Ward®. However, most of the works
reported mquk'ed sandwiches of
different materials independently
exposed.

During the OE LASE '90, spon-
sored by SPIE, we reported our re-
esntWoFk: ~— in - “tige — color”
holography using single elements
of silver halide, dichromated
gelatin, and the Du Pont photo-
polymer material. We  have
succeeded in recording all three
primary colors on a single emul-
sion, AGFA 8E75HD, by using a
prolonged exposure on the green.
With the helpful suggestions of Jeff
Blyth, dichromated gelatin can
now record in the red. However,
the most exciting results were ob-
tained using the new Du Pont poly-
mer material HRF-705. True color
_scatter-free images can now be re-
corded in a single exposure by a
single beam of combined primary
colors from three lasers. Further-
more, this material requires no wet
processing, thus eliminating the
hazards that go with chemistry.
Because of its overwhelming
advantages, we shall concentrate
only on the Du Pont polymer mate-
rial in this report.

Since laser light is required to re-
cord holograms, the reconstructed
image by an incandescent source
will pever recreate precisely the
image of a multicolored object as it

appears in natural lighting. At

saturation. Furthermore, because
color perception is subjective, there
cannot ever be complete agreement
among different observers as to the
“truthfulness” of the reconstructed
image. Therefore we offer the fol-
lowing heuristic definition of “true
color” which is amenable to scien-
tific verification:

A hologram is said to have “true
color” if it recreates an image
which has the same combina-
tion of wavelengths and their
relative intensities as those
laser wavelengths detected from
the object during recording.

Thus the optimal hologram has to
be illuminated by the same combi-
nation of laser wavelengths that re-
corded it. The intensity ratios
during recording must be read-
justed for reconstruction due to
the variation of spectral sensitivity
of the medium versus wavelength.
While this may be realizable in the
future when tunable semiconduc-
tor lasers become available, we
must live in the present with in-
candescent source and narrow-
bandwidth holograms.

For simplicity, only Denisyuk holo-
grams are presented in this report.
Split-beam schemes for both trans-
mission and reflection holograms
are in progress. In general, we re-
cord the holograms using three
primary wavelengths from three in-
dependent lasers. This is superior
to using any single laser with
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will be used in ﬂmmtme; together
provide the three primary colors.
By judicious adjustments, the
combined beam can be white or
any color the additive primaries
can produce.

Among the many methods for com-
bining beams are: 1) a prism, 2) a
system of beamsplltters and mir-
rors, 3) optical fibers®, and 4) a ho-
lographic optical clement (HOE)” 5.
We favor techniques 3) and 4), as
shown in Figures 1 and 2.

We have recently succeeded in re-
cording true color Denisyuk holo-
grams on the HRF-705 material
using a single combined beam. Ex-
cept for the relatively long expo-
sures, similar to those used on
DCG, the procedures are wonder-
fully simple.

The material consists of binders,
monomers, a photoinitiation sys-
tem, and sensitizing dyes; and is
provided as a layer 20 microns
thick (or thicker) sandwiched be-
tween Mylar sheets. When the top
sheet is peeled off, the tacky mate-
rial can be attached to glass or
plastic substrates. Exposures are
made with the second mylar intact.

The absorbed photons polymerize
the monomers in areas of interfer-
ence maximum, causing an in-
crease in local index. Monomers
migrate from surrounding regions
until hardening occurs and the
process stops. Exposure of the en-
tire hologram to incoherent white

holosphere




Figure 1:
Optical Fibers for Beam
Combining.

Figure 2:
Holographic Optical Element for
Beam Combining.

light (such as sunlight) uniformly
polymerizes any remaining mono-
mers. Heating the finished holo-
gram in a oven at 100°C for
one-half hour further increases the
efficiency.

Because no wet processing is in-
volved, the medium can be of arbi-
trary thickness. We had made
transmission holograms on the 50
micron thick older version of this
material over twenty years ago. Not
only does it show no degradation
over time, but it can be viewed
with an incandescent source.

We find that the new Du Pont
material represents a significant
advance to the state-of-the-art of
holographic recording. Its chief at-
tributes are: good storage charac-
teristics before and after exposure;
freedom from wet processing: ex-
tremely low scatter; high diffrac-
tion efficiency; and true color
reproduction. One remaining prob-
lem to be solved is its low spectral
sensitivity, particularly in the red.

References

1. K. Bazargan, “Design of a one-
step full-colour holographic record-
ing system,” Proc. SPIE Vol. 1051,
pp. 6-11 (1989), Editor: S. Benton.

2. T. Kubota, “Image sharpening of
Lippmann hologram by compensa-
tion of wavelength dispersion,”
ibid, pp, 12-17.

3. P. M. Hubel and A. A. Ward,
“Color reflection holography,” ibid,

‘pp. 18-24.

4. P. M. Hubel, “Effects of band-
width and peak replay wavelength
shifts on color holograms,” Proc.
HOLOGRAPHY ‘89 (Varna,
Bulgaria), SPIE Vol. 1183 (1990),
Editors: Y. Denisyuk and T. H.
Jeong.

5. T. H. Jeong and E. Wesly, “Pro-
gress in True Color Holography,”
Proc. SPIE 1212 (1990), Editor: S.
Benton.

6. T. H. Jeong and S. A. Kupiec,
“Fiber Optics in Holography,” Proc.

International Symposium on Dis-
play Holography, Vol. 2, pp. 69-73
(1985), Editor: T. H. Jeong, pub-
lished by the Lake Forest College
Holography Workshops.

7. T. H. Jeong, B. J. Feferman,
and C. R. Bennett, “Holographic
systems with HOE and optical
fibers,” Proc. SPIE Vol. 615, pp. 2-
6 (1986), Editors: T. H. Jeong and
J. E. Ludman.

8. T. H. Jeong and E. Wesly, "HOE
for Holography,” Proc. HOLO-
GRAPHY ’'89 (Varna, Bulgaria),
SPIE Vol. 1183 (1990), Editors: Y.
Denisyuk and T. H. Jeong,

9. W. K. Smothers, T. J. Trout, A.
M. Weber, and D. J. Mickish, “Ho-
logram Recording in Du Pont's New
Photopolymer Materials,” IEEE 2nd
Int'l. Conf. on Holographic Sys-
tems, Components, & Applications,
Univ. of Bath, UK (1989). O

HOLOGRAPHY
INSTLTUTE

*PRIYATE CLASSES
*EMBOSSING MASTERS
¥CONSULTING
*HOLOGRAMS
*LABORATORY RENTAL

(707) 778-1497

POB 446 PETALUMA,CA 94853
40 miles north of San Francisco

FOR

Agfa-Gevaert - liford - Kodak

Sensitized Holographic Products

Call or write:

ALPHA Photo Products, Inc.

560 -20th Street - Box 23955, Oakland, CA 94623-9930
Phone (415) 893 - 1436 — FAX (415) 834 - 8107




