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Driving and alcohol don’t mix.

But relying on electronic blood-alcohol

test devices to determine whether you can

get behind the wheel is not the solution. Not

one of these devices measures actual blood-

alcohol level precisely, according to a test

conducted by the German automobile associ-

ation ADAC early in 2004. 

There are also very few methods today

for measuring concentrations of other gases

quickly and efficiently. “The devices are either

too expensive and complicated to operate or,

if they’re simple and cheap, they don’t yield

reliable results,” says U.S. scientist Allan Chen

from Lawrence Berkeley Laboratory. This will

soon change if Dr. Maximilian Fleischer from

Siemens Corporate Technology (CT) in Mu-

nich achieves his goals. Here, in the labora-

tory of the Power and Sensor Systems Center

at CT, a new generation of gas sensors is be-

ing developed. Fleischer, who heads the pro-

ject, has electronic bloodhounds for the most

diverse applications: He’s got miniature sen-

sors that fit into a cell phone, sensors that re-

quire hardly any electricity and powerful opti-

cal sensors for industrial applications.

Demand for small and inexpensive gas

sensors is huge. Methane sensors could trig-

ger an alarm when gas seeps into a house

due to defective pipes, for example, while

oxygen sensors could be used to optimize

combustion in heating units, engines and

power plants. Sensors that detect carbon

dioxide (CO2) could be used in air-condi-

tioned buildings or vehicle interiors. Joggers

could use ozone sensors to determine

whether they should postpone their run. Fi-

nally, certain illnesses can be detected on the

basis of trace gases on a person’s breath.

However, detecting what are invisible

and often odorless and volatile gas mole-

cules is not easy. Although sophisticated

methods of analysis, such as gaschromatog-

raphy or mass spectrometry, can reliably

identify even complicated molecules, such

procedures are less suitable for rapid, mobile

utilization, which requires small electronic

components that immediately emit a signal

as soon as the presence of a specific gas is

detected. All currently known sensors for

gases are based on changes in physical para-

meters that can be measured when mole-

cules of a particular gas that are present in

Digital BloodhoundsThe latest gas sensors
are making our lives

safer, industrial plants
more efficient, and 

driving less risky. Reli-
able, fast and small,

they range from
methane sensors that

can spot defects in gas
pipes to an alcohol

tester in a cell phone.

Testing a prototype methane

gas sensor. Smaller and less 

expensive than anything

available today, such elec-

tronic bloodhounds  will 

examine gas pipes for leaks.
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Toward Intelligent and Networked Sensors

The market for sensors will grow steadily

in the coming years, according to a study

conducted by INTECHNO Consulting in Basel,

Switzerland. In 2008, a total of approxi-

mately $50 billion will be spent worldwide

on sensors for the civilian sector, meaning

primarily for use in industry and in products

for private households. That’s nearly $18 bil-

lion more than was spent in 1998. Western

Europe, Japan and the U.S. will remain the

major markets for such sensors, accounting

for some 83 percent of market volume in

2008.

The driving forces behind this growth are

sensors with built-in intelligence and sensors

with integrated network interfaces. The for-

mer include micro-electro-mechanical sys-

tems (MEMS), which have the sensor, me-

chanical parts and electronics all on one chip.

S E N S O R  T E C H N O L O G Y F A C T S A N D F O R E C A S T S

The automotive sector is one of several

branches of industry that will be employing

more and more sensors in their products in

the coming years. For the next three or four

years, high growth rates are also forecast in

the processing industry and the consumer

electronics and building technology sectors.

A study by the Freedonia Group market

research company reaches similar conclu-

sions about developments in the U.S. Accord-

ing to that study, the U.S. will remain the

world’s leading market for sensors in the next

ten years. Freedonia estimates that market

volume in the U.S. will nearly double be-

tween 2003 and 2013, from approximately

$9.5 billion to $18.3 billion. The automotive

industry is a big growth sector in the U.S. as

well and will expand its share of the sensor

market in the next ten years from 26 percent

to 28 percent. The second-most important

sector for sensors — industrial applications

— will primarily require sensors for measur-

ing process parameters, such as distance or

position recognition. It will also require light-

sensitive CMOS sensors that can be used for

image recognition. 

