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Abstract

In April 2007, FUJIFILM introduced ETERNA-RDI for digital intermediate. It is the first film stock in 
the world, designed specially for use in the digital intermediate workflow. ETERNA-RDI offers a significant 
improvement over conventional non-specific intermediate film stock, producing fine detail and accurate color 
from digital image data. New silver halide grain technology prevents spectral color crosstalk, and reduces 
scattering of light with its fine control of incident light. Higher photographic stability makes handling in the 
processing laboratory easier.

Introduction1. 

In each step of the motion picture production process, 

which can be broadly divided into filming, editing, and 

distribution and theater presentation, the appropriate type 

of silver halide film has been used.  However, in recent 

years digital technology has spread as far as the film 

production site and has made the production of images that 

stun and compel audiences in new ways easier than ever.  

This is especially true for the editing process, in which the 

digitization of editing and the synthesis of a variety of sources 

into single images have become mainstream.  There is also a 

phenomenon known as “digital cinema,” in which every step 

of the motion picture production process, from filming to 

theater presentation, is carried out using digital technology.  

However, because of infrastructure problems and other 

obstacles, as of the year 2007, even in the USA, the motion 

picture capital of the world, the number of theaters that 

support digital cinema is only about 10%.  In the marketplace, 

motion picture production that brings to life the merits of 

both silver halide filming and digital editing is on the rise.  

In order to adapt to this changing film production reality and 

further the synthesis of the analog and the digital, the authors 

of this report engaged in film development that placed the 

spotlight on film recording, which is the key to connecting 

digital editing and film-based theater presentation.

FUJIFILM Corporation has developed the industry’s first 

specialized film for digital recorder output, ETERNA-RDI, as 

a total image quality improvement solution for motion picture 

production which dramatically improves the image quality of 

film recording.  ETERNA-RDI was put onto the market in 

April 2007 (Fig. 1).

This report explains the features and the background of the 

development of the ETERNA-RDI film line.  In addition, the 

report also explains the technology that made the development 

of these new products possible.

Fig. 1  Newly developed motion-picture recording film ETERNA-RDI.

Historical Background of Motion Picture 2. 
Development and the Goal of ETERNA-RDI

This section briefly explains how the motion picture 

production workflow has changed in recent years and what 

the current state of film recording is before discussing the 

goal of ETERNA-RDI, which is based on these modern 
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realities of film production.

Fig. 2  Trend toward digitization in editing process.

Changes in the Motion Picture Production 2.1 
Workflow

As can be seen in Fig. 2, the percentage of motion picture 

productions that use digital editing is steadily growing, and 

digital editing has now become mainstream.

 As this trend continues, the motion picture production 

workflow is also changing.  Namely, as can be seen in Fig. 

3, high quality images scanned from negatives are composed 

and edited digitally, so that a digital master is produced.  The 

system that is in place for handling the various subsequent 

processes is referred to as the digital intermediate system.  

When using a digital master, the workflow up to theater 

presentation is as follows: (1) use a film recorder; (2) record 

to film; if necessary, (3) produce duplicates on intermediate 

film; and (4) print to positive film and present.

Digital film image
CG image

Composition and editing

Digital master

Scanner

Negative

Theater presentation
Digital image

Analog image

DLP

4. Positive film (for projection)

DVD, etc.2. Film

New: ETERNA-RDI

Old: Intermediate film

1. Film recorder

Film recording

3. Intermediate film 
(duplication)

Fig. 3  Workflow of motion-picture production.

Film Recording2.2 

In the workflow discussed above, the film recording 

step is the point at which conversion between digital and 

analog takes place and is thus an important step that affects 

the overall picture quality.  As digital editing has become 

more and more common, film recorders have continued to 

improve picture quality with technological innovation after 

technological innovation.  In particular, the ARRILASER, 

which is a recorder produced by the ARRI Group in 1998 

that uses a laser scan recording method, achieved a dramatic 

improvement in picture quality with drastically higher detail 

and contrast than those of contemporary recorders.  The 

ARRILASER received the Academy Scientific and Technical 

Award in 2002 and has gained widespread appeal in the 

recording marketplace.  Currently, the word ARRILASER is 

synonymous with high-picture-quality digital recording.

