
ISSN      : 0915-1478
CODEN : FFRDEK 54, 1-139 (2009)

No.54－2009



PURPOSE OF PUBLICATION

This publication incorporates the results of research and development carried on in the 

laboratories and subsidiaries of FUJIFILM Corporation. It includes papers and reviews related to 

imaging technologies such as silver halide photographic materials, printing materials and electronic 

cameras, data recording technologies such as magnetic recording media and optical discs, organic 

material design technologies such as materials for display and electronic device, optical design 

technologies, medical and life science technoligies, information system and software development 

techinologies, and so on. Original papers submitted to this journal are published in the Japanese 

language with an opening English language abstract, and papers which have already been printed 

in other scientific journals are reproduced from said journals in unmodified form. After the 

main texts listed are printed papers which have been found in the JDreamII-JSTPlus file and our 

company’s own file until November, 2008.

Editorial policy intends that content be accurately provided to the reader. Indulgence is begged 

for character usage and entry methodologies in materials not directly related to the subject at hand 

which may result in some lack of unity in expression.

© FUJIFILM Corporation  2009

Published by Intellectual Property Technology Division,

Intellectual Property Division,

Research & Development Management Headquarters, 

FUJIFILM Corporation

Minamiashigara, Kanagawa 250-0193  Japan



FUJIFILM  RESEARCH  &  DEVELOPMENT

No. 54

CONTENTS

Originals
Development of Fujifilm Quality Thermal Photo Paper-A New Thermal Photo Printing Material

 ...................................................................................................................................... Shigeru SHIBAYAMA  and  Shigeaki OHTANI ............  1

Development of Thermal Negative CTP “HN-NII” for Newspaper Printing ..............................  Keisuke ARIMURA  and  Akihiro ENDO ............  6

Development of High-sensitivity  and  High-resolution Digital Mammography System ‘AMULET’

 .... Kaku IRISAWA,  Takahisa ARAI,  Hajime NAKATA,  Tomonari SENDAI,  Takao KUWABARA,  and  Katsutoshi YAMANE ............  11

Development of “Antibacterial Properties and an Antivirotic Multifunctional Bio-filter” and the Air Purification System 

“Living Space Purifier KPD1000”

 ..............................  Takuji KOSUGI,  Takayuki KUSANO,  Kazuma TAKENO,  Hiroshi IWANAGA,  and  Yoichiro KAMIYAMA ............  18

Development of the Dietary Supplements, “Astalift supplement” and “Astalift drink”

 .......................................... Yasuyuki IZUMI,  Masao SATO,  Fumitaka UEDA,  Yukio SUDO,  Kumiko UJIIE, Kouzou NAGATA,

 ......................................................................................................................................... Kenji IKEDA,  and  Masanobu TAKASHIMA ............  24

Development of FUJI DRI-CHEM AMYL-PIII Slide for α-Amylase Activity Measurement

 .................... Satoru TODA,  Kentarou NAKAMURA,  Kazuhiro TAKAHASHI, Nobuhito MASUDA,  and  Kaoru TERASHIMA ............  29

Development of High Durability Cyan and Magenta Dyes for Ink Jet Printing System

 ..............  Yoshihiko FUJIE,  Naoyuki HANAKI,  Toshiki FUJIWARA,  Shigeaki TANAKA,  Masaki NORO,  Keiichi TATEISHI,  

 ......................................................  Ken USAMI,  Akira HIBINO,  Naotaka WACHI,  Toshiki TAGUCHI,  and  Yoshiharu YABUKI ............  35

Fabrication and Application of Honeycomb Film  .............  Hiroshi IWANAGA,  Kentarou SHIRATSUCHI,  and Hidekazu YAMAZAKI ............  43

Ultra-compact Laser-diode-pumped Femtosecond Solid-state Laser

 ................................................................................................... Shougo YAMAZOE,  Masaki KATOU,  and  Tadashi KASAMATSU ............  48

Broadband Semiconductor Light Source for Optical Sensing

 ..................................... Tsuyoshi OHGOH,  Yoshikatsu MORISHIMA,  Atsushi MUKAI,  Junya YAGUCHI,  and  Hideki ASANO ............  53

Development of “KAOLABO”, the Laboratory Web Site for the Face Search Technologies

 ..............................................................................  Hajime TERAYOKO,  Yuuko ABE,  Tetsuya SAWANO,  and  Norihisa HANEDA ............  58





1FUJIFILM RESEARCH & DEVELOPMENT (No.54-2009)

UDC 772.96+773.3+771.53.2.067

Original paper (Received January 15, 2009)

 * Imaging Materials Production Division

  Kanagawa Factory

  FUJIFILM Corporation

  Nakanuma, Minamiashigara, Kanagawa 250-0193, Japan

 ** Advanced Marking Research Laboratories,

  Research & Development Management Headquarters

  FUJIFILM Corporation

  Nakanuma, Minamiashigara, Kanagawa 250-0193, 

Japan

Introduction1. 

With diversification of production methods for photo 

prints, a dye diffusion thermal transfer system (hereinafter 

referred to as D2T2 system) has been adopted in storefront 

instant printers, ID card-making machines, amusement 

printers, etc., owing to the simplicity and the high image 

quality.  In the D2T2 system, the heat insulation of the 

receiving paper is an important property in utilizing the heat 

of the printer head for efficient dye transfer.  We introduced 

a new heat insulation technology and enabled receiving paper 

production by water-based superimposition coating, which we 

have cultivated over the years.  Further, by integration with a 

photographic support technology, we realized smooth tone 

reproducibility, high maximum density, excellent whiteness 

and high glossiness, and made it possible to provide prints 

of high image quality.  In addition, we achieved an excellent 

effect also in print handlability.  Here we report the contents.

Photo 1   Thermal paper and ink ribbon for D2T2 print system.

Photo 2   D2T2 Thermal photo print system “Princiao”.

Outline of D2T2 System2. 

 The principle of image formation by the D2T2 system 

is described briefly.  The components are composed of an 

ink ribbon coated with a dye-containing ink layer, and a 

receiving paper having a receiving layer to receive the dye 

transferred from the ink ribbon.  For image formation, the 

ink ribbon is brought into contact with the receiving paper, 

and then heated by a thermal head from the back side of the 

ink ribbon to thereby diffuse and transfer the dye from the 

ink layer to the receiving layer.  The ink ribbon has a yellow 

ink layer, a magenta ink layer, a cyan ink layer and a surface 

protective layer formed on a thin PET support, and these are 

sequentially transferred to form a color image.

Development of Fujifilm Quality Thermal Photo Paper-A New Thermal 
 Photo Printing Material

Shigeru SHIBAYAMA*  and  Shigeaki OHTANI**

Abstract

We developed a new thermal photo printing material. This new paper improves image quality, handling 

and reduces environmental impact during the production phase. This new paper utilizes a laminated base 

paper with the same high level of whiteness as silver halide photo print paper. The multi-layers, which 

contain a heat insulation layer, are coated on this base paper by using a production method based on 

FUJIFILM’s proprietary aqueous dispersion coating technology. Compared to previous thermal photo 

papers, this new paper achieves enhanced image quality (5% increase in whiteness; 20% increase in gloss). 

New production methods make it possible to increase the moisture content of the photo printing material 

itself, creating a surface resistance of approximately 1/1,000 of the conventional product, resulting in the 

improvement of antistatic property. This minimizes the tendency for freshly printed thermal photo prints 

to stick together, resulting in significantly increased handling ease. By adopting FUJIFILM’s proprietary 

aqueous dispersion coating technology that uses virtually no organic solvents, this new paper achieves a 

significant reduction in environmental impact during the production phase.
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 Fig. 1 shows a configuration diagram of a printer.  

Between the thermal print head (TPH - this is referred 

to as thermal head in this report) and the platen roller 

facing thereto, the receiving paper and the ink ribbon are 

sandwiched with the receiving layer of the receiving paper 

kept in contact with the ink layer of the ink ribbon, and while 

these are scanned in the machine direction in that condition, 

a heat corresponding to an image information is given thereto 

by the thermal head to transfer the dye.  After scanning three 

times for image formation with the yellow dye, the magenta 

dye and the cyan dye, and scanning one time for transfer for 

the surface protective layer, totaling scanning four times, 

image printing is finished.

Ink Ribbon (winding)
Ink Ribbon (feeding)

Receiving Paper

Separator

Thermal Print Head

Platen Roller

Fig. 1   Composition of D2T2 print system.

Fig. 2 shows the characteristic curves of the new receiving 

paper which we developed this time.  The horizontal axis 

indicates the applied energy amount, and the vertical axis 

indicates the visible density (corresponding to the transferred 

dye amount).  0.7 msec and 2 msec each mean the pulse 

period, indicating the characteristic curve corresponding to a 

high-temperature high-speed printer and that corresponding 

to a low-temperature low-speed printer, respectively.

Combination of Ink Ribbon/Receiving 
Paper, Transfer Performance
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Fig. 2   Characteristic curves of the new materials.

Development of New Receiving Paper3. 

A receiving paper receives the dye transferred from an 

ink ribbon and forms an image.  Accordingly, the paper is 

required to have high transfer performance on which a large 

amount of dye can be transferred with a small quantity heat.  

For the transfer performance, the heat insulation for storing 

the quantity of heat supplied from the thermal head on and 

around the surface of the receiving paper and acceptability 

of efficiently receiving the dye diffused from the ink ribbon 

are important.  Accordingly, the basic constitution of the 

receiving paper comprises a heat-insulating layer and a 

receiving layer formed on a substrate by coating.  Regarding 

the constitution thereof, usual receiving paper generally 

comprises a heat-insulating layer of a heat-insulating void 

film (e.g., foamed polypropylene film) stuck to a substrate 

(e.g., coated paper) and a receiving layer formed thereon 

by applying a solution of a polymer having high dye 

acceptability dissolved in an organic solvent to it in a mode 

of coating.

In developing the new receiving paper this time, we 

developed our proprietary heat insulation technology and 

planned a new layer constitution.  Further, we employed 

a water-based superimposition coating system for all the 

constitutive layers, for the first time in the world.  Not 

substantially using an organic solvent, we succeeded in 

reducing the environmental load.  In addition, we could take 

advantage of the high-accuracy superimposition coating 

technology which we had cultivated over the years in 

production of silver halide photo print materials.

The planning and introduction technology for receiving 

paper materials is described below.

Layer Constitution of New Receiving Paper3.1 

Usual receiving paper comprises a heat-insulating layer 

of a void film stuck to a coated paper, and a receiving layer 

formed thereon in a mode of solvent coating.  In the new 

receiving paper we developed this time, a subbing layer, a 

heat-insulating layer and a receiving layer are formed on a 

paper substrate double-laminated with polyethylene, in a 

mode of water-based superimposition coating.  Fig. 3 shows a 

cross-sectional view of the new receiving paper.

Receiving Layer

Heat-Insulating Layer Water-Based Superimposition 
Coating

 Subbing Layer

Double Polyethylene-Laminated Paper
PC Paper

Fig. 3 Cross section of a new paper.

 The functions of the constitutive layers are described 

below.
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Receiving Layer3.2 

The receiving layer is a layer to receive the dye diffused 

from an ink ribbon and form an image.  The layer is required 

to have high acceptability for dye, for which the receiving 

polymer is required to be supplied as an aqueous dispersion 

thereof since the receiving layer is formed of a water-based 

coating liquid.

 For the materials satisfying these requirements, we 

searched vinyl chloride-type, acrylic, polyester-type or the 

like polymer dispersions, and found that vinyl chloride-

type materials are favorable.  Further, we selected vinyl 

chloride/acrylate copolymers with an acrylate added thereto 

for regulating the glass transition temperature (Tg) thereof.

 Fig. 4 shows one example indicating the preference of 

vinyl chloride-type materials.  From Fig. 4, it is known 

that the receiving polymers having a lower glass transition 

temperature could attain better transfer.

Receiving Polymers and Transfer Density
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Fig. 4 Influence of components and glass transition tempareture 
of receiving layer for receiving amount of dye.

The receiving layer is required to have another property 

of releasability.  The property is that the layer is, after heated 

while kept in contact with an ink ribbon, easily releasable 

from the ink ribbon.  When the receiving layer has a lower 

glass transition temperature, then the transfer density may 

be higher, but the releasability of the layer is poorer and 

the peeling force between the receiving paper and the ink 

ribbon is thereby larger.  When the peeling force increases, 

then there occurs peeling vibration to cause noise, and there 

may occur image failure of sticking or banding (see Photo 3).  

Further, in worse cases, there may occur blocking whereby 

the ink layer may undergo cohesion failure and may be 

transferred onto the receiving layer.

We searched release agents for satisfying both the 

enhancement of acceptability and enhancement of releasability, 

and found an effective fluorine-containing release agent, and 

introduced it into the receiving layer.  Fig. 5 shows the effect 

of release agent addition.  It is known that the force necessary 

for releasing the receiving paper from the ink ribbon after 

printing reduced depending on the added amount of the 

release agent.

Photo 3   Example of sticking problem.
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Fig. 5   Effect of release agent for peeling force.

Heat-Insulating Layer3.3 

 The heat-insulating layer is a layer disposed for preventing 

the diffusion of heat from a thermal head and for promoting 

the dye transfer from the ink ribbon to the receiving paper, 

and this comprises mainly hollow polymer particles and a 

binder.  For attaining high heat insulation, air having a low 

thermal conductivity is preferably used as the heat-insulating 

component.  In usual receiving paper, air in the void film 

plays the role.  In the new receiving paper, we employed 

hollow polymer particles containing air in polymer particles 
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(Photo 4).  The hollow polymer particles are dispersed in 

water, and enabled water-based coating.  The hollow polymer 

particles contain water inside the particles while they are 

in dispersion, but in the drying step after coating, water 

evaporates to form a vapor phase.

As the binder, we employed gelatin for the purpose of 

imparting the necessary film strength, and for imparting 

good coatability.

Photo 4   Hollow-body particles.

 Fig. 6 shows the results of comparison of high-power/low-

power heat-insulating layers by simulation.  This shows the 

situation how the heat applied to the back of the ink ribbon 

runs through the ink ribbon and diffuses into the receiving 

paper.  The red line indicates the temperature profile in heat 

diffusion in the receiving layer having a high-power heat-

insulating layer; and the black line indicates the temperature 

profile at 100°C and at 120°C in the receiving layer having a 

low-power heat-insulating layer.  It is known that the high-

power heat-insulating receiving paper undergoes little heat 

diffusion, and the ink ribbon and the receiving layer are kept 

at a high temperature in the area around the heating point.

Fig. 6   Comparison of heat insulating ability by simulation.

Fig. 7 shows the relationship between the voidage of the 

heat-insulating layer and the transfer density.  This means the 

increase in the dye transfer amount and therefore the increase 

in the density with the increase in the voidage, or that is, the 

air content.
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Fig. 7 Influence of air content in heat insulating layer for receiving 
amount of dye.

Subbing Layer3.4 

In the dye diffusion thermal transfer system, a receiving 

paper is brought into contact with an ink ribbon, and the two 

are sandwiched between a thermal head and a platen roller 

and heated under pressure for printing on the paper.  In this 

process, in order that the thermal head can be brought into 

uniform and stable contact with the material, it is desirable 

that the thermal head can suitably step in the contact part of 

the material.  For this, the receiving paper is required to have 

cushionability.  The new receiving paper is provided with a 

subbing layer comprising, as the main ingredient thereof, a 

flexible SBR having a low glass transition point, by which 

cushionability is given thereto.

Substrate3.5 

The new receiving paper comprises, as the substrate 

thereof, a double resin-coated paper (also referred to as 

WP paper) generally used in silver halide color paper.  

Accordingly, the new receiving paper is intended to have the 

same quality feel as that of silver halide color paper, though 

it is a dye diffusion thermal transfer paper.  Simultaneously, 

the new receiving paper is intended to take advantage of the 

characteristics of whiteness, smoothness, electroconductivity 

(reduced chargeability) and the like for the performance of 

the paper. 

 In the new receiving paper, the hollow particles in the heat-

insulating layer act as scattering bodies to exhibit whiteness, 

and in addition, the background color of the substrate is 

also ref lected.  Optimum planning of titanium dioxide, 

ultramarine (bluish pigment) and fluorescent brightener to 

be in the substrate brings about favorable whiteness that has 
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high brightness and is not yellowish (see Table 1).

Table 1   Whiteness Comparison Usual Paper and New One.

Whiteness FUJIFILM
,
s 

Usual Paper New Paper

ISO Whiteness 87 % 92 %

According to the paper-making technology and the 

polyethylene lamination technology which we cultivated in 

the field of silver halide color paper applications, the finished 

substrate is homogeneous and the substrate surface is smooth.  

Accordingly, the new receiving paper has excellent gloss that 

usual receiving paper comprising a coated paper substrate 

could not have (see Table 2).

Table 2   Gloss Comparison Usual Paper and New One.

Gloss FUJIFILM
,
s 

Usual Paper New Paper

45°Regular Reflec-
tion Light Received

73 % 92 %

An antistatic electroconductive layer is formed on the back 

of the substrate.  Accordingly, the surface electric resistivity 

of the new paper is lowered to about 1/1,000 of that of usual 

paper, and the static chargeability thereof is greatly reduced.  

Since usual receiving paper is much statically charged, and 

therefore the prints are poorly slidable in aligning them 

after taken out of the collector part, and therefore improving 

the paper is required from the viewpoint of the operability 

thereof.  The new receiving paper improved this.

 Photo 5 shows the collection operation after continuous 

printing.  Usual receiving papers (left photo) were much 

charged and were poorly slidable, and it was difficult to 

align them after collection.  On the other hand, the new 

imaging papers (right photo) could be readily aligned, and 

their operability was greatly improved.

Photo 5  Effect of improvement of electric conductivity on 
working efficiency.

Conclusion4. 

We newly developed a dye diffusion thermal transfer 

paper excellent in whiteness and gloss and improved in 

operability after collection owing to reduced chargeability.  

All the constitutive coating layers on the substrate are formed 

of water-based coating liquids substantially not using an 

organic solvent, and the environmental load in the process of 

producing the receiving paper was greatly reduced.

(In this report, “FUJIFILM” and “Princiao” are registered 

trademarks by FUJIFILM Corporation.)



6 Development of Thermal Negative CTP “HN-NII” for Newspaper Printing

UDC 655.226.251.4+655.226.26+681.625.812

Original paper (Received January 15, 2009)

 * Graphic Materials Research Laboratories

  Research & Development Management Headquarters

  FUJIFILM Corporation

   Kawashiri, Yoshida-cho, Haibara-gun, Shizuoka 421-0396, 

Japan

Introduction1. 1)

Recently, with the development of digitalization 

technology, a CTP (computer-to-plate) system for direct 

output onto a printing plate by laser not via a film manuscript 

is growing more popular, and this contributes toward 

reduction in the plate forming time and quality stabilization.

At present, the CTP recording system is grouped into 

a system (visible) of using a visible light laser as the light 

source and a system (thermal) of using an infrared laser as 

the light source; and in the field of newspaper printing in 

Japan, since the thermal CTP system has been introduced in 

2003, the thermal system excellent in the image quality and 

the handlability under light has been the standard.  However, 

the CTP material in those days, as requiring preheating before 

development, still had problems relating to the first version 

plate-making time, the system stability and the environmental 

aptitude.  In 2004, we put preheatless “HN-N” on the market, 

based on the high-speed polymerization technology of 

introducing a highly-reactive group into a binder.

Photo 1   Thermal negative CTP “HN-NII”.

On the other hand, the market demand is still for higher 

producibility and lower cost, and the environmental concerns 

are increasing year by year, and further improvement is 

expected.  We developed the technology satisfying the 

requirements and developed an HN-N succession model, 

“HN-N II” (Photo 1).  This report describes the technology.

Development Concept2. 

Fig. 1 shows the plate-making process for the former 

model HN-N.  The process comprises a step of feeding a 

plate after interleaf paper removal prior to photoexposure, a 

step of photoexposure, and a prewashing step of removing 

the oxygen-blocking layer by washing with water prior to 

development.

Oxygen-Blocking Layer

Oxygen-Blocking Layer

<Plate Feeding> <Photoexposure> <Prewashing> <Development>

Former 
CTP Plate

Newly-Developed 
CTP Plate

Removal of
Slip Sheet

Fig. 1   Plate making process.

HN-N requires “interleaf paper” having the function of 

preventing the blocking and scratching of precursor plates, 

between the plates, and after the printing plates are taken out, 

this is a waste.  In addition, HN-N requires a prewashing step 

of removing the oxygen-blocking layer by washing with water 

prior to development, and this discharges the washing waste 

in addition to the developer waste.  If a interleaf-paperless 

system could be realized, the waste could be reduced and, 

in addition, the interleaf paper-removing mechanism could 

be omitted in the plate feeding step and the plate-making 

speed may be increased; and if a prewashless system could 

Development of Thermal Negative CTP “HN-NII” for Newspaper Printing

Keisuke ARIMURA*  and  Akihiro ENDO*

Abstract

In February 2008, Fujifilm Corporation developed a new thermal negative CTP plate “HN-NII” for 

newspaper printing in Japan. Inheriting the same characteristics as those of its predecessor “HN-N” in 

terms of preheat-less processing and high image quality, the performance is further enhanced by elimination 

of interleaf paper and pre-wash step, contributing to more environmentally friendly, efficient working paces. 

In addition, the high sensitivity contributed to speed up the thermal setter attitude, resulting in greater 

productivity. This product realized both of environmental load reduction and high productivity.
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be realized, the environmental load reduction owing to the 

reduction in the waste and the processing cost reduction 

could be expected.  In the photoexposure step, the imaging 

speed can be increased and the plate-making time can be 

reduced, therefore resulting in that the 1.5-time sensitivity 

increase makes it possible to maximize the best use of the 

producibility with the next-generation high-speed setter.

Aiming to construct the CTP system that realizes 

environmental load reduction and producibility increase, we 

started to develop HN-N II targeting the following three points.

(HN-N II Development Targets)

1) Environmental load reduction and producibility increase 

by interleaf-paperless system,

2) Environmental load reduction by prewashless system,

3) Producibility increase by sensitivity increase (1.5 times).

Problems with Thermal Negative CTP for 3. 
Newspaper Printing

Problems with Interleaf-paperless Technology3.1 

The former CTP plate, HN-N requires a interleaf paper, 

and this is owing to the image formation mechanism by 

radical polymerization selected in HN-N.

