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The IVSS Programme 
 
The IVSS programme was set up to stimulate research and development for the 
road safety of the future. The end result will probably be new, smart technologies 
and new IT systems that will help reduce the number of traffic-related fatalities 
and serious injuries.  

IVSS projects shall meet the following three criteria: road safety, economic growth 
and commercially marketable technical systems. 

 

Three interacting components - for better safety, growth and competitiveness: 

The human being 

Preventive solutions based on the vehicle’s most important component. 

The road 

Intelligent systems designed to increase security for all road users. 

The vehicle 

Active safety through pro-active technology. 

 

 

 

• Injury prevention 
• Crash avoidance 

• Business growth 
on a global market 

• Product excellence 
• Premium requirements 
• Cost 

IVSS 
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Executive summary 

A new EU directive requires the automotive industry to develop technology that 
will substantially decrease the risk of a pedestrian or cyclist being killed or injured 
when hit by a car. The result from the PIMS project will be an important contributor 
in the effort to reduce the fatality and severe injury rate in these types of 
accidents. PIMS is projected primarily as a sensor for automatic braking system 
but can also be used in combination with other protective measures that can be 
developed to conform to the EU directive. 

 
The main goal of the project has been to develop a test system that will detect 
human beings in front of the car and activate automatic braking if an accident is 
unavoidable. The system can also be used to trigger reversible and irreversible 
systems such as active hood lifting mechanism, activate bumper absorption 
sections or airbags that are designed to protect a pedestrian in case of an impact 
with the vehicle. 

  
In the Swedish part of the project the focus has been on developing the software 
algorithm that detects and determines if a collision is unavoidable and on 
developing a novel infrared bolometer focal plane array demonstrator. The project 
has focused on designing an infrared camera system with adequate performance 
and with the target to meet a cost level that can be accepted by the automotive 
industry for wide spread use. This includes development of the Si/SiGe bolometer 
material, a new sensor integration technique and wafer-level packaging of the 
infrared bolometers. 

 
The software development showed that it’s possible to detect and activate braking 
and / or other measures to protect pedestrians. The work showed that the needed 
resolution to perform the task is on the order of 100 pixels in the horizontal field of 
view, thereby limiting the sensor size and thus, lowering the total system cost.  
The demonstration of the bolometer Si/SiGe material, the sensor integration 
technique and the wafer-level packaging for the bolometer array has been 
successful. As a result, the detector can be produced in conventional MEMS 
foundries instead of dedicated foundries and thereby further lowering the total 
system cost. 

 
The proposed IR camera system will attract a broad range of applications. The 
use of infrared cameras in industrial, medical, security and surveillance 
applications is undergoing a rapid growth based on the availability of affordable 
uncooled detectors. Prices for commercial infrared cameras in low volumes are 
down from 10-20 k€ or more just a few years ago to 2-3 k€. The results from the 
PIMS project suggest that in large scale manufacturing, with the technique 
developed within the project, it is expected that the price of IR camera systems 
could be reduced by an order of magnitude and thereby be affordable for large 
scale automotive applications. 
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As a result of the project outcome members in the consortium have applied for 
and received EU funding through the projects FNIR and ICU within the seventh 
framework program to further develop the system and detector towards a 
commercial system.�
 

Projektsammanfattning 

Ett nytt EU-direktiv kräver att bilindustrin utvecklar teknik som kan väsentligt 
minska risken för en fotgängare eller cyklist att dödas eller skadas i en kollision 
med en bil. Resultatet från PIMS projektet kommer att vara ett viktigt bidrag i 
ansträngningarna att minska dödsfall och svåra skador i dessa typer av olyckor . 
PIMS utvecklas främst som en sensor för ett automatiskt bromssystem men kan 
också användas i kombination med andra skyddsåtgärder som kan utvecklas för 
att uppfylla EU-direktivet.  
 
Huvudmålet för projektet har varit att utveckla ett testsystem som kommer att 
identifiera människor framför bilen och aktivera automatisk bromsning om en 
olycka är oundviklig. Systemet kan också utlösa en aktiv huvlyftanordning, 
aktivera absorptions zoner på stötfångaren eller aktivera krockkuddar för skydd av 
fotgängare.  
 
