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Dental snapshot 
At present, dental technicians can only make dentures using a bite im-
pression. The silicone template for this plaster model is made by the
dentist, in a procedure which is unpleasant for the patient. In future a
3-D digitizer will provide the teeth contours – without plaster model.

Drinking water from air humidity 
Not a plant to be seen, the desert ground is too dry. But the air con-
tains water, and research scientists have found a way of obtaining drin-
king water from air humidity. The system is based completely on rene-
wable energy and is therefore autonomous.

Interactive Data Eyeglasses
The data eyeglasses can read from the engineer’s eyes which details he
needs to see on the building plans. A CMOS chip with an eye tracker
in the microdisplay makes this possible. The eyeglasses are connected
to a PDA, display information and respond to commands. 

Transparent solar cells 
If solar cells were transparent they could be fitted to windows and 
building facades. Physical modeling helps in the development of 
suitable materials for transparent electronics and thus in creating the
basis for transparent solar cells.

Proteins in gel
Biochips carrying thousands of DNA fragments are widely used for 
examining genetic material. Experts would also like to have biochips
on which proteins are anchored. This requires a gel layer which can
now be produced industrially.

Mini beamer in a cellphone or PDA
Looking at photos on a cellphone display can be somewhat arduous. A
new mini beamer will make it easier. The beamer is so small that it can
be integrated in a cellphone or a PDA. As it does not need an extra
light source it also conserves the battery.

Artificial noise saves energy
Against the background of climate change, how can xDSL systems
function more energy-efficiently and cost-effectively? Scientists are
providing a solution combining existing methods which network 
providers could implement immediately. 
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A research scientist measures the teeth contours directly in
the mouth using a 3-D digitizer.
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Dental snapshot 
When toothache makes a visit to the dentist unavoidable this often
marks the start of a time-consuming treatment marathon for the pa-
tient. If the tooth cannot be saved and a dental prosthesis is necessary,
the dentist first has to make a silicone impression for the dental labora-
tory. The patient is sent home with a provisional repair and dental
technicians set to work on modeling a plaster impression. The model is
then scanned using digital cameras and from the geometric measure-
ment data obtained the matching dental prosthesis is produced.

The intricate and laborious route from bite impression and plaster
mold to model scanning in the laboratory could soon be a thing of the
past. “The three-dimensional coordinates of the tooth surface can be
determined on the basis of measurements taken in the patient’s
mouth,” says Dr. Peter Kühmstedt, group manager for 3-D measure-
ment technology at the Fraunhofer Institute for Applied Optics and
Precision Engineering IOF in Jena. 

Under a contract from German dental company Hint-Els, an expert
team at the Fraunhofer institute developed an optical digitization sys-
tem which scans the oral cavity and captures three-dimensional data of
the teeth using camera optics. A complete picture of the individual
tooth is created from several data records. After an all-round measure-
ment, it is even possible to represent the complete jaw arch as a virtual
computer image. The measurement conditions in the confined oral
cavity are, however, unfavorable. To obtain precise results, the scien-
tists use fringe projections in which a projector shines strips of light on
the tooth area to be measured. From the phase-shifted images the
evaluation software determines the geometric contour data of the
tooth. Two camera optics provide the sensor chip with image informa-
tion from different measurement perspectives. After the pixel-precise
comparison of various camera images, the evaluation program recog-
nizes any image faults and removes them from the complete image.

It is problematic if the patient moves while the images are being taken
in the oral cavity. The scientists have therefore made sure that the
process takes place quickly. “The image sequence for each measure-
ment position is captured in less than 200 milliseconds,” explains
Kühmstedt.
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Plants producing large quantities of drinking water from
moisture in the air could look like this.
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Drinking water from air humidity 
Cracks permeate the dried-out desert ground, the landscape bears tes-
timony to the lack of water. But even here, where there are no lakes,
rivers or groundwater, considerable quantities of water are stored in
the air. In the Negev desert in Israel, for example, annual average rela-
tive air humidity is 64 percent – in every cubic meter of air there are
11.5 milliliters of water. 