The photosensitive layer in the radical polymerization 

system comprises an IR-sensitive sensitizing dye, a radical 

generator, a polymerizing monomer and an alkali-soluble 

binder, in which radical generation through electron transfer 

from the sensitizing dye excited by IR laser exposure to the 

radical generator followed by radical chain reaction between the 

polymerizing monomers brings about image formation (Fig. 2).  

The radical chain reaction is inhibited by oxygen in atmosphere, 

and therefore, an oxygen-blocking layer of a water-soluble resin 

must be provided.  Since the plate has the water-soluble oxygen-

blocking layer on the outermost surface thereof, it has a problem 

of blocking under high humidity.  The contact between the 

interleaf paper and the oxygen-blocking layer is microscopically 

a point contact between paper and fibers, and therefore the two 

are not in complete adhesion to each other; however, when the 

plate is kept in contact with the smooth back of another plate 

with no interleaf paper therebetween, there occurs a problem 

of blocking.  In addition, the interleaf paper has the function 

of protecting the plate surface to prevent scratching, and the 

function of preventing the next plate from being picked up 

together when the plate is picked up with a suction disc in a 

setter; and for the interleaf-paperless technology, substitutes for 

those functions are indispensable.

Fig. 2 Image formation mechanism of typical thermal negative 
CTP.

Problems with Prewashless Technology3.2 

In the former CTP plate HN-N, the oxygen-blocking layer 

of a water-soluble resin is indispensable as so mentioned 

in the above.  The layer exhibits the oxygen-blocking 

capability owing to the hydrogen bond of the OH group in 

the water-soluble resin, and the OH group content ↑(up), the 

molecular weight ↑, and the layer thickness ↑ are necessary 

for oxygen blocking; however, all these means are toward 

the reduction in the water solubility.  If the oxygen-blocking 

layer is not previously removed by washing with water but 

is kept processed in the development bath along with the 

photosensitive layer, then the developer may be thickened 

therefore bringing about some problems in that the liquid 

circulation in the system is worsened and a coating film is 

formed around the roller and is transferred onto the plate.  

For solving the problems, an oxygen-blocking layer satisfying 

both the solubility in alkali developer and the oxygen-

blocking capability must be introduced.

Problems with Sensitivity Increase3.3 

In general, for accelerating the radical polymerization 

reaction, it is effective to activate the initiation reaction for 

radical generation and to activate the chain polymerization 

reaction; however, these cause problems of temporal stability 

reduction and unnecessary fogging under room light; and 

therefore, it is necessary both to satisfy the requirements and 

to solve the related problems.

Main Techniques of “HN-N II”4. 

Interleaf-paperless Technique4.1 

For omitting the interleaf paper from the radical 

polymerization system, substitutes for the functions of 

interleaf paper of <1> blocking resistance, <2> scratching 

resistance, and <3> releasability in pickup are necessary.  

For these functions, it is considered effective to form void 

between the surface of the photosensitive layer and the back 

of layer superposed thereon; and accordingly, the surface of 

the photosensitive layer is matted (Fig. 3, Fig. 4).

Fig. 3   Surface structure of HN-NII.

Mat
Oxygen-Blocking Layer
Photosensitive Layer
Aluminium Support

Fig. 4   Layer structure of HN-NII.
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<1> Blocking Resistance:
A mat material is given to the oxygen-blocking layer, by 

which, therefore, the adjacent plates could be kept in point 

contact with each other even in interleaf-paperless stacking, 

and therefore their blocking can be prevented.

<2> Scratching Resistance:
Even in contact of the constitutive members and the 

plates with each other, the mat material given to the oxygen-

blocking layer produces void between the layer and the 

photosensitive layer, therefore preventing the layers from 

being scratched.

The CTP plate material for newspaper printing is put 

on a skid board and fed to the machine, and when the skid 

board on which a few plates remain is replaced with a new 

skid and when the plates are moved to the new skid, if the 

photosensitive surface is not protected with a interleaf paper, 

then there occurs a problem of surface scratching owing to 

the contact with the aluminium support.  However, by the 

combination of the above techniques, it has become possible 

to prevent scratching even in interleaf-paperless operation.

<3> Releasability in Pickup:
For picking up the printing plate one by one from the pile 

of the plates using a suction disc, a planning is necessary for 

making air exist between the adjacent plates.  Printing plates 

of which the two faces are flat and smooth may be picked up 

by a few plates at a time owing to vacuum adhesion; however, 

matting prevents the plate feeding trouble as giving void for 

air existence between the adjacent plates.

The above-mentioned techniques attained the interleaf-

paperless technology.  As a result, the environmental load is 

reduced by about 15% relative to the former model (HN-N), 

in the entire product life cycle from production to discarding 

in the LCA computation of converting the environmental load 

to CO2 emission; and for example, in use of 3,000 m2/month, 

replacing the former system with the HN-N II system brings 

about CO2 reduction of 2 tons/year (Fig. 5).  In addition, 

the interleaf paper-removing mechanism can be omitted, 

therefore attaining 20% speed-up of the plate-making speed.

Discarding
Transportation
Processing
Manufacture
Materials

Environmental Loads
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HN-N 
(former model)

HN-N II 
(slip-sheetless model)

Fig. 5 Reduction of the environmental loads resulting from 
product life cycle.

Prewashless Technique4.2 

For realizing the prewashless system, the oxygen-blocking 

layer must satisfy both the solubility in alkali developer and 

the oxygen-blocking capability.  For increasing the solubility, 

the molecular weight of the water-soluble resin is lowered 

and the resin is planned to have an acid group introduced 

thereinto, thereby having a high solubility.  These are toward 

the reduction in the oxygen-blocking capability of the layer, 

but the insufficiency of the oxygen-blocking capability has 

been solved by employing the technology that was brought 

into practical use for processless thermal CTP materials.  

Tabular particles having a high aspect ratio are added to 

the oxygen-blocking layer, by which the layer may have the 

desired oxygen-blocking capability even though containing 

a low-molecular resin but taking advantage of the gas-barrier 

property by the path length (Fig. 6)2).

From the above results, the processing in the development 

bath along with the oxygen-blocking layer, without 

prewashing, has enabled stable development.  The waste 

in prewashing can be omitted, therefore attaining waste 

reduction of 30% or more as compared with the former case.

Acid-Modified 
Water-Soluble Resin

Tabular Particles

Fig. 6   Oxygen barrier by high-aspect ratio filler.

Sensitivity Increase Technique4.3 

Underexposure results in polymerization failure after 

image formation, therefore resulting in run length reduction.  

For attaining high run length necessary for newspaper 

printing, the film strength after polymerization must be 

increased.  For attaining a sufficient film strength even in 

underexposure, we investigated efficiency increase in the 

initiation reaction and developed a new radical generator.  

We considered that the mere sensitivity increase in the 

reaction system would significantly detract from the storage 

stability and the safelight stability and therefore the intended 

sensitivity could not be attained; and therefore, under the 

planning idea of imparting a physical strength even in the 

absence of polymerization acceleration, we developed and 

introduced the mechanical strength increasing technology 

for binder and the adhesiveness increasing technology to 

aluminium support.

<1> Efficiency Increase in Initiation Reaction
For generating radicals with a small exposure amount, 

it is necessary to increase the electron transfer efficiency 

from the sensitizing dye to the radical generator; and for 

increasing the electron receiving efficiency of the radical 

generator from the sensitizing dye, we planned for LUMO 
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level reduction (Fig. 7).  Regarding the stability of concern, 

a radical-trapping agent that is effective only for the small 

amount of initiation radicals to be generated through thermal 

decomposition is introduced, thereby giving the stability not 

having any influence on the chain polymerization reaction in 

laser exposure.  With the sensitivity increase, there occurred 

a problem of some unnecessary reaction under a fluorescent 

room light; and we solved the problem by controlling the 

blocking capability of the oxygen-blocking layer.  Briefly, 

the oxygen permeability of the layer was so planned that 

it is sufficient for quenching the small amount of radicals 

generated in fluorescent light but has no influence on the 

large amount of radicals generated in laser exposure, whereby 

the sensitivity increase and the handlability in light were both 

satisfied.

Fig. 7 Electronic transfer efficiency improvement by reduced 
LUMO level.

<2> Mechanical Strength Increase of Binder
For HN-N II, we developed a new high-strength urethane 

binder.  The urethane binder comprises a soft segment and a 

hard segment and has both elasticity and abrasion resistance, 

and this is highly resistant to friction shock to the blanket 

in the printing process.  In addition, HN-N II inherits the 

preheatless image formability characteristic of HN-N owing 

to the highly-reactive group introduction.

<3> Adhesiveness Increase to Aluminium Support
The surface structure of the aluminium support was 

micro-roughened to improve the run length in a low-

exposure region (Fig. 8).  The surface of the aluminium 

support was micro-roughened to enhance the adhesiveness 

of the photosensitive layer-aluminium support interface, 

whereby the plate can exhibit run length applicable to mass-

scale newspaper printing even in a low-exposure region.  On 

the other hand, with the increase in the adhesiveness, the 

development removability of the non-image area may worsen; 

however, by providing a layer having a high alkali solubility 

between the aluminium support and the photosensitive 

layer, the plate satisfies both good adhesiveness and good 

development removability.

As a result of the above, the plate attained the effective 

sensitivity of 65 mJ/cm2, the sensitivity of 1.5 times that of 

the former plate, and the run length of 1.2 times.  Regarding 

the resolution, the plate is on the same level as that of the 

former plate, and is applicable to an FM screen 36 μm (Fig. 9, 

Fig. 10).

Fig. 8   Surface structure of aluminum support.
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Fig. 9   Sensitometric curve.

Fig. 10   Dot reproduction curve.

Quality Characteristics of HN-N II5. 

1) Interleaf-paperless operability (without blocking, 

scratching, paper feeding trouble).

2) Waste reduction by 30% in prewashless operation.

3) Effective sensitivity increase of 1.5 times relative to the 

former plate (100 mJ/cm2  65 mJ/cm2).

4) High run length (120% relative to the former plate).

5) High image quality (dot reproducibility, 1 to 99%; with 

FM screen applicability).
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Conclusion6. 

The thermal negative CTP “HN-N II” for newspaper 

printing described in this report is a commercial product 

which inherits the “preheatless processability” and the 

“high image quality” characteristic of HN-N, and realized 

“prewashless” and “interleaf-paperless” operability, thereby 

exponentially enhanced the high producibility and the 

environmental aptitude required by newspaper printing 

plate production.  Other characteristics are that the plate 

keeps high stability and high run length and can optimize 

the producibility with a high-speed thermal setter owing 

to the increased high sensitivity thereof; and the plate is 

much expected from both the environmental aspect and the 

producibility aspect.
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Introduction1. 

FUJIFILM succeeded in development of X-ray image 

sensor which “directly converts” X-ray signals into electric 

signals and converts the electric signals into digital images 

by our unique “Optical Switching Readout”, and paved the 

way for acquiring high-resolution images consisting of 50 

μm-size pixels, which is the smallest pixel size in the world 

in the field of the high-definition sensor using an amorphous 

selenium semiconductor.  A digital mammography system 

equipped with this image sensor AMULET (Fig. 1)  realizes

Fig. 1   System configuration of AMULET (FDR MS-1000).

high-definition, reduction of exposure dose and favorable 

throughput at high levels.  In this report, background of 

development, system configuration and features, and 

performances of this system will be briefly described.

Background of Development2. 

Breast cancer currently shows the highest prevalence 

rate of cancer incidences among Japanese women, and 

the mortality rate of the breast cancer is increasing year 

by year.  Therefore, breast cancer screening mainly with 

mammography has now become popular for the purpose 

of early detection of the breast cancer and, simultaneously, 

introduction of a digital mammography system is now 

in progress in association with recent digitalization in 

medical practice.  FUJIFILM succeeded in digitalization 

of X-ray diagnostic images by a Computed Radiography 

(CR) System ahead of all other manufactures in the world.  

From then on, we continue to supply digital X-ray image 

diagnostic devices to the market, and has started selling CR 

system mammography image scanner PROFECT in 2003.  

Consequently, we have gained good reputation as being easy 

to digitalize in combination with an existing X-ray source.

The digital mammography is high in X-ray usage 

efficiency in comparison with conventional film/screen 

systems and has an expanded dynamic range.  Therefore, 

it is superior in visualization of tumor masses and is able 

to reduce the exposure dose.  On the other hand, it is said 

Development of High-sensitivity  and  High-resolution  
Digital Mammography System ‘AMULET’

Kaku IRISAWA*, Takahisa ARAI*, Hajime NAKATA*, Tomonari SENDAI*, 
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Abstract

  FUJIFILM’s newly-developed ‘AMULET’, a digital mammography system, simultaneously realizes 

high-image quality, low-dose image acquisition and high-throughput as well as patient-oriented design. 

A detector mounted on AMULET directly converts X-ray signals into electronic signals to readout the 

electronic signals by using a uniquely developed “Direct Optical Switching” readout method in its imaging 

process. This detector with dual amorphous Se layers makes it possible to deliver high-definition diagnostic 

images consisting of 50 μm-size pixels providing the finest resolution among direct-conversion X-ray image 

detectors. Well-optimized Auto-Exposure-Control between the direct-conversion detector and an x-ray tube 

with Mo and W targets can meet the wide range of diagnostic needs from high-image quality to low-dose 

exposure. Moreover, ergonomic design helps to alleviate patient’s discomfort.
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that sharpness is poor because there is a limit due to the pixel 

size.  Even though 50 μm, which is a relatively fine grained 

pixel size, is realized in PROFECT, the pixel sizes of the digital 

mammography systems combined with commercially available 

X-ray sources and flat-panel detectors (FPD) still range from 

70 to 100 μm.  In the mammography diagnosis, presence or 

absence, distributions, and shapes of minute calcification smaller 

than 1 mm are important indices in diagnosis.  Therefore, there 

is a persistent demand for finer pixels. 

 As benefits of digitalization, there are great expectations 

for improvement of general convenience in the mammography 

screening and diagnosis such as high-throughput imaging, 

high-eff iciency image control on the basis of image 

processing, image display, and network establishment, and 

high-efficiency and high-precision diagnosis on the basis 

of past-image comparison and computer-assisted diagnosis.  

The imaging throughput of FPD system is generally higher 

than that of the CR system using cassettes.  However, there is 

a tendency that the throughput of the FPD system is lowered 

with enhancement of image quality, and hence improvement 

in this point is required. 

 In the background as described above, we have done 

research with a new digital mammography system which 

allows subjects to have a check-up with a safe conscience, 

allows doctors to make a diagnosis easily, and allows 

operators to handle easily, and have developed AMULET 

(Type: FDR MS-1000) which achieves improvement of 

diagnostic performances owing to high-sensitivity and 

high-resolution, reduction of exposure dose, and favorable 

throughput.

System Configuration of AMULET3. 

As shown in Fig. 1, AMULET is composed of 

a mammographic unit and a console (operating station).  

Images taken by the mammographic unit are processed and 

displayed in the console, so that we can save and use these 

images in external servers or applications via network.  The 

mammographic unit is composed of an X-ray source unit 

which emits X-rays, and a newly developed image sensor 

unit which detects X-ray images passed through breasts of 

subjects.  Parts of these units where the subjects come in 

contact with are designed to alleviate pain or chill and to 

stabilize the body position.  The image sensor, the X-ray 

source, and the ergonomics design being friendly to the 

subjects as characteristics of AMULET will be described 

below.

Image Sensor3.1 

AMULET is equipped with a sensor with the world’s smallest 

pixel size of 50 μm as a high-quality X-ray sensor using an 

amorphous selenium semiconductor as mentioned at the outset.  

A schematic view of the image sensor is shown in Fig. 2.

Fig. 2   Schematic view of the novel image sensor.

The sensor is formed with Stripe Transparent electrodes 

(Stripe electrodes) connected to Charge Amplifier ASICs, 

Readout Photoconductive Layer (Readout PCL), Electronic 

Trapping Layer (ETL), X-ray Photoconductive Layer (X-ray 

PCL), and Top electrode on a glass substrate.  The sensor 

is also provided with a Linear readout optics orthogonal to 

the Stripe Transparent electrodes, and Erasure optics on the 

lower side of the substrate.  Functions of the respective layers 

of this sensor and the principles of imaging will be described 

below. 

The X-ray image sensor generally acquires X-ray images 

by the processes of (a) conversion from X-rays to electric 

charges, (b) electric charge trapping, and (c) electric charge 

readout.  In the X-ray imaging, the smaller the X-ray dosage 

at the time of imaging, the fewer doses the subject to be 

imaged is exposed.  Therefore, what is essential to be a 

good sensor is acquiring images with least degradation in 

S/N ratio and sharpness of the X-ray image at the time of 

incoming into the sensor in the above-mentioned processes 

performed in the sensor.  A “Direct Conversion” System is a 

system of converting X-ray signals into electric signals using 

the so-called photoconductive phenomenon such that when 

irradiating a semiconductor applied with voltage with X-rays, 

the energy of the X-ray quantum is absorbed by electrons 

in the semiconductor, becomes free electrons and free holes 

ultimately, and are transported according to the electric field.  

In the case of the Direct Conversion System, the direction of 

travel of the signal charge is determined by the electric field, 

and hence degradation of sharpness is negligible.  

In contrast, in an “Indirect Conversion” System, X-rays 

are irradiated on a layer of fluorescent material which affords 

a high X-ray absorbance, is converted into visible light, and 

then is converted into electric signals by a light-receiving 

element such as a photodiode or a CCD.  In this system, 

sharpness is deteriorated because the fluorescence is emitted 
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isotropically and, in addition, light scattering cannot be 

avoided in a section from the light-emitting unit to the 

light-receiving element.  If the thickness of the layer of 

fluorescent material is reduced for maintaining the sharpness, 

the sensitivity of the sensor is lowered due to lowering of 

X-ray absorbance.  Therefore, it is difficult to secure both 

the sharpness and the sensitivity in the Indirect Conversion 

System. 

Therefore, the Direct Conversion System using the 

amorphous selenium semiconductor as the X-ray PCL is 

employed in the newly developed image sensor.  The Top 

electrode is irradiated with X-rays in a state of being applied 

with negative voltage, and generated free electrons are 

collected on the ETL by the electric field as shown in a cross-

sectional view of the sensor taken in the direction of the 

Stripe Electrodes shown in Fig. 3(a), and an electronic latent 

image is formed as shown in Fig. 3(b). 

Fig. 3 Cross-section of the sensor, and its imaging process from 
(a) to (c).

Amorphous selenium has a capability of absorbing 90% 

or more of X-rays generated from the mammography X-ray 

source and converting the same into electric charge.  In 

addition, the quantity of electrons trapped during movement 

is reduced by using high-purity selenium containing 

minimum impurities, so that the electrons are collected on 

the ETL with efficiency.  In this configuration, degradation 

of the sharpness and S/N ratio in the process from the X-ray 

charge conversion to the electron trapping is reduced.

Another feature of this sensor is a configuration composed 

of the ETL, Readout PCL (amorphous selenium), and Stripe 

Transparent electrodes in order to realize “Optical Switching 

Readout” using Photoconduction Effect (Photoinduced 

Discharge Effect).  As shown in Fig. 3(b), positive charge 

is induced to electrodes and electric fields are formed in 

Readout PCL in a state in which the electrons are trapped 

in the ETL.  When readout light is irradiated from the 

Transparent Electrode side in this state, free electrons-

holes pairs are generated in the Readout PCL as shown in 

Fig. 3(c).  The generated holes are moved to the trapped 

electrons and are neutralized, and the electrons are detected 

by a charge amplifier connected via the electrodes and are 

converted into signals.  As the quantity of generation of 

the free electron-hole pairs corresponds to the quantity of 

the trapped electrons, the quantity of the detected signals 

corresponding to the quantity of the trapped electrons is 

obtained.  After having readout, an afterimage is efficiently 

deleted by irradiating the entire surface of the sensor with 

high-luminance light from the Erasure optics, so that 

shortening of the imaging cycle is achieved.

In Optical Switching Readout, high-resolution images 

composed of 50 μm × 50 μm pixels are acquired relatively 

easily by causing the Linear readout optics to emit light 

at every 50 μm against the substrate formed with Stripe 

Electrodes at a 50 μm pitch.  As it does not have gate lines 

extending orthogonally to Readout Lines or TFTs as in 

a TFT Readout System and the parasitic capacity of the 

Readout Lines is small, readout with low noise is achieved.  

When reducing the pixel size, as the number of orthogonal 

portions of lines and the TFTs further increase in the case of 

the TFT Readout System, advantages of Optical Switching 

Readout are brought to the fore.  Therefore, in the case of 

the newly developed sensor, the amount of electric noise 

added at the time of readout is small, and thus degradation 

of the S/N ratio at the time of the sensor output with respect 

to the S/N ratio which is originally possessed by the X-ray 

images can be minimized, so that a structure which allows 

reduction of pixel size while restraining degradation of the 

image qualities such as sensitivity or Detection of Quantum 

Efficiency (DQE) is certainly achieved.1)  Although reduction 

of the pixel size under the TFT manufacturing rules in the 

sensors of Indirect Conversion System or Direct Conversion 

System leads to degradation of the image qualities, the newly 

developed sensor is expected to be able to reduce the pixel 

size while maintaining high-definition as shown in Fig. 4.

 
 
 
 
 
 
 
 
 
 
 
 
 
 Pixel size 

100 μm 75 μm 50 μm 

Im
ag

e 
Q

ua
lit

y 
 

Indirect conversion  

+TFT readout 
Direct conversion 
+TFT readout 

Direct conversion 
+ Direct Optical switching readout 

Fig. 4 Relation between image quality and pixel size in each 
imaging method.
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X-ray Source3.2 

As the newly developed image sensor is superior 

in dynamic range and linearity in comparison with the 

conventional film/screen system, high flexibility is ensured 

when selecting an X-ray dosage or an X-ray quality.  In 

addition, by increasing the thickness of the X-ray PCL, 

the high-energy X-ray absorbance is easily increased in 

comparison with the conventional films or imaging plates.  

In order to make the vast use of advantages of the sensor as 

mentioned above, Tungsten (W) target, which is advantageous 

for low does exposure, is mounted in addition to Molybdenum 

(Mo) target, which is currently widely used in the X-ray 

source of the AMULET.2)  Mo and Rhodium (Rh) can be set 

to an X-ray filter, and the target/filter combination (T/F) is 

selectable from three types; Mo/Mo, Mo/Rh, and W/Rh.

 Fig. 5 shows a relations between the ratio of the image 

contrast to the image noise (CNR) of Al having a thickness 

of 0.2 mm at each T/F and PMMA which simulates a breast 

having 50% of mammary gland and 50% of fat. 

