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(C. 95-2) 5 Claims, 
This invention relates to color photography and particularly to a multi-layer photographic 

material for the preparation of colored pictures. 
The incorporation in photographic emulsions 

of compounds containing active methylene or 
phenolic hydroxyl groups which couple with the 
development product of primary aromatic amino 
photographic developers upon photographic de 
velopment was described in Fischer U. S. Patent 
1,102,028, June 30, 1914. When such couplers are incorporated in multi-layer photographic mate 
rial which contains emulsion layers: sensitive to 
various regions of the spectrum, the couplers tend 
to reduce the sensitivity of the emulsion in which 
they are incorporated. One method which has 
been proposed for overcoming this objectionable 

emulsion layer. 
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action of the coupler compounds in the emul 
sions is to incorporate the couplers in a pure 
gelatin layer situation above or below the corre 
sponding sensitive silver halide layer. This 
method is described in Schinzel U. S. Patent 
2,306,410, December 29, 1942, on page 12. When 
the couplers are incorporated in a plain gelatin 
layer in this way, they do not reduce the sensi 
tivity of the emulsion layer and a colored image 
can be produced. The development product of 
the developing agent diffuses from the silver hal 
ide layer into the adjacent layer containing the 
coupler. The image produced in this way, how 

has poor definition and low maximum den 
It is, therefore, an object of the present inven 

tion to provide a multi-layer film containing cou 
plers, which produces maximum dye densities. A 
further object is to provide a method and means. 
for diminishing the speed loss in photographic 
coatings containing couplers. . A still further ob 
ject is to provide a method and means for im 
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. Y., a cor 

2,306,410, three silver halide emulsion layers, sen 
sitive respectively to the red, green and blue re 
'gions, are coated in succession on a support. The 
red-sensitive emulsion layer preferably contains 
a non-diffusing coupler capable of producing a 
blue-green layers, the green-sensitive emulsion 
layer contains a non-diffusing coupler capable of 
producing a magenta, dye and the blue-sensitive 
emulsion layer contains a non-diffusing coupler 
capable of producing a yellow dye. A yellow 
filter layer is ordinarily coated between the blue 
sensitive emulsion layer and the green-sensitive 

The non-diffusing couplers in 
corporated in the sensitive emulsion layers in this 
way tend to decrease the sensitivity to light of 
the emulsion layer, and, therefore, make it neces 
sary to expose the material to light of higher in 
tensity or for a longer time in order to secure the 
necessary dye density in the image. Schinzel 
suggested on page 12 of his Patent 2,306.410 that 
the couplers might be incorporated in gelatin lay 
ers situated adjacent the corresponding silver 
halide layers. For example, the Imagenta coupler 
would be incorporated in a gelatin layer adjacent 
the green-sensitive layer rather than incorpo 
rated in the green-sensitive layer itself. This 
expedient overcomes the objectionable desensitiz 
ing of the emulsion layer but has the disadvan 

- tage that the definition of the resulting images 
30 is poorer and the maximum density lower than 

when the coupler is incorporated in the sensitive 
layer itself. According to my invention, I incorporate the 
coupler in the sensitive layer itself in the cus 

35 tomary manner but provide an extra sensitive 
layer of the same or faster silver halide without 
the coupler, adjacent the layer containing the 
coupler'? For example, adjacent the green-sensi 

proving the definition of images resulting from . . 
coatings containing couplers. Other objects will 
appear from the following description of my in 

... vention. 
These objects are accomplished by placing ad 

... 'jacent a normal layer containing silver halide - 
... and coupler another layer containing the 
or faster silver halide only. In the accompanying drawing, which forms a 
part of my invention, the Fig. 1 is a sectional view 
of a film having sensitive layers not containing 

same 

40 
tive emulsion layer containing the coupler pro 
ducing the magenta dye I provide a green-sensi 
tive silver haide layer not containing coupler. 

coupler coated adjacent layers containing cou 
plers, and Fig. 2 is an enlarged sec 
a portion of Fig.1. ..., 

