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(54) Silver Halide Photographic 
Material Providing an Image and an 
Unsharp Mask 

(57) Desirable edge effects are 
produced by normal imagewise 
exposure and processing of a sensitive 
radiographic film comprising a 
transparent film support bearing a 

layer of a direct-positive silver ha l ide 
emulsion and a layer of a negative 
silver halide emulsion and wherein the 
film comprises means to reduce cross-
over between the two emulsion layers, 
one of said emulsion layers being 
adapted to record a primary image 
and the other being adapted to record 
an unsharp mask image. 
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This print takes account of 
replacement documents later 
filed to enable the application to ^ ^ 
comply with the formal 
requirements of the Patents 
Rules 1978. > 
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SPECIFICATION 
Radiographic Silver Halide Materials 

6 5 

This invention relates to radiographic silver 
halide materials. 

5 In image recording systems the contrast of fine 7 0 
detail is generally lower than the contrast of 
coarse detail because of image spread, as 
indicated by a decrease in the modulation transfer 
function (MTF) with increasing image frequency. 

1 0 This phenomenon has been compensated for by 7 5 
exploiting a number of so-called edge effects 
which make the fine detail of an image appear 
sharper. 

One method for obtaining desirable edge 
15 effects in photographic silver halide materials is 8 0 

by restricting the rate at which developer in the 
emulsion layer is replenished and the rate at 
which development products in the emulsion 
layer are removed. 

2 0 Another method is known as "unsharp 8 5 
masking" and is described in "Principles of Colour 
Reproduction" by J. A. C. Yule, Wiley, New York, 
1967 , pages 7 4 — 8 . Briefly, the unsharp masking 
of a photographic transparency is normally 

2 5 achieved by making a mask, whiph is an out-of 9 0 
focus negative copy, and then superimposing the 

, mask on the original transparency. The mask, 
being unsharp, does not contain any high 
frequency information (fine detail) so that when 

3 0 superimposed on the original produces a v 9 5 
reduction in contrast of the low frequency 
information. 

A high contrast copy of the combination may 
then be made which recovers the original contrast 

3 5 of the low frequencies while increasing the 1 0 0 
' contrast of the high frequencies. Alternatively, if 
the original transparency is more contrasty than 
finally desired, the combination may be viewed 
directly at the desired contrast without making a 

4 0 copy. 1 0 5 . 
The degree of masking will depend on the 

relative contrasts and saturation densities of the 
materials used to make the original transparency 
and the mask. 

4 5 The present invention provides a sensitive 1 1 0 
radiographic material which is capable of 
providing a primary image and an unsharp mask 
simultaneously thus producing an image showing 
edge effects. 

5 0 According to the present invention there is 115 
provided a sensitive radiographic film comprising 
a transparent film support bearing a layer of a 
direct-positive silver halide emulsion and a layer 
of a negative silver halide emulsion and wherein 

55 the film comprises means to reduce crossover 1 2 0 
between the two emulsion layers, one of said 

•emulsion layers being adapted to record a primary 
image and the other being adapted to record an 
unsharp mask image. 

6 0 The present films may be designed to produce 125 
either direct-positive or negative primary images 
provided respectively with negative or direct-
positive unsharp masks. 

Cross-over is a well known phenomenon in 

radiographic films and refers to the exposure of 
one emulsion layer by radiation intended only to 
expose a neighbouring emulsion layer. Often in 
radiographic films such emulsion layers are 
coated on opposite sides of the film support. 
Cross-over is reduced either by use of a tinted 
support or by the presence of a light-absorbing 
"antihalation" layer between one emulsion layer 
and the support. 

The present radiographic films may have both 
emulsion layers coated on the same $ide of the 
support separated by a light-absorbing layer-to 
reduce cross-over. Alternatively the two layers are 
coated on opposite sides of the support with a 
light-absorbing layer or coloured support between 
them. 