Fig. 5 Relation between CNR under achievable-AGD at each T/F 
and PMMA thickness.

The term CNR here means a highest CNR obtained by 

a combination of the X-ray tube voltage and mAs value 

under Achievable (see Fig. 6) average glandular dose (AGD), 

which is an index of degree of does exposure, on the basis of 

EUREF standard3).

Fig. 6 PMMA thickness dependences of CNR and AGD at each 
AEC mode.

When the PMMA thickness is small, sufficiently high 

CNRs are obtained with the combination of Mo/Mo.  

However, the CNR is gradually lowered with increase in 

thickness and the difference from the Mo/Rh combination is 

increased correspondingly and, finally, it underruns the limit 

CNR.  With the combination of W/Rh, it is understood that 

the CNR is high even when the PMMA is thick, and as it has 

a hard radiation quality having X-ray quantum distributed in 

high energies, a sufficient X-ray transmittance is obtained 

even with a thick breast.  Also, as the CNR is the highest 

with the combination of W/Rh at every PMMA thickness, 

it implies that the exposure dose can be further reduced by 

employing the combination of W/Rh.

AMULET has Automatic Exposure Control (AEC) 

mechanism which is adapted to set the irradiation doses 

of these three types of T/F automatically according to the 

breast thickness to reduce the labor of operators.  The 

exposure control is performed using an image sensor and an 

independent AEC specific substrate.  With the employment 

of the specific substrate, signal charge at the time of pre-

exposure for determining the irradiation dose can be added 

to the signal charge of the real exposure in the image sensor, 

so that the readout is achieved at one try.  Therefore, the 

readout noise is not added needlessly, and the degradation of 

the image quality is reduced.  At the automatic imaging in the 

use of the AEC, the operator selects one of three modes; H_

MODE (high-definition), L_MODE (standard image quality), 

and W_MODE (low-dose exposure).  The T/F-switched breast 

thicknesses and the X-ray tube voltage values are determined 

on the basis of the physical evaluation as described above, 

and image evaluation of resected samples of breast cancer 

performed in cooperation with a group of Dr. Tokiko Endo in 

National Hospital Organization Nagoya Medical Center.

As a result of visual evaluation of calcification or tumor 

mass in resected samples of breast cancer having various 

thicknesses, it became evident that the granularities of the 

sample images well correspond to the CNRs.  It also became 

evident that the sharpness relating to the visibility of the 

calcification or the tumor mass is increased with increase in 

softness of T/F.  In other words, optimum diagnostic images 

are acquired by selecting as soft T/F as possible within an 

allowable range in terms of granularity4).

Fig. 6 shows PMMA thickness dependencies of AGD 

and CNR at tube voltages and mAs values set in H, L, and 

W_MODEs.  The T/Fs selected in H and L_MODEs are 

shown by background colors.  The T/F is selected in the order 

of Mo/Mo, Mo/Rh, and W/Rh according to the increase of 

the PMMA thickness.  In H_MODE, as a higher priority is 

put on the image quality, the AGD is set to a value closer to 

Acceptable to provide images with highest granularity and 

sharpness.  In L_MODE, images with consideration given 

to the balance between the AGD and the granularity are 

provided.  Therefore, with the combination of W/Rh, imaging 

of high-definition with consideration given to reduction 
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of exposure dose for subjects having a thick breast which 

is subjected to a large amount of exposure is achieved.  In 

W_MODE, the combination of W/Rh is used irrespective of 

the breast thickness, and images having maximum allowable 

level of granularity for diagnosis while putting a priority 

on low-dose exposure.  By using the combination of W/Rh, 

an AGD lower than the Achievable AGD is also possible. 

Evaluations of the clinical value in such low-dose range are 

now in progress and reduction of risk for young subjects is 

expected.

Subject-Friendly Ergonomics Design 3.3 

As arm rests of the mammographic unit, a chest wall 

portion and side portions of the sensor are portions where the 

subjects come in direct contact with at the time of imaging, we 

aimed at the design which allows subjects to have a check-up 

with a sense of security and stability.  Fig. 7 shows a schematic 

view of armrests and a chest-wall pad of AMULET.

Fig. 7   Armrests, and chest-wall and axillary pads of AMULET.

In view of opinions of the operators saying that the 

subjects have a difficulty to place their arms naturally 

during imaging in the cephalocaudal (CC) direction in 

the conventional system, the handles are inclined toward 

the subject with respect to the imaging table, so that the 

subject can place her arms naturally.  Portions of the unit 

corresponding to the portion of the body of the subject from 

the arms to the hands during the imaging in the mediolateral 

oblique (MLO) direction are designed to be a roundish 

form without level difference, and soft material is used for 

the armrests, so that the pain of the arms is alleviated.  In 

addition, urethane foam pads (disposable and replaceable 

parts) are provided for the chest-wall and auxiliary cavities 

to alleviate the pain at the chest when being pressed against 

during the imaging.

Performances of AMULET4. 

Factors which const it ute the image qual it y of 

mammography include image contrast (signals), sharpness, 

granularity (noise), and frequency-dependencies of DQEs 

including these factors are widely used as a comprehensive 

index for evaluating the image quality.  Fig. 8 shows DQEs of 

AMULET measured under the IEC-compliant conditions5).  

RQA-M2 condition (Mo/Mo, 28kv, Al f ilter; 2mm) is 

employed for the quality of radiation. 
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Fig. 8   DQEs of AMULET at various doses.

 In general, in the sensor having the pixel size x, DQE is 

significant up to a frequency of 1/2x, and the smaller the 

pixel size, the higher frequency components in the image can 

be converted into the electric signals according to Nyquist 

Theorem.  As AMULET is able to readout images with 50μm 

pixels, frequency components as high as 10 mm-1 in the 

image can be converted into electric signals, so high DQEs 

are shown in a range of practical dose from 71 to 125 μGy.   

This indicates that the Direct Conversion using Amorphous 

Selenium having a high level of X-ray absorbance and 

FUJIFILM’s unique Optical Switching Readout contribute to 

improvement of S/N ratio in the fine pixels, and are extremely 

effective for achievement of both high-sensitivity and high-

resolution.  It also indicates that AMULET is a system which 

is capable of keeping the lowering of the DQE to the fraction 

of approximately 13% even with a dose as low as 36 μGy, and 

is not much affected by the readout electric noise. 

 Fig. 9 shows a result of Contrast-Detail phantom evaluation 

for evaluating the visibility of Au columns having different 

diameters and thicknesses under the EUREF-compliant 

conditions3) (Mo/Mo, 28 kV) as the visual evaluation.

Fig. 9 Contrast-detail curves for AMULET for three different 
doses at Mo/Mo, 28kV.
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In this image, a curve obtained by connecting plots 

of respective doses is a boundary between possible and 

impossible of visual identification of Au column, and it 

indicates that the more it shifts to the smaller side in diameter 

and thickness, the smaller objects in the breast are visually 

identified.  The visibility of AMULET is sufficiently beyond 

the boundary of Acceptable even with a dose as low as  

61 μGy.  As regards the dose of small nozzle area  

105 μGy, which is approximately equal to the normal 

dose, the visibility is significantly beyond the boundary 

of Achievable on the side of smaller thicknesses and 

diameters, so that the improvement of visual identification of 

calcification is expected.

Fig. 10 shows images of a calcified portion of a resected 

sample of breast cancer taken by AMULET and PROFECT 

in an enlarged scale6).  The resected sample of breast cancer 

having a thickness of 40 mm is placed on a PMMA having a 

thickness of 5 mm to simulate a breast having a thickness of 

45 mm in total, and is taken under the conditions of Mo/Rh, 

28 kV, 42 mAs.  The image taken by AMULET is superior 

in granularity as a whole, and shows the shape and the 

boundary of calcification clearly and three-dimensionally.  

Fat and mammary gland tissues in the periphery also come 

out more clearly.  

Finally, the imaging throughput of AMULET will be 

described.  Amorphous Selenium induces afterimages 

because it contains much charge trapping caused by 

impurities, which might cause deterioration of the throughput.  

In contrast, in the newly developed image sensor, the charge 

trapping is reduced by using high-purity selenium, and 

formation of the afterimages is reduced by the structure 

which allows irradiation of the Erasure optics over the 

entire surface.  Incidentally, when handling high-resolution 

images, the volume of the image data is significantly large, 

and it requires a fair amount of time for image processing.  

However, AMULET is provided with a specific substrate 

for performing image processing on the image data in 

parallel.  With these countermeasures, a target of “intervals 

of 15 seconds at maximum for the identical subject” (set on 

the basis of research conducted by FUJIFILM), which is 

demanded by users, is expected to be achieved.  

Conclusion5. 

With digital mammography system AMULET, high-

sensitivity and high-resolution images are acquired with 

the provision of an image sensor characterized by Direct 

Conversion by amorphous selenium and Optical Switching 

Readout.  In addition, imaging according to a wide range of 

needs from high-definition to low-dose exposure is achieved 

brief ly by the X-ray source having targets of Mo and W 

coupled with the image sensor.  Furthermore, AMULET has 

a design with consideration to alleviation of physical and 

psychological burden of the subjects.  At the moment, there 

is no other product which has achieved both high-definition 

and enhanced throughput like AMULET, and contribution 

to improvement of accuracy and efficiency of mammography 

screening and diagnosis and alleviation of burden of subjects, 

as well as to early detection and improvement of prognosis 

of breast cancer are expected.  The high-performance 

digital mammography system AMULET in association with 

PROFECT which allows advantages of existing X-ray sources 

enables us to propose digital mammography solutions suitable 

to circumstances of respective hospitals.

Fig. 10   Image comparison of the resected breast specimen6).

(a) Image with AMULET. (b) Image with PROFECT.
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Introduction1. 

Medical systems and Life Science systems become 

important business fields in FUJIFILM. FUJIFILM is a 

pioneer in digital diagnostic imaging, and is expanding into 

the areas of preventive healthcare and treatment to cover an 

entire field of human health.

In response to expanding consumers’ demands in the 

living environment, we have newly developed “Antibacterial 

Properties and an Antivirotic Multifunctional Bio-filter” as 

one of preventive measures in order to maintain comfortable 

air quality.

As the first item equipped with this “Antibacterial and an 

Antivirotic Multifunctional Bio-filter”, we have developed 

an air purifying device “Living Space Purifier KPD1000” 

equipped also with a “deodorization filter” which has 

realized a high deodorizing effect provided by activated 

carbon and photocatalyst titanium oxide in addition to 

“Antibacterial properties and an Antivirotic Multifunctional 

Bio-filter”. KPD1000 was introduced on the market in 

November 2008.

The “antibacterial filter” employs organic silver particles 

developed on the basis of our unique expertise accumulated 

in the long history of photo imaging thus far. The “antivirotic 

f ilter” employs antibodies which have a capability of 

neutralizing influenza viruses. A low cost mass production 

technology of antibodies is developed by Dr. Yasuhiro 

Tsukamoto, Professor of Kyoto Prefectural University. By 

combining both Antibacterial and Antivirotic filters, airborne 

bacteria and viruses trapped by the filter can be inactivated.

In this report, technology developped and verification of 

the effects of “Antibacterial Properties and an Antivirotic 

Multifunctional Bio-filter” and “Living Space Purifier 

KPD1000” will be described.

Fig. 1   The system configuration of “Living Space Purifier KPD1000”.

Development of  “Antibacterial Properties 2. 
and an Antivirotic Multifunctional Bio-filter”

High-efficiency filters used in common air purifiers might 

have a possibility that even when airborne bacteria or viruses 

are trapped on the filter, these droplets are dried without 

being inactivated, and have a chance to be discharged into 

the air again as smaller nuclei. What is important is not only 
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Bio-filter” and the Air Purification System “Living Space Purifier KPD1000”
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Abstract

FUJIFILM has developed a unique concept air purification system “Living Space Purifier KPD1000” 

which provides high-level antibacterial, antivirotic, and odor eliminating effects. We launched the system 

in November 2008. The system is composed of three filters; “antibacterial filter” which contains ultrafine 

grains of organic silver developed by FUJIFILM’s original technology, “antivirotic filter” which contains an 

influenza virus antibody, and “deodorization filter” which contains activated carbon and photocatalyst TiO2.
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trapping these objects, but also restraining the activities 

of bacteria or viruses to prevent propagation or infection. 

Therefore, the filter is required to carry antibacterial and 

antivirotic agent which inactivate harmful substances.

Being initially premised on demands of consumers for 

safety, we have developed an antibacterial agent providing 

safety by controlling sustained release of active constituent 

and having a wide antibacterial spectrum. Simultaneously, 

we have searched antivirotic agent which has a capability of 

selectively neutralizing performance against human influenza 

virus type A and B which becomes epidemic repeatedly 

every year, and also “Avian Influenza” A (H5N1) which is a 

matter of concern as having a serious pandemic possibility.

Antibacterial Filter2.1 

While commomnly used antibacterial components of 

inorganic antibacterial agent are metals, in view of safety, 

actually used are limited to silver, copper, or zinc. Silver, 

specifically, has very low toxicity for large animals such 

as human being even though it has a wide antibacterial 

spectrum and exhibits its antibacterial effect with a minute 

concentration, so that silver-based compounds are applied 

most widely as the antibacterial agent. Since the past, silver 

has been widely used for tableware or various kinds of 

accessories, and resulted in almost no problem has been 

arisen so far. Therefore, silver can be regarded as a quite 

safe material. Ont the other hand silver ions have a photo-

sensitivity, and has a high degree of reactivity to halogen 

ions, so that lowering of the antibacterial effect is observed. 

Therefore, all kinds of efforts have been made on silver 

compounds themselves or on methods to support silver 

compounds1).

 FUJIFILM has been continuing with the studies about 

silver as a photographic material over seventy years, and has 

been accumulated “photo-sensitive material expertise” such 

as precisely controlling technology of the shapes or surface 

compositions of silver grains. And the result is that the 

antibacterial agent is organic silver particles developed by the 

fusion of particle formation technology and organic synthetic 

technology using our unique expertise.

 The organic silver particles employed for the antibacterial 

filters this time are specific ultrafine monodispersed particles 

of uniform size in order to demonstrate the antibacterial 

performance to the maximum (Fig. 2). Particles, after 

having formed, are subjected to the ripening process to 

avoid coagulation to maintain large effective surface areas. 

Simultaneously, by selecting behenic acid as an organic 

matter, we have succeeded to cause silver ion having a 

constant concentration which is expected to have antibacterial 

effect to be discharged stably for a long time.

Fig. 2   Ultrafine grains of organic silver.

Verification of Effect of Antibacterial Filter2.2 

 The results of antibacterial properties conducted in 

conformity with JISZ2801 are shown in Table 1. We verified 

superior antibacterial properties further exceeding an 

antibacterial activity value 2.0, which is considered as having 

the antibacterial effect, for seven types of principal bacteria 

and mold which may cause infectious diseases. In general, 

the conventional silver-based antibacterial agent is considered 

to be hardly effective for mold, and in this experiment as 

well, zeolite silver filter which is compared simultaneously 

as a representative of the silver-based antibacterial agent, had 

an antibacterial activity value of only 0.7 for “Aspergillus 

niger”. In contrast, we verified a high performance of the 

organic silver particles employed this time, which showed an 

antibacterial activity value of 2.8.

Table 1   Antibacterial and Anti-mold Properties.

Results of Antibacterial Spectrum Test

test
bacteria

test
specimen

number of living bacteria or 
mold 24 hours after inoculation 

per 1-piece of test specimen

antibacterial 
activity value 
(calculated by 

FUJIFILM)First Second Third

MRSA
nonprocessed 3.9×106 2.8×106 3.6×106 -

zeolite silver filter 2.6×103 <10 <10 3.5
organic silver filter by FUJIFILM <10 <10 <10 5.5

Pseudomonas
aeruginosa

nonprocessed 1.3×107 1.2×107 1.2×107 -
zeolite silver filter <10 5.1×103 <10 3.8

organic silver filter by FUJIFILM 10 <10 <10 6.0

Aspergillus
niger

nonprocessed 2.4×105 1.8×105 2.2×105 -
zeolite silver filter 2.6×104 3.9×104 4.5×104 0.7

organic silver filter by FUJIFILM 50 7.2×102 80 2.8

Bacillus 
Coli

nonprocessed 1.3×107 1.2×107 1.2×107 -
zeolite silver filter 10 <10 <10 6.0

organic silver filter by FUJIFILM <10 <10 <10 6.0

bacillus 
pneumoniae

nonprocessed 2.7×106 3.3×106 1.2×106 -
zeolite silver filter <10 <10 <10 5.3

organic silver filter by FUJIFILM 20 <10 <10 5.2

Staphylococcus
aureus

nonprocessed 1.6×105 1.9×105 2.0×105 -
zeolite silver filter <10 <10 <10 4.2

organic silver filter by FUJIFILM <10 <10 <10 4.2

Candida
nonprocessed 3.7×105 5.6×105 5.7×105 -

zeolite silver filter <10 <10 <10 4.7
organic silver filter by FUJIFILM <10 <10 1.7×102 3.9

<10: not detected  Nonprocessed: polyethylene film

Test Overview: Compliant with JIS Z 2801
Tested Institute: Japan Food Research Laboratories 
 Test Report No. 207110584-001, issued in December 26, 2007
Method of Calculation of antibacterial activity values:
 R = log(A/B)
 R: Antibacterial activity value
 A:  Average value of number of living bacteria or molds on 

nonprocessed specimen after 24 hours
 B:  Average value of number of living bacteria or mold on 

Antibacterial Processed Specimen after 24 hours
 Antibacterial if Antibacterial activity value is 2.0 or higher
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Antibody Filter2.3 

In order to add a inactivate function against influenza 

viruses in addition to a wide antibacterial spectrum of 

organic silver, we focused on antigen-antibody reaction 

in immune system and studied about application of the 

antibodies to the filter. 

 Advantages of utilization of the antibodies for removing 

viruses are (1) safe and secure in comparison with chemical 

methods, (2) high specificity in comparison with physical 

methods, and (3) quick reacting method.

 In general, the antibodies are expensive and are considered 

not to be suitable for industrial application. However, it was 

solved by applying a technology of massproducing antibodies 

at low cost developed by Professor of Kyoto Prefectural 

University, Dr. Yasuhiro Tsukamoto. It is a technology to 

manufacture a large amount of IgY by inoculating ostriches 

with HA antigens of inf luenza viruses and extracting 

produced antibodies from ostrich egg yolk. Production of 

anti-influenza IgY has already achieved with chickens as 

immune animal. However, the quantity of the antibodies 

extracted from an ostrich is 30 times that from a chicken 

and, in addition, lay period by one body is longer, thus the 

uniformity and the quality of refined antibodies is much 

higher.  

Fig. 3   The production method of an ostrich antibody.

In order to quantify the amount of the ostrich IgY 

impregnated on a filter material, ELISA method employing 

secondary antibodies (enzyme-labeled IgY antibodies) was 

newly prepared. An ELISA evaluation was conducted with 

optical density having ELISA activity as effective quantity of 

support, and selection of filter base material and optimization 

of support formula were performed.

Enzyme-Labeled       Antibodies

Base material

Substrate

Fig. 4   The determination of antibody on filter.

Evidence Formulation of Antibody Filter2.4 

We conducted an evidence formulation on the effects of 

the antibody filter by the following verification steps.  

Verification of Antigen-Antibody Reaction in 2.4.1 
Gas Phase System (Principle Verification)

We conducted principle verification on whether the 

antigen-antibody reaction, which normally occurred in 

liquid phase, may proceeds also in gas phase. As a method 

which does not involve the liquid phase, we developed a 

FRET (Fluorescence Resonance Energy Transfer) method, 

and conducted a comparative verif ication of FRET 

signal strength between Fluorescent-labeled antigens and 

antibodies. We confirmed specific FRET signal (= antigen-

antibody reaction) also in the gas phase, and concluded that 

the antibody on a solid surface specifically reacted with a 

protein antigen supplied from gas phase under the nominal 

ambient conditions2).

Fig. 5   FRET (Fluorescence Resonance Energy Transfer) method.

Virus Neutralization Test2.4.2 

The effect of the ostrich antibodies was evaluated in terms 

of the neutralization titer. In the virus neutralization test, 

we transmitted the inf luenza viruses to a predetermined 

amount of MDCK cells which have high affinity with 

human influenza virus cultured on a micro plate to observe 

a cytopathogenic effects. By applying two-fold dilution of the 

ostrich antibodies, 50% infection inhibition value (TCID50) 
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was calculated according to “Behrens- Kärber method” to 

obtain the neutralization titer. The smaller neutralization titer 

means higher virus neutralization effect as the antibodies.

The neutralization titer of the ostr ich antibodies 

immunized with three strains of HA antigens and H5 

recombinant proteins are shown in Table 23). The fact that the 

ostrich antibodies have sufficient neutralization capability 

against the immunizing antigens was confirmed. 

Table 2    Neutralization Activity against the Influenza Virus 
(Immune Strain)3).

Subtype Neutralization titer*

Type A (H1N1) 2.64μg/ml

Type A (H3N2) 8.88μg/ml

Type B 32.6μg/ml
*  Neutralising titer (50% inhibition) with respect to 

100TCID50 (MDCK cells).

Neutralization titer of ostrich antibodies immunized 

with H5 recombinant protein, ostrich antibodies immunized 

with three strain mixed HA antigens and H5 recombinant 

proteins, and ostrich antibodies before immunization with 

respect to “Avian Influenza” A(H5N1) are shown in Table 33). 

It was confirmed that the ostrich antibody has a sufficient 

neutralization capability with respect to Avian Inf luenza  

A (H5N1). 

Table 3    Neutralization Activity against the Avian Flu Virus, Type 
A/H5N13).

Antibodies Neutralization titer against 
H5N1*

Pre-immune not measureable (>514μg/ml)

3 strain mixed HA 
+ rH5 58.1μg/ml

rH5 6.7μg/ml

*  Neutralising titer (50% inhibition) with respect to 
100TCID50 (MDCK cells).

The neutralization titer of the ostr ich antibodies 

immunized with three strain mixed HA antigens using Type 

A H1N1, Type A H3N2, and Type B field strain (100 cases in 

total) are shown in Table 43).  

Table 4    Neutralization Activity against Influenza Virus Wild Strain 
(100 cases) 3).

Influenza Field 
Strain Neutralization activity values

Type A (H1N1) 2.0μg/ml

Type A (H3N2) 6.7μg/ml

Type B 24.4μg/ml

From the result described thus far, we concluded that the 

ostrich antibodies have sufficient neutralization capability 

against Human epidemic subtype as well as  avian A(H5N1) 

influenza virus.