All sensors, including those used in in-

dustry, are becoming increasingly small and

intelligent. Sensors without a communica-

tion interface will practically disappear from

the market by 2010, to be replaced by sys-

tems with integrated electronics and connec-

tions to communication networks such as

field bus and Ethernet. Profibus and field bus-

enabled sensors are already posting growth

rates of 30 percent per year, for example. At

the same time, sensors are becoming smaller

and smaller, as demonstrated by the Coriolis

flow sensor. Devices with a rated diameter of

40 millimeters are currently state of the art;

in 2010, that figure will have been reduced

to just 0.1 millimeters.

The automotive industry is definitely the

trendsetter in the consumer goods sector. To-

day, there are already up to 100 sensors in

every vehicle. These support the vehicle elec-

tronics by providing information on speed,

acceleration, engine speed and other data —

and the number of such sensors is clearly on

the increase. 

Chip manufacturer Infineon expects the

share of electronic systems in vehicles to in-

crease from the current 20 percent to 30 –

40 percent over the next ten to 15 years.

Frost & Sullivan, a consulting firm, predicts

that the market for vehicle sensors will grow

from $1.56 billion in 2002 to $2.55 billion in

2009 in Europe alone. According to the Zen-

tralverband Elektrotechnik- und Elektronikin-

dustrie e.V. (Electrical and Electronics Indus-

try Association — ZVEI), this will also

generate a significant market growth for 

micro-mechanical sensors, which are used

primarily in the automotive sector in applica-

tions such as airbag inflation. Sales of such

systems increased by 12 percent last year.

� Kerstin Purucker
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Regional distribution of the global sensor market in 1998 (left) and 2008 (right)
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Sensor type

Conductometric gas

sensors

Amperometric gas

sensors

Potentiometric gas

sensors

Optical gas sensors

FET gas sensors

How it works

Gas causes a change in the conduc-

tivity of a semiconductor

Gas causes a change in the conduc-

tivity of a polymer

Gas takes electrons from one elec-

trode and passes them to the other.

The current flow is a measure of the

gas concentration.

Electrical charge on an ion-conduct-

ing membrane 

Gas absorbs light

Gas alters the transmission of light

through a polymer layer

Gas is adsorbed on the surface, a

voltage is generated

Example

Metal oxide

semiconductor

Conductive

polymers

Electrochemical  

cells

Lambda sensors

Laser diode

spectrometer

Optode

Applications

Broad area of application for nearly

all gases, e.g. blood-alcohol,

volatile organic molecules, food

testing, use in arrays as an “elec-

tronic nose”

Applications: For example, monitor-

ing the presence of toxic gases at the

workplace, measurement of numer-

ous inorganic and organic molecules

Measurement of oxygen content in

vehicle exhaust or in metallurgical

processes

Simple gases such as O2, CO2, CH4,

HCl, HF

Fire detector

Still under development

Advantages/disadvantages

+ Robust, long life, versatile, miniaturizable

– Low selectivity, high power consumption 

+ Broad selectivity, high sensitivity, 

operation at ambient temperature

– Humidity interferes with the measurements, 

sensor could be “poisoned”

+ Versatile 

– Average level of selectivity, low lifespan,

sensitive to high humidity and extreme

temperatures

+ Functions at high temperatures

+ Very precise, selective

– Gases require sharp absorption lines in the

near IR, unsuitable for complex molecules

+ Miniaturizable, low power consumption

+ Inexpensive, partially miniaturizable, rapid 

reaction, sensitive, selective 

cle’s interior could be dangerous, since CO2

inhalation causes fatigue. Drivers can lose

consciousness if the gas exceeds a certain

concentration. “CO2 sensors would also be

very useful for building-technology applica-

tions — for example, to regulate ventilation

in conference rooms,” Fleischer points out.

Simon and Fleischer believe that FET sensors

also have potential medical uses. Those who

suffer from asthma, for example, could use

such a sensor to check the nitrogen-oxide

content of their exhaled air to identify a 

possible infection of lung tissue early on. This

is crucial because the nitrogen-oxide level in

exhaled air increases three to fivefold a few

days before an asthma attack. At the mo-

ment, pulmonary clinics are only equipped

with expensive and bulky stationary nitro-

gen-oxide measuring units. When technically

fully developed, the sensor from Siemens

might be able to fit into a handbag.

