
1

New Ultra-f ine Grain Photofi lm for Pulsed Colour Holography

Yuri Sazonov*, Olga Gradova*, Stanislovas Zacharovas+, Ramunas Bakanas+, Giedrius
Gudai t i s+ ,

David Brother ton-Ratc l i f fe^**

*Sfera-S, +Geola UAB,
^Geola Technologies Ltd,
**Depar tment of Engineer ing & Design, Univers i ty of Sussex

Keywords: photographic emulsion, si lver-halide, colour holography, laser l ithography

Abstract

A new ul tra -f ine grain s i lver hal ide photofi lm for pulsed co lour holography has been developed.

The fi lm is no w being manufac tured on an industr ia l basis and is commercial ly ava ilable . The

photo-emuls ion used has an average s i lver grain s ize of 10nm and is sensi t ive to emissions a t

440nm, 532nm and 660nm - the emission wavelengths of the pulsed lasers commonly used in

modern digital ho lographic pr inters . In the ar t ic le we present the basic charac ter i st ics of the new

mater ia l .

Introduction

The present ar t ic le descr ibes the new patent pending photographic mater ial wi th spec i fic

applicat ion in holography. I t is a new ultra -f ine grain ultra -high reso lut ion Silver Hal ide

photosensi t ive mater ial tha t exhibi t s unusua lly high sensi t ivi ty to pulsed Q-swi tched laser

emissions in key regions of the visual spectrum. These mater ials are par t icular ly useful for ful l -

colour d igi tal and analogue holographic pr int ing and laser l i thography.

Key combinat ions of chemical sensi t iz ing dyes are used to substantial ly mi t igate the usua l shor t -

pulse rec iproc ity fa i lure observed in known ul tra -f ine grain (high-reso lut ion) mater ials . In

addit ion, i t has been found tha t minimiz ing the gra in size i t se l f actua l ly mit iga tes shor t -pulse

reciproci ty fa i lure.

Recent ly pulsed Q-swi tched lasers producing emiss ions a t 3 dist inc t wavelengths have been used

successful ly to make holographic printers which appear free from many of the previous problems

assoc iated wi th the pr io r devices that were based on CW lasers (D.Brother ton-Ratc l i f fe e t a l , WO

01/42861; D.Brother ton-Ratc l i f fe et al , WO 01/45943; D.Brother ton-Ratc l i f fe and A.Rodin,

WO03/034155) . These printers are, in pr incip le , capab le of producing, a t re la t ive ly high speeds,

high quali ty d igi ta l 3D holographic images in ful l colour on flexible substrates such as spec ia l

pho tographic fi lms.

Although such machines apparently solve the major problems that have unt i l no w frust rated the

mass commerc ia l izat ion of d igi tal colour ho lography, i t has been ext remely d i ff icul t to make

photographic emuls ions which work effec t ive ly wi th such machines. This is because a
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photographic emuls ion having an extremely f ine grain is fundamenta l ly required for the

applicat ion of colour ho lography in order to avoid Raleigh scat ter ing in the b lue spec tra l range.

However , known ul tra -f ine grain emulsions suf fer from high rec iproci ty fa i lure and poor visua l

per formance when used wi th Q-swi tched laser pulses whose dura t ions are typica l ly of the order

of 10 to 100 ns. In add i t ion these la test -genera t ion pulsed holographic printers of course require

an emuls ion having ful l colour sensi t iv i ty.

The new mater ia l so lves this prob lem by implement ing a unique Si lver Hal ide panchromatic

emulsion that i s both ul tra -f ine grain and yet func tions ext remely well with Q-swi tched pulsed

laser emissions. Moreover these mater ials can be and are manufac tured in an industr ial p rocess.

Review of the development of ul tra-f ine gra in mater ials

In 1967 N. Kir i l lov e t al . (Russ ian Pre l iminary patent appl ica t ion 1026784/23 -4) descr ibed a

genera l process for the manufacture of Si lver Halide emuls ions having ultra -fine granules of

sizes of <10 nanometers suitable for the recording of ho lograms by continuous wave laser

radia t ion. The process descr ibed therein was based on the hampering of Si lver Halide gro wth by

using, in the emuls i f ica t ion process, highly diluted solut ions; the emuls ion concentrat ion was

then increased by applying the method of gradual freez ing and thawing. One of the variat ions of

this emuls ion is now known as PFG-03C from Slavich –Geola.