I den svenska delen av projektet har ansträngningarna varit inriktade mot att 
utveckla en programvarualgoritm som upptäcker och avgör om en kollision är 
oundviklig samt att utveckla ny teknik för tillverkning av infraröda 
fokalplansmatriser. Projektet har fokuserat på att utforma ett infrarött 
kamerasystem med tillräcklig prestanda och med målet att nå en kostnadsnivå 
som kan godtas av bilindustrin för allmänt bruk. Detta inkluderar utveckling av Si / 
SiGe bolometer material, ny sammanfogningsteknik och ”wafer-level packning” av 
detektorn.  
 
Programvaruarbetet har visat att det är möjligt att identifiera och aktivera broms 
och eller andra skyddsåtgärder för att skydda fotgängare. Det har också visat att 
den nödvändiga upplösningen för att utföra uppgiften endast är i 
storleksordningen 100 bildpunkter i det horisontella synfältet och därmed kan 
kostnaden för det kompletta systemet sänkas. Utvecklingen av bolometer Si/SiGe 
materialet, sammanfogningstekniken och ”wafer-level packning” av bolometern 
har visat sig uppfylla förväntningarna. Som en följd av detta kan detektorn 
produceras i en konventionell MEMS produktionslina i stället för dedikerade 
produktionslinor och därmed ytterligare sänka kostnaderna för systemet.  
 
Kamerasystemet kan också användas inom andra applikationer. Användningen av 
infraröda kameror inom industri, medicin, säkerhet och övervakning genomgår en 
snabb tillväxt baserad på tillgången till prisvärda okylda detektorer. Priser för 
kommersiella infraröda kameror i låg volym har minskat från 10-20 k€ eller mer för 
bara några år sedan till 2-3 k€. Resultaten från PIMS projektet visar att tillverkning 
stor skala, med den teknik som utvecklas inom projektet, gör att priset kan gå ner 
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ytterligare och därmed bli överkomligt för att i stor skala implementeras inom 
fordonsindustrin.  
 
Som ett resultat av projektets framgångar har medlemmarna i konsortiet ansökt 
om och fått fler EU-projekt inom det sjunde ramprogrammet genom projekten 
FNIR och ICU för att ytterligare utveckla systemet i riktning mot produktion. 



8 

 

1  Background/Introduction  

1.1     IVSS programs three global targets 

The main goal of the IVSS program are defined in the agreement between the 
participating parties from Swedish industry and the government 
 

·  Transportation targets 
·  Industrial targets 
·  Commercial targets 

 
Transportation targets are achieved by a safer traffic environment for vulnerable 
road users like pedestrians and bicyclists. The IVSS program emphasizes the 
benefit of active systems that may prevent collisions from occurring. However, the 
active systems currently on the market will not be 100% accurate within the 
foreseeable future. They still keep the driver in the loop, hence the human factor 
can not be avoided. The approach in this project is to develop a method that will 
intervene by autonomously braking the vehicle when a collision is unavoidable 
and the driver has not reacted, or not reacted strongly enough. 
 
Industrial targets aim at a sustainable economic development and increased 
employment opportunities, which is closely linked to the third goal, commercial 
targets. Both aim at development of new competitive technical solutions that can 
be exploited by industry. The PIMS project contributes to both targets, as the final 
outcome of the project is know-how from which active automotive safety solutions 
can be developed. The know-how built up in this area at research institutions and 
corporations will make it more attractive to locate further development and 
production activities in the vicinity of the involved partners. Vehicles equipped with 
such a system developed, would increase their competitive level on the global 
automotive market.  Low-cost far infrared cameras will also attract a much broader 
rage of applications. The use of infrared cameras in industrial, medical, security 
and surveillance applications is undergoing a rapid growth based on the 
availability of affordable uncooled infrared detectors. 
 