 Subsequently, we conducted ver if icat ion of the 

neutralization capability of ostrich antibodies impregnated 

on filter. We inoculated antibody filters (4×4 cm) carrying 

above-described ostrich antibodies with virus dispersion 

(105TCID50/ml ×0.5 ml) and left untouched for 10 minutes, 

extracted the viruses from the filters, and evaluated the 

TCID50. The results obtained from antibody filters stored 

under the conditions of cooling, 25˚C: 50% RH, 40˚C: 50% 

RH, 50˚C: 50%RH for two weeks and four weeks, are shown 

in Fig. 6, respectively. It was confirmed that the antibody 

filters have sufficient virus neutralization capabilities after 

reasonable storage period.

Below detection limit

Description of Level

(1) Inoculate with Virus Solution (105TCID50 /ml×0.5ml) 

Antibody Filter
(4×4 cm)

(2) Leave Untouched 
      for 10 minutes
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(4) Inoculate MDCK cells and 
      Observe Cell Cytopathic 
      Effect (CPE)

V
iru

s 
In

fe
ct

io
n 

V
al

ue
 (

T
C

ID
50

)

V
iru

s 
S

to
ck

 
S

ol
ut

io
n

O
nl

y 
B

as
e 

M
at

er
ia

l

C
oo

le
d

Antibody Filter (Forced Aging)

Fig. 6   The virus inactivation effect of the antibody filter.

Virus Trapping Test2.4.3 

We conducted an airborne virus trapping experiment 

by spraying influenza virus into a glove box. In order to 

prevent inactivation of the viruses due to moisture, silica 

gels were placed at eight positions at the corners. Then, we 

verified the trapping capability of a single filter supporting 

the ostrich antibodies immunized with three strain mixed HA 

antigen and H5 recombinant protein. In comparison with the 

case where the antibody filter is not provided, the trapping 

efficiency of 99.6 % or higher was  obtained.

Intake air 
ULPA filter

Test Filter 
(B Experiment)

Air Sampler

Virus Collecting
Gelatin Filter

Silica Gel Plate (place at eight corners)

Class    B 
Bio-Clean Bench

Glove Box

Circulation Fan

Nebulizer 
(Spray Virus)

Fig. 7   The experimental apparatus for virus capturing test.
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Development of “Living Space Purifier 3. 
KPD1000”

As a first item equipped with the “Antibacterial properties 

and an Antivirotic Multifunctional Bio-filter”, we have 

developed an air purifying device “Living Space Purifier 

KPD1000” equipped also with the “deodorization filter”. The 

“deodorization filter” realizes a higher deodorizing effect 

by combining a filter which adsorbs odorous substances by 

activated carbon, and a filter applied with titanium oxide and 

irradiated with UV light to decompose odorous substances by 

photocatalytic action. It achieves deodorization of 5 ppm of 

ammonium which is a representative of basic gas to 0.5 ppm, 

which is 90% reduction, by one pass. The similar effects are 

also achieved with acetic acid which is a representative of 

acid gas. Both gases are regarded as a component of odors of 

sweat, body of aged person, excretion, cigarettes, etc. 

Fig. 8   One path deodorization test.

A long life UV cold-cathode fluorescent light is employed 

as a photocatalyst exciting UV light source to achieve 

maintenance free structure. As the strong UV light may 

disrupts antibodies which are protein, a light-shielding 

mechanism is introduced between the deodorization filter 

and the bio-filter. We also found that installation of a louver 

into a V-shape is effective for preventing air volume required 

for purifier from lowering and employed this configuration. 

This light-shielding mechanism is also employed on the 

inlet port side to prevent UV light from leaking out from the 

equipment (Fig. 9). 

 The equipment has a compact-sized slim design to allow 

free layout in a free space in the room, and is adapted to 

be able to install horizontally and vertically.  As it is light-

weighted, and is easy-to-carry to allow the user to carry 

it to places where odor or infection is concerned.  At the 

same time, silent and energy saving design is realized in 

contemplation of 24 hours operation.  With the improved 

silenceness, it can be installed near the bed of sickness and 

operated day and night without regard to the noise.   

Wall

Cross-Section of Horizontal Arrangement

Air Flow

Photocatalyst Filter

Light-Shielding Louver Light-Shielding Louver

Bio-Filter

Fan

Fig. 9   Sectional view of KPD1000.

The air purifier is structurally subject to clogging of dust 

after long time of continuous use.  Therefore, it is essential 

to replace the filter in order to maintain a comfortable air 

quality in the environment.  On the other hand, replacement 

of the filter is not sufficiently performed in the market, 

and according to the research, it is found that there are a 

considerable number of opinions saying that the replacement 

work is complicated and troublesome although there is also 

the problem of the cost of the replacement filters4).  In view 

of such result, it is designed to be replaceable in one touch 

operation in order to provide a constantly comfortable air 

quality in the environment for consumers. 

Fig. 10   How to replace the filters.
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Conclusion4. 

FUJIFILM has developed “Antibacterial Properties and an 

Antivirotic Multifunctional Bio-filter” by combining organic 

silver particles developed by our unique technology and 

ostrich antibodies which can be adapted to avian influenza 

virus, and verified the effects.

“Living Space Purifier KPD1000” is a first stage of 

the equipment system equipped with FUJIFILM’s unique 

“Antibacterial Properties and an Antivirotic Multifunctional 

Bio-filter”, and realized removal of airborne bacteria 

and viruses trapped by the filter.  In the future, taking 

these advantages, we would like to address the needs for 

preventing in-hospital infection in medical organizations or 

care facilities. 

Finally we sincerely appreciate Professor of Kyoto 

Prefectural University, Dr. Tsukamoto, Dr. Adachi, and Dr. 

Kato for the cooperation on development of this system. 
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Introduction1. 

With the background of the cutting-edge technologies 

adequately applicable to health-care products (supplements, 

cosmetics) such as antioxidation technology, nano dispersion/

stabilization technology, physical properties controlling 

technology for collagen peptide, and layer constitution 

technology for optimizing reactivity, reaction speed, 

substance diffusion and material interaction and others, 

which we have cultivated in the field of photo imaging, we, 

FUJIFILM went into the field of supplements and cosmetics 

in September 2006.

Afterwards, in September 2007, we started skin-care 

cosmetic series “ASTALIFT” directed to antiaging care, and 

release three products, lotion, essence and cream.

Further in March 2008, we added two supplements of 

beauty supplement “Astalift Supplement” and beauty drink 

“Astalift Drink” to the Astalift series, in addition to three 

cosmetics of day protector, cleansing gel and liquid soap, 

thereby releasing the out-body and in-body skin-care lineup.

This report is to introduce the product planning of 

“Astalift Supplement” and “Astalift Drink”, and the human 

trial result in parallel use thereof with cosmetics.

Product Planning2. 

It is known that, in living bodies, singlet oxygen, a type 

of active oxygen having high reactivity is formed inside the 

skin exposed to UV rays from sunlight1).  The singlet oxygen 

stimulates melanin-producing cells to enhance melanin 

production thereby causing increase in skin blackening, 

pigmented spots and skin dullness.  It is said that the singlet 

oxygen induces production of cytokines and proteases in 

the skin thereby causing skin roughness and skin elasticity 

reduction, and further wrinkles after long2).  As one method 

of reducing the injury by the singlet oxygen, it is considered 

to react an antioxidant ingredient having the ability of singlet 

oxygen removal, with the singlet oxygen in skin.

The Astalift series cosmetics contain astaxanthin, a type of 

carotenoids.  Astaxanthin is a type of carotenoids existing in 

the nature, and it is considered that astaxanthin is synthesized 

mainly in marine algae and is taken by fishes and shellfishes 

by the food chain.  Among various antioxidant components 

existing in the nature, in particular, astaxanthin is remarkably 

Development of the Dietary Supplements, “Astalift supplement” 
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excellent in the singlet oxygen removal potency, and has a 

singlet oxygen removing speed of about 1000 times that of 

coenzyme Q103).  It is reported that, in a trial with mice, 

direct application of an astaxanthin-containing external drug 

to the skin inhibited formation of wrinkles by UV rays4), and 

application of astaxanthin to skin is expected to be effective 

against damage by UV rays.

On the other hand, for the effect to skin by internal use, 

the ingredient must be distributed in the skin after absorbed 

by the digestive tract.  In this respect, it is reported that 

astaxanthin was detected in the skin tissue of a rat to which 

astaxanthin had been orally administered5).  Further in 

humans, it has been confirmed noninvasively that dietary 

intake of carotenoids (e.g., β-carotene) results in distribution 

thereof in skin6).  Accordingly, we incorporated astaxanthin 

in the dietary supplements “Astalift Supplement” and 

“Astalift Drink” like in cosmetics, aiming to send astaxanthin 

to skin to thereby protect the skin from the injury by singlet 

oxygen not only from the outside of the skin but also from the 

inside thereof.

In order that the orally taken astaxanthin could transfer 

inside the body and to reach the skin, it must be absorbed 

by the intestines.  Previous investigations confirmed that a 

nanoemulsion of astaxanthin that is an oil-soluble substance 

enhances the in-body absorbability of astaxanthin7).  “Astalift 

Drink” was planned to contain an astaxanthin nanoemulsion 

to thereby send astaxanthin to skin more efficiently.

“Astalift Supplement” was planned to contain, in addition 

to astaxanthin, other carotenoids (lycopene, β-carotene) and 

red wine polyphenol to thereby reinforce the antioxidant 

ingredients therein; and taken in the morning, this can reduce 

the injury by the singlet oxygen generated by daytime UV 

rays.  “Astalift Drink” contains, in addition to astaxanthin, 

vitamin C and citrus polyphenol (hesperidin) to thereby 

reinforce the antioxidant ingredients therein.  In addition to 

these “skin-protecting” ingredients, collagen which is a skin 

constitutive ingredient, and N-acetylglucosamine, which is 

reported to promote production of vitamin C and hyaluronic 

acid necessary for collagen synthesis8), were further added to 

these for their planning for “skin regeneration” during sleep.

Skin Protection

Skin Protection from 
Active Oxygen

Skin Regeneration

Skin Material Supply, 
Synthesis Promotion

Astaxanthin
Astaxanthin

Lycopene, ß-carotene

Red Wine Polyphenol

Vitamin C

Citrus Polyphenol 
(hesperidin)

Supplement 
Formulation

Drink Formulation

Fish Collagen

Marine Collagen 
(+Vitamin C)

Hyaluronic Acid  
            + 
N-acetylglucosamine

Fig. 1 Efficacy of the ingredients of “Astalift Supplement” and 
“Astalift Drink” on skin.

Table 1   The Active Ingredients of “Astalift Supplement”.

in dairy intake (2 tablets)

Astaxanthin (as free form) 6 mg

β-Carotene 1,400μg

Lycopene 1.8 mg

Fish Collagen 4 mg

Red Wine Polyphenol 2.9 mg

Table 2   The Active Ingredients of “Astalift Drink”.

in dairy intake (one 50-ml bottle)

Astaxanthin (as free form) 4 mg

Vitamin C 270 mg

Marine Collagen 1,000 mg

Hyaluronic Acid 8 mg

Sugar Transfer Hesperidin (citrus polyphenol) 100 mg

N-acetylglucosamine 100 mg

Human Trial Results3. 

The effect by intake of the present developed dietary 

supplements was confirmed in a human trial.

As in Fig. 1, the present developed dietary supplements 

are intended to attain the effect of the antioxidant ingredients 

such as typically astaxanthin for “skin protection” from active 

oxygen and the effect of collagen for “skin regeneration”; and 

this time the subjects actually took the dietary supplements 

and evaluated them as to whether they could “actually feel” 

the change in the skin, and as to whether the results could 

be supported by objective evaluation.  These two are the key 

points in the human trial.

It is said that active oxygen is widely involved in various 

diseases and lifestyle-related diseases, and the other effects 

of the supplements than the cosmetic effect thereof was 

investigated in this trial.

The test method is described.  From 35- to 59-year-old 39 

women subjects were selected.  The subjects were divided 

into three groups (13 subjects in each group) as in Table 3, 

and they took 2 tablets of the supplement in the morning 

and one bottle of the drink in the evening, for 6 weeks.  For 

comparison with the two test supplements, placebos (that 

could not be differentiated from the test supplements in 

the appearance, the taste and the odor) were prepared.  The 

comparison test with the group A and the group B was a 

double blind test (in which all the subjects and the panelists 

were made not to know which were the test supplements 

or the placebos - this test is popular for evaluation of the 

efficacy of medicines).  On the other hand, the present trial 

included the group C for investigating the effect of cosmetics 

in addition to the present developed dietary supplements.  

For this, commercial products were used in comparison, and 

therefore, this was not a double blind test.
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Table 3    Group Division of 39 Subjects for Evaluating the Effect 
of Ingesting the Dietary Supplements and Applying the 
Cosmetics.

Supplements Cosmetics

Group A Astalift Commercial Products

Group B Placebos Commercial Products

Group C Astalift Astalift

Regarding the cosmetic effect, the skin condition was 

checked with a machine and through replica analysis, skin 

photographing and cosmetic experts’ evaluation as the 

objective evaluation, and checked through questionnaire 

investigation with the subjects as the subjective evaluation.  

In the questionnaire investigation, the questionnaire items 

included life-related maters in addition to cosmetic-related 

matters.  The details of the evaluation items are shown in 

Table 4.

Table 4   Evaluation Items of the Human Trial.

Evaluation Method Evaluation Items

Machine 
Measurement

Moisture content of skin, water evaporation, 
skin elasticity

Replica 
Evaluation Wrinkles, skin texture

Skin 
Photographing Wrinkles, stains, pores

Questionnaire 
Investigation

Subjects scored the improvement level of the 
following items.
“Moistness”, “freshness”, “stickiness”, 
“tightness”, “softness”, “transparency”, 
“elasticity”, “plumpness”, “texture”, “tension”, 
“sagging”, “pores”, “wrinkles”, “stains”, 
“foundation spreadability”, “makeup coming 
off”, “skin condition”, “moisturization”, 
“whiteness”, “crow’s feet”, “pimples”, 
“shadow, somberness”, “body condition”, 
“fatigue”, “life”, “health”, “appetite”, “blood 
circulation”, “sleep”, “bowel movement”, “eye 
fatigue”.

Cosmetic 
Experts’ 

Evaluation

Cosmetic experts scored the improvement 
level of the following items.
“Skin color”, “stains, freckles”, “somberness”, 
“shadow”, “fattiness”, “glossiness”, “spots, 
pimples”, “reddishness”, “crow’s feet”, 
“forehead and glabellar wrinkles”, “texture”, 
“sagging below eyes”, “smoothness”, 
“moistness”, “freshness”, ” tension”, 
“toughness”.

The results are mentioned below.  First, as the effect by the 

intake of the present developed dietary supplements, wrinkles 

and stains were removed in skin photographing and replica 

analysis (Figs. 2, 3, 4).  As a result of machine measurement, 

the moisture content of the skin was prevented from lowering 

(Fig. 5).

Fig. 2 Wrinkle reduction effect of ingesting the dietary supplements.
  Left : The number of wrinkles
  Right : The maximum length of wrinkles

Fig. 3 Face skin photographs of the subject in group A.
  Left : Before testing
  Right : After testing
 Wrinkle reduction is apparent.

Number of Stains (after 6 weeks)
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Group AGroup A Group B

Stains reduced.

Fig. 4 Face skin stain reduction effect of ingesting the dietary 
supplements.

Skin Moisture Content (after 6 weeks)

C
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Group AGroup A Group BGroup B

Skin moisture 
reduction prevented.

Fig. 5 Preservation of moisture content of arm skin. The 
reduction of moisture is restricted by ingesting the dietary 
supplements.

Number of Wrinkles (after 6 weeks) Maximum Width of Wrinkles (after 6 weeks)
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Group AGroup A Group B Group AGroup A Group B

Wrinkles reduced. Wrinkle width reduced.
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Further, the subjects’ questionnaire confirmed good results 

in many test items of skin texture, tension, sagging, wrinkles, 

stains (Fig. 6).  In addition, the questionnaire showed good 

results not only in the cosmetic effects but also in the other 

items of fatigue, appetite, blood circulation, sleep, eye fatigue 

(Fig. 7).

Questionnaire Results (after 6 weeks)
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Fig. 6 The results of questionnaire data about skin condition. 
Group A and group B.
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Fig. 7 The results of questionnaire data except skin condition. 
Group A and group B.

For the synergistic effect of the present developed dietary 

supplement and the cosmetic, the trial this time was not a 

double blind test, and any strict comments could not be given 

on the questionnaire results.  From the machine measurement, 

the skin wrinkles reduced and the skin moisture content 

increased (Fig. 8).

 In the trial made this time, the continuous intake 

of the present developed dietary supplements presented 

many results in point of many cosmetic-related indices.  In 

particular, regarding wrinkles, both the objective evaluation 

and the subjective evaluation presented best results, from 

which it may be said that the intended “skin protection” 

effect and “skin regeneration” effect could be attained by 

prevention of wrinkle formation.  The questionnaire results 

indicate the effect for the items of sleep and eye fatigue 

except the cosmetic items, from which it is known that the 

present developed dietary supplements could be of some help 

for our healthy life in addition to the cosmetic effects thereof.

 The series of trial results obtained this time confirmed the 

effectiveness of the present developed dietary supplements; 

however, in fact, many points are still unclear as to the 

mechanism and the behavior of astaxanthin and collagen 

after intake by living bodies, that is as to how the ingredient 

could act to present their effects and efficacies.  In future, 

we will further analyze astaxanthin and collagen for the cell-

level action thereof, and will clarify the mechanism of these 

ingredients.

Skin Moisture Content (after 6 weeks)

Number of Wrinkles (after 6 weeks)

C
ha

ng
e

C
ha

ng
e

Skin Moisture Content Increase

Wrinkles reduced.

Group AGroup B Group C

Group AGroup B Group C

Fig. 8 The effect of both ingesting the dietary supplements and 
applying the cosmetics.

  Upper: Moisture content of arm skin
  Lower : The number of wrinkles

Conclusion4. 

We developed “Astalift Supplement” and “Astalift Drink” 

containing astaxanthin and other cosmetic ingredients.  The 

human trials with these dietary supplements confirmed their 

effects for skin, and further, combination use thereof with 

cosmetics confirmed enhanced effects.

We will further make an effort for contributing toward 

enhancement of human QOL (quality of life) and will 

widely contribute to society through development of dietary 

supplements.
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Introduction1. 

In 1998, the International Federation of Clinical 

Chemistry and Laboratory Medicine (IFCC) released the 

recommended method for amylase measurement1).  In Japan, 

a recommended method based on the IFCC method was 

proposed by the Japan Society of Clinical Chemistry (JSCC) 

in May 2005, and amylase measurements are becoming 

increasingly standardized2). 

The purpose of the standardization is “to eliminate the 

variation in test results caused by differences in measuring 

instruments, methods and test centers; enabling mutual 

comparison of measured value regardless of ‘time’ and 

‘place’”.  Otherwise, clinical assay measurements would 

differ in every hospital, creating the problem of non-

comparable measurement results when patients change 

hospitals.  The standardization is the collaboration between 

the industrial, administrative and academic sectors for 

redressing this situation.  Regarding the eight clinical test 

items for specific medical checkup implemented from April 

2008, recommended methods were presented by JSCC, and 

introduction of standardized reagents has brought about 

the standardized medical checkup situation in every testing 

institute.

For the α-amylase activity measurement method with 

FUJI DRI-CHEM (FDC), we developed FDC amylase slide 

AMYL-P III (III means for standardization) corresponding to 

the standardization with the substrates in the IFCC method, 

and report it herein.

 FDC has also been improved to measure not only human 

specimens but as well as animal specimens.  Because canines 

and felines have at least 10 times higher reference intervals of 

α-amylase value than humans do, we enlarged the dynamic 

ranges and have succeeded in developing reagents applicable 

also to animals, and we report this here.

Development of FUJI DRI-CHEM AMYL-PIII Slide  
for α-Amylase Activity Measurement

Satoru TODA*,  Kentarou NAKAMURA**,  Kazuhiro TAKAHASHI***,

Nobuhito MASUDA*,  and  Kaoru TERASHIMA*

Abstract

In 1998, the International Federation of Clinical Chemistry and Laboratory Medicine (lFCC) released 

the recommended method for amylase measurement. In Japan, a recommended method based on the lFCC 

method was proposed by the Japan Society of Clinical Chemistry (JSCC) in May 2005. Since then amylase 

measurements are becoming increasingly standardized. The purpose of the standardization is to eliminate 

the variation in test results caused by differences in measuring instruments, methods and test centers; 

enabling mutual comparison of measured value regardless of time and place. Otherwise, clinical assay 

measurements would differ in every hospital, creating the problem of non-comparable measurement results 

when patients change hospitals. The collaboration between the industrial, administrative and academic 

sectors redresses this situation so as to facilitate mutual comparison of test data when such a change takes 

place. Through the Metabolic Medical Checkup System implemented in April, 2008, measurement criteria 

for eight clinical test items in each testing institute are already standardized. The introduction of this system 

prompts the standardization of other test items. FUJI-DRI-CHEM (FDC) has developed a new α-amylase 

slide AMYL-PIII which uses the substrate of the lFCC Reference Method. The new α-amylase slide 

corresponds to standardization and it has an improved correlation to the reference method. FDC has also 

been improved to measure not only human specimens but as well as animal specimens. Because canines 

and felines have higher reference intervals of α-amylase value than humans do, the dynamic range has been 

extended by controlling the pH of slides.
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Point in Development2. 

Standardization Correspondence2.1 

Substrate Change2.1.1 

The first modification we investigated for standardization 

in α-amylase measurement is use of a substrate, non-reducing 

terminal-blocked oligosaccharide, 4,6-ethylidene-4-nitrophenyl-

α-D-maltoheptaoside (Et-G7-PNP).  Here G is a glucose 

group, the numeral is the number of glucose residues, Et is an 

ethylidene group, PNP is a p-nitrophenyl dye.  The substrate 

has excellent stability and high purity, and the advantage of the 

property thereof is that this has the advantage that there is little 

difference in the reactivity with α-amylase isozyme, pancreas-

derived P-type or saliva-derived S-type.  The reaction principle 

is shown in Fig. 1 (in α-amylase measurement, sufficiently high 

rate of following coenzyme reaction is indispensable).

For the method of standardization of FDC α-amylase 

measurement data, it may be considered to use the usual 

amylase slide AMYL-P and to reconstruct the calibration 

curves in accordance with the standardized control method.  