Subsequently in 1971 N. Vasi l jeva et al . ( I I SU Holography School, 1971) reported the record ing

of s ingle-co lour ho lograms on a sensi t ized emuls ion using a continuous wave laser in the red

spec tra l region. An improved red-sensi t ive dye (wi th a peak sensi t iv i ty at 632.8nm for

continuous wave laser radia t ion and suitab le for emulsions which preferably have a gra in s ize of

0.1 micron) was then descr ibed by Y. Nakazawa et a l . in 1976 (USA Patent 3971664) .

The red sensi t ive dye descr ibed in Nakazawa et al . (US Patent 3971664) was then improved in

such a way tha t i t became sensi t ive to pulsed laser rad ia t ion (pulse durat ion – 10 - 6 to 10 - 8

seconds) in the red spec tral region (E.F. Kl imzo et al , Russ ian patent 2437389/23 -O4, publ ished

in 2000) . Ho wever , the gra in size of the s i lver ha lide emuls ion, for which sensi t iza t ion using the

improved red dye was employed, was 30 and 50 nanometers.

A sensi t iz ing dye for si lver ha lide and si lver iodobromide emuls ions having grain sizes of 0.1 -1

micrometers and sensi t ive to pulsed laser rad ia t ion in the green spectra l region (pulse dura t ion –

10 - 5 –10 - 7 seconds) was descr ibed by T. Habu et al . (US patent 4160669, 1979) .

Final ly, the preparat ion of an ult ra -f ine gra in s i lver hal ide emulsion having a gra in size of 5 -15

nanometers incorpora t ing sensi t iz ing dyes for cont inuous laser radiat ion in a ll visib le spectral

regions was descr ibed by N. Kir i l lov e t al . in 2000 (Russian patent 2377907/23-4 , Russian

Prel iminary patent app licat ion 1026784/23-4) .
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Summary of the new photo mater ial and of it s advantages over the other ultra-f ine gra in

mater ials

Modern digital and analogue holography applicat ions require the use of ultra -fine gra in

panchromatic mater ia ls . However al l pr ior -a r t ul tra -f ine gra in mater ia ls suffer from short -pulse

reciproci ty fai lure and high fog levels, making them fundamental ly unsui tab le for app licat ions

involving Q-swi tched pulsed laser emissions. In add it ion the prior -ar t mater ials exhibi t poor

holographic fr inge contras t when used wi th pulsed emissions.

The methods of prepara t ion of s i lver hal ide emuls ions and their sensi t izat ion descr ibed above are

charac ter ized by the emuls ions ei ther having si lver grains of a size of more than 30 nano meters

(Russian patent 2437389/23-O4, 2000 and US patent 4160669, 1979) , o r by being ostens ibly no t

sensi t ive to pulsed laser rad ia t ion (Russ ian patent 2377907/23-4, 2000, US Patent 3971664 ,

1976, Russian Prel iminary patent app lica t ion 1026784/23-4) .

In add it ion there was only one prior -ar t emuls ion (Russ ian patent 2377907/23-4) tha t i s , a t the

same t ime, an ultra -fine grain emuls ion wi th a grain s ize of 5 -10 nanometers and that i s a lso

sensi t ive to al l visib le spec tra l regions. Ho wever this emuls ion is not sensi t ive to pulsed laser

radia t ion. This emuls ion is also very d i ff icul t to manufacture in an industr ia l environment due to

the const raint that rapid addit ion to the gela t in solut ion of Silver Ni tra te and Potassium Bro mide

solut ions is required unt i l a desired concentrat ion is achieved .

We therefore introduce new mater ia ls which, when used in conjunct ion wi th cer ta in s tandard

kno wn chemical processing schemes, are bo th ul tra -f ine grain and are substantial ly more

sensi t ive to ul tra -fas t pulsed visib le emiss ions than those known before. In addi t ion the new

mater ia ls provide for high holographic fr inge cont rast when a Q-swi tched pulsed laser i s used

and also exhib it low fog leve ls.

