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Abstract 
The EU project SENSIndoor aims at the development of novel nanotechnology based intelligent 
sensor systems for selective monitoring of Volatile Organic Compounds (VOC) for demand controlled 
ventilation in indoor environments. Target gases are benzene, naphthalene and formaldehyde, as 
these VOCs are highly health relevant and occur in many indoor environments, thus making their 
monitoring a high priority for safe and healthy buildings. Relevant concentrations according to 
recommended values given by the WHO are in the low ppb range with benzene requiring the highest 
sensitivity to achieve a target concentration below 1 ppb. The SENSIndoor project makes use of two 
novel approaches to achieve this challenging goal: highly porous and well-controlled nano-scaled gas-
sensitive layers deposited by Pulsed Laser Deposition (PLD) as well as selective pre-concentration 
using Metal-Organic Frameworks integrated on micro hotplates. 
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Introduction 
SENSIndoor aims at the development of novel 
nanotechnology based intelligent sensor sys-
tems for selective monitoring of Volatile Organic 
Compounds (VOC) for demand controlled venti-
lation in indoor environments. Greatly reduced 
energy consumption without adverse health 
effects caused by the Sick Building Syndrome 
requires optimized ventilation schemes adapted 
to specific application scenarios like offices, 
hospitals, schools, nurseries or private homes. 

Within the SENSIndoor project, novel sensor 
systems for extremely sensitive, highly selective 
and long-term stable operation will be studied 
and developed for advanced control of indoor 
air quality. The project makes use of both physi-
cal and chemical nanotechnologies for sensor 
components, MEMS technology for component 
realization and system integration as well as 
advanced signal processing and networking to 
integrate sensors into building control systems. 

The foundations for the project were laid in the 
MNT-ERA.net project VOC-IDS (Volatile Orga-
nic Compound Indoor Discrimination Sensor) 

and the COST network EuNetAir. Within VOC-
IDS the most relevant target VOCs for indoor 
air quality monitoring as well as their target 
concentration limits were identified, the basis 
for integrating selective gas sensor systems in 
building automation was made by defining 
standards for KNX and Enocean networks and 
sensor systems based on conventional techno-
logies were studied for selective detection of 
VOCs using temperature controlled operation 
(TCO) [1]. 

Within SENSIndoor Metal Oxide Semiconductor 
(MOS) and Gas-sensitive Field Effect Transistor 
(GasFET) sensors are studied as complemen-
tary sensor technologies, both based on proven 
microtechnologies to provide the basis for low-
cost ubiquitous sensor systems. To achieve un-
rivalled sensitivity for hazardous indoor air 
pollutants, especially VOCs, novel nanocrystal-
line gas sensitive layer are studied, which are 
deposited using Pulsed Layer Deposition 
(PLD). The PLD technology is studied both at 
lab scale as well as in novel industrial scale 
processes to allow later scale-up of the 
deposition process. 
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These sensor technologies are combined with 
gas pre-concentration based on MIPs (molecu-
lar imprinted polymers) and MOFs (metal-
organic frameworks) to boost the sensitivity of 
the overall system. Dynamic operation of the 
gas sensor elements by temperature cycling 
combined with pattern recognition techniques is 
employed to further boost sensitivity and 
selectivity and expanded to optimally use the 
gas pre-concentration. The project thus com-
bines physical and chemical nanotechnologies 
for extremely sensitive and selective gas 
sensing, MEMS technologies for low-power 
operation as well as low-cost manufacture and 
finally dynamic operating modes together with 
advanced signal processing for unrivalled 
system performance. 

Sensor elements and systems are evaluated 
under controlled lab conditions derived from 
priority application scenarios. For this, a novel 
gas mixing system was previously developed in 
the VOC-IDS project allowing highly controlled 
measurements at sub-ppb concentrations and 
over a wide concentration range of more than 4 
orders of magnitude for a single gas [2]. The 
performance of the new set-up was proven 
using GC-MS measurement. 

The final demonstration of the SENSIndoor 
technology will include field tests with sensor 
systems integrated into building control 
systems. Fig. 1 provides an overview over the 
project; for further information refer to [3]. 

PLD deposition of gas-sensitive layers 
Pulsed laser deposition is a very versatile 
method for depositing thin films and nanostruc-
tured layers from various materials, e.g. for gas 
sensing purposes. When using nanosecond 
laser PLD with a high oxygen partial pressure in 
the deposition chamber, nanoparticle formation 
starts during the deposition process leading to a 
highly porous nanostructured layer [4]. These 
types of layers are very suitable for gas sensing 
purposes because of their high specific surface 
area. Using this method, WO3 layers were de-
posited on MEMS micro hotplates to produce 
gas sensors with excellent selectivity vs. 
naphthalene [5].  