However, the AMYL-P slide does not use the substrate of 

the standardization method (G5-PNP), and because of the 

difference in the reactivity with α-amylase isozyme (P-type 

or S-type) owing to the difference in the substrate used in 

the control method and because of contamination with the 

data of any other amylase than α-amylase (e.g., β-amylase, 

glucoamylase), the measured data could not correspond to 

those in the control method, and there may occur a problem 

in that the correlativity worsens.

Accordingly, for correspondence to the standardization, 

we investigated to develop AMYL-P III using the same 

substrate Et-G7-PNP as that in the recommended method.  

Fig. 2 shows the layer constitution of the FDC slide.

Selection of Coenzyme2.1.2 

A slide was prepared by replacing Et-G7-PNP selected as 

the substrate suitable for standardization correspondence in 

FDC with usual AMYL-P slide, and the time course in PNP 

dye formation reaction to various α-amylase activity was 

confirmed (Fig. 3).  It is known that the PNP color formation 

reaction could no more increase at the α-amylase activity 

value of 1,810 U/L and therearound. 

Development/
Reaction Layer

Coloration Layer

Transparent Support PET Base

Dye Mordant
Binder

Et-G7-PNP
α-Glucosidase

Fig. 2   Structure of FUJI DRI-CHEM Slide AMYL-P III.
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Fig. 3 Optical density time course of various α-amylase activity 
in AMYL-P Slide substituted Et-G7-PNP for G5-PNP 
substrate when the slide’s pH is 7.3.

In order to correctly measure the α-amylase activity on the 

reaction principle (Fig. 1), the following coenzyme α-glucosidase 

must more rapidly decompose the oligosaccharide PNP 

derivative to form PNP color over the rate at which α-amylase 

decomposes the substrate to form the oligosaccharide PNP 

derivative (α-amylase activity rate-limitation).  However, the 

phenomenon that occurs in the sample having an extremely high 

α-amylase activity in Fig. 3 indicates that the rate of reaction of 

the following coenzyme is not sufficiently higher than that of 

: P-nitrophenol 
  Color-Forming Group

α-amylase in 
Specimen

Following Coenzyme 
α-Glucosidase

Color Formation (400nm)

: Ethylidene 
  Block Group

: Glucose

Fig. 1   Reaction Scheme of FUJI DRI-CHEM Slide AMYL-P III.
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α-amylase (rate-limiting reaction).

Ordinary α-glucosidase is a yeast-derived enzyme, and in 

case where it reacts with a PNP derivative having a different 

oligosaccharide chain length, it is known that the enzyme 

has no substantial reactivity to those having a glucose chain 

length of 4 or more (Fig. 4).  At the time when AMYL-P slide 

was developed, this enzyme was general, and the problem 

could be evaded by using a substrate G5-PNP that was an 

oligosaccharide decomposed product Gn-PNP where n = 1, 2 

or 3 formed by α-amylase.

Color Formation 
(400 nm)

α-Glucosidase reacts from the 
non-reducing terminal in order.

Relative Reactivity

Fig. 4   Reaction scheme of α-glucosidase from Saccharomyces sp.

However, in the oligosaccharide decomposed product 

Gn-PNP to be formed from the standardization-corresponding 

substrate Et-G7-PNP, n = 2, 3 or 4; and therefore, in the 

region where the α-amylase activity is high, the reaction of 

the coenzyme may be limited, and there occurs a problem in 

that the α-amylase activity could not be measured correctly.  

In consideration of the temporal degradation of the reagents, 

this brings about the risk of reduction in the uppermost limit 

of the measurable range for quantitative determination, and 

therefore requires improvement.

To solve this problem, when a microorganisms-derived 

α-glycosidase capable of acting on also those having a long 

oligosaccharide chain is used (Fig. 5), then it secures a 

sufficient reaction rate to the decomposed product from the 

standardization-corresponding substrate Et-G7-PNP, G4-PNP, 

and the PNP color forming rate does not lower even at an 

α-amylase activity of 2,500 U/L or more, thereby enabling 

measurement even in a high α-amylase activity region.

Color Formation 
(400 nm)

α-Glucosidase reacts from the 
non-reducing terminal in order.

Relative Reactivity

Fig. 5   Reaction scheme of α-glucosidase from Microorganism.

Here is shown the correlation between the FDC AMYL- 

P III slide formed from the above-mentioned investigation 

results, and the α-amylase activity measurement reagent 

(pancreas-related series Liquitec AMY EPS (by Roshe 

Diagnostics)) for the FDC standardization-corresponding 

method (Fig. 6).  It is known that AMYL-P III employs the 

same measurement principle as that for the standardization 

method, and therefore the good correlation can be obtained.

 On the other hand, the correlation f luctuation between 

AMYL-P employing the reaction principle differing from 

that in the standardization method, and the control method is 

great (Fig. 7).
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Fig. 6  Human serum sample (n=80) correlation of FDC Slide 
AMYL-P III with Et-G7-PNP method run on a Hitachi 
automated analyzer.
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Enlargement of Dynamic Range2.2 

The reference standard range of human specimen 

α-amylase activity is around 37 to 125 U/L or so3), but in 

the patients with pancreatic disease, it may increase to a few 

hundred U/L. 

On the other hand, the α-amylase activity may be measured 

in many animal specimens; and therefore, FDC is applicable 

not only to human specimens but also to animal specimens.  

The reference standard range in animal specimens of canines 

or felines is from 200 to 1,400 U/L and is about 10 times 

or more the range in human specimens; and in pancreatic 

diseases cases, it may increase up to around 2,500 U/L.  

The dynamic range of usual amylase slide AMYL-P is up 

to 1,200 U/L.  For canine specimens, only about 75% of all 

the specimens could be analyzed with no dilution (Fig. 8).  

Therefore, there was complication in that the specimens must 

be reanalyzed with great frequency, or the specimens must be 

diluted (or set up for dilution) and reanalyzed.
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Cumulative %
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Control Method Liquitec AMY EPS (U/L)

Dynamic Range of AMYL-P III
Slide (10 to 2500 U/L)

Dynamic Range of Usual 
AMYL-P Slide (10 to 1200 U/L)

Fig. 8 Histogram of canine α-amylase activity (n=1133) and 
dynamic range of FDC AMYL-P Slide and AMYL-P III Slide.

Accord ingly,  i n  i nvest igat ion of  reagent s  for 

standardization, for the purpose of enhancing the operability 

by omitting reanalysis or dilution (or setup for dilution), we 

investigated the enlargement of dynamic ranges.

For the factor of limiting the measurement of high-α-

amylase activity region (uppermost limit of dynamic 

range), there is a principle limit in reflection optical density 

measurement that FDC analyzer employs.  This corresponds 

to the fact that too much increasing of coloration density of 

dye reduces the ref lection optical density change relative 

to the color density change, therefore failing in accurate 

measurement.  Fig. 9-A shows the time-dependent change in 

the reflection optical density of various α-amylase activity-

having specimens, as measured by the use of a slide (pH 7.3) 

formed with the standardization-corresponding substrate 

Et-G7-PNP.  The initial rising is steep, and the optical density 

change for the time (2.5 minutes to 5 minutes) for which 

the measurement is possible with evading the influence by 

interference substances, is the maximum at around 1,900 U/L.

As a measure for evading such too much increase in the 

optical density, the setup pH of the slide was intentionally 

lowered in AMYL-P III whereby the reactivity between 

α-amylase and the substrate was lowered and the dye 

coloration was retarded.  In other words, by lowering 

the setup pH, the enzyme reactivity was lowered and 

simultaneously the PNP dye coloration efficiency was 

retarded4), and by the two effects, relative reduction in the 

dye coloration density was positively utilized (Fig. 9-B).
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Fig. 9 Optical density time course of α-amylase activity in 
AMYL-P III Slide when the slide’s pH is 7.3 (A) and 6.5 (B). 

On the other hand, in case where the slide setup pH is 

lowered too much to pH = 6, the dye PNP dissociation is 

extremely retarded and therefore the sensitivity could not be 

obtained in a low range to a middle range; and therefore, as 

the optimum setup pH, pH = 6.5 was selected.

The enzymatic activity of the follow-up coenzyme 

(microorganisms-derived α-glucosidase) selected in the sub-

section 2.1.2 did not change at pH 6.5 and at pH 7.3; and this 

is considered to be in a relatively advantageous direction.

In that manner, by reducing the reactivity of α-amylase 

and reducing the dye coloration efficiency, the uppermost 

limit of the dynamic range can be enlarged from the usual 

AMYL-P activity of 1,200 U/L up to 2,500 U/L, securing 

good linearity up to the high activity region (Fig. 10).
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Fig. 10 Mutual dilution linearity data with human serum on 
AMYL-P III and AMYL-P.
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Performance in Clinical Practice3. 

For confirming the effectiveness of the FDC AMYL- 

P III slide developed this time, we evaluated the performance 

thereof (correlation) in clinical practice with human and 

canine specimens.

The correlation with human serum specimens is shown 

in Fig. 6, and was good.  With AMYL-P III, not only serum 

specimens but also plasma specimens and urine specimens 

can be analyzed, and the slide expressed good correlation 

with the control method, as in the following formulae:

Plasma: y = 0.97x + 2.5 R = 0.995
  Urine: y = 0.97x - 9.0 R = 0.997

On the other hand, in animal specimens, especially in 

canine specimens, there exists glucoamylase (exo-type 

saccharide-degrading enzyme to cleave oligosaccharide 

chain from the non-reducing terminal in order) almost not 

existing in human specimens, in an amount of about 15 to 

80%5), except α-amylase (endo-type saccharide-degrading 

enzyme) therein.  With usual FDC AMYL-P slide, there 

occurs an excess reactivity with glucoamylase since G5-PNP 

is one not blocked at the non-reducing terminal, therefore 

causing a factor of giving a positive error in the correlation 

with the standardized control method.

On the other hand, the substrate Et-G7-PNP in the 

standardization method does not bring about an excess 

reaction with glucoamylase since its non-reducing terminal is 

blocked, and there occurs no positive error (Fig. 11).

To that effect, it was confirmed that use of the standardized 

substrate for the FDC α-amylase activity measurement slide 

brought about good correlation in all human specimens 

(serum, plasma, urine) and animal specimens (Fig. 12).

AMYL-P
with non-reducing terminal unblocked

AMYL-PIII
with non-reducing terminal blocked

α-amylase
+ 

glucoamylase 
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α-amylase
+ 
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Fraction produced 
by α-amylase

Excessive fraction produced 
by glucoamylase

Excessive color 
formation (400nm)

Follow-up coenzyme
α-glycosidase

+
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+
glucoamylase in specimen

Color formation
(400nm)

Color formation
(400nm)

Excessive color 
formation (400nm)

No excess 
reaction by 
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Fig. 11   Reaction Scheme of FUJI DRI-CHEM Slide AMYL-P and AMYL-P III with extra-reaction based on glucoamylase.
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Conclusion4. 

Using the same substrate Et-G7-PNP as that in the 

standardization corresponding method in the FDC slide gave 

good correlation.  At the same time, the slide prevented an 

excess reactivity by exo-type saccharide degrading enzyme, 

glucoamylase existing in animals such as canines and felines, 

and bettered the correlation.

Selecting and optimizing the follow-up coenzyme, we 

found the condition for α-amylase reaction over the PNP dye 

forming speed by the follow-up coenzyme up to a sufficient 

high concentration (2,500 U/L) (α-amylase rate limited).

By reasonably reducing the slide setup pH to be less than 

the optimum pH of human α-amylase, pH 7.3, the reactivity 

between α-amylase and substrate and the dye coloration 

efficiency were reduced to thereby lower the optical density 

in reflection measurement; and as a result, the dynamic range 

enlargement (especially enlargement of the uppermost limit 

of the dynamic range) was realized.

In that manner, we developed FUJI DRI-CHEM (FDC) 

AMYL-P III Slide for α-amylase activity measurement with 

standardized data, not requiring any complicated redilution 

and previous dilution of specimens.
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Introduction1. 

Color inkjet printers using water-soluble dye inks 

have now been widely prevalent to private households; 

and since January 2008, introduction to market of inkjet 

mini-laboratories using dye inks has begun first from US.  

The background of the popularization is that owing to the 

development of technology for print heads, inks and print 

media, prints of high quality and good fastness comparable 

to silver halide photographs have become obtained with 

ease.  As the print media for producing image quality and 

feel comparable to those of silver halide photo prints, there 

are known porous papers prepared by coating resin-coated 

papers with porous silica or alumina fine particles, and 

swellable papers coated with a superabsorbent polymer; and 

porous papers having rapid driability and high-speed printing 

aptitude and having excellent water resistance and glossiness 

are being the mainstream in the art1).  We FUJIFILM have 

introduced porous-type photo papers into market as a brand 

“Kassai”, and have received favorable comments.

However, up to now, there still exists a serious problem to 

be solved for more reliable use of porous-type photo papers by 

users.  The problem is that the printed image is faded by ozone 

slightly existing in air within an unexpectedly short period of 

time; and since around 2000, the problem has been spotlighted 

by various media and its solution is greatly desired2).  In 

particular, cyan dye and magenta dye greatly fade, and 

magenta dye has another problem of poor light-fastness.

We report here the technical development of magenta and 

cyan dyes that have first broken the bar of inkjet color images 

to have high quality and good fastness comparable to those 

of the current silver halide photographs, essentially in point 

of the molecular design of those dyes capable of satisfying 

the properties necessary for use in inkjet inks and especially 

having greatly improved ozone-fastness.

Properties Necessary for Water-Soluble 2. 
Dyes for Inkjet Printing Systems

The properties necessary for water-soluble dyes for inkjet 
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Water-soluble novel cyan and magenta dyes, which show high ozone-fastness and light-fastness on 

porous photo media, have been developed for inkjet printing systems. Control of dye energy levels, removal 

of groups sensitive towards ozone, and acceleration of copper-phthalocyanine complex (CuPc) aggregation 

were the dominant factors to significantly improve both ozone-fastness and light-fastness. For the 

development of the CuPc cyan skeleton, alkyl sulfonyl groups, all of which were located at beta positions on 

the CuPc skeleton, were effective in improving dye fastness. For the development of the magenta skeleton, 

a combination of aniline-substituted pyridine coupling component and pyrazole diazonium component was 

an inherently important skeleton to improve dye fastness. Derived from the de-aggregation compounds 

developed for silver halide photography, we succeeded in developing an anti-bronzing ink additive.
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printing systems are shown in Table 1.  The color-relevant 

property and the image fastness greatly depend on the properties 

intrinsic to dyes; and therefore, needless-to-say, it is important 

to develop dyes capable of attaining these at a higher dimension.  

However, many other necessary properties are correlated with 

dyes, including, for example, printing density in which the dye 

existing condition on inkjet media significantly participates, 

prevention of bronzing that is often problematic in inkjet images, 

compatibility with various media, jetting reliability capable of 

jetting out ink droplets always stably and with good positional 

accuracy, ink storage stability, etc.  Apart from these, there 

are still many other problems to be solved, such as the toxicity 

of dyes, the environmental compatibility and the production 

aptitude thereof.

Table 1   Demands for Good Image Quality.

Necessary Performance
Necessary Physical Properties and 
Structures for Dyes

Color Property Color Reproducibility Light Absorption Characteristics 
(absorption maximum wavelength, 
half value width, extinction 
coefficient)

Light Source Dependence

High Print Density

Bronzing Prevention Mordanting Property, Solubility

Image Stability
Light-fastness

High Light-Fast Skeleton, Oxidation 
Potential

Ozone-fastness
Oxidation Potential, Aggregatability, 
Low-Reactive Skeleton

Water Resistance Mordanting Property, Absorbability, 
Molecular WeightMoisture Resistance

Ink Physical 
Properties

Jetting Stability High Purity

Ink Storage Stability
Solution Stability, Solubility, 
Antiseptic Property

Receiving Paper 
dependence

Difference Minimization 
of Image Color Properties 
and Storability

Solvatochromism, Mordanting 
Property

Production 
Aptitude

Raw Material Availability
Securement of Raw Material 
Availability

Synthesis Aptitude
Special Reaction and Special 
Apparatus not required

Cost 

Inexpensive Material, Short 
Production Route, Production 
Process with High Yield and High 
Producibility

Material Safety
Absence of toxicity and 
Biotoxicity 

Removal of Functional Group with 
High Physiological Activity, Control 
of Absorption and Accumulation 
Potential

High Weather Resistance Necessary for 3. 
Inkjet Dyes

Fig. 1 graphically shows cross-section models of various 

imaging materials.  A silver halide photo print has a UV 

absorbent-containing protective layer as the outermost 

surface thereof, by which almost all harmful UV rays are 

cut off.  The hydrophobic dye imagewise formed in each 

photosensitive layer exists, along with the antifading agent 

therein, in the oil droplets emulsified and dispersed in a 

gelatin medium, and is protected from fading by light.  

Having the layer constitution, ozone penetration into the 

inside of the print is blocked, and therefore the silver halide 

photo print is almost free from a problem of ozonefading.  In a 

sublimation-type thermal transfer photo print, the image surface 

is also covered with a thermal-transferred UV absorbent layer; 

and in this, the imagewise-transferred hydrophobic dye exists 

inside the polymer matrix and is kept protected from ozone and 

UV rays.  Different from these, in the porous-type inkjet photo 

paper excellent in ink absorbability, the printed water-soluble 

dye is kept in an extremely severe environment in which it is 

directly exposed to light, moisture, ozone, etc.  In this case, it is 

difficult to make an antifading agent exist around the dye fixed 

on the silica or alumina surface, at a high concentration, and 

therefore, since the antifading capability could not be effectively 

functioned, the dye itself must be made to have high fastness.  In 

particular, in the surface of the porous silica or alumina particles 

having a large surface area, the dye fading reaction by ozone is 

greatly accelerated, and therefore, it is the most important matter 

to develop dyes excellent in ozone-fastness.

On the other hand, regarding the fading of dye by light, there 

are known various decomposition paths; and in consideration of 

the above-mentioned environment of the inkjet image formed on 

a porous paper, it is anticipated that evading the fading path to 

occur in an oxidative atmosphere is important.

Fig. 1   Cross-section models of various imaging materials.

Development of High Durability Water-4. 
Soluble Dyes for Inkjet Printing System

Concept for Improving Ozone-Fastness, 4.1 
Light-Fastness

As in Table 2, it is known that ozone has considerably 

high electron affinity and oxidation potential as compared 

with oxygen3), and can readily react with many organic 

compounds serving as a strong electrophile4).

Table 2   Physical Parameters of Ozone and Oxygen.

Ozone Oxygen

Ionization Potential eV 12.30 12.07

Electron Affinity eV 1.92 0.15

Oxidation Potential (25°C) V 2.07 1.23

On the other hand, it is known that singlet oxygen that is 

one main factor of photo-oxidative fading of dyes is also a 

strong electrophile, and exhibits a reactivity similar to that of 

ozone
5)

.  From the reactivity similarity between ozone and 

singlet oxygen it is expected that the molecular design for 

enhancement of ozone-fastness would be effective also for 



37FUJIFILM RESEARCH & DEVELOPMENT (No.54-2009)

enhancement of light-fastness.

 The reaction of ozone with various dyes has been studied 

and reported in detail6), and is widely utilized in industrial 

applications, for example, for decoloration of industrial 

wastes.  However, there is not known any knowledge at all 

relating to dyes durable to high reactivity of ozone, and it 

is necessary to create the molecular design concept for high 

durability dyes.  With the following three molecular design 

concepts, we succeeded in developing dyes of high fastness.

The first concept is to increase the oxidation potential 

of dyes.  Concretely, an electron withdrawing group is 

introduced into the chromophore group, or the chromophore 

group is composed of a nitrogen-containing heterocyclic ring.

The second concept is to remove the substituent having high 

reactivity towards ozone.  Concretely, the azo-hydrazone 

tautomerism of the azo group is fixed to the azo-form, or a 

dialkylamino group that is a common auxochrome group is removed.

The third concept is to utilize aggregation.  Specifically, 

this is a concept of physically lowering the reactivity towards 

ozone by utilizing the aggregation potential of an organic dye 

of high flatness.

1. Increase in Oxidation Potential

2. Removal of Substituent of High Ozone Reactivity

α

Fig. 2   Molecular design concepts of ozone-fast dyes.

Selection of Dye Skeleton4.2 

From typical dye skeletons, a copper phthalocyanine 

(CuPc) dye was selected for cyan and an azo dye for magenta, 

as the dye skeleton capable of accepting the above-mentioned 

molecular design concept.  The reason why a copper 

phthalocyanine dye is selected is because it has an extremely 

high light-fastness and is excellent in color hue and coloring 

power.  In improvement of ozone-fastness, a molecular design 

was taken with the easily-aggregatable property intrinsic 

to copper phthalocyanine and the increase in the oxidation 

potential of the above-mentioned concepts.

Magenta dyes having various skeletons were used from the 

beginning, typically such as C.I. Acid Red 52 and the like azo 

dyes, all of which, however, were extremely unsatisfactory 

in point of both the ozone-fastness and the light-fastness7).  

Nevertheless, we selected azo dyes, and the reason is because 

their basic color properties are good and the latitude in their 

molecular design is broad.  As the policy for improvement 

of the ozone-fastness of magenta dyes, aggregation potential 

was not employed.  This is because human eyes are extremely 

sensitive to the color hue in a magenta region, and when the 

aggregation state may change only a little depending on the 

receiving paper to be printed thereon, there may be a risk of 

clear recognition of the difference in the color hue between 

the printed papers.  Accordingly, our policy is that, among the 

above-mentioned three molecular design concepts, the two 

of the improvement in oxidation potential and the removal 

of substituent highly reactive towards ozone are utilized to 

develop a novel dye skeleton.

Development of Cyan Dye4.3 

The cyan dye charged in the inkjet printer in the initial stage 

was almost a CuPc dye such as typically C.I. Direct Blue 87, 199.  

The ozone-fastness of these CuPc dyes is extremely poor.  We 

analyzed the reaction between sulfonated copper phthalocyanine 

and ozone, and have known that the double bond between the 

carbon and the nitrogen constituting the macrocyclic π-electron 

unit is cut to give a phthalic acid derivative.  W. E. Hills et all 

reported the same result, as in Scheme 18).

