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Quality optimization of multi-exposure synthetic
holograms by means of the
product-sum-type holograms*
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The Fourier spectrum and diffraction efficiency of product-sum-type (P-S-T) multi-
exposure synthetic hologram are analysed. The advantages of applying of P-S-T
coding of multi-exposure hologram are shown.

1. Introduction

The method of coding many-phase objects using computer-generated binary
holograms [1] extends the possibility of interferometric control and assembling
of a composite optical system. In this method each of K complex optical wave-
fronts is coded as a computer-generated interferogram [2]. The interferograms
are photographically reduced and superposed on the photographic plate so
that their orientations are different. An example of three-exposure hologram
with coded spherical wavefronts is shown in Fig. 1.

Fig. 1. Central portion of a three-expo- Fig. 2. Fraunhofer diffraction pattern of
sure synthetic hologram with encoded a three-exposure product-type synthetic
spherical wavefronts hologram

* This paper has been presented at the European Optical Conference (EOC'83), May
30-June 4, 1983, in Rydzyna, Poland.



460 M. Kujawinska

To obtain high quality reconstructed wavefront two main conditions should
be fulfilled:

— high signal-to-noise (81IN) ratio, what means that only the diffracted
order of the required wavefront is filtered in Fourier plane,

— high value of the diffraction efficiency of the component interferograms.

The above requirements depend mainly on the way in which single synthetic
interferograms are superposed on a photographic plate. The analysis of product-
and sum-type multi-exposure holograms was given in the previous paper [2].

The high signal-to-noise ratio is achieved by a sum-type hologram the
spectrum of which contains the spectra of fundamental structures only. The
spectrum of a product-type hologram consists of 2K types of spectral points
(Fig. 2). Therefore, the 8IN ratio in product-type holograms is usually lower
than in sum-type hologram. However, as it was shown in the previous papers
[2, 3], it is possible to minimize the S/N ratio by designing the ~-exposure
product-type hologram with the method of vectorial summation in the Fourier
plane.
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Also it was shown in [2] that product-type holograms achieved much higher
value of diffraction efficiency. Figure 3 shows the examples of curves of diffrac-
tion efficiency as a function of ratio 5 = s/d for sum- and product-type Z-expo-
sure holograms (Z = 1,2,3, 4).

In order to optimize the quality and diffraction efficiency of a multi-expo-
sure hologram, a product-sum-type hologram is proposed.

2. The analysis of product-sum-type multi-exposure holograms

Considering Z-exposure synthetic hologram let us assume that m interferograms
are'coded as a sum-type hologram and the remaining (K—m) ones as

a produet-type hologram. The amplitude transmittance of such a structure is
given by

o (1)
i=i
G —1, ..., m —the sum coding, m+1, ..., Z —the product coding).
Assuming that the structures are composed of superposed unlimited ampli-
tude line gratings, the component transmittance equals
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wliere: = snd”™ 5 — fringe width, d} — grating period,
Qj — direction of the normal to the lines of the j-th grid,
lii — number of the diffraction order of the j-th structure,

M =0, dil, 22, ... .
The Fourier spectrum of P-S-T hologram is given by
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Introducing the notation
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From the analysis of this formula for P-S-T holograms several conclusions
mav he formed.

2.1. The Fourier spectrum of P-S-T holograms

The number of types of spectral points in the spectrum of P-S-T holograms is
smaller and equals m2K~m, while for product-type hologram it is 2K. The example
of Fourier spectrum P-S-T hologram is shown in Fig. 4.

Pig. 4. Fraunhofer diffraction
pattern of a three-exposure
P-S-T hologram

Considering an example of six-exposure synthetic hologram 64 types of
spectral points are obtained for product-type hologram and only 24 types for
P-S-T holograms (with m = 3).

The number of types of spectral points in the Fourier plane has usually
a great influence on the signal-to-noise ratio in the reconstructed wavefront.
The experimental set-up for checking the quality of the reconstructed wave-
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front is shown in Fig. 5. The shape of the wavefront obtained from the three-
-exposure hologram after filtering the first diffracted order of the wavefront is
checked by the shearing interferometry method. Figure 6 shows the interfero-
grams obtained with a product-type hologram and P-S-T hologram, respectively.

Tig. 5. Set-up for reconstruction and checking up the relevant wavefronts

Fig. 6. Interferograms of spherical wavefronts recorded in set-up shown in Fig. 5. Recon-
struction of the spherical wavefront from: product-type hologram (a), P-S-T hologram (b)

The additional fringe patterns in Fig. 6a are caused by, the superposition of the
first-order diffracted wavefront and heat frequencies. Obviously, in this case
(K = 3) the overlapping of the first diffraction orders of the information-
-carrying individual holograms with the beat frequencies can be prevented if
the single holograms are superposed according to proper orientations. In the case
of great number K (K > 3) the required value of 8/N ratio is obtained by apply-
ing sum-type or P-S-T hologram.
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2.2. The diffraction efficiency of P-S-T hologram

The diffraction efficiency of the first diffracted order of the j-th structure of
a P-S-T hologram is given by the formula

Yip-s = NBPMH --- As)2[sinc(ift:)]2 (6)

where: fy = s3/d3,
"Aj — depth of amplitude modulation,

P )
while rfjjp of product-type hologram (Ai = 1) becomes [2]

ViP = (Pi === PK)Z2isinc(~Pj)Y, (7

and rfjs of sum-type hologram equals

Vis = ~MU-Esinci”.)]2 (8)

From the comparison of these formulae it follows that usually the value
of diffraction efficiency of a component interferogram of P-S-T hologram is
greater than 73 of a sum-type hologram. For K > 3 these values of a sum-type
hologram are very low (Fig. 3), hence it is of a great importance to rise the dif-
fraction efficiency, especially, in set-ups used in industry. This is the reason
for which the use of P-S-T holograms is recommended. Of course, the production
technology of P-S-T holograms is much more complicated and the exposure
of successive interferograms on the photographic plate must be carefully con-
trolled.

3. Conclusions

The above considerations are the supplement to the theory of multi-exposure
synthetic holograms. The whole theory, described mainly in [1-3] allows the
choice of the best method of the ~-exposure hologram coding to obtain the need-
ed values of signal-to-noise ratio and diffraction efficiency. The analysis of the
spectrum and the diffraction efficiency of P-S-T holograms shows the advanta-
ges of this type of synthetic hologram, especially when K is greater than 3.
This compromise method allows us to obtain a high quality wavefront useful
in the interferometric control of composite optical systems.
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