 
Fig. 2. Plasma resulting from high power 
nanosecond laser pulses focused on target (lower 
left) and resulting in coating of the substrate (upper 
right). Source: Oulu University, FETF. 

 
Fig. 1. Overview over the SENSIndoor project [3]. 



Currently, further experiments are performed 
using picosecond laser technology, allowing 
even further variation of process parameters 
and which is especially suitable for deposition 
of noble metals, e.g. to integrate catalyst 
materials like palladium or platinum in MOS 
sensors or to deposit nanoporous gate metalli-
zation for GasFET sensors. Both technologies 
have demonstrated the ability to detect VOCs in 
the required ppb concentration levels at least in 
laboratory environment [1, 6-8].  

Preliminary results have shown that the sensor 
layers achieved with the PLD processes, Fig. 3, 
show excellent sensitivity comparable to the 
best conventional sensor layers. More impor-
tantly, the nanostructures are highly tempera-
ture stable thus allowing gas sensor operation 
at elevated temperatures. Further results 
concerning sensitivity selectivity and stability 
are currently prepared for publication [9]. 

 
Fig. 3. Highly porous WO3 (top) and SnO2 (bottom) 
layers deposited by picosecond PLD [9]. 

Boosting sensitivity and selectivity with 
MOF-based pre-concentration 
In order to detect low concentrations of VOCs, 
pre-concentration of the gases can be used. If 
selective absorption materials are used, these 
pre-concentrators can boost both sensitivity as 
well as selectivity of the overall system. 
Previously, pre-concentrators were mainly 

based on closed capillary columns requiring 
complex fabrication processes and also active 
pumping to achieve efficient transport of the 
desorbed gas to the detector [10,11] thus 
leading to bulky and fairly costly sensor 
systems. We are developing a novel approach 
with adsorption materials integrated on MEMS 
micro-hotplates which are placed close to the 
detectors to allow passive transport of the 
desorbed gas molecules by diffusion only. Even 
though this approach is less efficient, we expect 
to achieve an improvement in sensitivity by at 
least one order of magnitude. This was already 
indicated in first experiments [12]. 

In our experiments, two different MOF materials 
(MIL-53 and HKUST-1) were deposited on alu-
mina substrates with integrated heater 
structures to generate temperature controllable 
pre-concentrator devices. The platinum heater 
allows for active heating of the devices and thus 
controlled desorption of gases which were 
adsorbed on and in the MOF materials at low 
temperatures. MIL-53 is a three-dimensional 
metal-organic framework composed of 
aluminum metal-nodes and terephthalic acid 
molecules serving as linkers [13]. The structure 
itself bears channel-like structures with largest 
cavity diameter of about 7.3 to 7.7 Å. HKUST-1 
(also often referred to as Cu-BTC) is a three 
dimensional metal-organic framework made up 
of Cu2 clusters and connecting trimesic-acid 
linkers [14]. The structure itself consists of three 
different interconnected pore sizes with 11 Å 
being the largest ones. HKUST-1 bears so 
called open-metal sites that allow for Lewis 
bases (e.g. gaseous formaldehyde or ammonia) 
to coordinate. 

 
Fig. 4. First test set-up of the novel pre-
concentrator approach. A ceramic heater covered 
with the MOF material (top) is placed face-to-face of 
a standard micro gas-sensor. 



We are currently using multiphysics simulation 
to identify the best packaging concepts to 
combine gas sensor and pre-concentrator. 
These results have indicated that the gas 
pulses to be expected are on the order of a few 
seconds at most. Thus, this gas pulse has to be 
exactly synchronized with the temperature 
cycled operation of the gas sensors to achieve 
the desired functionality, i.e. the expected boost 
in sensitivity and selectivity. 

Conclusion and outlook 
The preliminary results achieved within the 
SENSIndoor project for the new PLD gas-
sensitive layers and the novel pre-concentrator 
concept are very promising. Of course, to 
achieve the overall target of the project, many 
problems remain to be solved, e.g. selection of 
MOFs with high selectivity vs. the target gases, 
identification of a MOF deposition process 
suitable for mass production, selection of an 
efficient and low-cost packaging technology for 
combining pre-concentrators and sensor 
elements and definition of operating modes and 
signal evaluation algorithms to make full use of 
the potential provided by the new hardware. 

We expect first fully integrated sensor systems 
with miniaturized electronics, adapted operating 
mode and suitable signal evaluation strategies 
within the next months. Integrated systems, 
developed jointly by the SENSIndoor partners, 
will be tested in lab and real operating environ-
ments. First test installations are planned for 
kindergartens and schools as children are 
highly vulnerable to air contamination. 
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