Research scientists at the Fraunhofer Institute for Interfacial Engineer-
ing and Biotechnology IGB in Stuttgart working in conjunction with
their colleagues from the company Logos Innovationen have found a
way of converting this air humidity autonomously and decentrally into
drinkable water. “The process we have developed is based exclusively
on renewable energy sources such as thermal solar collectors and pho-
tovoltaic cells, which makes this method completely energy-au-
tonomous. It will therefore function in regions where there is no elec-
trical infrastructure,” says Siegfried Egner, head of department at the
IGB. The principle of the process is as follows: hygroscopic brine –
saline solution which absorbs moisture – runs down a tower-shaped
unit and absorbs water from the air. It is then sucked into a tank a few
meters off the ground in which a vacuum prevails. Energy from solar
collectors heats up the brine, which is diluted by the water it has ab-
sorbed. Because of the vacuum, the boiling point of the liquid is lower
than it would be under normal atmospheric pressure. This effect is
known from the mountains: as the atmospheric pressure there is lower
than in the valley, water boils at temperatures distinctly below 100 de-
grees Celsius. The evaporated, non-saline water is condensed and runs
down through a completely filled tube in a controlled manner. The
gravity of this water column continuously produces the vacuum and so
a vacuum pump is not needed. The reconcentrated brine runs down
the tower surface again to absorb moisture from the air. 

“The concept is suitable for various sizes of installation. Single-person
units and plants supplying water to entire hotels are conceivable,” says
Egner. Prototypes have been built for both system components – air
moisture absorption and vacuum evaporation – and the research scien-
tists have already tested their interplay on a laboratory scale. In a fur-
ther step the researchers intend to develop a demonstration facility.
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The data eyeglasses display information and respond to
commands.
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Interactive Data Eyeglasses
For car designers, secret agents in the movies and jet fighter pilots,
data eyeglasses – also called head-mounted displays, or HMDs for
short – are everyday objects. They transport the wearer into virtual
worlds or provide the user with data from the real environment. At
present these devices can only display information. “We want to make
the eyeglasses bidirectional and interactive so that new areas of appli-
cation can be opened up,” says Dr. Michael Scholles, business unit
manager at the Fraunhofer Institute for Photonic Microsystems IPMS in
Dresden. A group of scientists at IPMS is working on a device which in-
corporates eye tracking – users can influence the content presented by
moving their eyes or fixing on certain points in the image. Without
having to use any other devices to enter instructions, the wearer can
display new content, scroll through the menu or shift picture elements.
Scholles believes that the bidirectional data eyeglasses will yield advan-
tages wherever people need to consult additional information but do
not have their hands free to operate a keyboard or mouse. The Dres-
den-based researchers have integrated their system’s eye tracker and
image reproduction on a CMOS chip. This makes the HMDs small,
light, easy to manufacture and inexpensive. 

The chip measuring 19.3 by 17 millimeters is fitted on the prototype
eyeglasses behind the hinge on the temple. From the temple the
image on the microdisplay is projected onto the retina of the user so
that it appears to be viewed from a distance of about one meter. The
image has to outshine the ambient light to ensure that it can be seen
clearly against changing and highly contrasting backgrounds. For this
reason the research scientists use OLEDs, organic light-emitting diodes,
to produce microdisplays of particularly high luminance.

In industry and in the medical field, the interactive data eyeglasses
could enable numerous tasks to be performed more simply, efficiently
and precisely. Many scenarios are possible, including patients’ vital
functions, MRT and x-ray images for the operating surgeon, construc-
tion drawings for erection engineers and installation instructions for
service technicians. Some users have already tried out conventional
HMDs, but the results were not very impressive. In most cases they
were found to be too expensive, too heavy, too bulky and not very er-
gonomic. “We have now overcome these hurdles,” says Scholles. With
his team and colleagues from other Fraunhofer institutes he is already
working on the next development stage of the bidirectional eyeglass-
es.
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Irregularity in an ordered crystal structure.
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Transparent solar cells 
Offering a view of the garden and an adjacent field, it looks like any
other window. But this window offers an additional feature: it also
produces electricity. The facades of the house, too, harness solar ener-
gy to supply the occupants with electrical power. This is what the do-
mestic power supply of the future could look like. The surface area
used to produce energy would increase greatly with transparent solar
cells. 

