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1-1. Fusion of Photographic Film Technology and Digital
Technology in the field of Motion Pictures Production
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1-2. Increase of Digital Post Production
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1-3. The Amount of Digital Bits of Motion Picture

i

— AK— 4096 -

2K(2048) - \
Full HD(1920) 2160

SD

2Hour/4K Movie:46Tbits

1flame=4096X2160pixels 1pixel=10bitsX3(B,G,R)
2H=7200secX24flame/sec

(In case of digital processing, 1 flame consists of 20-40 layers
means P bits per one movie)

—Raising an alarm over preservation of digital data

“The Digital Dilemma” AMPAS (2007)
The cost of preservation of digital data is 11 time higher than
that of film preservation



FUJIFILM

1-4. Comparison of Preservation by Digital Media

with Film
Digital Media Film
Media/ HBINEIE VEE/ IR Silver, Dye, Binder,
1 Materials Optical Disk(Dye, metal), Support
Semi-Conductor
2 | System Migration is required Unnecessary
3 | Life Time 10~30years Color Image:100years,

Silver Image:500years™

4 | Preservation

High recording density,

Low recording density

5 | Reproduction

Easy to utilize
Hard/soft system used
for recording the digital
data is required

Human readable and any
scanner can reproduce the
digital image
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1-5. Separation Procedure
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1-6. Digital archiving workflow of B/W films
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1-7. Accuracy of the separation procedure
(Cooperate with IMAGICA corp.)
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2. New B/W film for digital recording
(Development of ETERNA-RDS)

Targets

@ An accurate gradation, outstanding sharpness and granularity
(@ Complete reduction of flare at recording process

 Few tonal variations against the fluctuations of processing

conditions of both negative and positive developer, resulting in the
improvement of calibration work for the recording

@ Long-term storage capabilities by ester support and silver image

Contents of this section

2-1. Sensitization technology of superfine silver halide (AgX)
grains.

2-2. Light control technology
2-3. Performance of the new B/W film ETERNA-RDS.
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Fig.1 Section of B/W films for archiving

-Finer Grains in a Thin Emulsion Layer
-High efficiency Anti-Halation Layer

*Size; average radius of sphere with same volume



«hfgs  FI9.2 Image Formation in B/W Film

L% , Developer

Film

h+ e + Ag+

L Grain

@ Exposure generates a h* and an e- that forms Latent Image with Ag".
@ Development Reagent reduce AgBrl grains with a Latent Image into Ag metal

Fix Remove Silver Halide

~_ Wash Remove Developer, Fix, ets.
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Light Fig.3 Recombination

Recombination is a reaction
between an electron and a
hole result in loss of sensitivity.

Q
\ Recombination is enhanced in

\Je- > Ag*| a small grain because the

distance of an electron and a
hole becomes closer.

No Latent Image Formation
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Fig.4 High Intensity Reciprocity Law Failure (HIRLF)

-HIRLF is decrease in sensitivity by
short period (<10-6sec ) and high
intensity exposure.

-High density of electrons and holes
° generated by high intensity exposure
® enhances recombination and/or

Latent Sub-Image dispersion of latent image (LI)

¢ -Dispersion of LI forms many small

® latent sub-images that has no

ot development activity resulting in loss of
sensitivity.

Dispersion of LI
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Fig.5 Technology to prevent recombination ;
Khfgs Reduction Sensitization

- Reduction sensitization

Ag* Ag’/ | generates Ag, centers in a AgX
- N grain.
Y AR ew\‘\‘w Ag, prevents recombination by
reacting with a hole, producing
Ag atom.
h* +|Ag, — Ag + Ag?
o -Ag atom decomposes easily

Ag — Agf + €

into Ag* ion and an electron
that also contributes to latent
image formation.

AgX Grain
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Fig.6 Technology to prevent HIRLF;

Light

Cl
Cl

e
B | BN

Ir complex Doping

Ir complex doped into AgX
grains capture photo electrons
for >10-1 sec. making high
Intensity exposure into
medium intensity exposure
and disturbs dispersion of LI
and recombination.
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2-2. Light control technology
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Fig.7 Scattering and reflection of exposure light
in a film and anti-halation by use of dyes
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Fig.8. Section image of 3 types of motion picture films
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Fig.9 Estimation of Flair
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0.5 |
¢ Dyel
0.4 . Dye?
L 03
- 0.2 — M
0.0 Y
0.0 0.5 1.0 15 20
Absorbance (532nm)

Fig.10 Flair decrease corresponding to the absorbance
of dye at Laser exposure wavelength(532nm). Better
Improvement was observed by use of fixed Dye 1.
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Fig.11. Estimation of high frequency sharpness
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Fig.12 Improvement of high frequency sharpness by Dyel and
Dye2. Better improvement was observed by use of defusing Dye2.



FUJIFILM

2-3. Performance of the new B/W film
ETERNA-RDS
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Fig.13 Flare of B/W films (Green laser Exp at 532nm)
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Fig.15 Reproduced Images
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Fig.16. Achievement of High Resolution, Suitable
,Contrast and Development Stability
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Density
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Log(DigEXP)

New B/W film Comparison

Fig.17 Development profile of B/W films.
Developer : D96, Temperature: 22°C
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SUMMARY

New B/W film for digital recording has
developed.

Reduction sensitization and metal doping
technology applied to super fine silver halide
grains to prevent recombination and HIRLF.

Fixed and defusing dyes prevent flair and
iImprove high frequency sharpness efficiently.

