REAL-TIME HOLOGRAPHIC VIDEO
DISPLAYS COULD BE NEAR

A refreshable holographic image of an F-4 fighter jet. Credit: gargaszphotos.com/College of Optical
Sciences, The University of Arizona

Holograms may seem like an original invention from some science fiction films. A
famous scene often mentioned in this context is that from Star Wars where
Princess Leia records an important holographic message, ending with the words
“Help me, Obi-Wan Kenobi“.
Such visions of holograms aren’t fiction. In a paper published in Nature, Nasser
Peyghambarian, Pierre-Alexandre Blanche and colleagues from the College of
Optical Sciences at The University of Arizona demonstrate a holographic system
that is capable of displaying holograms at speeds approaching almost that of video

capability. (and sure enough, they do mention Star Wars in the abstract of the
paper…)
Holograms have been invented in 1947 by Dennis Gabor. They are made by
shining a laser beam on an object and then recording the laser light reflected by the
object on a photographic film. Simultaneously, a reference beam of the same laser
is directly guided to the photographic film, where it causes an interference of the
two beams. The interference pattern stored in the photographic film not only
contains information on the light intensity (as in conventional photos) but also the
phase difference between the two laser beams. The phase difference is a measure
of the three-dimensional shape of the object. Together, intensity and phase contain
the complete information of a light beam.
To recover the holographic image, the original laser needs to be used. Therefore,
more practical ways of writing holograms have been develop and that do not
require the original laser for viewing. Regular white light can be used instead.
Although image quality for these holograms is not as good, they are widely used,
for example on credit cards. Holograms can also be artificially created, without the
use of an actual object, but by using a computer to calculate the necessary
holographic interference pattern. Or information from a camera is digitally scanned
and used to create a hologram elsewhere. “Holographic telepresence means we can

record a three-dimensional image in one location and show it in another location,
in real-time, anywhere in the world,” says Peyghambarian.

Although static holograms are widely available, true holographic video systems
that are able to refresh holograms at video rates haven’t been demonstrated yet. Of
course, there are 3D television sets on the market. However, these use different
techniques, usually stereoscopic projections, which have the disadvantage that
either special glasses have to be worn, or they only work really well if you sit
straight in front of the TV.

Even multiple colours are possible. Reprinted by permission from Macmillan Publishers Ltd. Nature, doi:
10.1038/nature09521 (2010).

For animated holograms, the holographic film needs to be rewritten constantly.
This can be done with polymers. The problem is that there is always a trade-off
between parameters such as write time and the time required to erase an image
before writing the next one. Previously it took three minutes to rewrite a
holographic image, which is obviously too slow.

The researchers from the University of Arizona now developed their technique
further and use a different polymer mixture that is more responsive. It only takes a
single shot from an intense nanosecond laser pulse to write a holographic pixel.
Unfortunately, the laser only operates 50 Hz, which is too slow for animated
holograms — a single hologram of suitable size still takes about two seconds to
write, which is still too slow for typical video rates of 30 frames per second.

The problem is that the laser pulses needed to write the polymer film are too
energetic to increase writing speeds, says Blanche. “The problem is the energy
requirement. The material needs around 100 mJ/cm² of energy per hogel
(elementary holographic pixel). At 50 Hz, this gives a 5 Watt laser, doable. Now to
go video rate, we need to go 60 times faster. A laser with a repetition rate of 3 kHz
and 100 mJ/pulse is 300 Watts! Quite a beast if you allow me the expression.”

To compare, a typical laser pointer has around 1 mW of power, so a 300 W laser is
as powerful as up to 300,000 laser pointers. Even 5 W lasers are powerful enough
that they have to be operated with extra care. Clearly, real animated motion isn’t
feasible yet. As a first step the energy required to write the hologram needs to
come down. “We are now focusing our research on the sensitivity of the material.
If we can improve the later by let’s say a factor of 60, we can do video rate
holography with the same 5 Watt laser,” argues Blanche.

And these aren’t the only issues. During operation the polymer film has to be
subjected to 7,000 Volts, which probably will degrade the film over time.

Either way, given the advance made so far, with writing times coming down from
three minutes to two seconds within only two years, it seems possible that we
might eventually realize holographic videos. Then, holographic messages will be
less likely to be the royal “help me, Obi-Wan Kenobi”, but could be something
more mundane such as “dude, let’s meet for drinks”…
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