takashi Igarashi Atsushi Uejima
 Takayuki Kasahara Akira Kurisu Akio Kobayashi
 Tatsuo Shiino Hiroyuki Suzuki Hiroyuki Seki
 Hiroshi Takeuchi Masatoshi Nakanishi Hiroshi Nagate
 Shunichiro Nonaka Satoshi Matsubaguchi Takeshi Misawa
 Hiroyasu Yamamoto Hiroyuki Yoneyama

Editorial Staff Atsushi Matsunaga Jun Kubota Setsuko Ishii

Publisher Hideto Ikoma

No59_H1_H4_CS3.indd   2 14.9.9   2:57:07 PM



FU
JIFILM

  R
ESEA

R
C

H
  &

  D
EVELO

PM
EN

T
N

o.59  2014

ISSN : 0915-1478
CODEN : FFRDEK 59, 1-148 (2014)

No.59－2014

No59_H1_H4_CS3.indd   1 14.9.9   2:57:07 PM


