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Introduction1. 
Digital technology has been spreading in movie 

production recently. Especially in the editing process, digital 
technology is the mainstream for synthesizing and editing 
images generated from various sources. Digital masters of 
many movies have been produced. Movies shown at cinemas 
are copies made from digital masters into positive stocks or 
digital media. A lot of money is invested in movie production 
and the image data are precious assets. They are also human 
heritage. Original images of movies (digital masters) must 
tolerate long-term storage; however, there is no established 
technology for long-term storage of digital data. US major 
movie studios store their movies after splitting images into 
blue (B), green (G) and red (R) components and recording 
them on black and white films as silver images that are great 
in long-term stability. We have developed a black and white 
film for long-term storage, focusing on film recording that is 
the best technique for recording digital data.

In April 2010, FUJIFILM launched “ETERNA-RDS”, a 
black and white film stock for digital separation, as a solution 
for long-term storage of movies (Photo 1). This film stock is 
dramatically improved in film recording image quality and 
long-term storage capability.

This report provides background of the development 
of ETERNA-RDS, its features and technologies that have 
enabled the development of the new product.

 

Photo 1   Newly developed recording black and white film ETERNA-RDS.

Development Background2. 
This section outlines digitalization of movie production 

workflows and storage of movies.

Movie Production Workflow2.1 
These days, movies are produced with combination 

of analog and digital technologies. Movie makers are 
establishing workflows that make the most of the advantages 
of both technologies. For instance, shooting is performed 
the way the wide latitude of silver halide films is utilized. 
In editing, the shot images are converted to digital data and 
visual effects are added or colors are corrected on computers. 
More and more images are being edited digitally. Now, more 
than 90% of movies are treated digitally. As digital editing 
is becoming the mainstream, masters are made digitally and 
copies are made from them into various media to suit various 
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types of projectors (Fig. 1). Digital masters are very valuable 
image data necessary for re-screening on TV or producing 
DVD or BL. Those image data are required to be kept intact 
in long-term storage.
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Fig. 1   Workflow of motion-picture film production.

Current Situation of Movie Storage2.2 
The movie industry requires digital data to tolerate 

more than 100 years of storage. There is no established 
technology to achieve that. A report expresses concern 
about this problem1). Actual life of a digital medium, such 
as hard disk or magnetic tape, is estimated to be 15 to 30 
years, considering frequent changes in recording format and 
hardware due to increase in density in addition to the life of 
the medium itself. As a solution, US major studios store their 
movies after splitting images into blue (B), green (G) and 
red (R) components and recording them on black and white 
films as silver images that are great in long-term stability. 
One of the reasons why a black and white film is suitable 
for long-term storage is that polyester used for the film base 
and metal silver particles forming images are highly resistant 
to deterioration. The life is estimated to be 500 years2). 
Another reason is that a black and white film is completely 
independent of recording format as data are recorded as 
analog images and thus can be checked with the eyes.
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Fig. 2   Recording and reproduction using black and white film.

Movies were already stored on black and white films long 
before digitalization has spread in the industry. In the past, 
three color split films were made from an internegative, the 
original, using an optical printer. Now, as movie production 
goes digital, film makers are increasingly using a film 
recorder, an exposure device that records digital data on 
films (Fig. 2).

A film recorder is a digital-to-analog converter. It is an 
important device that determines image quality. Film recorder 
manufacturers have continually improved image quality of 
their devices by technical innovation. ARRILASER, a laser 
scanning film recorder developed by ARRI in Germany, 
has achieved extremely high image quality with far higher 
definition than those of the existing recorders of that time. In 
2002, it won the Academy’s Scientific and Technical Award. 
ARRILASER has now spread in the market as a high image 
quality digital recorder and widely used for production of 
three-color split films as a recorder that also records digital 
masters with high image quality.

Spread of digital technology has brought about changes in 
restoration of films. Especially in the cases of many black and 
white old movies, either original negative stocks are lost or 
the existing films are badly damaged as many duplicates for 
screening have been made from the originals. Furthermore, 
when nitrate or acetate is used for the base, films are often 
distorted or the images deteriorate due to hydrolysis during 
storage. Such films have been restored manually frame by 
frame. With improvement in computer image processing 
technology, the restoration is being increasingly carried out 
on images converted to digital data. Even in that case, just as 
color movies, black and white digital masters are created and 
recorded on black and white films with deterioration-resistant 
polyester base using a film recorder.