To translate the vision of see-through solar cells and transparent 
electronics into reality, two different transparent coatings would be re-
quired – one to conduct the electricity via electrons, the n-conductors,
and one in which electron holes enable the electricity to flow, the 
p-conductors. To produce these coatings the engineers dope the base
material with a few other atoms. Depending on which atoms they use,
they obtain the differently conducting coatings. N-conducting trans-
parent materials are state of the art, but the p-conductors are prob-
lematic. Their conductivity is too low and often their transparency is
poor. Manufacturers need a transparent base material which is
amenable to both n- and p-doping.

At present, indium tin oxide is mainly used for the n-conductors, but
this is costly. Indium has become a rare commodity and its price has 
increased tenfold since 2002. The search for substitute materials is
therefore in full swing. At the same time, various questions need to be
answered, such as which materials would be best suitable, what they
should be doped with to obtain good conductivity, and how good
their transparency is. Research scientists at the Fraunhofer Institute for
Mechanics of Materials IWM working in cooperation with other 
Fraunhofer colleagues have developed material physics models and
methods which help in the search. “If transparent p-conductors with
adequate conductivity could be produced, it would be possible to real-
ize completely transparent electronics,” says Dr. Wolfgang Körner, 
research scientist at the IWM. Using electron microscope images, the
researchers initially determine the grain boundaries which most 
frequently occur in the material – i.e. irregularities in the ordered 
crystal structure. These defect structures are modeled atom by atom.
Special simulation methods calculate how the electrons are distributed
in the structures and thus in the solid body. From the data the re-
searchers extract how conductive and transparent the material is. “We
have found, for example, that phosphorus is suitable for p-doping zinc
oxide, but that nitrogen is more promising,” says Körner.
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View into a spectrometer which the research scientists use
to analyze the gel layers. Polymer carriers with the gel 
layers can be seen in the middle.
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Proteins in gel
Several thousand test fields are tightly packed together on the tiny 
surface of a biochip. They permit the rapid analysis of substances, e.g.
for diagnosing allergens in the blood. These biochips are already in
widespread use for DNA testing. When it comes to proteins, such chips
are difficult to produce. This is because the proteins have a defined
three-dimensional structure by which they can interact specifically with
other molecules and control biological processes. If they bind to a sur-
face, such as on a biochip, the structure can be destroyed and the pro-
tein cannot perform its function.

Research scientists at the Fraunhofer Institute for Applied Polymer 
Research IAP in Potsdam-Golm have solved this problem. “We have
developed a gel – a network of organic molecules – that we can apply
to the surface of the biochip,” says Dr. Andreas Holländer, group 
manager at the IAP. “This gel layer is only about 100 to 500 nano-
meters thick and consists mainly of water. We thus make the protein
believe that it is in a solution, even though it is chemically connected
to the network. It feels as if it is in its natural environment and contin-
ues to function even though it is on a biochip.” Other research groups
are working on similar hydrogels. The key feature of the new produc-
tion technique is that it can be applied in industry, and the gel layers
can be manufactured cheaply on a large scale. Usually there are two
ways of producing such networks. In the first, complete polymers are
chemically bound to the surface. In the second, the polymer molecules
are constructed unit by unit on the surface. “Our technique is a mix-
ture of the two known methods. We use larger molecular building
blocks to build up the network on the surface,” explains Falko Pippig,
who is doing his doctorate on this subject at the IAP.

As the hydrogel layers are very thin, substances added from the out-
side very quickly reach the protein which is in and on this layer. For ex-
ample, physicians can put blood or urine on the chip and diagnose ill-
nesses. The research scientists have already developed the process
fundamentals. Protein biochips could therefore become everyday items
of equipment in medical laboratories – the possible applications far 
exceed those of DNA chips.