 In the film recording process, pre-existing types of film 

have been used.  Negatives are sometimes used because 

of cost concerns, but in most cases, intermediate film is 

used.  As can be seen in Figs. 4 and 5, intermediate film is 

particularly suited for high-picture-quality recording, because 

it is superior to negative film products in terms of both 

sharpness and granularity.  However, intermediate film is 

intended for analog editing and duplication, not for film 

recording.  Even now, there is a large difference in image 

quality between digital masters and the images that have been 

recorded to intermediate film, and there is a strong demand in 

the market for something better.

High sharpness

Fig. 4 Comparison of sharpness among negative films and 
intermediate film.

Superior granularity

Fig. 5 Comparison of granularity among negative films and 
intermediate film.

Goal of ETERNA-RDI2.3 

After researching and verifying the issues facing film 

recording, the authors of this report identified the following 
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thinner and disappear, and fat lines are blurred.  This makes 

the reproduction of details difficult.  With ETERNA-RDI, 

thanks to Super Nano Cubic Grain Technology and Super 

Efficient Light Control Technology, which will be discussed 

later, even the highlighted areas of high-contrast images can 

be reproduced with very high similarity to the original image 

(Fig. 7).  This contributes to the reproduction of sharp, crisp 

images, and it makes it possible to achieve rich images that 

convey a strong sense of depth and dimension (Fig. 8).  When 

the CTF (Contrast Transfer Function), a physical value that 

expresses sharpness, of ETERNA-RDI is contrasted with 

that of conventional intermediate film, the superiority of 

ETERNA-RDI is readily apparent (Fig. 9).

Fig. 7  Less blur in highlight area with ETERNA-RDI.

Fig. 8  Superior Sharpness of ETERNA-RDI.

High sharpness

Fig. 9  Superior sharpness of ETERNA-RDI shown in CTF chart.

Tone and Color Reproduction that are 3.2 
Faithful to the Original Image

ETERNA-RDI widens the range of expressible densities.  

ETERNA-RDI reduces image ir regular ities even in 

highlighted areas, makes the expression of darker shadowed 

areas richer, and increases resolution.  The combination 

of these factors leads to tone reproduction that conveys an 

intense sense of depth.  Furthermore, while the reproduction 

of original colors at the edges of the color range was difficult 

in the past, ETERNA-RDI is capable of reproducing these 

colors faithfully.

three problems:

Problem 1:  Conspicuous blurring, especially of highlighted 

images (the high-density areas on negative film)

Problem 2: Poor color reproduction

Problem 3:  Color discrepancy between the top frame and 

the last frame in long reels of film (top/last gap).

Problems 1 and 2 affect the post-production stage, in 

which accurate reproduction of the original image is desired.  

Problem 3 affects the lab, where reduction in the film 

development workload is desired.  In other words, the lab has 

to work to reduce the top/last gap in the film development 

stage, and this produces extra work.

Fig. 6 summarizes the causes of each of the three 

problems.
(Recorder)

Shape of recorded light is 
approximately constant

Increased light scattering 
with increased intensity

(Problem 1) Blurring in 
highlighted areas

Wavelength of recorded 
light is approximately constant

Change in hue caused by 
color crosstalk

(Problem 2) Poor color 
reproduction

Low-speed recording
Latent image fading during 
recording

(Problem 3) Generation 
of top/last gap

Cause of the problem

(Film) (Problem)

Fig. 6  Analysis of problems regarding the quality of film recording.

Many of the problems are caused by film.  The 

fundamental reason for this is that intermediate film, which 

is intended for analog duplication, is used for film recording, 

so the compatibility between the film and the recorder is 

poor.  After engaging in extensive technological research and 

market testing aimed at solving these problems, the authors 

of this report came to the conclusion that for the needs of the 

market to be satisfied, a new type of film was necessary that 

would bring out the maximum potential of the film recorder.

Taking the above points into consideration, the authors set 

out to create the world’s first film designed specifically for 

digital recorder output, with the goal of achieving faithful 

reproduction of the original image and satisfactory lab 

handleability.

Features of ETERNA-RDI3. 

This chapter explains the main features of ETERNA-RDI.  

Items relating to the technology that was used to achieve these 

features are discussed in a later chapter.