Design Concept and Features of ETERNA-3. 
RDS

When designing ETERNA-RDS, we focused on the 
following.

(1)  Ultra-high resolution that supports high-definition 
recording.

(2)  Calibration and development stability that are 
necessary for a digital recorder.

(3) Long-term stability of silver images.
(4)  Long-term stability of materials, including polyester 

base.

Ultra-high Resolution: Superior Graininess 3.1 
and Sharpness

Digital data contain a large amount of information. To 
record such data accurately, an increase in the definition of a 
film recorder is not enough. The definition of a film used for 
the recording needs to be increased, too. The recording pixels 
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of a film are silver halide particles. These particle size needs 
to be reduced. Photo 2 shows cross sections of ETERNA-
RDS. ETERNA-RDS has smaller silver halide particles 
(white particles in the EM layer) than the existing products 
and that enables high-definition recording.
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Photo 2   Cross section of current film and ETERNA-RDS.

When light falls on a film, it is reflected, refracted or 
diffused on silver halide particles or the film surface. And the 
light is shed on silver halide particles, which are not supposed 
to be shone. That causes unwanted pixels to form and blurs 
the image. For example, on an image of lines or letters, when 
the difference in darkness from the background is large, thin 
lines disappear and thick lines blur. The image is reduced in 
sharpness. When incoming light is diffused by silver halide 
particles and enlarged by reflection on the film interface, 
blurring called flare occurs. Flare becomes likely to occur 
in laser exposure as the light intensity is very high. We have 
employed anti-halation technology as described below for 
ETERNA-RDS and succeeded in reducing flare effectively. 
Even highlighted areas with high contrast are reproduced 
very close to the original (Photo 3).

 
Current film         ETERNA-RDS 

Photo 3   Superior sharpness of ETERNA-RDS.

Calibration and Development Stability: 3.2 
Great Toughness against Changes in Film 
Processing

When a film is exposed with a digital recorder, the 
exposure of laser usually needs adjustment to ensure the 
density corresponding to the entered digital value is recorded 
on the film. This is called calibration. It is an important 
process to correct differences in photographic characteristics 

resulting from variations between laboratories in processing 
condition, development equipment and working environment. 
We surveyed laboratories and post production companies 
and conducted verification. We found that photographic 
characteristics required for calibration are great linearity 
and γ (gradation) of approximately 1. When changes occur in 
film processing after calibration has been made, the finished 
image will differ from the original image. To avoid that, great 
stability in film processing (the gradation does not change) is 
also important.

A silver halide particle known to hardly change in 
gradation in general due to changes in film processing is a 
monodisperse cubic particle. Monodisperse cubic particles 
have a narrow particle size distribution and the gradation 
is hard (γ  1). To solve this problem, we have combined 
particles different in sensitivity (size) and adjust the 
difference in film processing resulting from difference in 
particle size using metal doping technology to produce a 
sensitive material with great linearity of γ  1 and small 
gradation changes due to changes in processing (Fig. 3).
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Fig. 3   Development profile of black and white film
            [Developer : D96, Temperature : 22˚C].
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Using Cineon, a computer program that handles movie 
production digitally, we have examined the reproducibility 
of digital data reproduced by the workflow shown in Fig. 2 
(Fig. 4). We have expressed the density of the original image 
in terms of 10-bit printing density (CVo) on a digital negative 
and recorded it on ETERNA-RDS using a Cineon recorder, 
e.g., ARRILASER. We have read the recorded image with 
a scanner and reproduced it in 10-bit printing density (CVs). 
The difference between CVs and CVo is 4 in terms of 10-bit 
printing density or 0.008 in optical density. The images agree 
very well.
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Fig. 4   Accuracy of the separation procedure.

Long-term Storage: Stability of Silver Image3.3 
Silver is a relatively stable substance. When it meets 

the ISO standards, life of a silver image is estimated to be 
500 years. The silver halide particles of this new sensitive 
material are reduced in size to provide the material with 
great graininess and sharpness. It means that developed silver 
generated by film processing is also small in particle size. 
Small sized particles are generally low in stability. However, 
no findings have indicated relationship between the size of 
developed silver and stability of silver images. ETERNA-
RDS has achieved sufficient expected life (more than 1000 
years) even though small silver halide particles are used by 
the control of developed silver shape.

