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Characterization of bleached holograms

Optimization of the processing of 1.0 1.0
bleached silver halide holograms 1s not :_‘:E z;
an easy task because the processing ® os] 0.4
consists of two consecutive steps. the o M o —
developing and the bleaching. Since 0.0 10 2.0 3.0 40 B0 90 1.0 20 30 40 &0
both processes are nonlinear, it is dif- ;_':_: ;_,_
ficult to determine the influence of the ° 0.6 0.8
processing on the quality of the holo- K :'_;‘_
gram quantitatively. O T o 3 4 o ol 15 2 sl o e

As for amplitude holograms. in 1.0+ 1.0
early holography the density/exposure x: 3;
or amplitude transmittance/exposure ® o] 04
functions were used for the evaluation 0.2 8.2-
of the imaging properties of nonlin- Ol 2o 3o 4o B o 10 2o 30 40 8o
early recorded holograms. Some au- ;f_. bt
thors derived other characteristics o 083 0.8
from the above functions. Pennington g'_‘z‘z 3 /
and Harper' proposed the use of opti- 0.0 11—t 0.0 KLy
cal density difference against average 1.c°'° 7.0 20 3.0 40 5o ' 00 1.0 20 30 40 80
optical density function to character- 0.8 0.8-
ize the recording of silver halide ab- Y g::: :_:_ /7
sorption holograms. Lin® introduced 0.2 0.2
the use of the square root of the dif- B T o 30 40 B0 Yoo 1 20 35 40 5o
fraction efficiency against bias expo- 1.0+ 1.0
sure and fringe visibility curves (Lin- g"::-' g_':'
curves) of plane wave holograms. ® o4 B4 /‘7

To characterize bleached holo- x‘- ot 5 ey
grams. Lin-curves were usually used. 00 1.0 20 30 40 KO 0.0 4.0 2.0 3.0 40 5.0
or the diffraction efficiency was re- 1.0 1.0
lated to the average optical density xz 3:
before bleaching. Van Renesse and ® a4 u*/\
Bouts® related the square root of the g_’ﬁ': ! gf I
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diffraction efficiency of the phase grat-
ing to the effective electrical polariz-
ability of the silver salt molecules.
Ward and L. Solymar® used the refrac-
tive index modulation versus optical
density modulation characteristics.
However. the direct measurement of
the refractive index modulation across the ho-
logram by interference microscopy can be ap-
plied only for gratings of relatively low spatial
frequency.

We characterized the processing of bleached
silver halide holograms in another way. The
square root of the diffraction efficiency (o) of
the bleached hologram was directly related to
the amplitude of the optical density modula-
tion obtained at the development step.

Agfa 8E75HD was chosen as recording ma-
terial. AAC as developer and R9 as (solvent-
type) bleach. Pairs of plane wave holograms at
A = 632.8 nm with an interbeam angle of 45°,
at seven values of fringe visibility, namely at
V=202 04.06. 0.8, 009, 095 and 1.0 were
recorded. Twelve hologram pairs at exposures
ranging from 10 wW/cm” to 1.6 mJ/cm? were re-
corded at each visibility. One element of each
pair of holograms was developed with AAC de-
veloper and fixed with non-hardening Kodak
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Flgure 1. Square root of the diffraction efficiency of absomtion (left
column of graphs) and phase (right column) holograms as a
function of the amplitude of the modulation of the optical density
created at the development step. Fringe visibiity is indicated right
of each row.

F24 fixer. The other element of the hologram
pair was also developed using AAC. and was
bleached in an R9 solvent bleach without a fixa-
tion step.

After all the holograms were processed, the
optical density of the absorption holograms and
diffraction efficiency of the phase holograms
were measured.

The amplitude of the density modulation
(AD) as a function of the bias exposure (E,) at
each fringe visibility (V) was calculated via fit-
ting an analytical function to the measured den-
sity vs. exposure data and substituting the mini-
mum and maximum exposures. The Lin-curves
of the final phase hologram were obtained di-
rectly from the diffraction efficiency measure-
ment and were fitted by an analytical function®.
Then the desired 6(AD) characteristics were

derived from the AD(E , V) curves and the Lin- -

curves (o(E . V)).
The square root of the diffraction efficiency,
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as a function of the amplitude of the
density modulation for both absorption
and phase holograms. is shown in Fig-
ure 1. The curves for the case of absorp-
tion holograms were calculated using
previous results.® The characteristics of
the amplitude holograms can be seen
on the left and those of the correspond-
ing phase holograms (recorded under
identical conditions) on the right. Fringe
visibility on recording is indicated on
the extreme right of each row. The dif-
ference in their 6(AD) characteristics is
striking. Since absorption holograms®
were exposed only up to 50 wi/cm*, AD
is monotonically increasing up to about
2.1. and there is no turning point in the
graph. The 6(AD) characteristics of the
phase holograms are completely differ-
ent. There is a turning point in them.
except of that at V = 1.0. The turning
points are around the maxima of the
6(E,.V) function (not shown here).
These curves at each visibility follow a
more or less straight line with a quasi-
uniform slope (ranging from 0.25 to
0.3) almost up to the turning point. The
second part of the graphs (after the turn-
ing point) is not straight. The figure sug-
gests that the falling part of 6(AD)
nearly retraces the rising part close to
V = 0.8. so this characteristic is quasi-
linear over the whole exposure range.
The dip in the graphs of the phase ho-
lograms discernible from V = (0.8 on-
wards corresponds to a bias exposure
E, = 70 wl/cm? that is about the
inflexion point of the density vs. bias
exposure curves.

It is felt that these characteristics may help
in the optimization of the processing of beached
holograms. Various combinations of develop-
ers (cathecol and pyrogallol) and bleaches (R9,
R10 and EDTA) have recently been compared,
and experiments with other silver halide mate-
rials are also planned.
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Web: www.imaging.org.
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Technical Exhibit

SPIE Short Courses and Education Program
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Conferece
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The SunBurst Hotel
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Contact IS&T. Phone: (1) 703/642-9090. Fax:
(1) 703/642-9094. E-mail: info@imaging. org
Web: www.imaging.org.
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San Jose Convention Center
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Enlarging holograms
under white light
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persion of light it will be necessary to obtain
an significant increase on the number of lines/
mm with which the screens are made in order
to allow a larger audience. To bring color im-
ages to the public, it will also be necessary to
find a new process to obtain bright diffraction
at one third of the visible spectrum bandwidth.
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