In the known process of producing colored pho 
tographic images in a multi-layer material as de 

tional view of 

scribed, for example, in schinxel U.s. Patent 

In the corresponding manner, a red-sensitive sil 
... verhalide emulsion layer not containing coupler 
may be provided adjacent the red-sensitive enul 
sion layer containing the coupler producing the 
cyan dye. The presence of coupler in an unsen 
sitized layer causes less speed loss than in an op 
tically sensitized layer, hence the need for an 
extra emulsion layer adjacent the blue-sensitive 
layer containing the coupler producing the yellow. 
dye is considerably less, but such layer can be 
employed if desired. v. 
A film of this type is shown in the accompany 

ing drawing in which 0 is a base or support of 
any suitable material such as cellulose ester, syn 

  



2 
thetic resin, paper or pigmented cellulose ester. 
On this support are coated silver halide emulsion . 
layers , 2 and 3 sensitive respectively to the 
red, green and blue spectral regions and contain 
ing, respectively, couplers capable of producing 
blue-green or cyan, magenta, and yellow dyes. 
Adjacent the red-sensitive emulsion layer there 
is a gelatino-silverhalide emulsion layer f4 sens 
tive to red light of the same region as layer. . 
Adjacent the green-sensitive emulsion layer 2 
containing the coupler producing the magenta 
dye there is a gelatino-silver halide emulsion lay 
er sensitive to green light of the same region 
as the emulsion layer 2. The emulsion layers 4 
and are free of coupler. While they are shown 
as being adjacent each other, it is also possible 
to coat the layer nearest the support and to 
coat the layer is on the opposite side of the layer 
2. The film also has a yellow filter layer S 
between layers 2 and , of any suitable light 
absorbing material such as colloidal silver. 
When a film of this type is exposed to a colored 

object or image containing the three primary 
colors, latent images are produced in each of the 
five sensitive emulsion layers. If the film is to 
be developed to a color negative, it is developed 
immediately after exposure in a color-forming 
developer such as p-amino-dimethylanine or 
diethyl-p-phenylenedlamine. This development 
step produces yellow, magenta and cyan dyes in 
the respective emulsion layers containing these 
couplers. In the red-sensitive and green-sensi 
tive emulsion layers 4 and 5 not containing 
coupler a silver image is produced simultaneously 
with the color development. This development ss 
of silver images in layers 4 and 5 results in 
the formation of oxidation or development prod 
ucts of the developing agent and these oxidation 
or development products diffuse somewhat into 
the adjacent emulsion layers. The development 
product formed in layer S diffuses into layer 2 
and the development product formed in layer 4 
diffuses into layer fl. Since this diffusion takes 
place only where the layers 4 and is have been 
exposed and a silver image formed, the develop 
nent product diffuses into the adjacent layers 

and 2 where those layers were exposed, as 
well as to some extent in the toe region which 
was not exposed. The development product from 
layers 4 and S couples with the couplers or 
color-forming compounds in layers if and 2 and 

s speed of the film, since a greater. 
deposited for the same exposures 
possible without these extra 
time the definition of the 
creased but is as good as it 
extra layers (exceptin 
The action of the extra 

parent from a consideration 
companying drawing 
of the two layers and f4 comprising 
of the film shown in rig. 1. 
are exposed by red light, and dev 
color-forming developer, image T will 
in layer f and image 8 will be formed in layer 
4. These images are indicated in the drawing 
as triangular figures, the left hand side indicat 
ing the portion of minimum density and the right 
hand side the portion of maximum density. 
Image will consist of metallic silver and cyan 

Seasy 
dye images is not 

be more w E. 
hich 

the 

pO. e 
e O ped ia 

2870217 
... image 8 will consist only of metallic silver 

because layer 4 contains no coupler. Because 
of the reduced sensitivity of layer caused by 
the presence of the coupler, the image has less 

drawing than the image . 