The new silver ha lide emuls ion synthesis and i ts sensi t izat ion processes are a lso fundamental ly

more technological than those known before (Russ ian Prel iminary patent app licat ion

1026784/23-4, Russia patent 2377907/23-4) and thus lend themselves eas i ly to an indust r ia l

production. Now the new photofi lm can be produced in an indust r ia l way in quanti t ies usual ly

not less than one thousand square meters during one coating of the tr iace tate substra te base

procedure. The new photofi lm is cur rent ly being cont inuously manufactured and is free ly

avai lable from manufacturer in ro l l s o f 1.15m width.

The new film provides al l the desired charac ter i s t ics required by pulsed digi ta l holographic

print ing machines. These are high d i ffract ion eff ic iency and clar i ty of the final ho lographic

image, minimal or control lab le emulsion layer shr inkage, good image stabil i ty and insensi t ivi ty

to environmental f luc tuat ions, acceptab le sensi t iv i ty to the used red, green and blue pulsed laser
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l ines (440nm, 532nm and 660nm), lo w Rale igh scat ter ing on rep lay, high emuls ion transmiss ivi ty

both before and after processing, compatib i l i ty wi th exist ing known chemica l processing

schemes tha t can be used in machine f i lm processors, and acceptab le mater ia l (pla te and fi lm)

longevi ty and storage t ime.

In add it ion the new photofi lm may also be used with CW lasers and may also be used in (pulsed

laser or CW laser) ho lographic copying devices whose function is to copy one hologram to

another usual ly using a single beam which ac ts both as an il lumina tion beam for the “master” 

hologram and also as a reference beam for the copy hologram.

The new photof i lm may also be used to make general Denisyuk type holograms in full co lour , a l l

types of transmiss ion holograms and al l types of ref lec t ion holograms using both pulsed and CW

laser sources .

Characterist ics of the new fi lm

 Spectra l sensit izat ion

Since the emuls ion was especial ly designed for use in conjunct ion wi th Geola’s pulsed lasers 

implemented in i t s d igi tal holographic printers, the sensi t iz ing dyes were chosen to be c lose to

the sa id pulsed lasers emi t t ing wavelengths. Thus the maxima of the new film spect ra l

sensi t izat ion are at 450nm, 530nm and 660nm. However , as i t wi l l be shown belo w, this does no t

l imi t the fi lm to use wi th Geola’s pulsed lasers only. The fi lm reacts per fect ly to other ,

commonly used CW laser emissions wavelengths as well .

 Grain size and other physica l para meters

The grain size of the new fi lm was evaluated by i ts compar ison wi th known emuls ions fro m

Slavich –Geola. We have compared the blue pulsed laser l ight scat ter ing by the kno wn VRP-M,

PFG-01, PFG-03M and PFG-03C emuls ions coa ted on the same tr iace tate substra te as the new

film, wi th the new film. The blue l ight scat ter ing obtained from the new film was a bit lo wer

than the one from PFG-03C fi lm which is known as having a grain size of ~10nm. Thus we can

conclude that the new film has the grain size also of ~10nm. The other photographic

charac ter i st ics of the fi lm are given in the tab le 1. The fi lm shows a high contrast level and a

good character i s t ic curve densi ty. This ind ica tes the fi lm’s suitab il i ty for laser l i thography and

for the prec ise recording of photomasks.

Maximum densi ty on charac ter i s t ic curve (D m a x ) 4 .0
Fog level (D 0) 0 .1
Emulsion layer thickness (microns) 7 to 8
Contrast 7
Observed li fe per iod a t 20 o Cels ius , 45% humid i ty.

Unwinded fi lm ro ll (months) 18
Rewinded fi lm rol l (months) 3
Cut sheets (months) 3

Table 1. Physica l parameters of the new film
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 Absorpt ion spectrum

Figure 1 shows the new photofi lm absorpt ion spec trum. The light absorpt ion of the f i lm is

rela t ively small –the f i lm, whi le observing it by eye , looks c lear , but a t the wavelengths of the

commonly used lasers i t sho ws bigger absorpt ion. That indicates that the fi lm should be sensi t ive

to a l l the visib le l ight spec trum. Indeed , the holographic recording of di ffuse mirrors fol lowed

by the measurement of their d i ffract ion efficiency, as d iscussed belo w, shows the fi lm’s abi l i ty

to record var ious colour ho lograms with high di ffract ion eff ic iency.

Fig 1 . Absorp tion spectrum of the new photomater ia l .