Invest igat ing the above-ment ioned react ion, we 

considered that the increase in the oxidation potential by 

introduction of a strong electron withdrawing group and 

the physical protection from ozone attack by formation of 

strong aggregation would be effective for the improvement 

of ozone-fastness.  C.I. Direct Blue 87 and 199 heretofore 

popularly used in the art are produced through sulfonation 

of unsubstituted CuPc dye, but the regioselectivity in 

sulfonation of the starting dye is poor, and therefore, the 

product comprises a complicated mixture of dyes having 

a sulfo group randomly introduced into the benzene ring.  

Scheme 1
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For promoting the aggregation, the uniformity in the dye 

mixture and the molecular symmetricity must be increased; 

and the position control of the substituent to be introduced is 

important.  We synthesized CuPc dyes substituted with the 

same substituent only at the α-position and at the β-position, 

and compared them in point of the aggregation potential.  

As a result, we found that the β-substituted dyes have much 

higher aggregation potential.  Further, we compared various 

β-substituted CuPc dyes in point of the ozone-fastness, and 

found that the electron-withdrawing property of the substituent 

on the benzene ring of CuPc and the ozone-fastness of the dyes 

have a relatively good correlation to each other, and therefore 

have known that, when an electron withdrawing group as 

strong as possible is introduced into the β-position to increase 

the oxidation potential, then the ozone-fastness of the resulting 

dye can be greatly enhanced (Fig. 3)9).

Fig. 3   Correlation between ozone-fastness and oxidation potential.

Regarding the selection of the electron withdrawing group 

to be introduced, the candidate is a sulfonyl group or a 

sulfamoyl group because of the necessity of introducing a 

water-soluble group into the dye.  For attaining the same level 

of ozone-fastness with a sulfamoyl group having a weaker 

electron-withdrawing property as that with a sulfonyl group, 

the aggregation potential of the sulfamoyl group will have to 

be increased more than that of the sulfonyl group; however, 

since the problem of bronzing that is the bar to aggregation 

promotion as mentioned below may increase, we selected 

the sulfonyl group.  On the other hand, in consideration of 

the latitude in formulating the inkjet ink and the stability 

security in production and storage of the ink, the solubility 

of the dye not precipitating under any service condition must 

be secured, and therefore, the water solubility of the dye is 

desired to be as high as possible.  This is contradictory to 

increasing the aggregation potential.  We further investigated 

these requirements and the data of the dyes, and as a result, 

have reached a cyan dye C-1 in which one alkylsulfonyl group 

is introduced into the β-position of all the four benzene rings 

to thereby increase the oxidation potential and to promote the 

aggregation, and the substituent on the alkylsulfonyl group 

is optimized.  In C-1, a hydroxyl group is introduced into the 

side branch for further promoting the aggregation, and on the 

other hand, a sulfo group is also introduced for securing the 

solubility of the dye in water, and in addition, an asymmetric 

carbon is introduced to give a racemic mixture.  In that 

manner, the dye secures a sufficient solubility for practical 

use thereof as an inkjet dye.  Fig. 4 shows the molecular 

structure of the developed CuPc dye C-1 and the molecular 

design concept for it.

Fig. 4   Molecular design of high durability cyan dye C-1.

Fig. 5 shows the fastness data of the high-durability CuPc 

dye C-1 we developed.  The ozone-fastness was about 30 times 

that of the ink A commercially sold at that time, under the 

condition of an ozone concentration of 0.5 ppm, and the light-

fastness was enhanced by about 5 times as expected10).

C-1
Commercial Ink A
Commercial Ink B
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Fig. 5  Comparison of ozone-fastness and light-fastness of cyan 
dye C-1 with conventional dyes.

Development of Magenta Dye4.4 

It is well known that, in azo dyes, there exists azo-

hydrazone tautomerism as in Scheme 2.  In this connection, 

Scheme 2
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it is known that the hydrazone form mainly react with ozone 

and is thereby decomposed6), in case where hydrogen atom 

(α-hydrogen) exists on the carbon atom adjacent to the 

nitrogen atom of the amino group of an auxochrome group, 

ozone electrophilically bonds to the lone electron pair on 

the nitrogen atom and subsequently the dye decomposes 

through the intramolecular α-hydrogen-drawing reaction.  

Accordingly, we made our development policy to attain the 

molecular design of only the azo form as the tautomer and to 

utilize the auxochrome group with no α-hydrogen.

Fig. 6 shows the molecular structure of the high-durability 

magenta dye we developed, and the molecular design concept 

for it.

Fig. 6   Molecular design of high durability magenta dye M-1.

First, for increasing the oxidation potential of the dye, 

we specifically noted the azo dye skeleton comprising the 

heterocyclic diazo component and the heterocyclic coupling 

component, and investigated them.  As a result, we have 

found that the azo dye composed of a pyridine derivative 

as the coupling component and a pyrazole ring with the 

4-position substituted with a cyano group as the diazo 

component has high ozone-fastness and light-fastness.  

Further, we have found that introduction of an anilino group 

not having a hydrogen atom at the α-position into the coupling 

component to be a auxochrome group, and introduction of 

a benzothiazole ring to both the diazo component and the 

coupling component are the molecular design effective for 

satisfying both wavelength prolongation of the dye and ozone-

fastness thereof.  However, these were still unsatisfactory for 

producing a sharp magenta color hue having a narrow half 

value width of the spectrum.  Regarding the improvement 

of the color hue, we considered that the benzene rings of the 

two anilino groups introduced into the coupling component 

are made to be vertical to the plane of the dye conjugated 

unit and the rotation of the benzene rings is restricted, and 

these may be effective for the intended improvement; and as 

a result, we introduced a methyl group into both the 2- and 

6-ortho positions of the benzene ring, and have succeeded 

in constructing a magenta dye M-1 of which the color hue is 

nearly the same level as that of a magenta dye M-2 that was 

a typical dye at that time11).  We further investigated M-1 in 

point of the type and the number of the water-soluble groups 

relative to the solubility of the dye in ink, and have secured a 

sufficient solubility of the dye with no problem in practical 

use thereof as an inkjet dye, by introducing four sulfo groups 

thereinto.  We have confirmed that the oxidation potential of 

the dye M-2 is 0.61 V (to SCE), while M-1 has an extremely 

high oxidation potential of 1.38 V.

Fig. 7 shows weather resistance test results of the high-

durability magenta dye M-1 we developed this time.  As 

compared with the dyes M-2 and M-3 that were popular at 

that time, the ozone-fastness of the dye M-1 was about 10 

times and the light-fastness thereof was about 6 times the 

conventional dyes.
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Fig. 7  Comparison of ozone-fastness and light-fastness of 
magenta dye M-1 with conventional dyes.

Development of Anti-Bronzing Technology5. 

According to the molecular design described in the 

Chapter 4, we developed the dyes excellent in light-fastness 

and ozone-fastness; however, in practical use of the cyan dye, 

the problem that is contradictory to the aggregation potential 

of the dye has become noticeable in that the bronzing often 

occurs in the high cyan density part in the image with the 

increase in the aggregation potential of the dye.  The bronzing 

is a well known phenomenon especially in use of pigment 

inks, and this phenomenon is that the light of a wavelength 

to be naturally absorbed is seen as a ref lected light, and 

cyan dye gives a reddish violet reflected light.  Regarding 

the bronzing occurring mechanism, there are some theories.  

One is that the crystal structure and the refractive index 

of pigment may participate therein, and another is that the 

phenomenon will be caused by the selective reflection on the 

particle layer formed on the surface and comprising particles 

having irregular sizes; however, the mechanism is as yet 

unclarified12).  Dyes having a higher aggregation potential or 

those having a lower solubility may tend to give bronzing, but 

the dependency on the receiving paper is also great.

The left side of Fig. 8 is a microscopic photo showing a 
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bronzing.  From the left lower photo piece, it is known that 

the dye did not almost penetrate but existed as concentrated 

in the limited surface of the medium.  Probably, it is 

considered that large dye aggregates would be formed and the 

penetration would be thereby retarded, and the localization 

of the dye in the medium surface would be promoted.  

Accordingly, we investigated an additive for controlling 

the size of the aggregates.  An aggregation controller for 

sensitizing dye, which had been developed in the technology 

of silver halide photos, was added to the ink, whereby the 

bronzing was significantly retarded, as in the right-side 

photo in Fig. 8.  It is known that, owing to the effect of the 

aggregation inhibitor, the dye penetration was promoted, as 

in the right lower photo.  In addition, the ink viscosity was 

lowered.  The aggregation controlling technology which 

we employed this time is a technology for promoting the 

disaggregation of sensitizing dye by the additive having a 

strong interaction with sensitizing dye for the purpose of 

removing color staining after development that is derived 

from the sensitizing dye in a J-aggregate state existing on 

silver halide particles.  By retarding the aggregation, there 

may be a risk of deterioration in ozone-fastness; but in fact, 

the ozone-fastness was bettered on the contrary.  Though 

not clarified, the reason why the ozone-fastness was bettered 

may be considered because the number of aggregated dyes 

could be reduced in some degree but they could not have any 

significant influence on the fastness of the aggregates and the 

additive would react with ozone in place of dye.

Fig. 8   Effect of anti-bronzing ink additive.

Establishment of Production Method for 6. 
High-Purity Dye with Ink Aptitude

As described in the above,  we developed dyes having a 

greatly improved fastness, but for using them in producing 

inkjet inks, there was still a problem relating to the quality 

of the dyes specific to inkjet printing systems.  Here at the 

end, we describe this briefly.  Regarding the technology of 

dye production, comprehensive papers were presented in the 

Journal of the Association of Organic Synthetic Chemistry, 

Vol. 67, No. 1, and are referred to herein. 

For securing the jetting stability of fine liquid droplets of 

ink to be jetted out from a print head and securing the ink 

storage stability, the inkjet dyes are required to have high 

purity and stable quality.  Accordingly, establishment of 

synthesis technology that secures high purity and repetitive 

reproducibility is the point for quality stabilization.  Those to 

which special attention should be paid are polyvalent metal 

ions and salts that are said to be a cause of clogging of ink 

heads.

In cyan dyes, all the substituents introduced into the 

benzene rings of the CuPc skeleton must be β-positioned.  For 

these, therefore, a production process is employed in which 

a phthalonitrile derivative having necessary substituents 

previously introduced thereinto is prepared, and this is 

cyclized in the presence of a copper ion in the final step to 

give a CuPc dye (Scheme 3); and accordingly, it is important 

to minimize the free copper ion content in the final product of 

dye.  Regarding this, the cyclization reaction was investigated 

in detail and the condition under which the reaction could go 

on quantitatively was found out; and by optimization of the 

dye isolation condition and by the severe quality control, 

stable production of dyes was secured.

The magenta dye M-1 is produced by constructing the 

basic skeleton that comprises four nitrogen-containing 

heterocyclic rings and two benzene rings, followed by 

sulfonation in the final step.  In the sulfonation step, for 

maintaining the desired color hue and the high durability 

at a constant quality, a sulfo group must be regioselectively 

introduced into the two benzene rings and into the two 

benzothiazole rings, totaling in 4 positions (Scheme 4).  The 

dye must be isolated from the reaction liquid where a large 

excessive amount of a sulfate salt exists therein, and the 

quality of the product dye must be stabilized as the final 

product of high purity.  We investigated various sulfonation 

conditions and enabled regioselective sulfonation under a 

Scheme 3

Scheme 4
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mild condition by using anhydrous sulfolane as the solvent 

and using sulfur trioxide as the sulfonating reagent.  Using 

sulfur trioxide makes it possible to minimize the sulfate salt 

to be produced in the reaction.  Next, we investigated the 

method for isolation of the formed dye and established the 

purification method using a separation membrane, thereby 

completing the industrial production in which the amount of 

the remaining sulfate ions is minimized.

Conclusion7. 

We developed cyan dye and magenta dye excellent in light-

fastness, ink jetting stability and storage stability.  These 

dyes were exponentially improved in fading resistance to 

ozone gas of inkjet color prints that has been problematic 

recently in inkjet printing on porous-type inkjet photo papers.  

Fig. 9 shows print samples with inks with cyan dye C-1 and 

magenta dye M-1, and print samples with conventional inks, 

indicating the ozone-fastness of those samples as compared 

with each other (corresponding to forced ozone-fastness test 

for 3 months).  In addition, we developed the technology of 

an additive capable of reducing bronzing.

 The points of the development are as follows:

1)  The mechanism of ozone fading of dyes was analyzed, 

and three concepts for reducing the reactivity towards 

ozone were completed.  The concepts are the increase 

in oxidation potential; the removal of substituent having 

high reactivity towards ozone; and the aggregation 

promotion.  According to the molecular design based 

on these concepts, we succeeded in constructing a 

new cyan dye and a new magenta dye.  The cyan dye 

attained 30-time ozone-fastness increase, and 5-time 

light-fastness increase; and the magenta dye attained 

10-time ozone-fastness increase, and 6-time light-

fastness increase.

2)  The bronzing that is the adverse effect of utilizing 

the dye aggregation potential was reduced by the 

aggregation controlling technology we cultivated in the 

field of silver halide photography.

3)  We realized the production method and the purification 

method excellent in repetitive reproducibility, in which 

the content of polyvalent metal ions in the dye to be a 

cause of clogging of inkjet heads can be minimized.

The above-mentioned molecular design concepts have 

good versatility, and we applied them to development of 

high-durability yellow dyes and black dyes; and as a result, 

we succeeded in obtaining inkjet color images having high 

quality and high fastness comparable to those of the current 

silver halide photos.  In future, our studies are expected to 

be further applied to development of high-durability dyes for 

various applications.

Fig. 9 Ozone-fastness comparison between conventional ink and 
high-durability ink comprising cyan dye C-1 and magenta 
dye M-1.
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Introduction1. 

FUJIFILM has developed a production technology 

of “honeycomb film” having micro-pores arranged in a 

honeycomb pattern on a surface thereof, and has started test 

sales of the same film in May, 2007.

The honeycomb film was developed by a group of Mr. 

Masatsugu Shimomura Professor of Tohoku University 

(Professor Emeritus of Hokkaido University), using a self-

organization phenomena1), and FUJIFILM participated in 

an industry-academic-government project for application 

of this technology and established our unique production 

technology by capitalizing on a film production environment 

control technology acquired in development and production 

of photograph films or flat panel display materials2).

In this report, a method of manufacturing the honeycomb 

film, characteristics of this product in terms of structure 

and physical properties, and expected examples of applied 

products obtained by making full use of these characteristics 

will be presented.

Structure of Honeycomb Film2. 

 The honeycomb film is a porous film having a unique 

structure including two-dimensionally arranged honeycomb-

like micro-pores, which are formed by arranging condensed 

water drops having an uniform diameter generated in a 

process of high-polymer film production by solution casting 

method regularly in the two-dimensional direction, and using 

the same as a casting mold (Fig. 1)1).

Fig. 1   Formative mechanism of “Honeycomb film”.

The honeycomb film has following structural characteristics.

(1)  Micro-pores having the uniform diameter are arranged 

regularly and hexagonally (Fig. 2).

Fig. 2   Top view image of “Honeycomb film” by SEM. 
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(2)  Unique solid structures in the vertical direction with 

respect to the plane (Fig. 3).

   (a) Spherical inner wall structure 

   (b)  Structure in which adjacent cells communicate with 

each other

Fig. 3   Schematic diagram of “Honeycomb film”.

(3)  Capability of selectively producing single-side open 

films having pores only on one side and double-side 

open films having pores on both sides (Fig. 4).

Fig. 4 Overview images for two types of “Honeycomb films”,  
(A) Single-side open type; (B) Double-side open type.

The diameter of the micro-pores of the honeycomb film 

can be controlled in a range from 5 μm to 20 μm, and the 

film thickness can be controlled in a range from 5 μm to  

10 μm.  The coefficient variance of the diameter of the micro-

pores and the pitch is lower than 5%, so that a high regularity 

is achieved.

Production Method3. 

The method of producing the honeycomb film has a single 

process, which is a combination of the solution casting 

film production method using hydrophobic solvent and 

a phenomenon of dew condensation of water vapor, and 

includes following four processes (Fig. 1)1).

(1) Casting of High-Polymer Solution

    When casting high-polymer solution, the surface 

temperature of the solution is gradually decreased in 

association with evaporation of solvent due to latent 

heat of evaporation.

(2)  Dew Condensation Near Surface of Solution (formation 

of water drop nucleus)

    Under high humidity, water drop nuclei are generated 

on the surface of the solution due to dew condensation 

of water vapor (condensation) in an early stage after 

casting.  The condensed water drops are generally 

unstable and likely to join.  However, such joining can 

be prevented by adding a minute quantity of stabilizing 

agent (surface active agent) in the high-polymer 

solution in advance. 

(3) Growth and Arrangement of Water Drops

    Water drops on the surface of the solution are packed 

into a hexagonal close-packed structure due to lateral 

capillary forces together with evaporation of the solvent 

while growing by themselves.

(4) Evaporation of Solvent and Water

    In due course, high-polymer molecules which go 

beyond the solubility due to concentration caused 

by the evaporation of the solvent are separated out, 

and the above-described structure is fixed.  Then, by 

further continuing evaporation of water at the same 

time or in retard, the porous film having the micro-

pores arranged two-dimensionally is obtained by using 

water drops as a casting mold.

FUJIFILM has established a film production technology 

with high-polymer solution through development and 

producing of photograph f ilms and optical f ilms for 

liquid crystal display, which are subject to strict quality 

requirements, for many years.  By controlling the above-

described processes precisely using this technology, we 

successfully established a process technology to produce the 

honeycomb film uniformly and stably.  

An image of the developed film manufacturing process is 

shown in Fig. 5.

Fig. 5 Conceptual diagram of manufacturing process for 
“Honeycomb film”.

This process roughly includes three steps (Application, 

Dew Condensation, Drying).  It employs such a system that 

a sample stage moves through zones for the respective steps.  

The temperature and humidity conditions in the respective 

zones are controlled, and a temperature control mechanism 

of the same stage and a specific air-conditioning nozzle are 

equipped for strictly regulating the temperature of a film 

production surface.  The structure of the honeycomb film 

such as the pore diameter or the film thickness is controlled 

by a high-polymer solution prescription, wet film thickness, 

step conditions in the dew condensation zone, and so on, and 
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by setting these control factors adequately with developed 

process, intended honeycomb films are repeatedly produced 

(Fig. 6). 

Fig. 6 Large size “Honeycomb film” manufactured with the 
developed process (200mm×300mm). Mean distance 
between the closest center of the pores is 14.8μm. 
Coefficient variance is 3.7%. 

Characteristics in Physical Properties4. 

Uniqueness of the honeycomb film is observed not only 

in structure, but also in physical properties.  Items which are 

highly important will be introduced with experimental data.

(1) Adherence in Water-Existing Environment

    The honeycomb film has such feature that the surface 

adherence is increased in a water-existing environment 

(Fig. 7).  This is supposed to be caused by capillary 

force generated at the respective micro-pores.

    As the water-existing environment, “in vivo” is 

exemplified, and it is considered to be effective to 

utilize the physical adsorptive power provided by its 

structure without using specific adhesive agent or 

gluing agent.  Application to films for preventing 

conglutination of internal organ, specific sticking 

plaster for external injury, or films for treating bedsores 

is contemplated. 

Displacement (mm)
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Measure load when 
pulling at constant 
speed at 90°

Adhere via 
water film

Fix film to 
substrate

Fig. 7 Result of delamination load test.  5mm (W) ×30mm (L) of 
sample film was delaminated in 10mm/min.

(2) Water Repellency, Oil Repellency, Low Contact Area

    Having water repellency as well as water absorbency 

is a significant characteristic of the honeycomb film.  

This feature is expressed not only with respect to 

hydrophilic liquid, but also with respect to lipophilic 

liquid (Fig. 8, Table 1).

Fig. 8 Comparison of contact angle for polycaprolactone film to 
H2O (A) Flat film ; (B) “Honeycomb film”.

Table 1    Comparison of Contact Angle between “Honeycomb 
Film” and Flat Film. The Value is Average of N=3 Data at 
25°C50%RH.

liquid sample structural formula Honeycomb film Flat film

water 122.2° 87.0°

glycerin 133.6° 79.3°

ethylene glycol 121.0° 70.2°

tricresyl phosphate 109.2° 60.1°

dipropylene glycol 85.4° 33.0°

trans-Decalin 46.9° 29.1°

polycaprolactone film, pore diameter 3 μm, single-side open type

    As lotus leaf having projections having a height of 

several μm on the surface thereof exhibits the water 

repellency, it is supposed that the solid structure of the 

surface of the honeycomb film exhibits virtual water 

repellency and oil repellency.

    On the other hand, substantially smaller surface contact 

area in comparison with the surface contact area on the 

front surface because of its porous structure is also a 

characteristic of this film.  Expected applications for 

these characteristics include water repellent films, 

antifouling film, fingerprint guard films, and so on.
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(3) Water Drop Gripping Property

    The honeycomb film has a property to grip water drops 

in addition to the high virtual water repellency (Figs. 9 

and 10).  It is supposed to be caused by capillary force 

of the pores formed at positions where water drops 

come into contact with the film.  It is unique to have 

seemingly a contradicting property such as repelling, 

yet gripping water drops (there is no such material).

    Expected applications for these physical properties include 

defogging films, sheets for preventing dew condensation 

water from flowing out for window glass or bathroom 

wall in winter, liquid drop array substrate (incubators, 

blood test plates, replacements for test tubes, etc.) 

Increase angle 
of lnclination of 
substrate gradually

Fig. 9 Image of H2O drop grip test for polycaprolactone film.
 Front side is “Honeycomb film”. Back side is a flat film.
 Drops are colored by dye for better understanding.
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Fig. 10   Comparison of water drop gripping critical angle 
between flat film and “Honeycomb film”. That critical 
angle is defined as the minimum angle at which the 
H2O drop starts to slide down. 

(4) Stretchability 

    High stretch ability is also a characteristic of the 

honeycomb film.  High regularity of the structure 

contributes to uniform dispersion of tensile load, so that a 

uniform elongation is achieved at lower load in comparison 

with the flat film formed of the same material (Table 2).

Table 2   Result of Tensile Tests of Various “Honeycomb Film”.

Structure

distance 
between 

centers of 
pores 
(μm)

depth of 
pore
 (μm)

base 
thickness 

(μm)

total film 
thickness 

(μm)

yield load 
(gf)

breaking 
elongation 

(%)

braking 
stress 

(gf)
remarks

honeycomb 
(double-side) 10.2 4.2 0 4.2 <1.0 183 <1.0

honeycomb 
(one-side) 6.8 4.7 2.4 7.1 28.0 152 9.0

honeycomb 
(one-side) 8.5 6.2 3.8 10.0 4.3 141 4.3

honeycomb 
(one-side) 16.3 11.1 4.3 15.4 9.2 178 12.5

flat film – – 6.7 6.7 98.7 >473 – not 
broken

Expected applications for this characteristic include 

sticking plasters for covering movable portion such as joints 

and curved surfaces.