Remote Measurements. The third type of

gas sensor from Siemens works with laser

light, which takes measurements without

making physical contact and can be guided

to difficult-to-reach locations with glass

fibers. Such sensors are thus very suitable for

industrial applications. They function as fol-

lows: Most gases allow visible light to pass

through but absorb certain light wavelengths

in the infrared range. Conventional diode

lasers, such as those used in communications

technology, can be used to pinpoint individ-

ual absorption lines. If the gas in question is

present, less light reaches the detector, and

this information can be used to calculate gas

concentration. Because each gas has its own

absorption lines, there is no danger of the

detector being confused by other gases or

dust particles. Until now, it has been possible

to use such sensors to measure oxygen, am-

monia, water vapor, CO2, methane and hy-

drogen sulfide. New laser technologies could

enable the detection of other gases that ab-

sorb light in the mid-infrared region.

The main area of application for laser

spectrometry is industry. The Swedish com-

pany AltOptronic developed this sensor tech-

nique for flue gas denitrogenization units at

the end of the 1980s. Siemens acquired the

Siemens researcher Fleischer

with sensors from his lab. A tiny

metallic-oxide sensor measur-

ing a few square millimeters 

detects alcohol on a person’s

breath — simulated here with

dry ice (left). A FET sensor mea-

sures carbon dioxide (right).
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Where there’s smoke is there also fire?

Not always: Detecting a fire automatically is

no easy feat. Many fire detectors can be set

off by steam from the shower or kitchen, or

by cigarette smoke. But not the Sinteso from

Siemens Building Technologies (SBT). “Some

of our customers think our fire detector

doesn’t really work right,” says Enzo Peduzzi,

head of Systems & Solutions at the Fire

Safety unit in Männedorf, near Zurich.

“Customers were used to three or four false

alarms per week, so they were surprised

when Sinteso never went off.” The detect-

ing abilities of the Sinteso fire alarm, which

will be gradually launched in Europe in

2004, are even better than those of the predecessor model. At the core of the system is a

sophisticated measuring chamber containing two optical sensors and two temperature sen-

sors. The combination of the two optical sensors makes it possible to reliably differentiate

between harmless particles, such as water droplets, and dangerous smoke. But the truly

amazing part of the fire detector is its signal processing system. The unit more or less

“knows” in what type of surroundings it is located and what types of signals to expect when

something is burning. “What’s more, the detector automatically increases its own sensitivity

when it receives the first indications that a fire might have started,” says Peduzzi. Sinteso is

so foolproof that Siemens has pledged in many European countries to assume the costs if

the fire department is forced to go into action due to a false alarm. The scientists in Männe-

dorf are currently examining whether fires can be detected more rapidly with the help of

additional gas sensors, since gases like carbon monoxide and nitrogen oxides are released

even before temperatures rise and smoke begins to form. FET sensors from Siemens are

most suitable for fire detection systems, as they require very little electrical power. “We’re

now conducting tests to see if they can be combined with our fire detectors,” says Peduzzi.

E L I M I N A T I N G F A L S E A L A R M S

the air have bonded to a surface or reacted

with other substances (see table). Fleischer

believes that three types of sensors hold par-

ticular promise: those that function with me-

tal oxides, field-effect transistors and lasers. 

Hot Coating with Molecule Filters. Siemens

researchers have succeeded in improving the

type of sensor used for measuring blood-al-

cohol content. At the core of these so-called

metal oxide semiconductor sensors is a tiny

chip heated up to several 100 degrees Cel-

sius, which also contains a thin layer of a

semiconducting metal oxide. When a specific

gas is present, the electric conductivity of the

semiconducter is altered. There have been

two problems with such sensors up until

now: The first is that the metal oxide reacts

to several different gases — for example,

methane sensors also sound an alarm when

alcohol is present. Such natural-gas warning

units thus often set off false alarms when

ethanol vapor (for instance, from cleaning

agents) is present. The second problem be-

came apparent when the ADAC tests of

blood-alcohol measuring devices revealed

that the devices only supplied stable results

after a warm-up phase of an hour or more. 

Siemens researchers have overcome

both problems, however. Their sensors work

with different materials and at higher tem-

peratures than older models, which means

they react much more quickly. Fleischer’s

team has also developed filters that keep un-

wanted gases away from the sensor surface.

For example, their hydrogen sensor is sealed

with a glass-like coating of silicon dioxide,

through which only tiny hydrogen molecules

can penetrate. The researchers also wrapped

a porous layer around a methane sensor

probe that breaks down any ethanol mole-

cules present. “A particular advantage of the

metal oxide sensors is that they’re easy to

miniaturize,” says Fleischer. Because the sen-

sor surface is only about as large as a grain of

sand, it doesn’t emit much heat, despite the

high operating temperatures. This means

that metal oxide sensors can be installed in

portable devices such as cell phones and

then used to measure alcohol on a person’s

breath or ozone in the air. The high tempera-

tures even offer advantages in other applica-

tions, such as exhaust gas measurement for

heating units or car engines.