Revolutionary Image Blur Reduction3.1 

Theater screens often exceed 25 m in width.  The images 

on these screens are magnified by over 1200 times, so it is 

necessary that details be expressed with high precision on 

the original negative film.  Laser-created high-detail digital 

images that could not be reproduced on intermediate film can 

be reproduced on ETERNA-RDI.

Ordinarily, when the intensities of lines and text contrast 

strongly with those of their surroundings, thin lines become 
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As examples, Fig. 10 shows the plots of the density 

measurements of negatives for patches of R, G, and B 

recorded in 20 steps using the ARRILASER, and Fig. 11 is 

a chromaticity diagram of R, G, B, C, M, and Y measured 

from positive film.  Conventional intermediate film suffers 

from intense changes in hue in the range of overexposure, but 

ETERNA-RDI reproduces colors faithfully with no changes in 

hue throughout the underexposure and overexposure ranges.

Photographic Stability That Lasts through 3.3 
Long Recording and Improves Lab 
Handleability

Because it takes a few seconds to record a single frame 

with the ARRILASER, it takes 15 hours or more to record 

over a single 2000-ft roll.  Therefore, even on the same 

roll of film, the time between when the film is exposed 

and when it is developed is different by 15 hours or more 

between the top and last frames.  Fig. 12 shows a comparison 

between the densities of the top and last frames of a single 

roll of film after a grayscale has been recorded on it and it 

has been developed.  The top half is a sensitometric graph, 

and the bottom half is a plot of the differences between the 

densities of the top and last frames on a hexagonal graph.  

On conventional intermediate film, the printer step value of 

the maximum difference between the top and last frames is 

2 (density difference D = 0.05), but on ETERNA-RDI, the 

printer step value of the maximum difference is less than 1.  

It is clear that ETERNA-RDI boasts superior stability and 

makes lab handling easier.

Fig. 11  Less color crosstalk of ETERNA-RDI; chromaticity chart.

Color 
crosstalk

Fig. 10  Less color crosstalk of ETERNA-RDI.

Fig. 12  Higher photographic stability of ETERNA-RDI.
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Technology That Made ETERNA-RDI 4. 
Possible

The relationships between the features of ETERNA-RDI 

and the technologies that made them possible are outlined in 

Fig. 13.
(Film features) (Technological developments)

Revolutionary reduction of 
image blurring

Reduction of light scattering

Tone and color reproduction that 
is faithful to the original image

Increase in linearity
Super Efficient Light Control Technology

Super Nano Cubic Grain Technology

Increase in lab handleability

Reduction of light dispersion 
and color crosstalk

Increase in latent image 
stability

Fig. 13  Major features and technologies of ETERNA-RDI.

Super Nano Cubic Grain Technology4.1 
Light-sensitive silver halide particles are the element that 

influences film quality the most, and each type of film has its 
own optimal arrangement of these particles.  In intermediate 
film, the size of the light-sensitive silver halide particles is 
within the range of 0.1 to 0.2 µm.  This particle size enables 
intermediate film to act as a medium for high-quality pictures 
with high sharpness and superior granularity.  This particle 
size is the smallest size available for conventional silver halide 
film, but even at this small size, the high refractive index of 
the silver halide particles causes light scattering.  In addition, 
reduction sensitization has been one of the major sensitizing 
technologies used to increase the photographic sensitivity 
of the small silver halide particles used in intermediate 
film, but this technique makes the control of latent image 
stability difficult.  These problems become more pronounced 
when intermediate film is used for film recording, which 
intermediate film was not originally intended for.  While the 
development of ETERNA-RDI was based on the silver halide 
particles in intermediate film, a fundamental change in the 
arrangement of those particles was made in order to bring out 
the maximum potential of the digital recorder.

During film recording, image blurring occurs when 
recorded light scatters in the film.  Because light scattering 
increases with the intensity of the recorded light, image 
blurring can be decreased through an increase in sensitivity, 
the ability to record with low-intensity light.  Therefore, the 
authors of this report researched the inefficiencies in the 
film exposure process, and came to the conclusion that the 
following two inefficiencies are particularly important:

Inefficiency 1. High intensity reciprocity law failure
Inefficiency 2.  Reduc t ion  in  l i gh t  absorp t i on 

resulting from mismatches between 
spectral sensitivities and light source 
wavelengths.