Technologies Enabling ETERNA-RDS4. 

Improvement in stability of silver image4.1 
We examined how much the small developed silver 

generated from fine silver halide particles used for ETERNA-
RDS is stable3).

Silver images are normally stable. However, when aged in 
a hot and humid atmosphere, the optical density increases. 
The smaller silver halide particles are, the larger the change 
is. We have observed a change in the developed silver shape 
with an electron microscope. The developed silver was 

first shaped like a thread, called filament. The filament 
transforms to a sphere, which is a stable shape in a hot and 
humid environment. The smaller silver halide particles the 
developed silver is generated from, the thinner the filaments 
become. Changes in shape and optical density by aging were 
large (Photo 4 and Fig. 5).
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Photo 4  TEM Image of developed silver 
[Grain size : 0.07 μm, Swelling ratio : 340%, Aging 
condition : 80˚C/80% 3 days].

Swelling ratio (degree of increase in coating thickness 
when the coating of the film is moistened) influences the 
shape of developed silver. When the swelling ratio is small 
(an increase in coating thickness is small), the filaments 
hardly stretch and developed silver becomes closer to a 
sphere. A change in shape by aging is small (Photo 5) and 
that in optical density is also small (Fig. 5).
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Photo 5  TEM Image of developed silver 
[Grain size : 0.07 μm, Swelling ratio : 220%, Aging 
condition : 80˚C/80% 3 days].
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Utilizing this change in optical density, we have calculated 
the activation energy with the Arrhenius equation and 
estimated the life. Fig. 6 shows the temperature dependence 
of changes in optical density. Based on the result, we have 
calculated the time required for an optical density to change 
by 10% (2.0 to 2.2). We have then created an Arrhenius 
plot (plotting reciprocals of test time on the horizontal axis 
and logarithms of the time required for the optical density 
to change by 10% on the vertical axis) and calculated the 
activation energy (ΔE). It was 34.7 kcal/mol (Fig. 7).
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Fig. 6 Dependence of density change rate on temperature
 [Grain size : 0.07 μm, Swelling ratio : 220%, Fresh density : 2.0].
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Fig. 7   Arrhenius plot and activation energy (   E) of ETERNA-RDS.

From the calculation result above, the life of ETERNA-
RDS is estimated to be more than 1000 years under the 
conditions of 20°C and 60% (Table 1).

Table 1   Estimation of life expectancy of developed silver.

Grain size
(μm)

Swelling
Ratio
(%)

Time required for the 
10% density change
(day : 80ºC/60%)

Life Expectancy
(year : 20ºC/60%)

0.07 340 2.0 150

0.07 220 7.5 540

0.11 220 21 1500

0.11+0.18
(RDS) 220 >40 >2900

Increasing Sensitivity of Fine Particles and 4.2 
Controlling Gradation

We have aimed at providing ETERNA-RDS with both 
gradation of γ  1 and stability in film processing. To achieve 
gradation of γ  1, we need silver halide particles with wide 
size distribution (polydisperse) in general. These particles, 
however, are large in gradation change due to changes in film 
processing. We have used silver halide cubic particles, which 
are quickly developed and small in gradation change. We 
have reduced these particles in size to improve the graniness 
and decrease light diffusion. Reduction in particle size causes 
another problem. The sensitivity is reduced. We have solved 
this problem by introducing the reduction sensitization 
technology. Also, cubic particles have a narrow particle 
size distribution (monodisperse) and the gradation is hard 
(γ  1). We, therefore, have combined particles different in 
sensitivity (size) to achieve gradation of γ  1. Here, another 
problem arises. The difference in size causes difference in 
development speed, resulting in changes in gradation during 
processing. We have doped the silver halide particles with 
a metal complex to control the development speed and we 
have succeeded in preventing gradation changes due to film 
processing (Fig. 8).
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Fig. 8 Achievement of high resolution, suitable contrast and 
development stability.