The new B/W film shows constant gamma at
processing by mixing of mono dispersed
emulsions and control of their development
activity
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3. Long Term Stability of Silver Image

Image quality is improved when finer silver halide
grains are used in a film as an image sensor. The
smal ler the silver halide grain is, the smaller is the
developed silver that consists of image.

It is common observation that smaller particle is less
stable in the light of thermodynamics. So, at the
beginning of the design of new B/W film for archiving,
study on the stability of developed silver was performed
from the view point of its size.

3— 1. Experimental
3—2. Result
3 — 3. discussions

3—4. Conclusion

30
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3—1-1. Experimental

o Protect Layer
Emulsion Layer

PET Base

Fig. Section Image of a sample by SEM

* Development : D96 (8min/21°C)
* Density of the Sample : 2.0
* Residual sulfur : Below measurable limit

* Aging condition: 80°C/80%

" Life time is defined as the time required the density of a sample
film changes 10% from density 2.0.

31
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3—-2-1. Result1 : Stability of developed silver is depends on
the size of silver halide grain.

o S
Unstable 3
0.20
o | e
e
Hina
.....l'o :R*" .
0.08 ASSATET 1o
N W_n" im_ .‘;..:
0.04 | Need to find best balance ¢ *
of grain size for sensitivity L
versus stability. ¢ ¢
000 | | | | |
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Stable Size of Silver Halide Grain( ¢t m)

The smaller the silver halide grain is, the more
rapidly density of silver image increased.
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3—2-2. Result 2: Stability of developed silver
depended on hardness of emulsion coating layer

0.16

unstable

0.14

0.12 Swelling Ratio340%
0.10

0.08

0.06
0.0DW\

0.02

0.00
0.00 0.05 0.10 0.15 0.20 0.25 0.30

The number (%) in the figure is swelling ratio of the sample defined as the
ratio of coating thickness after/before swelling.

The optical density of silver developed in hard cdang

IS more stable than that developed in soft coating 33
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3-2-3. Result 3:What is going on to the developed
silver during aging

Before Aging After Aglng

TEM Image of developed Silver
Swelling Ratio is 340%
Grain size:0.07 ¢ . Aging Condition:80°C/80%/3d

The form of developed silver changes from filament

to sphere during aging.
34
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3—2-4. Result 4: What is going on to the developed
silver in hard coating.

Swelling Ratio:340%6
(Before Aging)

Swelling Ratio:220%0 Swelling Ratio:220%
(Before Aging) (After Aging)

TEM Image of developed Silver
Grain size:0.07 u . Aging Condition:80°C/80%/3d

The form of developed silver in a hard coating ishick
before aging resulting in less change of density dag

aging. 35
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3—2-9. Schematic model of silver developed in a
soft and hard coating.

5 :Silver Halide
4_
__________ %ﬂ 8 B W | BN
base base
Soft Coating Hard Coating
Swelling Ratio :340% Swelling Ratio :220%

—|n a soft coating silver grows long distance,
while in a hard coating can’'t because of high

density of binder.



FUJIFILM

3—-3—-1. Estimation of Life Expectancy of Developed Silver
(Dependence of Density Change Rate on Temperature)

140 + 80°C/60% B
| = 70°C/60%
120 65°C/60% | |
1.00 : 60°C/60%
‘ *
‘ *
0.80 o
060 [ b3 : :
0.40 » e
020 [/ & T
AR L b
000 “====== -
0 5 10 15 20 25 30 35 40

Swelling Ratio is 340%
Grain size:0.07 ¢ . Aging Condition:80°C/60%

=Rate of density change was defined as inverse of the time
that was taken for the density change from +2.0 to +2.2. 37



FUJIFILM

3—3—-2. :Arrhenius Prot

Ln(Density Change Rate)
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3—-3—-3. Estimation of Life Expectancy of Developed Silver

Grain size | Swelling | Time required for the | Life Expectancy
m Ratio 1096 density change | (year:20 /609 )
% (day: 80°C /60%0)
0.07 340 2.0 150
0.07 220 7.5 540
0.11 220 21 1500
0.11+0.18 220 40 2900
RDS)

39
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3—3—4. Discussion 1:Model of Form Change of
Developed Silver

: Migration
Exposure Oxdation Ag Ruduction
Development /
Schematic model

Silver Halide Developed Silver Developed Silver
° e \ 9 ;_‘T"‘ ﬁ
°®
4 A9 1y , &

® 9 ‘-J ¢
s’ - e #
O
Stabilize
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3—3-9. Discussion2 : The Determining Step of Silver
Form Change

Assumptions

*Vm :Molar Volume of Silver
= 0 :Surface Energy

*K :Rate Constant

= A, . C :Constant

= The density change rate is inversely proportional to the r24 1
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3—3—-6. discussiond: Verification of the model

0

Slope: 2.0

L 2
2
2
-2 -1 0
Log(r)

The slope in the figure is —2 showing Vdec1/r2. This
result supports the model.
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3-4. Dependence of Developed Silver Density
Change on Humidity
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3-5. Summary

B The form change of developed silver takes
place during aging resulting in the increase
of density.

BIn a hard coating, thick silver Is formed and
Is more stable than one formed in a soft
coating that is relatively thin.

B Choosing the size of silver halide grain and
swelling ratio of coating appropriately, the

| Ife expectancy of silver image is expected
more than 1000 years.

44
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Archiving of Motion Picture by separation method




Thank you so much

FUJIFILM corp.