Cool Sensing. Fleischer is especially proud of

his second group of sensors. Unlike the metal

oxide sensors, these bloodhounds do not need

to be heated up, which means they require

less power to run. These devices are known

by the name of field-effect transistor — or FET

— gas sensors. Like the metal oxide sensors,

they consist of a small plate with a chemically

active layer whose surface adsorbs gases.

This generates a voltage that is measured by

the electric component — the FET. “What’s

great about these sensors,” says Fleischer, „is

that they work at room temeprature. That ex-

tends the range of applicable stable materi-

als, thereby increasing the chances of finding

the right material for each gas.“ The re-

searchers use metals, salts, polymers, and

even dyes for the sensitive coating. “These

sensors have a tremendous future, but devel-

opment is still in its infancy,” says Fleischer. 

However, Siemens researchers have used

this technology to develop the first solid-

state carbon-dioxide sensor. “There are a lot

of applications for this type of sensor,” says

Fleischer’s colleague Dr. Elfriede Simon. Ac-

cording to planned guidelines, new cars in

the EU will have to use CO2 as a coolant be-

ginning in 2012. However, a leak in a vehi-



ation, temperature or pressure. That’s a

much more manageable number. The chal-

lenge here primarily involves the engineer-

ing — in other words, coming up with the

ideal design for each application and making

sure that it’s both robust and sensitive. In ad-

dition, customers are demanding that such

sensors become smaller and less expensive.

Developers of chemical sensors, on the

other hand, are confronted with problems

such as cross-sensitivity — in other words,

the fact that one sensor can detect more

than one substance. For example, natural

gas sensors don’t just react to methane; they

also often sound an alarm when vapor from

a naphtha cleaning agent fills the air. We

therefore need to develop sensors that are

very selective — in other words, react to

only one substance. We can now more or

less accomplish this with sensor arrays,

whereby sensors of differing affinities and

sensitivities are linked together. A mathe-

matical comparison is then used to deter-

mine which substance is actually present in

the air.

What do you think are the prospects for
bio-sensors — can they be used to com-
bat disease, for example?
Weimar: In my opinion, you won’t soon be

seeing sensors that travel through the body’s

circulation system and radio their diagnosis

to the outside. One of the reasons for this is

that blood is a rather unfavorable medium,

since it can easily clot. At the same time,

sensors that measure blood sugar outside

the body have been standard for quite some

time. Much more exciting and promising, in

my opinion, is the possibility of detecting

diseases through odor. It is said that the al-

chemists of old and practitioners of tradi-

tional Chinese medicine were able to diag-

nose illnesses on the basis of body odors.

For example, respiratory infections have a

typical odor. It’s therefore conceivable that

sensors will be used in the future to conduct

odor diagnoses. Initially, however, we have

to clarify the old question: What exactly

causes a typical odor? And which molecules

are actually responsible for it?

� Interview by Tim Schröder

� Today, sensors are an integral
part of our lives — a car, for exam-
ple, contains around 100 of them.
They also perform key functions in
industrial production, environmen-
tal and building systems and medi-
cine. In 2008, the world market for
civilian sensor systems will amount
to about $50 billion — some $18
billion more than in 1998.

� Future trends: Sensors are be-
coming smaller, cheaper and more
powerful. They are being inte-
grated into networks and gaining
intelligence to act on their own and
pre-process measured data (p. 63).

� Tiny wireless micro-electro-me-
chanical systems sensors could
some day be used in building
technology to measure air tem-
perature or CO2 content. (p. 70) 

� Researchers have developed the
first sensors that can independently
communicate with one another
and organize themselves into a net-
work. Siemens has developed a
sensor network that guides fire-
fighters to the source of the fire in
burning buildings. (p. 72)

� Biosensors can help detect dis-
eases quickly. Although the DNA
and protein diagnostic system
quicklab from Siemens is only the
size of a credit card, it can supply
test results completely automati-
cally in about an hour. (p. 74)

� Optical sensors are increasingly
using 3D images, as recognition al-
gorithms are more effective in 3D
than in 2D. Siemens has developed
sensors that can spot defects mea-
suring only a few nanometers. Hid-
den defects can be discovered by
making a virtual 3D flight through
the component. (p. 77)

