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Abstract
Recent big change in photographic industries was caused by
rapid popularization of digital still cameras (DSCs) owing to the
facts that the image qualities of the pictures taken by DSCs as well
as by color films have become to be totally good enough for
amateur consumers, and that DSCs are more convenient than
color films. However, comparisons between color films and DSCs
have revealed that color films have still several advantages over
DSCs in capability and image quality. The advantages are
explained on the basis of the differences in technologies between
them, and provide a good reason to predict that people will
continue to use color films together with DSCs in the future. It is
also stressed that silver halide technologies are so elaborated that
they are being applied to various technical fields.

Technologies in Color Films1,2
A color negative film is composed of a photosensitive layer
with thickness of ～ 20 μm on a TAC film base with thickness of
～ 100μm. The photosensitive layer is composed of ～ 15 sublayers, which have different functions and are coated one on
another. They include layers, each of which is sensitive to one of
three primary colors (i.e., blue, green, and red) for capturing a fullcolor image. Furthermore, they also contain layers with high,
medium, and low sensitivities for capturing an image with wide
dynamic range. Recently, the fourth layer has been introduced into
color films to achieve faithful color reproduction3. Namely, the
three-dimensional structure of the photosensitive layer of a color
film makes it possible for it to capture an image with faithful color
reproduction and wide dynamic range.
A color film contains silver halide (AgX) grains as
photosensitive materials, and especially in highly sensitive layers
4
thin tabular AgX grains. Tabular grains were proposed , and have
been refined on the basis of nanotechnologies for many years. It is
also noted that a TAC film for a color film has been improved and
refined for many years to give a very flat and an optically uniform
5
base for a photosensitive layer in a color film .
Incident blue, green, and red lights are mainly absorbed by
sensitizing dyes on the above-stated grains in the green-, and redsensitive layers, and even in the blue-sensitive layer, since thin
tabular AgX grains are weak absorbers for blue light. Then, excited
dye molecules inject into the conduction band of the grains
electrons available for the formation of latent image centers
composed of silver clusters in collaboration with interstitial silver
ions. A latent image center initiates photographic development, by
which the exposed grain is reduced by a developer to give a silver
grain and a dye, whose color is complementary to that of the
absorbed light in each layer.
The theory and mechanisms of photographic sensitivity have
been studied for many years1 and have made it possible to grasp
the present state properly and predict the possibility and ways for
further improvements in the performance of color films2. They
include the enhancement of light absorption by thin tabular grains
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with antenna dyes6, the refinement of the technology to create two
electrons by one absorbed photon7, the improvement in the
efficiency of latent image formation by Se and Te sensitizations8,
and the depression of recombination by localizing photoelectrons
9
in the area with dislocations along the edge of a tabular grain . It is
predicted that the room for the increase in photographic sensitivity
is several times owing to the results of the above-stated efforts2.