O 

toe density than the image 8. This is indicated 
by the fact that the image 8 extends further 
to the left (beyond the vertical dotted line in the 
The developer oxidation product from image 
diffuses somewhat into layer . When it 

enters layer if it comes in contact with any 
coupler in that layer which has not already 
coupled. Cyan dye is thereby formed wherever 

... the developer oxidation product from layer 

layers and f4. 

diffuses into layer. ft. This is indicated at 9 
as a thin portion of dye near the boundary of 

Since the dye results from sil 
wer formation in layer 4, it will extend further 
into the toe region than image and when the 
metallic silver is removed from layers and f4 
will serve to the toe density of image 7. 
This is equivalent to increasing the speed of layer 

In the production of a sensitive photographic 
film accordingtony invention, any known photo 
graphic silver halide emulsion of satisfactory 
speed and definition characteritics may be en 
ployed. The green-sensitive and red-sensitive 
emulsion layers may contain any suitable optical 
sensitizing dyes and the emulsion layers may con 
tain any of the non-diffusing couplers described 
in Schine U.S. Patent 2306.40. 
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The sensitive emulsion layers containing the 
couplers may also be of the type in which the 
coupler is incorporated in a water-insoluble, 
water-permeable materia as described in 
Mannes and Godowsky U. S. Patent 2304,940, 
December 15, 1942, and Jeley and Vitturn U. S. 

Although I have describedny inventioniby ref erence the ceilii. 
that it may be used also for reversal development. 

45. By proper choice of the silver haide content of 

ent spectral regions and containing different 
couplers, and contiguous to at least one of said 

6S emulsion layers, a silver halide emulsion layer 
free of coupler and having a spectral sensitivity 
substantially the same, and a speed at least as 
great, as that of the coupler-containing layer 
to which it is contiguous, said layer free of cou 

70 pler being incontact with no layer of different spectral sensitivity containing coupler. . . . . 
2. A multi-layer photographic material com 

prising a support having thereon three gelatino 
silver halide emulsion layers sensitive, respec 

dye because of the coupler incorporated in layer TS tively, to the blue, green, and red spectral regions 
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and containing couplers, and contiguous to at 
least one of said emulsion layers sensitive to a 
wave-length longer than blue, a gelatino-silver 
halide emulsion layer free of coupler and having 
a spectral sensitivity substantially the same, and 
a speed at least as great, as that of the coupler 
containing layer to which it is contiguous, said 
layer free of coupler being in contact with no 
layer of different spectral sensitivity containing 
coupler. 

3. A multi-layer photographic material com 
prising a support having thereon three gelatino 
silver halide emulsion layers sensitive, respec 
tively, to the blue, green and red spectral regions 
and containing couplers contiguous to the green 
sensitive emulsion layer but not to the red-sensi 
tive emulsion layer, a gelatino-silver halide 
emulsion layer sensitive to green light and free 
of coupler, and contiguous to the red-sensitive 
emulsion layer but not to the green-sensitive : 
emulsion layer containing the coupler, a gelat 
ino-silver halide emulsion layer sensitive to red 
light and free of coupler, said layers free of 
coupler having a speed as least as great as that 
of the coupler-containing layer to which they 
are contiguous. 

4. The method of increasing the dye densities 
in a multi-layer silver halide photographic mate 
rial developed by color-forming development, 
which comprises in a multi-layer materia have 
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3 
ing at least two silver halide layers sensitive to 
different Spectral regions, and COntaining cou 
plers, incorporating contiguous to at least one 
of of said layers, a layer of silver halide free 
of coupler and sensitive to the same spectral 
region and having a speed at least as great as 
the coupler-containing layer to which it is con 
tiguous, said layer free of coupler being in con 
tact with no layer of different spectral sensitivity 
containing coupler, exposing and developing said 
material in a color-forming developer Whose de 
velopment products diffuse to some extent from 
the non-coupler-containing layer into the cou 
pler-containing layer to strengthen the dye 
image in said last mentioned layer. 

5. A multi-layer photographic material com 
prising a support having thereon three gelatino 
silver halide emulsion layers sensitive, respec 
tively, to the blue, green, and red spectral regions 
and cofitaining couplers, a yellow filter layer be 
tween the blue-sensitive and green-sensitive 
emulsion layers, and contiguous to the red-sensi 
tive emulsion layer but not to the green-Sensitive 
emulsion layer containing the coupler, a gelatino 
silver halide emulsion layer sensitive to red light 
and free of coupler, said layer free of coupler 
having a speed at least as great as that of the 
coupler-containing layer to which it is con 
tiguous. 
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