 Diffract ion eff iciency

The diffrac t ion eff iciency of the new fi lm was invest igated by recording di ffuse holographic

mirrors us ing the usua l two opposi te beams scheme wi th di ffus ion of one of the beams fo llo wed

by i ts co ll imation. As a light source we used usual CW lasers wi th good coherence length (HeNe

and Ar) and Geola’s pulsed RGB lasers (coherence length >3meters). We have used emuls ion

from six di fferent ba tches. The chemical developing of the mater ia ls was done wi th the usual

SM-6 developer and PBU-Amidol bleach, fo l lowed by drying of the emuls ion layer in an a lcohol -

water solut ion. Since the emuls ion is softer than those wi th bigger gra in s ize, we needed to

harden i t before developing. The detai led processing scheme is summarized in tab le 2. Recipes

of the so lut ions used are given in the table 3. The tempera ture of a l l solut ions was 21 degrees

Celsius.

Exposure:

Hardening Hardener , 2 -3 min
Wash Water , 1 -2 min

Development SM-6, 2-3 min
Wash Water , 1 -2min

Bleach PBU-Amidol unti l c lear (~5 min)
Wash Water , ~3 min
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Drying 1 50%, Ethyl Alcohol

Drying 2 Air

Table 2. Processing scheme of the new film

Hardener
Formaldehyde 10mL
Water To 1 li tre

SM 6 Developer
Ascorbic Acid 18g
Sodium hydroxide 12g
Phenidone 6g
Sodium phosphate dibas ic
If (12H 2 O)

28.4g;
(71.6g)

Water To 1 li tre
PBU-Amidol bleach

Water 1 li t re
Potass ium 7.5g
Ci tr ic Acid 37.5g
Cubr ic Bromide 0.75g
Potass ium Bromide 15g
Amidol 0.75g
Water To 1 li tre
Table 3: Chemicals used for the new fi lm processing

When processed and dr ied, the f i lm somet imes sho ws a replay wavelength shi f t o f ~25nm mirrors

towards the blue region of vis ible l ight spec trum from the wavelengths used for the record ing:

i .e . , for example when a pulsed laser wi th the wavelength of 660nm is used, the ho logram rep lay

maximum is a t 630-640nm. We think that this shi ft could be control led by changing the

concent rat ion of the Alcoho l used for the f i lm drying and/or by using another hardener or bleach.

Parameters Measured values

Exposure , microJ /cm2
@ 457nm, CW, microJ /cm2 1250±200

@ 440nm, ~30ns pulse, microJ /cm2 120±20
@ 514.5nm, CW, microJ /cm2 1800±200

@ 532nm, ~30ns pulse, microJ /cm2 330±30
@ 633nm, CW, microJ /cm2 1900±250

@ 660nm, ~30ns pulse, microJ /cm2 550±50
Normal di ffrac t ion effic iency for ref lec t ion holograms
(di ffused mirrors) , %

@ 457nm, CW 27.0±3
@ 440nm, ~30ns pulse 14.0±2

@ 514.5nm, CW 35.8±3
@ 532nm, ~30ns pulse 16.5±2
@ 660nm, ~30ns pulse 14.2±2

@ 633nm, CW 38.3±3

Table 4: Diffrac t ion efficiency of the new fi lm
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Table 4 summar izes the result s o f an invest iga t ion of the new fi lm’s di ffrac t ion eff iciency. In

the table we have put the exposures that correspond to the highest observed di ffrac t ion

eff ic ienc ies. As it i s seen, the d i ffract ion eff ic iency of the holograms recorded wi th convenient

CW lasers is about twice as large as those recorded with the pulsed lasers. And at the same t ime,

in order to achieve the maximum diffract ion eff iciency wi th CW lasers, from 3.5 to 10 t imes

larger exposures are needed. These facts cannot be explained wi th c lassic photophysics theories .

Since the gra in s ize of the new mater ials i s ~10nm, we think that the energy leve ls of the si lver

ion grains and dyes should be taken into account , toge ther wi th the di ffe rent conductors’s l i fe

t imes at the part icular energy levels. This needs separate invest igat ion.

Conclusions

 A new ul tra -f ine gra in si lver hal ide photof i lm for co lour pulsed and CW holography is

developed and is free ly avai lable in industr ia l quanti t ies

 The fi lm is more sensi t ive for the pulsed laser radia t ion than for CW radiat ion

 Good contras t and low fog level make the new film sui tab le for laser l i thography

applicat ions.
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