Applications Incorporating Properties5. 

Specif ic characters and cor responding expected 

applications for honeycomb film are listed in Table 3.

Table 3   List of Specific Characters and Corresponding 
Expected Applications for “Honeycomb Film”.

Characteristics Corresponding Expected 
Application Studies

S
tr

u
ct

ur
e

(1)  Pores having uniform 
diameter are regularly 
arranged

Precision Filter (monodispersed, 
high aperture ratio) cell division film3)

cell culture scaffold
liver parenchyma cells4)

neural stem cell5)

vascular endothelial cell6)

(2)  vertically penetrated double-
side open type is available  
(penetrated also in the 
lateral direction)

Precision Filter (low pressure 
loss, long life with (1)+3D 
structure)

atmospheric microparticle 
sampler7)

(3) light scattering property screen

P
hy

si
ca

l P
ro

p
er

tie
s (1)  High adherence in water 

existing environment

film for preventing 
conglutination

film for preventing 
conglutination of internal 
organ8)

sticking plaster for wettable 
external injury

(2)  water repellent, oil repellent, 
and low contact area fingerprint guard film

(3)  High water drop gripping 
capability blood test plate

(4) High Stretchability sticking plaster for joints

Application studies are practiced actively by a research 

group headed by Professor Shimomura of Tohoku University, 

a leader of honeycomb film research and development.  For 

details, see References.

What is essential is just to be the high-polymer molecules 

which are soluble in the hydrophobic solvent, and high 

f lexibility in selection of materials is also one of the 

characteristics of this technology.  Materials suitable for the 

individual applications may be applied. 

In this report, the characteristics specific to the honeycomb 

film have been introduced.  However, by applying post 

processes such as surface modification, cutting, stretching, 

using as the casting mold, composite utilization with other 

materials, the candidates of the application will further be 

increased (Fig. 11)9).

Honeycomb structure Pillar structure Microlens array structure

Stretching honeycomb 
structure

Honeycomb-pillar 
composite structure

3D honeycomb structure

Fig. 11   Variation of fabricated “Honeycomb film”.
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Conclusion6. 

The technology to stably produce the honeycomb film 

formed in a self-organized process has developed by the 

process for strictly controlling the temperature and humidity 

environment of film production with high-polymer solution.  

The produced honeycomb film has unique structure and 

physical properties different from those produced in a top-

down (micro-fabrication) system, and further development 

in applications incorporating these features are expected 

in the future.  We expect that many users, researchers, 

and engineers have opportunities to use and experience 

FUJIFILM’s honeycomb film through the test sales started 

from May, 2007, extension of application areas and research 

and study for practical use are further promoted, and various 

potentials of the honeycomb film are incorporated in various 

fields of the world. 
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Introduction1. 

In recent years, various application studies using ultrashort 

pulsed light having pulse widths in the range of femtoseconds 

(10-15 sec) are actively conducted particularly in the field of 

medical, biological, and electronic industries.  The ultrashort 

pulsed light realizes a higher peak power in the same average 

output in comparison with light having long pulse widths or 

continuous wave, and has a potential to induce various non-

linear optical effects.  In the medical and biological fields, 

morphological and functional imaging such as Multiphoton 

Microscopes1), Coherent Anti-Stokes Raman Scattering 

(CARS)2), Optical Coherence Tomography (OCT)3), and studies 

of therapies such as operations for treatment of myopia4), and 

Photo Dynamic Therapy5) are actively conducted.  In the 

machining field of electric and electronic industries, a high 

level machining which has been impossible with conventional 

long pulses on the order of nanosecond (10-9 sec), such as high-

definition perforation6) on metals or internal processing of 

unworkable materials such as glass are demonstrated. 

However, the ultrashort pulsed laser is not yet introduced 

into the production site or the clinical setting in full scale.  

We analyze the followings two reasons.

(1) The applications themselves as described above are 

still in the stage of test and research, and evaluation of 

the value with respect to competing technologies is not 

fixed and (2) The practical utility of the ultrashort pulsed 

laser is low.  Here, we focus on the reason (2), which is 

caused by the problem of hardware.  The normal ultrashort 

pulsed laser is realized by a laser unit which employs “mode-

locking” operation using Ti: Sapphire crystal, and has serious 

problems which harms the practical utility such as (a) large 

size unit which occupies a optical table, (b) low output 

stability and need of regular adjustment of optical alignment, 

and (c) high cost (approx. 30 million yen per unit).  As a 

result of detailed analysis of these problems, we realized 

that Ti: Sapphire resonator optical system which is complex 

and is composed of a number of optical components is the 

underlying cause of these problems. 

 Accordingly, we started research and development of the 

ultrashort pulse solid-state laser having a potential of various 

application and development, and having a simple and compact 

(palm-size) resonator structure with the idea of solving the 

problems.  FUJIFILM has already developed and productized 

an ultra-compact highly-stabilized blue-green solid-state 

continuous-wave laser as an exposing source for a photo 

printer “Frontier”7) 8).  On the basis of the solid-state laser 

precision mounting technology established in the development 

process, we proposed an idea of compact, highly stabilized, 

low-cost, and world’s smallest ultrashort pulsed solid-state laser, 

and demonstrated the principle.  In this report, key points of 

miniaturization and principle of operation, and laser operating 

characteristics will be described.  A target of a peak power 

was set to 1 kW, which is rather low in comparison with the 

conventional Ti: Sapphire laser (100 kW to 1 MW), but is a level 

which can induce a non-linear optical phenomenon (multiphoton 

absorption, second harmonic generation, CARS, etc.) on living 

organisms and organic materials.  In addition, on the basis of a 

simple linear laser resonator structure composed of a minimum 

possible number of optical components, a palm-size (resonator 

length < 5 cm) is set as one of target specifications. 

 Target specifications are listed in Table 1.

Table 1   Specifications of Ultra-compact Femtosecond Solid-state 
Laser.

Peak Power ＞1kW

Pulse width ＜200fsec

Average Output ＞600mW

Resonator Length ＜5㎝

Pulse Repetition Rate ～3GHz

Ultra-compact Laser-diode-pumped Femtosecond Solid-state Laser

Shougo YAMAZOE*,  Masaki KATOU*,  and  Tadashi KASAMATSU*

Abstract

We demonstrate a novel practical femtosecond laser source, which is, to our knowledge, the smallest in 

size and of potentially low cost. The innovation is the simple linear-cavity design utilizing soliton mode-

locking induced by precise group velocity dispersion control. Average output power of 680 mW and pulse 

width of 162 fs were obtained at around 1,045 nm from a 980-nm laser-diode-pumped Yb3+: KY (WO4)2 

laser. The pulse repetition rate was 2.8 GHz, leading to a pulse peak power of 1.5 kW, which is sufficient 

for biomedical imaging. The laser module including the laser diode pump system has a footprint of only  

8×5 cm2. Stable operation of 4000 hours was demonstrated with fluctuation of less than l0%.
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Concept of Compact Ultrashort Pulsed 2. 
Laser

We invented an LD (laser diode) pumped laser oscillator 

having a configuration as shown in Fig. 1.  Short pulse 

is realized by starting and stabilizing the mode-locking 

operation by a saturable absorbing mirror.  Three main key 

points of miniaturization are as follows; (1) Compact LD 

pumped laser oscillator, (2) Ultrashort Pulsed Laser Control 

Technology, and (3) Development of Negative Dispersion 

Output Mirror.  With (1) and (2), physical problems in 

association with miniaturization are solved, and the stable 

ultrashort pulse operation is achieved even with a resonator 

length of 5 cm.  The component (3) is an essential key 

component for constituting a linear resonator as a laser 

module. 

Negative Dispersion
 Output Mirror

Semiconductor Saturable 
Absorbing Mirror

Ultrashort Pulsed Laser
Semiconductor Laser

Resonator Length

Dichroic Mirror Laser Crystal

Fig. 1 Schematic diagram of ultra-compact femtosecond diode-
pumped solid-state laser.

Compact LD Pumped Laser Oscillator2.1 

Instead of Ti: Sapphire crystal which requires a large-

sized expensive green solid-state laser as a pump source, Yb 

doped crystal which can be directly pumped by an inexpensive 

semiconductor laser is employed as the laser crystal.  The Yb 

doped crystal has a broad spectral bandwidth, which can generate 

sub-100fs pulse, and a small quantum defect, in addition, is able 

to achieve stable high gnantum efficiency (> 90%) and high 

efficiency operation even from low heat generation to high-

density pumping9).  We compared YAG[Y3AL5O12], YVO4, 

KYW [KY (WO4)2], KGW[KG(WO4)2], Y2O3, Sc2O3, which 

are already reported to have the ultrashort pulse operation of 

200 fsec or shorter as host crystals, as candidate materials in 

oscillation output characteristics on the basis of theoretical 

calculation.  As a numerical value model, a rate equation 

model taking low level distribution number density, pumping 

distributions, and mode matching of the resonator mode into 

consideration was employed10).  Consequently, we found 

that KYW, KGW, Y2O3, whose cross-sections of stimulated 

emission were large (> 1 × 10-20 cm2) and low-level Stark levels 

are relatively high, are promising crystals which have potential 

to clear the target average output 600 mW or higher, and pulse 

widths of 200 fsec or shorter at a pumped power of 2W.  We 

focus on the operation characteristics of Yb: KYW crystal in 

this report. 

We employed a configuration to focus emitted light 

beam from a semiconductor laser to a laser crystal at an 

optical image magnification of 1:2 using a single piece of 

graded index lens as the pump optical system.  A dichroic 

mirror having a non-reflecting property (R < 0.1%) for laser 

emission wavelength  and a high-reflection property (R > 

95%) for pumped wavelength was arranged in the resonator 

to introduce pumped light to laser crystal. 

Ultrashort Pulsed Laser Control Technology2.2 

The most important key point of this study is a stable 

control of mode-locking operation.  The repetition rate  

repetitim rate increases with miniaturization and, assuming 

that the same average output is maintained, the energy per 

pulse is decreased.  It is pointed out from the theoretical and 

experimental points of view that the mode-locking operation 

enters a significantly unstable operating mode if the pulse 

energy is reduced to a level below a certain critical value11).  

It is confirmed that if the pulse energy is lowered, gain 

saturation becomes insufficient, and a long-cycle (- msec or 

random) unfavorable strength modulation is superimposed 

on the mode-locking pulse string.  This is referred to as 

Q-switched mode-locking11), 12). 

 In this study, we were faced with this problem, and had 

difficulties to achieve a stable mode-locking operation at a 

resonance length of 30 cm or below.  Therefore, we made an 

attempt to reduce the above-described critical energy and 

miniaturize the pulsed laser by employing soliton mode-

locking method.  The term “soliton mode-locking” is a method 

of introducing negative group velocity dispersion into the 

resonator, compensating positive group velocity dispersion 

generated in the laser crystal or the optical components while 

the optical pulse is circling in the resonator and positive chirp 

caused by self phase modulation, and making the pulses steep.  

Although it is a method applied to generate femtosecond 

pulses, we used this method in the study positively for the 

pursuit of miniaturization for the first time. 

Fig. 2 shows dependency11) of the mode-locking critical

Non-Soliton Type

Fig. 2 Stable mode-locking critical energy as a function of 
Q-switched mode-locking parameter.

value on an Q-switched parameter (QML).  The term 

QML is an index of Q-switchability calculated from the 
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characteristics of the laser crystal and the saturable absorbing 

mirror.  It was found that auto start of the mode-locking by 

the saturable absorbing mirror is possible in the non-soliton 

mode-locking, while the critical energy is as high as 80 to 140 

nJ, and hence the resonance length is limited to approximately 

30 cm.  I was theoretically found, in contrast, that the critical 

energy can be reduced to 1/10 or lower of the non-soliton 

mode-locking (which corresponds to a resonator length of  

3 cm or smaller) by employing the soliton mode-locking.  On 

the assumption of the linear resonator in Fig. 1, we confirmed 

that an adequate amount of dispersion falls within the range 

approximately from -600 to -1,000 fsec2 from the calculation 

of material physical properties (cross-section of stimulated 

emission, high-level lifetime, low level number density), loss 

in the interior of the resonator, and the saturable absorbing 

mirror characteristics (depth of ref lection ∆R, saturation 

f luence).  We confirmed that the desired mode-locking 

characteristics were obtained with this amount of dispersion 

from the preparatory experiment.

Development of Negative Dispersion Output 2.3 
Mirror

In order to configure the linear resonator as shown in Fig. 1, 

a mirror having two functions of dispersion compensation and 

output extraction is necessary.  As such mirror is not commercially 

available, we newly addressed the development of a mirror 

which realizes desired amount of dispersion and transmittance.  

Consequently, we realized an amount of dispersion of -800 fsec2, 

a transmittance of 1.8% with a laser oscillation center wavelength 

of 1045 nm ± 10 nm using a GTI mirror provided with a plurality 

of interference layers (Gires-Tournois Interferometer). 

Demonstration of Principle of Ultrashort 2.4 
Pulse Characteristics

With the technologies described from paragraphs 2.1 to 

2.3 and the configuration shown in Fig. 1, we demonstrated 

the principle of the ultrashort pulse operation with a resonator 

length of 5 cm, an average output of 680 mW, a pulse width of 

162 fsec, a pulse repetition rate of 2.85 GHz, a peak of power 

1.5 kW.  The pulse waveform (auto-correlation waveform) is 

shown in Fig. 3, and the light spectrum waveform is shown in 

Fig. 4.  It is apparent that a smooth pulse waveform is realized. 

Pulse width

Fig. 3 Auto-correlation trace of mode-locked pulse. Pulse width 
is measured to be 162 fsec.

Spectrum Width

Fig. 4   Optical spectrum.

Test production of Laser Module and 3. 
Ultrashort Pulse Characteristics

The configuration in which the principle was demonstrated 

in Section 2 is packaged as a more practical module.  The 

resonator is integrally formed of copper, and a laser crystal, 

a saturable absorbing mirror, a negative dispersion output 

mirror are fixedly adhered to the resonator.  Here, the depth 

of absorption of the saturable absorbing mirror is set to  

∆R = 0.7%.  Holding of the resonator mirror which is highly 

resistant to temperature fluctuations or change with time can 

be realized by precisely controlling the thickness and the cure 

shrinkage of the adhesive layer.

 Photo 1 shows the appearance of the packaged module.  A 

laser resonator including the pump optical system is arranged 

in a package of 8 cm (length) ×5 cm (width) × 3 cm (height).  

The output characteristics of this module were an average 

output of 740 mW, a pulse width of 210 fsec, a pulse repetition 

rate of 2.85 GHz, and a peak power of 1.2 kW.  Fig. 5 shows 

the pulse wavelength, and Fig. 6 shows a beam profile. The 

quality of beam was as favorable as M2 = 1.4(x) × 1.05(y). 

Photo 1   Photograph of the exterior of ultra-compact diode-pumped 
femtosecond solid-state laser module.
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Pulse width

Fig. 5 Auto-correlation trace of mode-locked pulse of the laser 
module. Pulse width is measured to be 210 fsec.

Fig. 6   Beam profile of mode-locked pulse.

 The result of the long-term running test of this module on 

the basis of an automatic current control is shown in Fig. 7.  

From this drawing, it was found that lowering of the output is 

as small amount as approx. 20% after a total operation time 

of 4,000 hours.  In general mode-locking lasers, alignment 

adjustment of the optical system is supposed to be performed 

as frequently as every day or every week.  This module 

has no need of mirror alignment and superior stability is 

demonstrated in comparison with the conventional general 

mode-locking lasers.  Main reason of lowering of the output 

is considered to be dust entering from the outside, and 

deterioration of the mirror coat caused by humidity, and 

further improvement is confirmed by complete sealing of the 

package. 

Fig. 7 Long-time operation of ultra-compact femtosecond laser 
module with automatic-current control.

 In addition, it was operated with automatic power control 

by monitoring the output power with a photo diode (Fig. 8).  

Control with an output variation of ±1% was achieved until 

a total operating time of 2,000 hours, which demonstrated a 

quite high stability. 

Fig. 8 Long-time operation of ultra-compact femtosecond laser 
module with automatic-power control.

Conclusion and Prospects4. 

We have been focused on miniaturization in our research 

and development in order to dramatically enhance the 

practical utility of the ultrashort pulsed laser.  The instable 

operation of the mode-locking, which was a problem to be 

solved in miniaturization, was resolved by the employment 

of the soliton mode-locking method to perform the dispersion 

compensation precisely, and the new development of the 

negative dispersion output mirror, and dramatically stable 

and compact module was realized.  The size is the world’s 

smallest size, and is characterized by the peak power  

(> 1 kW) which might cause the non-linear optical effect in 

living organisms and the organic materials and the repetition 
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rate as high as 2.9 GHz, which is 30 times the normal mode-

locking laser (80 MHz).  With these characteristics, we are 

intended to expand the development of application for this 

module in the future.
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Introduction1. 

Optical Sensing is a technology to observe mutual action 

occurring by irradiating an object with light and check the 

structure and characteristics of the object nondestructively.  

Recently, this technology is applied positively in the 

field of medical diagnosis, and OCT (Optical Coherence 

Tomography)1), blood glucose level check2), measurement of 

oxygen concentration in blood are studied.  These studies are 

intended to image the state of insides of the living organisms 

or the state of specific substances by utilizing permeability 

of light in the near-infrared region having wavelengths 

around 0.6 μm to 1.2 μm through living organisms.

In optical sensing, a broadband spectrum light source which 

is capable of emitting light of different wavelengths is used in 

order to increase the amount of data from the object.  Although 

there are a variety of broadband spectrum light sources, optical 

semiconductor devices are accepted as a promising light source 

which fulfills requirements of spectrum, luminance, optical 

focusing characteristics and cost, which is required as the 

light source for medical diagnosis.  The optical semiconductor 

device having such a broad spectrum is called a super 

luminescent diode (SLD), and is known as a device having 

high luminescence of semiconductor lasers and low coherence 

property of light-emitting diodes. 

The problem that we have when using the optical 

semiconductor is diff iculty in achievement of both 

broadband spectrum characteristics and high-power output 

characteristics.  Fig. 1 shows spectrum widths at a highest-

power output obtained when an SLD having one light-

emitting layer is operated at a current from 0 to 400 mA 

from one device length to another.  It is understood from 

Fig. 1 that an output power is improved with increase in 

the device length, but the spectrum width is decreased 

therewith.  This relates to a light-emitting principle of 

the SLD.  Spontaneous emission generated randomly in 

a semiconductor gain medium having a broad population 

inversion is amplified in the process of stimulated emission 

while it passes through the device, and is emitted as 

amplified spontaneous emission.  In Fig. 1, increasing the 

device length corresponds to increase of the process of 

stimulated emission.  However, as the stimulated emission 

emits (amplifies) light having the same wavelength, phase 

and polarization as the light entered from the outside, the 

output power is improved with increase in occasions of 

stimulated emission, but the spectrum is reduced because the 

components having the same wavelength is increased.  This 

means that the spectrum broadening and the high-power 

output has a trade-off relationship.

We employed a new device structure in order to cope 

with this problem, and the performances which go beyond 

the conventional trade-off were realized.  In this report, a 

technology which has realized the device performance and 

the spectrum broadening and the high-power output will be 

described.

Fig. 1   Change in the spectrum width as a function of output power.

Broadband Semiconductor Light Source for Optical Sensing

Tsuyoshi OHGOH*,  Yoshikatsu MORISHIMA*,  Atsushi MUKAI*,  Junya YAGUCHI*,  

and  Hideki ASANO*

Abstract

Semiconductor light emitting devices with a high-power output and a broadband spectrum characteristic 

are accepted as a promising light source for the optical sensing system. However, the characteristics of a 

high-power and a broadband spectrum are in a trade-off relationship. We have successfully fabricated a 

broadband emitting diode by multiplying emission areas. This device has the performance of 1.9 times of 

spectrum width compared with the conventional devices of indentical outputs. This result shows the device 

performance exceeds that of the conventional trade-off.
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Device Structure2. 

The crystal growth of the optical semiconductor device 

was performed on a GaAs substrate on the basis of a low 

pressure MOVPE method.  The light-emitting layer employed 

was InGaAs quantum well layer which is capable of emitting 

light in the spectrum of 1.0 to 1.1 μm.  When taking the 

medical application into consideration, it is preferable to 

minimize the influence of water dispersion and absorbance 

of a portion which covers portion to be measured present in 

the living organisms.  This range of spectrum contributes to 

minimization of the influence with light having a spectrum 

of 1.0 μm3).

As a method of achieving both the spectrum broadening 

and the high-power output, we employed a configuration 

having a plurality of areas which emit light at different 

wavelengths in the vertical direction of the device and in 

the direction of device length (see Fig. 2).  This intends 

to achieve the spectrum broadening and the high-power 

output by combining light from areas having different light-

emitting spectra.  The plurality of light-emitting portions 

in this structure are designed so as to avoid overlapping 

of the respective gain spectra and hence generation of the 

stimulated emission by lights emitted therefrom is avoided.

Configuration with One Light-Emitting Portion
(Configuration in Fig. 1)

A Single Quantum Well Layer

Configuration with Two Light-Emitting Portions
(Device A)

Multiple Quantum Well Layers

Multiplexed in the Device Length Direction
(Device B)

Modulation on the basis of Selective Growth Method

Fig. 2   Schematic structure of SLD devices.

A selective growth method was employed as means for 

forming a plurality of light-emitting portions in the direction 

of the device length.  This is a crystal growth method which 

forms an insulating mask partly on a substrate and moves 

precursor from the area on the insulating mask to areas 

where the insulating mask is not formed to concentrate the 

precursor to desired areas as shown in Fig. 3.  Accordingly, 

the thickness and composition of the quantum well layer in 

the direction of the device length are controlled. 

There is an optical waveguide structure as a structure 

character ist ic in the broadband spect r um opt ical 

semiconductor device.  In this structure, the optical 

waveguide is inclined at several degrees in the direction 

vertical to an end surface and a reflection preventing film is 

provided, so that formation of resonator due to end surface 

ref lection of the device is restrained and oscillation is 

reduced.  In this case, the waveguide having a width of  

3.0 μm is inclined at an angle of 6 degrees.  The device chip 

was mounted with junction-up configuration on the AlN sub 

mount, and was mounted on a carrier (Photo 1-(a)). 