First, this section will explain the solution to Inefficiency 
1.  Because surface exposure is used in duplication, which 
is the originally intended application of intermediate film, 
the exposure time is in the order of thousandths of a second.  

However, in the scanning laser recording method, the 
exposure time is reduced to only a few tens of nanoseconds 
so that high productivity can be achieved.  This exposure 
time is only one millionth of the exposure time that is used 
for duplication.  When intermediate film is used in film 
recording, the reduced exposure time results in high intensity 
reciprocity law failure caused by latent image diffusion.  
This problem has been alleviated through the doping of just 
the right amount of iridium complex in just the right place 
inside the silver halide particles.  The dopant becomes an 
electron trap with just the right amount of depth.  It traps the 
photoelectrons that appear as a result of a very short exposure 
time and slowly releases them afterwards.  This process solves 
Inefficiency 1 by encouraging latent image concentration.

As can be seen in Fig. 14, ETERNA-RDI solves 
Inefficiency 2 by achieving spectral sensitivities that 
match the characteristics of the original R, G, and B light 
sources.  The achievement of this matching requires the 
significant reduction of spectral sensitivity wavelengths 
and is thus impossible using conventional combinations 
of sensitizing dyes.  The authors of this report carefully 
analyzed the associativity, hydrophobicity, and hydrophilicity 
of sensitizing dyes and discovered a heretofore unknown 
special combination of dyes that enabled them to achieve 
spectral sensitivities that are optimal for film recording.  
This not only led to the solution of Inefficiency 2 and the 
improvement of sensitivity during film recording, but also to a 
significant reduction in color crosstalk caused by an increase 
in wavelength sensitivity difference between different color-
sensitive layers.

Fig. 14 Spectral sensitivity of conventional intermediate film and 
ETERNA-RDI.

These and other improvements have led to the successful 
increase of silver halide particle sensitivity in film recording 
to 10 times that of intermediate film.  This increased 
sensitivity has made it possible for the amount of silver 
halide in the film to be reduced to 80% that of intermediate 
film and for the particle size to be reduced as well.  This 
leads to a large decrease in image blurring.  In addition, 
increased sensitivity makes the Super Efficient Light Control 
Technology described later possible, and this decreases image 
blurring even more.  
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Fig. 15 compares electron microscope photographs of cross 
sections of intermediate film and ETERNA-RDI.

Fig. 15 Cross section of conventional intermediate film and 
ETERNA-RDI.

The parts of the film that appear white are the silver 
halide particles.  The difference in particle size is particularly 
apparent between the particles in the blue sensitive layers 
circled in red, but it is also clear that the ETERNA-RDI 
particles are small throughout all layers of the film.

Each color sensitive layer is composed of a high-sensitivity 

Sagging

Strong linearity

Fig. 16 Characteristic curves of conventional intermediate film and 
ETERNA-RDI.

layer (the upper layer) and a low-sensitivity layer (the lower 
layer) so that exposure latitude can be achieved.  The silver 
halide particles in the low-sensitivity layer are smaller than 
those in the high-sensitivity layer.  The size of the silver 
halide particles in the low-sensitivity layer of ETERNA-RDI 
reach the very small size range of approximately 70 nm.  
Within this size range, light scattering hardly occurs at all, so 
the amount of silver halide can be increased without negative 
image blurring effects.  As discussed below, this fact makes 
it possible to improve the suitability of ETERNA-RDI for 
recording applications even more.

Conventional intermediate film is designed for an 
exposure latitude of  LogE = 1.7, and within that range, a 
value of approximately 1 is maintained between adjacent 
tones.  However, the difference between each tone declines 
at exposure levels beyond  LogE = 1.7.  In film recording, 
where an exposure latitude of  LogE = 2 or more 
is necessary, exposure levels reach the range where tone 
differences begin declining.  This is one of the reasons why 
pronounced blurring occurs in the high density range.  With 
conventional film, an attempt to adjust the tone differences 
by increasing the amount of silver halide particles in the low-
sensitivity layer would result in increased light scattering.  
However, with the very small particles discussed above, 
an increase in particles creates almost no increase in light 
scattering, so it is possible to achieve linearity even in the 
high density range.  Fig. 16 shows the characteristic curves of 
conventional intermediate film and ETERNA-RDI when they 
are used in a digital recorder.  In conventional intermediate 
film, the increased exposure level necessary to achieve high 
densities results in image blurring and color crosstalk.  The 
strong linearity of ETERNA-RDI alleviates these problems.