A particularly preferred light-absorbing layer 
comprises a dye which is bleached during 
processing. Such dyes have been used in 
conventional antihalation layers. 

Cross-over may also be reduced by employing, 
emulsion layers sensitive to different portions of 
the spectrum. Such films could be exposed using 
phosphor screens emitting light of different 
wavelengths. Alternatively, one light-emitting 
phosphor screen could be used while the other 
emulsion layer is exposed directly to X-rays. 

The primary image may be formed by exposing 
the primary image emulsion layer either directly 
to X-rays or by using a high resolution phosphor 
screen. At the same time the unsharp masking 
layer is exposed using another phosphor screen, 
possibly of lower resolution and usually with a 
spacer to produce the desired degree of 
unsharpness. 

It will be appreciated that the magnitude of the 
edge effects obtained will depend on the relative 
speeds and maximum densities of the two 
emulsion layers, the relative speeds of the 
phosphor screens used and the effect of the 
means for reducing cross-over. The spacing of the 
screen for the masking image and its resolution 
will determine the image frequencies at which the 
sharpening edge effects are seen. 

The negative silver halide emulsions which 
may be employed in the present inventions may 
be monodisperse or polydisperse developing out 
emulsions and may be made by known methods. 
Such emulsions and their associated technology 
are described in Product Licensing Index, Vol, 92 , 
December 1 9 7 1 , publication 9 2 3 2 . 

The direct-positive emulsions employed herein 
may be of any type provided that a direct-positive 
image is.provided during a single development 
step. 

The direct-positive silver halide emulsions 
employed in the present invention may also be 
monodisperse or polydisperse developing out 
emulsions and may be fogged and be of the 
solarisation or sensitized Herschel Type. Such 
emulsions are described in British Specifications 
Nos. 1 ,151 ,781 , 1 , 1 8 6 , 7 1 1 — 3 , and 1 ,186 ,718 . 
They may also be "internal-image" emulsions 
which, when processed in the presence of 
nucleating agents, produce a direct positive 
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image. Such emulsions are often also termed 
"direct reversal" emulsions and are described in 
U.S. Patent Specifications 2 , 5 9 2 , 2 5 0 and 
3 , 7 6 1 , 2 7 6 . 

A direct-positive image may also be obtained 
by using a negative silver halide emulsion of low 
coating weight, e.g. dilute, containing gold silver 
precipitation nuclei, When such an emulsion is 
developed in a developer containing a silver 
halide solvent a direct-positive image is obtained. 

The film support for the present radiographic 
materials may, for example, be composed of a 
cellulose acetate or polyethyleneterephthalate, a 
polycarbonate, polysulphone or polyolefin. 

The present films may also contain sub-layers 
and supercoat layers as in conventional 
photographic materials. 

In one preferred form of the present invention 
the radiographic film has the structure: 

20 negative emulsion 

film base 

5 5 

60 

antihalation layer 

direct reversal emulsion 

The direct reversal emulsion is prepared as 
follows. Octahedral cores of silver bromide are 
chemically sensitized by digesting in the presence 
of sodium thiosulphate and sodium 
tetrachloroaurate. The grain size is then increased 
to 0 .8 f im diameter by further additions of silver 
bromide and the emulsion is sensitized again by 
digesting in the presence of sodium thiosulphate. 
A»nucleator is added to the emulsion prior to 
coating the emulsion at a level of 2 g silver m~2. 

The negative emulsion is a conventional 
ammoniacal iodobromide emulsion of mean grain 
area 0 .8 i am 2 that is sulphur and gold sensitized 
and coated at a level of 2 .5 g silver m - 2 to give a 
saturation density of 1.0 as in the case of the 
direct reversal emulsion. 

The antihalation layer comprises a developer-
bleachable yellow dye with a maximum density of 
1.8 which is coated in a manner to prevent it 
diffusing into the adjacent emulsion layer. 