Source
Gas

Insulation Mask

Waveguide Formed Position
Source Gas

Clad Layer

Substrate

High Concentration of 
precursor 
(Increase in Wavelength)

Low Concentration of 
precursor 
(Decrease in Wavelength)

Fig. 3   Crystal growth method of device B.

  Photo 1 Photograph of light source.
   (a) Broadband emitting device 
   (b) Broadband emitting module
   (c) Wavelength swept laser unit
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Broadband Spectrum Characteristics3. 

 In order to prove the effect of the multiplexing of the 

light-emitting areas on the spectrum and the output power 

characteristics, a device A and a device B shown in Fig. 2 are 

produced.  Evaluation is performed by driving the devices at 

0 to 400 mA and measuring the light-emitting wavelength 

width at the maximum output value in the same manner as in 

Fig. 1.  Emission spectra of the respective devices are shown 

in Fig. 4.  With the same device length (1.5 mm), the device A 

demonstrates 1.4 times in spectrum and 1.65 times in output 

with respect to the characteristics shown in Fig. 1.  The 

device B (device length 1.0 mm × 3 areas) demonstrates 155 nm, 

which is 1.9 times in spectrum, even though the output power 

is on the order of 1 mW, which is not much different from the 

device length of 1.0 mm.  

Fig. 4   Spontaneous emission spectra.

Fig. 5 Output power versus spectrum widths for devices with 
multi-emission areas. 

The comparison of this result with Fig. 1 is shown in Fig .5.  

From Fig. 5, it is understood that the performance which go 

beyond the “trade-off between the spectrum and the output 

power characteristics”, which could not be obtained with the 

device having only one light-emitting portion, is obtained 

owing to the multiplexed light-emitting portions.

Tuning Characteristics4. 

As the broadband spectrum light source for optical 

sensing, a “wavelength tunable light source which is able 

to tune the wavelength of the laser beam in a broadband” is 

also used often instead of the “light source which emits light 

having broadband wavelengths at once” described thus far.  

Therefore, we made a test model of the wavelength tunable 

light source using the structural device A.

A ring laser type external resonator structure shown in 

Fig. 6 was employed as a wavelength tunable system.  The 

operation principle will be described below.  Broadband light 

emitted from the optical semiconductor device is filtered 

by a wavelength filter and only a component of light having 

a specific wavelength passed therethrough goes around 

the ring, and is returned back to the optical semiconductor 

device again.  The returned light is amplified by the optical 

semiconductor device, and goes around the ring laser again.  

This behavior is repeated, and when the loss in the resonator 

and gain of the optical semiconductor device are balanced, 

laser oscillation occurs.

Optical 
Semiconductor 
Device

Optical Isolator

Optical Coupler

Light Output

Wavelength Filter

Fig. 6   Configuration of the wavelength swept laser.

This laser beam can be taken out by an optical coupler.  

Then, the wavelength of the laser beam can be tuned by 

tuning the transparent wavelength of the wavelength filter.  

The respective components which constitute the ring 

laser are connected by optical fibers to reduce the influence 

of vibrations and environmental change on the laser 

characteristics.  By employing a configuration in which the 

device and the optical fiber are integrated into a package as 

shown in Photo 1 for the optical semiconductor device, an 

optical path between the device and the optical fiber can be 

stabilized (photo 1-(b)).
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Fig. 7 shows the output light from the ring laser at 

different wavelengths by tuning the wavelength filter.  A 

dielectric multilayer filter which allows manual variation of 

the transparent wavelength was employed as the wavelength 

filter, and the driving conditions of the device were set to 

25°C, 400 mA.  When the tunable width was set to an output 

power of 1 mW or higher, a tunable width of 110nm was 

obtained, and even when it is set to an output power of  

10 mW or higher, a tunable width of 90 nm was obtained.  In 

addition, the evaluation of the fast tuning characteristics was 

conducted using Fabry-Perot wavelength f ilter, and we 

confirmed that substantially the same output power and the 

tuning characteristics as the manual tuning was obtained at a 

scanning speed of 2 kHz.

Fig. 7   Laser spectra at different wavelengths.

Reliability of SLD Device5. 

 Super-luminescent Diode is high in driving current in 

comparison with the semiconductor laser and low in power-

light conversion efficiency because it does not involve 

oscillation.  Therefore, it is considered that the operating 

life performance is inferior to the semiconductor laser.  

The InGaAs active layer which emits light in a spectrum 

from 1.0 to 1.1 μm, internally includes distortion due to 

lattice mismatch.  From this point as well, the operating life 

performance is concerned about.

Therefore, degradation mode analysis of the device A 

fabricated this time was conducted first.  Fig. 8 shows a 

change with time of current-light output power characteristics 

when the device is operated at 30 mW, 25°C, and APC 

(with constant output power) drive.  It is apparent from 

this drawing that the maximum optical output value is 

decreased with time, and when it matches the drive output, 

the device breaks down.  This result indicates that the factor 

of the degradation of this device is not an abrupt degradation 

due to the catastrophic optical mirror damage observed 

in semiconductor laser in the same spectrum, but slow 

degradation in the interior of the device. 

A result of the life test of the device whose structure is 

optimized on the basis of this result will be shown in Fig. 9.  

A life test was carried out with a constant output power of  

30 mW at a temperature of 25°C.  It is elapsed already 4,500 

hours at the moment, but stable operation is continued 

without remarkable degradation even though the drive current 

value is as high as approx. 400 mA. 

Change with Time

(Device Break Down)

Fig. 8 Light output versus current characteristics of SLD devices 
with various aging times.

30mW, 25°C, APC driven, 
Junction-up Mount

Fig. 9   Lifetime test results for 1050nm band SLD devices.

Conclusion6. 

 The broadband spectrum optical semiconductor device of 

a spectrum 1.0 μm was developed as the light source for the 

optical sensing.  Although the spectrum broadening and the 

high-power output are in the trade-off relationship, we have 

successfully obtained performances which go beyond the 

trade-off by introducing the new device design.
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Introduction1. 

In recent years, face detection technology rapidly gets a 

lot of attention.  It is because this technology is generally 

mounted on digital cameras and used in services through 

cellular phones, and thus the technology and its effects are 

increasingly known by general public.   

FUJIFILM has been addressing the research and 

development of the face detection technology for a long time 

thus far, and now, in response to abruptly increasing demand 

in these days, we broaden the range of applications of the 

technology, and set up an experimental public access website 

“KAOLABO” and disclosed our face detection technology 

on the internet for the purpose of develop new applications.  

 In this report, a detailed method of disclosing the 

technology in KAOLABO, a process flow performed in the 

internal system, and points we have exercised our ingenuity 

in providing the face detection technology as a Web service 

will be described.  Also, the effects that we achieved as a 

result of technology disclosure will also be described.  

What is Face Detection Technology?2. 

Prior to the description of KAOLABO, a general 

descr ipt ion of the face detect ion technology and 

characteristics relating to the face detection technology of 

FUJIFILM will be briefly described.

The face detection technology is an image processing 

technology to automatically find a face area included in an 

image.  There are many other image processing technologies 

relating to the face, such as a face recognition technology for 

recognizing the identical person from the similarity of the 

face, a technology to determine specific expression such as 

smile, and a technology to estimate the age or the gender of 

the person from the face.  The face detection technology is a 

basic technology which forms the foundation of a series of 

face-related technologies.

A general method of face detection is for determining 

whether the object is a face or not by combining a number 

of simple determination units for detecting brightness of a 

rectangular area by machine learning (Fig. 1). 

.

Face is determined 
by a combination of
a number of simple 
determination units

*Examples of simple
  determination units

Eyes are darker than the region 
between the eyebrows

Nostrils are darker than cheeks

Lips are darker than chin

Fig. 1   Concept image showing face detection technology.

The face detection technology has been studied actively 

from 1980s’ and since a technology of machine learning 

by AdaBoost combined with a rectangular characteristic 

referred to as Haar-Like feature became popular in around 

2000, it has rapidly put into a practical use.  It has stated 

to be mounted on accessible apparatuses such as digital 

cameras or cellular phones from around 2005, and is now 

widely used also in entertainment applications such as 

services of cellular phone or Website and computer games. 

Face Detection Technology of FUJIFILM3. 

FUJIFILM has started the research and development 

of the face detection technology from the age of analogue 

MINILAB in 1990s’.  Thereafter, we made digitalization 

and have been accumulating the technologies for a long time.  

Since 2006, we applied this technology to our own products 

by, for example, mounting the face detection technology on 

the digital camera “FinePix”. 

 One of the characteristics of the FUJIFILM’s face 

detection technology is “high robustness” which allows 

stable detection of the face irrespective of the conditions of 

the image.  It is a substantial achievement of our continuing 

efforts in development of technology of face detection for 

a long time for general pictures which is likely to be taken 

under unstable conditions on the basis of ultimate purpose, 

“How to make pictures look prettier”. 

Development of “KAOLABO”, the Laboratory Web Site  
for the Face Search Technologies

Hajime TERAYOKO*,  Yuuko ABE*,  Tetsuya SAWANO*,  and  Norihisa HANEDA*

Abstract

We have released a website “KAOLABO” to promote our face search technologies. Internet users can 

personally test the face detection with some trial applications and the WebAPI on our website. In this paper, 

we report the approach to release our technology through the internet and its influence.
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For example, if it is face detection for a specific application 

such as a security system on the basis of the face recognition, 

we can target only images taken under limited conditions 

such as the size or orientation of the face or illumination.  

However, in the general pictures, these conditions enormously 

differ from one picture to another.  Therefore, in order 

to detect the face stably in the general pictures, the high 

robustness which is unaffected by photographing conditions 

is required, and FUJIFILM has been focusing on this point 

most.  Therefore, FUJIFILM’s face detection technology 

realizes a high detection capability which is able to detect the 

face or faces irrespective of the orientation, inclination of the 

face or the number of people in the picture.  

Face Detection Technology Experimental 4. 
Public Access Website “KAOLABO”

FUJIFILM thought that it is necessary to appeal out the 

technology and develop new applications in association with 

increasing attention to the recent face detection technology.  

Therefore, we set up an experimental public access Website 

of face detection technology “KAOLABO” (http://kaolabo.

com/) in Jan. 15, 2008 to disclose our face detection 

technology as a Web service (Fig. 2). 

Fig. 2   Top page of “KAOLABO” website.

In KAOLABO, we disclose our technology in two modes; 

“Experience-Based Application” which allows the public to 

upload images from the Web browser and operate the face 

detection by GUI (Graphical User Interface), and “Face 

detection WebAPI” for allowing the public to use the face 

detection function from a program via Website.  The greatest 

characteristic of KAOLABO is a point “Everyone can 

experience Operating Face detection”. 

System Configuration of KAOLABO5. 

Reviewing the system configuration of KAOLABO, 

detailed disclosed contents will be described.

 The logical composition of KAOLABO system is as shown 

in Fig. 3, and brief summaries of the respective components 

will be given below.

End-user

Website

Face detection WebAPI

Face detection Engine

KAOLABO system

Experience-
based 

application

Self-created 
program

Web 
browser

Fig. 3   System structure of “KAOLABO”.

Website5.1 

Website of KAOLABO serves as a front end for accepting 

public Website access with the system.  Webpages in the site 

also include technical description about the face detection. 

Experience-Based Application5.2 

The “Experience-Based Application” is a Web application 

implemented with Adobe Flash (hereinafter, referred simply 

as Flash), and is integrated in the Website of KAOLABO.  

The user uploads an image to a server, and is able to 

experience the face detection readily.  For the moment, the 

following two experience-based applications are disclosed.

Face Secret (Fig. 4)5.2.1 

Processing such as Feathering, Eye-masking, Composite 

Picture with Stamps can be applied on the detected faces.  

This is an application created as a representative example of 

the practical applications. 

Upload Image Composite detected picture with stamps

Fig. 4   Trial application 1. “Face Secret”.
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Face Bubble (Fig. 5)5.2.2 

We present a game such that if the user assigns a detected 

face, the face appears in a soap bubble blown by a boy.  This 

is a representative example of entertainment applications, and 

appeals that “existence of the face” add a marked dramatic 

impact. 

Upload Image (any pieces of 
images are accepted)

Play creation of soap bubbles 
with faces

Fig. 5   Trial application 2.“Face Bubble”.

Face Detection WebAPI5.3 

This is a system which allows the user to call up the face 

detection function from a program in the form of a Web 

service.  By uploading an image as a request to the server, 

we can get the result of face detection as a response.  As the 

face detection is executed by calling up this WebAPI also 

from the experience-based applications, this is the pillar of 

the technology disclosure in KAOLABO (details will be 

described in the next paragraph).

Face Detection Engine5.4 

A face detection engine is a substance which performs the 

face detection in WebAPI, and cannot be accessed directly 

from the outside.  Although this face detection engine is 

optimized according to the utilization on Web, it is actually 

the same as that mounted on the digital camera FinePix.

Face Detection WebAPI6. 

Subsequently, “Face detection WebAPI”, an essential point 

of the face detection technology disclosure in KAOLABO, 

will be described further in detail.

The face detection WebAPI is so-called a REST type 

WebAPI on the basis of HTTPS protocol.  When the user 

attaches a parameter to the request URL and sends the 

request, the user can receive result data of the face detection 

in XML form.  Only JPEG images are supported.

It is necessary to register (free) to use the face detection 

WebAPI, and the user is required to register his/her mail 

address in the Website of KAOLABO in advance and acquire 

an authentication key. 

Request6.1 

We present two modes for the face detection request with 

the convenience in mind, that is, methods which support 

POST and GET of HTTP.  POST is a method of transmitting 

image data by uploading with request body.  In contrast, GET 

is a method of placing URL of image in a request parameter.  

With these methods, the face detection can be executed on 

the image resource on the Web.  With this GET method, 

the face detection WebAPI can be executed from the Web 

browser without specific programming.

 https://kaolabo.com/api/detect?apikey=[AuthenticationKey]

&url=[image URL]

By entering the request URL as shown above to the 

browser, XML as shown in Fig. 6 is displayed.  This is 

response data of face detection WebAPI. 

Fig. 6   Response XML of face detection WebAPI.

Response6.2 

The face detection WebAPI returns the face data 

of respective faces detected from the image in XML as a 

response.  Detailed contents of the detected face data are as 

follows (items within parentheses are corresponding XML 

elements and attributes)  

(1) Face position (face, x, y)

     Coordinate of upper left of a rectangular area including 

the face.

(2) Face Width (face, width) and Height (face, height)

     Width and height of the rectangular area including the 

face.

(3) Eye Coordinates (left-eye/right-eye)

     Coordinates of left and right eyes.  Definition of left 

and right is the left eye and the right eye of the face 

(not the left and right from the viewer).

(4) Likelihood of Face (face, score)

“Likelihood of Face” is value indicating the likelihood that 

the detected object is the face, that is, the probability that the 

face detection engine determines the object as the face.  It is 

used for filtering erroneous detect of an area which is not the 

face as the face area.  Processing, clipping, and composition 

of face areas of the image can be performed by using the face 

data included in the XML data in the response.

 As regards detailed specifications of Face detection 

WebAPI, see the following Website;

 http://kaolabo.com/webapi/spec
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Face Detection Processing in KAOLABO7. 

How we disclose the face detection technology via 

KAOLABO has been described thus far.  Then, how the 

face detection processing is performed in the interior of the 

KAOLABO system?

A flow of the face detection processing in KAOLABO 

will be described with the operation in the experience-based 

application as an example. 

A f low from uploading an image until displaying the 

result of the face detection on the screen of the application by 

the experiment-based application is as shown in Fig. 7.  The 

flow of the processing will be described below with reference 

to the drawing.

Upload image

Authentication

Acquire image

Decode/Resize image

Transmit response

Analyze response

Download image

Execution of face 
detection

Retain temporary 
file of image

Coordinate conversion 
of detected results

Display result of 
face detection

Fig. 7   Flow chart of face detection.

(1) Uploading of Image

     First of all, the user uploads an image to a server from 

the GUI of the experience-based application (Flash).  

At this time, POST type is specified to the selected 

image and the face detection WebAPI is called in the 

interior of Flash.

The process up to here is to be done via the client side, and 

the process shown below is to be done by the server side. 

(2) Authentication

     KAOLABO server receives a face detection WebAPI 

request of the experience-based application, and starts 

processing.  First of all, authentication is performed by 

the authentication key set in the request parameter.

(3) Acquisition of Image

     When the authentication is successful, the image data 

specified in the request is acquired.  When it is a call-up 

from the experience-based application, JPEG image data 

attached to the request body in the POST method is received.

(4) Decoding/Resizing of Image

     The received JPEG image to be processed is decoded, 

and simultaneously, resized to a minimum possible 

size which allows the face detection engine to 

process without degrading the accuracy.  This is part 

of improvement of process speed and reduction of 

required memory.

(5) Execution of Face detection

     The RGB RAW data obtained by decoding is input 

to the face detection engine and the face detection 

processing is executed.  The face detection engine 

outputs the face data as the detected result.

(6) Coordinate Conversion of Detected result

     The image data used for face detection is resized data 

in advance, and therefore the coordinate conversion is 

performed for adopting the coordinates and the size of 

the output result to those before resizing.

(7) Temporary Retention of Image File

     The uploaded original image file is retained in the 

server temporarily for referencing from the Flash 

experience-based application.

(8) Transmission of Response

     The face detection result after having subjected to the 

coordinate conversion and the URL of the temporary 

file retained in the server are modified into XML data, 

and is transmitted as a WebAPI response.

 The face detection process up to here is to be done via the 

server side, and the process shown below is shifted to the 

client side again.

(9) Analysis of Response

     The experience-based application receives the response 

XML of the face detection WebAPI, analyzes the 

received response, and acquires face data and URL of 

the temporary file.

(10) Downloading of Image

     Subsequently, the user accesses the URL of the 

temporary file retained in the server and downloads 

the image.

(11) Display of the Face detection Result

    Flash reads out the downloaded image, and draws 

a frame line and displays at a position of the face 

using the face data.  These processes are performed on 

memory by Flash.

With the procedure thus far, the image uploaded via 

the experience-based application is subjected to the face 

detection and the result is displayed on the application image.  

KAOLABO system executes the face detection process in 

this manner. 

Optimization for Web Service8. 

In order to disclose the technology of KAOLABO, it is 

necessary to optimize the technology for the usage on the 

Web, and various ingenuities are exercised as follows. 



62 Development of “KAOLABO”, the Laboratory Web Site  for the Face Search Technologies

Tuning of Face Detection Engine8.1 

FUJIFILM’s face detection engine allows a number 

of parameters to be set, such as the size of the face to be 

detected, or whether the orientation of the image is set in 

advance or not.  The speed and accuracy can be adapted 

to the objective by adjusting the parameters adequately 

according to the characteristic of the input image.  In general, 

the speed and accuracy are in “trade-off” relation, that 

is, when the parameters are tuned to get higher speed, the 

accuracy is sacrificed and, in contrast, when the accuracy 

is secured, the speed tends to be lowered.  Therefore, how 

to balance the speed and the accuracy according to the 

objective is the point of the engine tuning.  In the case of the 

KAOLABO, we made a basic policy to give preference to the 

speed over the accuracy in order to secure the operation with 

grate agility on the Web.  It is because we need to avoid speed 

bottlenecks in transmission of images caused by the network.  

 On the other hand, there was an aspect that the accuracy 

was difficult to secure according to the conditions of the 

input image because the images uploaded by the users 

could not be specified.  Therefore, we prepared a relatively 

wide variety of input image samples, and tuned the face 

detection engine while seeking the best possible balance 

which demonstrates the superiority of the detection accuracy 

even with the images under various conditions while giving 

preference to the speed. 

 Anticipating the f lock to the site, we inspected the 

performance while applying a load to the system and derived 

a performance which could resist a certain degree of heavy 

traffic.  

 In this manner, the face detection engine was optimized 

to achieve an operation without stress and demonstrate high 

detection accuracy on the Web as well. 

Security Guard8.2 

The following measures are taken for handling the image 

data including faces of human beings securely on the Web. 

Authentication8.2.1 

As described before, we employed a pre-registration 

system for the usage of the WebAPI, and issued an 

authentication key to each registrant.  Authentication is 

performed on the request base using the issued authentication 

key.  With this system, operation control is performed 

according to the state of usage while recognizing the user. 

Encryption of Communication via SSL8.2.2 

The entire communication with the WebAPI is encrypted 

by SSL.  Although the convenience on the calling side is 

impaired a little thereby, we put priority on security. 

Automatic Deletion of Temporary File8.2.3 

 In the experience-based application, the image uploaded 

by the user is retained in the server as a temporary file.  

However, in order to avoid retention of users’ images more 

than necessary, the experience-based application is adapted 

to delete these temporary files automatically after elapse of 

certain period.

Effects of Technology Disclosure9. 

In KAOLABO, we have been disclosed the face detection 

technology on the Web in this manner.

 Accordingly, the face detection technology is now 

available for all users as the Web service.  Therefore, in 

addition to the conventional applications such as integration 

in the apparatus or utilization in an independent system, 

utilization in various implementations are available now, and 

the range of application of the technology is dramatically 

widened.  A mushup utilizing the face detection WebAPI was 

created by a general user with his unique idea.  This is an 

example of the effects of the technology disclosure.  Mashups 

applied by the users are partly introduced in “Application 

Showcase” in KAOLABO site.  (See http://kaolabo.com/

wabapi/mashup).  

 We received a number of approaches from enterprises 

interested in KAOLABO saying that they want to use the 

face detection technology in business application.  Among 

them a number of kinds of industries and applications we did 

not supposed so far were included, so that we believe that we 

could develop new applications of this technology. 

 Furthermore, provision of an occasion to allow the public 

to try the actual operation has contributed to introduce the 

performance of this technology to the outside world.  In 

particular, in the early days after having set up the Website, 

it was spotlighted and was reported in many mass media and 

personal weblogs.  

 Disclosure of the technology through KAOLABO 

produced substantial results.

Conclusion10. 

Disclosure of the face detection technology in KAOLABO 

was a sort of risky experiment to provide FUJIFILM’s core 

technology as Web service and bring our technology to the 

attention of the world as an advanced internet technology, 

and we could achieve enlargement of the range of application, 

development of new applications, and appeal of the 

technology.

FUJIFILM is considering that we disclose a new 

technology other than the face detection technology in 

KAOLABO in the same manner, also in the future.

(In this report, “Adobe Flash” is a registered trademark 

of Adobe Systems Inc.  “KAOLABO” and “FinePix” are 

registered trademarks of FUJIFILM Corporation.)
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