We will explain the technologies used for ETERNA-RDS 
in more detail.
<Reduction Sensitization>

Pigments adsorbed to the surfaces of silver halide particles 
absorb light and generate electrons and holes. The electrons 
enter the particles. The electrons in the particles are bound 
to silver ions in the particles. That produces latent images. 
The latent images serve as a catalyst during development and 
the silver halide particles changed to silver. The sensitivity, 
therefore, is proportional to the surface area of a particle. 
When the particle size is reduced, the sensitivity is also 
reduced. Also when the particle size is reduced, electrons and 
holes will not be separated far enough. Electrons and holes 
react with each other and disappear. This phenomenon is 
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called recombination. Due to recombination, the sensitivity 
is reduced more largely than due to reduction in surface 
area. To prevent a decrease in sensitivity due to reduction 
in particle size, we have employed Ag2 nucleus. A reducing 
agent is added while particles are forming and Ag2 nuclei 
react with electron holes to prevent recombination. Ag2 
nuclei that have reacted with holes release electrons and that 
accelerates formation of latent images. That increases the 
sensitivity more than prevention of recombination does4).
<Metal (Ir) Complex Doping>

Very short and high intensity exposure (10-6 to 10-7 sec) 
like laser exposure generates many electrons and holes 
in a short time. That increases recombination as well. 
Furthermore, as many electrons are generated, a lot of 
small latent images low in developing activity form (latent 
image dispersion). That reduces the sensitivity and slows the 
development. The degree of reduction or slowing depends on 
particle size. ETERNA-RDS uses different sizes of particles 
in gradation design. To prevent the gradation from changing 
during development, we have doped iridium (Ir) complex, 
which temporarily trap electrons, into the particles to avoid 
generation of electrons in high density5). This technology 
enables a large latent image to form in a small particle. That 
increases the developing activity and keeps the gradation 
constant under various development conditions (Fig. 9).
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Fig. 9 The technology to prevent dispersion of latent image; Ir 
complex doping.

Anti-halation Technology: Improvement in 4.3 
Sharpness

Sharpness is reduced by unwanted diffusion of light inside 
a film. There are two types of diffusion. One is reflection 
on the film interface. It causes flare the influence of which 
extends far. This is called halation. The other diffusion is 
scattering on silver halide particles. It reduces the sharpness 
in the high-frequency range. This is called irradiation. To 
prevent deterioration (blurring) of images by these two types 
of diffusion, we have used Dye 1 fixed to the anti-halation 
layer and Dye 2 diffusing to all the layers and examined the 
effects of the two dyes (Fig. 10).
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Fig. 10 Scattering and reflection of exposure light in a film and 
anti-halation by use of dye.

Dye 1 absorbs light diffusing a long distance very well 
and prevents flare with only a slight decrease in sensitivity. 
Dye 2, although it reduces sensitivity, effectively absorbs 
light scattered by silver halide particles and drastically 
improves sharpness in the high-frequency range. In designing 
ETERNA-RDS, we have used a combination of the two dyes 
that minimizes a decrease in sensitivity and that improves 
sharpness most effectively.

Fig. 11 shows the flare characteristics of ETERNA-RDS. 
Flare is indicated by an increase in density of the unexposed 
area caused by light diffusion from the exposed area. With 
ETERNA-RDS, the density hardly increases. The new 
film demonstrates great flare characteristics and thus great 
sharpness as shown by Photo 3.

Current film 

ETERNA-RDS 

Exposed Unexposed

Fig. 11   Flare of ETERNA-RDS (Green laser exposure at 532 nm).

Conclusion5. 
More and more movie making workflows are combining 

analog and digital technologies. The advantages of each 
technology are made the most of in all the processes. 
Especially in the editing process, digital technology is 
spreading rapidly due to ease of the operation. The masters 
of almost all the movies are produced digitally nowadays. 
Digital masters are stored in digital media although there is 
concern about long-term storage. In response to the situation 
in the market, we have developed ETERNA-RDS to achieve 
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long-term stability by combination of polyester base and 
silver images and high-definition recording of digital data. 
We hope this product will be widely used as a reliable means 
of digital master storage and will help protecting the heritage 
of the motion picture industry. In closing, we would like 
to thank all the people who have given us guidance in our 
research and who have cooperated in the development of 
ETERNA-RDS.
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