� Siemens develops gas sensors
for industrial facilities and build-
ing technology systems and for
detecting leaks in gas pipelines. In
the future, they will be able to de-
termine the amount of alcohol or
nitrogen oxides in a person’s
breath. The latter can warn of an
impending asthma attack. The
unit will be small enough to fit
into a cell phone. (p. 81)
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In Brief

Sniffing out Illnesses 
by their Odors

Dr. Udo Weimar (41) is a 
lecturer and specialist in bio-

logical and chemical sensors at
the Physical Chemistry depart-

ment of the University of 
Tuebingen. He believes the

biggest challenge facing de-
tector developers is how to

come up with sensor probes
capable of detecting odors on

a selective basis.

Sensors are currently used for measuring
things like acceleration, gas concentra-
tion and tire pressure. What will they be
able to do in the future?
Weimar: Tomorrow’s sensors will be able to

detect chemicals and molecules much more

easily and clearly than those of today. This

represents a major challenge, since even rough

estimates say that about a billion different

chemical substances exist. Ultimately, you

would have to develop a sensor for each of

them. 

Do we really need to be able to identify
all of these substances?
Weimar: No, of course not. The problem 

is that we often don’t know what it is we

should be looking for. Coffee, for instance,

contains around 1,500 substances that

influence aroma. But to date, we are only

familiar with a portion of those molecules

that are decisive for giving it that spicy

taste. The real question is: What causes

aroma and taste to be perceived by the

brain? It’s as if developers of chemical

sensors are searching for the right chemi-

cals in a smashed-up pharmacy.

How do you build the appropriate sen-
sors?
Weimar: The important thing is to come up

with a sensitive layer that displays a high

level of affinity with the substance you’re

targeting. This greatly facilitates detection.

For example, aromatic compounds or bio-

logical molecules can bind on and in open-

pored organic surfaces, such as polymers.

The result is a change in the weight of the

surface layer that can be detected by a unit

made of sensitive oscillating quartz. However,

the substance you’re trying to detect can’t

be allowed to bind too solidly to the sensor,

since it has to drop off from the sensor as

soon as its concentration in the surrounding

environment begins to decrease. As this is

not very easy to achieve, it’s often necessary

to wash off the biological molecules. Sen-

sors used for measuring physical parameters

are significantly less affected by these prob-

lems than are biological or chemical sensors. 

Does that mean it’s easier to develop
physical sensors?
Weimar: Well, the fact is there are only

about 100 physical parameters, like acceler-
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company in 2001. The Swedish team then

got together with Siemens Automation and

Drives in Karlsruhe, Germany, to rework their

measuring device. The new version, present-

ed as LDS 6 at the Hanover Trade Fair in 2004,

is completely digital. It rapidly and accurately

analyzes gas concentrations in smokestacks,

combustion chambers and pipes at tempera-

tures of up to 1,500 degrees Celsius. The sys-

tem consists of a sensor and an analysis unit,

which are linked to a glass fiber cable and

can be separated by up to one kilometer.

LDS 6 can assist in the automatic control

of combustion processes in power plants and

other industrial facilities. “You can practically

look into the combustion chamber and get

results within seconds,” says Stefan Lundqvist

from Siemens Laser Analytics in Solna, Swe-

den. If the oxygen level is too high, the air in-

flow is automatically reduced, for example.

“Up until now, many facilities have extracted

the gas and then analyzed it — but that’s too

long if you want to control a facility effi-

ciently,” says Lundqvist. The LDS 6 is also

used in petrochemical facilities to reduce the

risk of explosion, and the spectrometer can

also be found at engine test stands, where it

supports catalytic converter research. Other

conceivable areas of application include the

medical sector and the food industry. 

Multiple Sensitivity. The future, says Flei-

scher, lies in the combination of several sen-

sors to create a type of “electronic nose.” “At

present, everyone is using a separate device

for each application,” he says. “But the goal

must be to bring together the various mea-

suring principles and integrate them into a

single device.” However, much development

work still needs to be done before several

sensor probes can be combined on one chip.

Controlling them and processing their data

represent further major challenges. If the sci-

entists succeed, however, the measurement

signal could not only be checked directly on

the chip but also freed from interfering sig-

nals. Fleischer describes his vision as follows:

“Future sensors should know what kind of

device and environment they are in. And

they’ll be intelligent enough to do more than

just take measurements.” � Ute Kehse


