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Colour Holograms based on AgX materials
Review of published emulsion formulae and my experiment results

Chemical processing of colour holograms

Exposure calculation for balancing colour in Low Intensity Reciprocity

Failure (LIRF) conditions




grams on Silver Halide (AgX, X=C
Br, I) Materials

st sensitivity among known holographic materials

Broad spectral responses in visible light (400 nm to 760 nm)

Disadvantages
« Sensitive in chemical proc

« Light scattering due to crystal growth in d opment and bleaching




Difficulties of Colour Holograms on :
Halide Materials

Relatively lower diffraction efficiency than monochromatic hol
More sensitive chemical processing than monochromatic ho!

Difficult calculations for balancing exposures at different wavelengths.

especially in low intensity reciprocity failure (LIRF) conditions
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Criteria of High Quality Colour Hologr:

Visual aspects.
High brightness
High signal to noise (S/N) ratio
No colour shift

High colour saturation

Meanings in physics

» High diffraction efficiency (high index modulation)
* Low light scattering (small size of rystals)
« Balancing exposures at different \ engths and no emulsion shrinkage

rrow spectrum width of the reconstruction wavelengths (accurate Bragg

nes)




Summary of Requirements for Making Brigl
Reflection Holograms

*  Suitable light source:
Stable Sir C tudinal Mode (SLM) laser
No mode ho

High quality recording material
Nano AgX emulsion :nce for high AgX content emulsions)

»  Correct recording procedure
Isolation of m¢
Correct referen:
Correct exposure

Optimized processing formula

» Matched reconstruction lighting




Review of Lippmann Emulsions and Several
X Emulsions
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Review of Lippmann Emulsions and Several
Published Holographic AgX Emulsi
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Review of Lippmann Emulsions and Several
Published Holographic AgX Emulsions

Gel:AgBr | Gel:AgBr.
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Emulsion Preparatio

Recommended preparation for nano AgX emulsions
Low emulsification temperature (for low gelatin content emulsions only)

Low mass ratio of gelatin to AgX (0.75:1 to 1:1) for high DI

Short emulsification time

Fast freezing

Potassium formate (HCOOK) as chemical sensitizer

3-amino-propyltriethoxysilane as crystal growth inhibitor (this report)

[8] Belloni, J : : .t al. "Enhanced yield of photoinduced electrons in doped

silver halide crystals" Nature (1¢ 102: p86




Comparison of Several Organic Reductants as
Developing Reagents
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Cupric sulphate, pentahydrate (CuSO, 5H,0)

or Ferric sulphate (Fe,(SO,);)
Potassium persulfate (K,S,05)
Citric acid (C¢HO

Potassium bromide (KBr)

Add distille er to

Half amount of KBr of the original PBI > per litre) sed in this bleach
and cupric sulphate (CuSO,-5H,0) or ferr I Fe,)(SO,);) added but the;
was no quinol or metol. In this modified t

sulphate or ferric sulphate is important, ¢ leachir
indicating the catalysing e )
rehalogenating bleach is h

holograms.

quinol or 1

rate would y
concentration in the

r crystals for low scattering




rison of Several Organic Reductants as
Developing Reagents

m Significant Blue shift,

Small Similar to

ss thar quinol  Similar to p;

No shrinkage No colour shift, high

Large ift, bright

Higher than metol
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Glutaric Dialdehyde as Hardener

Formaldehyde is known to have adverse health effects and it should be

replaced by other organic hardeners

utaraldehyde, CH,(CH,CHO),). widely used in

Glutaric dialdehyde
is a safe and effective organic

sterilising medical and dental equipments

hardener for holography

Better result of emulsion shrinkage restraint than formaldehyde

— Processed in ascorbate developer, hardened by 3 % formaldeh till slight blue-shift
— Processed in ascorbate loper. hardened b o glutaric dialdehyde : zero-shrink




rison of Different Processing for Colour

Holograms

O
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No colour shift in 60
seconds processing

Simple

ver in red to
brown colour, rendering
red hue in colour

No emulsion shrinkage ing than

Almost colourle eloper

scattering

High DF

| Adv

No emulsion shrink:

ry low scattering Emulsion shrinkage
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juring bleaching

en if emul
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No bleaching needed
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mination of Beer-Lambert Law and
Hurter-Driffield curve (H&D curve)

* Beer-Lambert law: Absorbance (Abs or OD)=¢1-c, while ¢ is the extinction
ent of ific particles. 1 1s the optical path. c is the concentration
of the particles

* Hurter-Driffield curve: empirical curve based on traditional black & white
photography




Re-examination of Beer-Lambert Law and
Hurter-Driffield curve (H&D curve)

Derivation of OD v.s. logH for an ideal mono-dispersed AgX emulsion in Non-HIRF and Non-LIRF
conditions
Abs=¢-1-c

Concentration of exposed AgX (it must be mono dispersed!) in emulsion: c=k, I-T

while I is laser intensity, T is the exposure time, k, is a coefficient

Assumption: exposure is not reaching the limit or the thickness of emulsion is lar

Abs=¢-1-c=¢-1'k,"I- T=(e"1'k) I- T=k, I- T
OD=Abs=k k, H
H=10' (logH=1 H

I'T
OD=k k OD is an nential function of

Deviation of | Lambert law in Hu
For Hurter-Driffield cur ) cur
OD=y logH is the slope o
OD=y-logH+N=y-logl+y-log
The reasons for deviation of Beer-Lambert itional black & white photography
+  Non-mono dispersed mulsion: mixtur Is of different sizes, non-homo
media

* Limited thickness of the emulsior




Schwarzschild’s Law in Traditional AgX
Photography and the Form in Holography

hild’s Law®: empirical law in traditional black & white photography (Non-mono
>mulsion for astronomy phot phy plates, long before the invention of Tabular
n)

p is the Schwarzschild coefficient, p ~0.86

[9] Schwar hild, K “On the Deviations From The I 2eciprocity For Bromide Of
Silver Gelatir ical Je

Assumptions fo ssure of holographic emulsions in LIRF condition
*  Mono-dt
+ Concentration of expo: ystals in the emulsion in LIRF conditions: c=k;-I-T*
r intensity, T 1 time, k; is a coefficient, b is an empirical
ilar to the oefficient
Ik I'T

Let’s fit the curve t > if b
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Holographic Exposure Calculations in Low
Intensity Reciprocity Failure (LIRF) conditions

Obtaining characteristic constants for the emulsion at your recording
wavelengths
OD,

0D
OD,=k;, I C b is wavelength-independent

nm k € g b=0.7

b=0.7

2 nm and 633 nm, set a target monochromatic
ample OD, oD 25

nm nm

For balancing exposure at 53
OD for both wavelengths, for e
Measure the laser intensities at 532 nm and 633 nm

Calculate the exposure time at your wavelengths

Ty




How To Make C ograms Using
panchromatic Ag Materials?

« Panchromatic AgX emulsion has different spectral responses at different
wavelengths too!
Colour holograms can be made using red-sensitive X materials (but need
longer time or higher laser power for exposures in green and blue)
For unknown AgX HOLOGRAPHIC emulsions (monochromatic or
panchromatic)

— Fit the of v get the v of b, k and c at all recordi
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