Comparison in performance and technology
between Color Films and DSC2
It is obvious that the image qualities of pictures taken by color
films and DSCs with CCDs and CMOS as photo-sensors are
already good enough to satisfy many ordinary consumers.
However, careful comparisons in capabilities and image qualities
of pictures between color films and DSCs have revealed several
essential differences between them.
According to Uchida and Takada10, the advantages of color
films over CCDs are high sensitivity (2 steps) and wide dynamic
range (6 steps). They have brought about a new AgX product with
a highly sensitive color negative film (ISO sensitivity of 1600) and
a compact camera having a bright lens (1.9), by which we can take
pictures of most objects without any flash light11. Color negative
films with wide dynamic range are useful to develop attractive
single-use cameras and motion pictures12,9(a).
We have compared in image quality between the pictures of
various objects as taken by color films and DSCs, and found
several essential differences between them2(c),(d). Among those
pictures, two examples were taken and analyzed. Namely, a color
film could describe the details of the face skin of a lady more
precisely than DSC (Example 1), while a DSC could describe an
2(c)
airplane more sharply than a color film (Example2) . As analyzed
below, the depression of the response of a CCD in higher
frequency region by a low-pass filter is responsible for Example 1,
while the enhancement of the response of a CCD in the medium
frequency region is responsible for Example 2. The above-stated
two kinds of image processing technologies in a DSC would be the
reasons why people sometimes feel that the pictures taken by
CCDs are unnatural.
Then, comparisons are made on the differences in
technologies between color films and DSCs, which bring about the
above-stated differences in performance between them2. One of the
most important differences is in that a color film has such a threedimensional structure as to establish a pixel, which is sensitive to
three primary colors (i.e., blue, green, and red) with wide dynamic
range, while a CCD with two dimensional structure is composed of
pixels, each of which is sensitive to one of three primary colors
with limited dynamic range. In addition, the increase in the frame
area to increase the number of pixels per frame is much easier in a
color film than in a CCD. These differences are the main causes
for the fact that a color film is superior in sensitivity and dynamic
range to a CCD, as indicated by Uchida and Takada10.
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It is noted that photosensitive elements in a color film are
AgX grains, which are as small as 0.2 ~ 1μm and much smaller
than photosensitive elements (i.e., pixels) in a CCD. Since a CCD
is composed of many pixels, which are regularly arranged and
electrically connected in series, it is probable for only one defect or
dust to deteriorate the function of a CCD. Since the function of a
pixel in a color film is the result of the responses from several
hundreds independent AgX grains, defects and dusts hardly
deteriorated the function of a pixel, when their numbers are much
smaller than that of AgX grains in it. This is the reason why the
increase in the frame area for the increase in the number of pixels
per frame is more difficult in CCDs than in color films.
The modulation transfer function of a CCD becomes to be
very strange when the frequency of the input sign signal becomes
to be close to and larger than that of the regularly arranged pixels.
This means that a CCD is not available for taking a picture of a
regularly arrayed object owing to the occurrence of such problems
as aliasing and false color when its frequency is close to or larger
than that of the pixels on a CCD. In order to escape from this
problem, the depression of the response of a CCD in higher
frequency region is carried out by use of a low-pass filter, and
therefore responsible for the poor description of the details of the
face skin of a lady by a DSC. On the other hand, the enhancement
of the response of a CCD in the medium frequency region is
brought about by an image processing technique and responsible
for the sharp description of the edges of an airplane by a CCD.
Such image processing treatments as the depression of the
response in higher frequency region and the enhancement of the
response in medium frequency region bring about unnatural
description of some objects in the pictures taken by DSCs.
As stated above, the efficiency of image formation by color
films is still low, and has a room for further improvement. On the
other hand, the efficiency of image formation by CCDs is already
high, and little room for improvement. However, the possibility for
the improvement in capability by image processing technologies is
larger for CCDs than for color films. One of the most effective
technologies seems to be the interpolation, by which the response
at a deficient pixel can be supplied by the responses at its
neighboring pixels, and makes it easier to increase the frame area
of a CCD for the increase in the number of pixels per frame.
As stated above, there are the differences in capability and
performance between color films and DSCs, which are ascribed to
the differences in technologies between them. It is therefore
considered that people will use color films in addition to DSCs for
taking pictures, depending on their purposes and conditions.

New Technologies from AgX Photography
It is noted that various kinds of technologies have ever been
introduced into color films, and refined them for many year to
realize such fine and highly composite systems as color films.
Efforts to extend the technologies in AgX photography to other
fields are therefore thought to be attractive and promising. Some of
such efforts are new nuclear emulsion coatings with resetting
function for the study of neutrinos13, application of AgX emulsion
technologies to nano-particles of AgX available for holographic
materials14 and new nuclear emulsions to detect unknown materials
present in the space (i.e., dark matter)13, a new technology to put
AgI grains into practice to create photothermographic materials, in
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which unexposed photosensitive grains (i.e., AgI grains) are fixed
during thermal development15, application of flat and optically
uniform TAC film bases of color films5 to films for liquid crystal
displays16, application of characteristic technologies of AgX
materials (i.e., three-dimensional structure and the fourth layer for
faithful color reproduction) to new CCD and CMOS sensors to
enhance their performance17,18,3(c), and to new photo-sensors with
thin organic layers19, extension of the knowledge and technologies
of J-aggregated sensitizing dyes to thin organic layer devices20,
extention of dye sensitization as developed for photographic
t21
22
materials to photo-catalys , and dye-sensitized solar cells .
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