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- Intermodulation Noise

A noticeable speckle pattern can be seen on an object ill-
uminated by laser light. This is caused by the constructive and de-
structive interference between light reflected from every pair of
points all over the object. The holographic recording material
is sensitive not only to the reference-object interference pat-
tern but also to the self-interference of the object.

This speckle pattern wmay get in the way of viewing the image
clearly. Anything that manifests itself as unnecessary information
in a communication process is called noise. In holography, our
signal is information about the object; it is encoded on the carrier
which is the reference beam, and in recounstruction it is carried
to our eyes.

This particular noise in holography is called intermodulation
noise; inter because it is formed between object pecints, and
modulation because it changes the reference beam. In some ways
it is analogous to static in radio. QOther noises in a hologram
are recording medium noise and optical noise. All these effects may
be minimized. 1In fact, reflection holograms are free from the
intermodulation noise., Let's examine the causes of this unoise a
the ways to minimize it. It would be helpful to have the sheets
on diffraction and spatial frequency handy for reference.

For a particular object, light from every point on it inter-
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feres with the reference beam, producing a pattern on the hologram.
(See figure 1.) Looking at the pattern produced by light from two
~object points aund a refereuce beam, you can see not only the ianter-
action of the reference and object points but the interference of
between two object points. (Figure 2) Notice that the interference
- pattern of the two object points has a lower spatial frequency than
the interference of the reference-object beams; i.e., the fringe
spacing is larger. These fringes are arranged in different dir-
ections from the signal fringes. The reconstructing reference beam
is then scattered in many different directions and does not contri-




bute to the object wavefront. It introduces its own speckly
pattern into the signal. FEvery pair of points on the object
makes this interference amongst themselves.

The spatial frequencies of the noise gets larger as the
distances between the interfering points increase. The noise from
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‘noise from adjacent noise from endpoints
object points of object

two adjacent points has low spatial frequency; the upper limit of
spatial frequency is set Ly the light from the endpoints of the
object interfering with each other. (See figures 3 & 4.)

Larger objects wili of course produce more of ihis noise be-
cause there ure more pairs of interfering points. The noise also
becomes more serious as Lhe object gets closer to the film plane.
The angle Letweeu the endpoints is larger, so the fringe spacing
gets smaller and closer to the size of the sigunal fringes. {See
figure 5 ltelow,)

One metiiod of minimizing

figure 5 the intermodulation noise is
to keep the spatial frequency
cf the signal higher than the
spatial frequency of the noise.
The bigger the distance between
the fringes, the smaller the
angle of diffraction--the
smaller the fringe spacing,
the larger the angle of
diffraction. By keeping the
noise fringes' spacing larger
than the signal's, we can
diffract the noise to an
angle differcnt frowm the signal's. We can physically accemplish this
in recording the hologram by having the smallest angle between
the refercnce beam and any cobject beam greater than the largest
angle formed Ly a pair of points on the object. (See diagram on
the next page.) Of course, this is not always physically poss-
ible due to compositional factors.

uoise from the endpoints
of a uecar object




Angle @ is the largest
T angle between light from two
e , points on the object. This
sets the upper limit of the
spatial frequency of the noise.
Angle O is the smallest
angle between light from a
point on the object and the
™~ ) _ reference beam. This sets the
- lower limit of the spatial
frequency of the signal.
If angle 6> angle {,
then the noise will be at a
minimum due to the get up.
However, practical set ups
look more like this:

.

with the range cf the spatial
frequencics of the noise and
of the signal overlapping.

Reflection holograms are free from intermodulation noise be-
cause the noise fringes are arranged more or less perpendicular to
the information fringes. Noise fringes are made by point sources
on the same side of the film--in effect, a transmission hologram.
Note the fringe arrangement shown in figure 2. But the refer-
ence and object beams cowme from object beam
different sides of the recording - :
material in a reflection holo-
gram, with fringes formed almost
parallel to the film. So in
reconstruction, the signal
fringes reflect light back to
the observer, while the nocise
fringes reflect light off to
the side, out of the viewing
bandwidth.
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Another method of minimizing intermodulation noise is by
controlling the ratio of reference to object beams. Remember
that the silver halide materials are negative acting; the more light
that hits them the denser it gets, and less light leaves a corre-
sponding lesser imprint. The areas of high density (even after
bleaching) will act as areas of high réflectivity»iu the mirror
analogy of the reconstructing mechanism, and the arcas of low
density will have low reflecting power. By making the combined
carrier wave and signal stronger than the noise coming from the
object, the carrier will expose more silver and create more highly
reflective mirrors, while the noise will not contribute as much.
This minimizes the effect of the noise because its reflective
power is low.

RELATIVE AMPLITUDES
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However, there is a drawback to using the high
ratios because the noise is formed by the light from
the object; if there islittle light from the object th
then the carrier wave is not modulated as much. As a
result the signal is weaker, so brightness of the recon-
structed image is lower” than when the reference beam is
strongly affected by the object beam. There is a con-
stant battle between brightness and noise.

The general rule of the thumb is this: Low refer-
ence to object beam ratios, like I to 1 or 2 to 1,
will produce bright holograms with a good deal of noise,
because the noise fringes are almost as reflective as
the signal fringes. High ratios are less noisy because
the carrier mirrors are more reflective, but the image
is not as bright since the modulatiocn of the recon-
struction beam is low because the recording reference
beam's modulation was low.

The holographer's job is to minimize necise and
maximize brightness by controlling the geometry of the
set up, the ratio of reference beam to object beam,
and the processing of the recording material. All
this depends on the object to be holographed. If a
set up is too noisy, raise the ratio, but don't be
surprised when the brightness decreases. Some appli-
cations may place emphasis on brightness first with
little or no regard to laser speckle noise. Low
ratios will do the job. Control of the ratios is
one aspect of successful holography.
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