 In addition to the improvements that have been listed so 
far, ETERNA-RDI has also improved upon the reduction 
sensitization of silver halide particles that has been used in 
conventional film.  Reduction sensitization is applied to silver 
halide particles as they crystallize, but because of unevenness 
between particles, even if reduction sensitization is used 
that is ideal when its affects on the particles are averaged, 
some particles have inadequate sensitization levels, and these 
particles cause latent image fading.  In the development 
of ETERNA-RDI, particle unevenness has been removed 
through the improvement of the conditions of reduction 
sensitization.  This means that ETERNA-RDI is a film with 
superior photographic stability in which the top/last gap is 
unlikely to occur, even in long recordings.

Super Efficient Light Control Technology4.2 

Conventional intermediate film has until now had the most 

sharpness out of all of the types of film available, but as has 

been discussed before, the goal of the authors of this report 

was to create the ultimate film for digital recording.  In order 

to achieve this goal, the authors developed Super Nano Cubic 

Grain Technology, which greatly increased the sharpness 

of ETERNA-RDI.  However, further improvements were 
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necessary for the achievement of the ideal recording image 

quality.

The color-sensitive layers in intermediate film are stacked 

with blue on the top (where recorded light enters the film), 

then green, then red.  To reach a lower layer, light must pass 

through the layers above it.  Because the silver halide particles 

in the high sensitivity layers of each color layer are larger 

than 0.1 µm, light scattering is unavoidable, and recording 

light scatters before it reaches the bottom of each layer.  To 

solve this problem, the authors of this report inserted light 

absorbing layers above the light-sensitive layers to prevent 

scattered light from entering them.  Ordinarily, because this 

technique reduces sensitivity, the amount of light-absorbent 

layer that can be applied is limited, and so the effects of the 

light-absorbent layer are not sufficient.  However, Super Nano 

Cubic Grain Technology gives ETERNA-RDI the sensitivity 

necessary to compensate for the decrease caused by the light-

absorbent layer.  This makes it possible to almost completely 

block scattered light.

Light control layer
      The scattered light 
caused by emulsion 
particles is reduced.
 
Unwanted reflections 
and scattered light are 
blocked.

Light-sensitive particle

Emulsion particle

Red-sensitive
 layer

Light control layerAbsorption

Green-sensitive
layer

LightLight 
scattering

The upper layers 
cause light 
scattering, and 
blurring occurs 
because the image 
is widened in 
relation to the 
projected profile.

As has been explained in the preceding sections, in order 

to create ETERNA-RDI, the ideal film for recording, the 

authors of this report developed Super Nano Cubic Grain 

Technology and Super Efficient Light Control Technology, 

took advantage of the effects of these technologies to the 

greatest extent possible, and designed the film so that the 

technologies would complement and enhance each other.

Conclusion5. 

The motion picture workflow is developing and changing 

each year, and digital intermediate systems are now becoming 

common.  The advance of digital technology is striking, 

but if we observe the motion picture production process 

from filming to theater presentation, it is clear that hybrid 

systems that combine analog and digital technologies are 

still evolving.  Even now, the majority of filmings and theater 

presentations use film, and it is likely that technologies and 

products that connect the analog and the digital will continue 

to play a vital role into the future.  In order to contribute 

to the development of cinema culture, we have engaged in 

wholehearted discussions with people in a variety of fields of 

the motion picture industry, and have been able to bring a new 

product to the world that is the first of its kind.  ETERNA-

RDI has received much attention from the industry ever 

since it was first introduced, and it has already been used in 

such motion pictures as New Line Cinema’s “The Golden 

Compass,” Toei’s “Kamen Rider Den-O the Movie,” and 

Toho’s “Naruto: Shippuden 5.”  We hope that this product will 

contribute to the popularity of future motion pictures and to 

visual technology and culture.  In closing, we would like to 

thank all of the people who helped guide us in our research 

and all of the people who were involved in the development of 

ETERNA-RDI.
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