Research News
Topic 5

No. 6 – 2009

For further information:
Dr. Andreas Holländer
Phone +49 331 568-1404
andreas.hollaender@
iap.fraunhofer.de

Falko Pippig
Phone +49 331 568-1234
falko.pippig@iap.fraunhofer.de



Fraunhofer Institute for
Applied Optics and Precision
Engineering IOF
Albert-Einstein-Strasse 7
07745 Jena, Germany
Press contact: 
Dr. Brigitte Weber
Phone +49 3641 807-440 
Fax +49 3641 807-600 
brigitte.weber@iof.fraunhofer.de 
www.iof.fraunhofer.de

© Fraunhofer IOF

Model of the mini beamer: the OLED display can be seen to
the right at the back. The lens system projects the image
onto a wall.
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Mini beamer in a cellphone or PDA
A summer barbecue by the lake – as the sausages sizzle on the grill
some of the party would like to watch the soccer on TV. Today, a
choice has to be made whether to stay by the lake or watch the match
on a big public screen or the TV set at home. In future, barbecue en-
thusiasts and football fans will be able to enjoy both at the same time.
Cellphone TV is coming closer and with an innovative mini beamer it
will be possible to create a public viewing event on a small scale – for
example on a white bathing towel by the side of a lake.

The mini projector was developed by research scientists at the Fraun-
hofer Institute for Applied Optics and Precision Engineering IOF in Jena
in cooperation with their partners in the EU project HYPOLED. Unlike
conventional beamers it does not need an additional illumination sys-
tem. Because the beamer can operate without an extra light source it
offers a number of advantages: Firstly, it takes up little space. The pro-
totype is 2.5 centimeters long, has a diameter of 1.8 centimeters and
can be easily integrated in a cellphone or a PDA. Secondly, the device
needs very little energy and therefore does not overtax the battery.

“The key component of the projector is an organic display, or OLED,
developed by our colleagues at the Fraunhofer Institute for Photonic
Microsystems IPMS in Dresden,” says Dr. Stefan Riehemann, group
manager at the IOF. Currently the OLED display produces a mono-
chrome image with a brightness of 10,000 candelas per square meter;
for color images the brightness is about half that level. By way of com-
parison, a computer monitor generates about 150-300 candelas per
square meter. A lens system projects the image produced by the OLED
onto a wall or other flat surface. The lenses are made of glass but the
research scientists are already developing an optical system which uses
plastic lenses. As plastic lenses can be embossed, they can be pro-
duced in larger quantities more simply and cheaply than glass lenses.
At the Laser World of Photonics trade show from June 15 to 18 in Mu-
nich, the researchers are exhibiting a monochrome prototype (Hall B2,
Stand B2.421).
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The virtual noise technique stabilizes the DSL connection.
The power-saving L2 mode in DSL systems can be used
now without causing any problems.
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Artificial noise saves energy
Ecological and economic factors are prompting telecommunications
companies to deploy energy-saving systems. The broadband DSL ac-
cess network consumes about 20 billion kilowatt-hours of energy per
year worldwide – equivalent to four percent of Germany’s annual ener-
gy consumption. The use of a low-power mode (L2 mode) in standard
ADSL2/ADSL2+ systems could significantly reduce the amount of elec-
tricity consumed by the DSL network. At present, broadband access al-
ways runs on full power, but the L2 mode could reduce the transmis-
sion output of the system and therefore its power usage during
quiescent communication. Although the mode has already been stan-
dardized and is present in many devices on the customer and network
side, it is not being used. The problem is that L2 mode causes consider-
able interference to neighboring DSL systems.

When a modem connects to the Internet while neighboring modems
are still in L2 mode, only a small degree of interference occurs and the
data transmission rate is high. If, however, systems in neighboring
houses or apartments become active, the interference to the first sys-
tem is so great that the connection crashes and the modem can only
go online again after a prolonged restart phase. What’s more, the data
speed is significantly lower. For this reason, the operators of broad-
band networks deactivated the low-power mode and did not include it
in the standardization for future broadband connections with faster
data transmission rates (VDSL).

Scientsists at the Fraunhofer Institute for Communication Systems ESK
have now succeeded in using artificial or virtual noise to stabilize DSL
connections so that L2 mode can be deployed. The artificial noise sim-
ulates typical cable bundle interference to the broadband receivers.
When a modem tries to connect to the Internet, the system registers
normal interference even if the device next door is in low-power mode.
Although the connection does not take place at the highest-possible
transmission rate but at a slightly reduced speed, it remains stable
when a neighbor goes online. Both the L2 mode and artificial noise
can be used now. Network operators could reduce their electricity con-
sumption by several million kilowatt-hours per year, which in Germany
alone would mean an annual saving of 15 million euros on operating
costs. At first, however, only the network operators would save money,
not the users.
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