The composition of a suitable developer is 
shown in Table 1. The presence o f the nucleator 
in the film and the antifoggant in the developer 
(5-methyl benzotriazole) promote the formation of 
a positive image in the silver bromide emulsion. 
Any unwanted effect of these components on the 
iodobromide emulsion is minimal. The film is fixed 
and washed in the normal way and at some stage 
during the process the yellow dye is bleached. 

7 0 

7 5 

80 
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Table 1 
Hydroquinone 10 g 
Metol 5 g 
Anhydrous sodium sulphite 7 5 g 
Sodium hydroxide 10.5 g 
5-methyl benzotriazole 0 .2 g 
Tri-sodium phosphate 7 5 g 
Water to 1 0 0 0 ml 

In another preferred form of the present 
invention the radiographic film has the structure: 

negative emulsion 

film base 

6 5 antihalation layer 

dilute negative emulsion 

and gold nuclei 

The film comprises a conventional negative 
type emulsion and an emulsion layer capable of 
producing a positive image by solution physical 
development. 

The positive image is produced as follows. A 
negative ammoniacal emulsion of coarse grain 
and low covering power is coated at a level of 1 g 
silver m~z to give a saturation density of 0.3. This 
emulsion layer also contains gold nuclei of 
5 x 1 0 - 9 m diameter at a level of 16 mg gold m~2. 
During development of the layer silver ions in 
solution physically develop onto the gold nuclei to 
produce silver specks of high covering power that 
yield a positive image with a saturation density of 
4.0. 

The negative emulsion is also an ammoniacal 
emulsion but it is of finer grain than the emulsion 
used to produce the positive image and it is 
coated at a level of 7 g silver m - 2 to give a 
saturation density of 3.0. 

The antihalation layer is a developer-
bleachable layer as described above. 

A suitable developer is shown in Table 2, The 
purpose of the sodium thiosulphate is to dissolve 
the undeveloped silver halide in the dilute 
emulsion which promotes solution physical 
development and produces the positive image. 

9 5 Table 2 
Phenidone (Registered Trade 
Mark) 2 g 
Hydroquinone 10 g 
Sodium thiosulphate 4 g 

1 0 0 Anhydrous sodium sulphite 5 0 g 
Sodium hydroxide to pH 12.8 
Water to 1 0 0 0 ml 
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The image produced in the negative emulsion 
of high coating weight is not adversely affected by 
the presence of sodium thiosulphate so that both 
the positive and the negative images are 

5 developed simultaneously. The developer also 
bleaches the dye. 

Claims 
1. A sensitive radiographic film comprising a 

transparent film support bearing a layer of a 
10 direct-positive silver halide emulsion and a layer 

of a negative silver halide emulsion and wherein 
the film comprises means to reduce cross-over 
between the two emulsion layers, one of the said 
emulsion layers being adapted to record a primary 

15 image and the other being adapted to record an 
unsharp mask image. 

2. A radiographic film as claimed in claim 1 in 
which the two emulsion layers are coated on 
opposite sides of the film support. 

2 0 3. A radiographic film as claimed in claim 1 or 

2 in which the means to reduce cross-over 
comprises a light-absorbing layer located 
between the two emulsion layers. 

4. A radiographic film as claimed in claim 3 in 
2 5 which the light-absorbing layer comprises a dye 

which is bleached during processing. 
5. A radiographic film as claimed in claim 2 in 

which the means to reduce cross-over comprises 
a tinted support. 

3 0 6. A radiographic film as claimed in any of 
claims 1 — 5 in which the direct-positive emulsion 
comprises internally sensitive silver halide grains 
and a nucleating agent. 

7. A radiographic film as claimed in any of 
3 5 claims 1 — 5 in which the direct-positive emulsion 

comprises a negative silver halide emulsion layer 
of low coating weight containing silver 
precipitating nuclei. 

8. A radiographic film substantially as 
4 0 described herein. 
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