The project is a EURIMUS labeled project under the EUREKA program and 
involves three international partners, Sa UMICORE NV from Belgium which was in 
involved in the development of optical solution together with Vlaamse Instelling 
voor Technologisch Onderzoek NV (Vito) and INFINEON SensoNor from Norway 
which was working with encapsulation techniques for the sensor. This report will 
however concentrate on the work performed in Sweden by the partners Autoliv 
Development AB – Autoliv Research, Acreo AB and the Royal Institute of 
Technology (KTH). 
 
The work is divided in to different areas where Autoliv derives a system 
performance specification based on studies of accident data, while and Acreo and 
KTH develop a suitable IR sensor demonstrator chip. 
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1.2     Problem formulation 

The infrared systems on the market are too expensive to have a large market 
penetration, even though the automotive industry is using products that are 
already in production for other purposes to get synergy effects. This results in 
products that are not optimized for cost and performance for the task at hand in 
automotive applications. 
 
One part of the project is to optimize the sensor performance, where it will be able 
to detect and identify a pedestrian at a distance of up to 10 meters. With 
automatic brake activation, the speed of the car can be reduced dramatically, 
thereby reducing or eliminating fatalities and server injuries. Detection at a 
distance of 10 meters will also allow ample time for deployable systems to be 
activated.  
 
The approach taken was to base the system performance requirements on an 
analysis of data from an in-depth analysis of available pedestrian collisions in the 
German In Depth Accident Study (GIDAS) database. The analysis will generate a 
relative effectiveness of injury and fatality reduction of the analyzed accidents by 
calculating a reduction in impact speed from the pre-impact braking based on the 
time the pedestrian was detected.  
 
Conventional infrared bolometer arrays are monolithically integrated on top of the 
Read Out Integrated Circuit (ROIC) wafer as shown in figure 1. The main 
drawback of monolithic integration is that only CMOS compatible material 
deposition processes can be used for the infrared bolometers. Fabrication and 
material deposition processes that uses temperatures above 450ºC harm 
standard CMOS ROICs and thus can not be used for fabrication of monolithically 
integrated infrared detectors. The presently available low temperature deposited 
(below 450ºC) materials suffer from large variation in electrical parameters of the 
bolometers and production yield is low. Also the limited temperature budget 
makes material optimization very difficult. Thus, manufacturers of infrared 
bolometer arrays must use customized and “exotic” deposition processes and 
material for the bolometers such as Vanadium Oxide (VOx) and amorphous 
silicon (� -Si). All existing suppliers of infrared focal plan arrays run their own, 
dedicated clean-room facility for the final deposition and processing of the infrared 
bolometer Focal Plane Arrays (FPA). 
 



10 

FPA fabrication - MonolithicMonolithic  Integration Integration

CMOS ROIC

(ULIS, Raytheon, BAE etc.)

CMOS ROIC

CMOS ROIC CMOS ROIC

1. Deposition of sacrificial polymer 2. Deposition of bolometer materials

3. Deposition of electrical contacts 4. Patterning and removal of
sacrificial polymer layer

 
 

Figure 1: Conventional monolithic fabrication of uncooled infrared focal plane arrays. 
 

Instead of using monolithic integration for the fabrication of uncooled infrared 
FPAs, a new bolometer integration technique is used. The integration process is 
based on CMOS compatible, low temperature adhesive wafer bonding. In this 
technique the bolometer sensing material is deposited and optimized on a 
separate handle wafer. In subsequent integration steps the bolometer material is 
transferred from the original handle wafer (sacrificial device wafer) to the ROIC 
wafer (target wafer) as shown in figure 2. The final bolometer design and principle 
of operation is identical to monolithically fabricated bolometers. The proposed 
approach allows independent optimization and processing of the ROIC and of the 
mono-crystalline semiconductor micro-bolometer material and to manufacture 
them in existing MEMS foundries in very high volume.  
 
 

Transferred
Film

Sacrificial
Device Wafer Sacrificial

Device Wafer
Etch Stop
Layer

Target WaferTarget Wafer Target Wafer

Contact Pads

Target Wafer

Electrical
Via Contacts

Target Wafer

(a) (c)(b)

(d) (f)(e)

Target Wafer

 
Figure 2:  New, transfer bonding technology for uncooled infrared focal plane array fabrication: 

(a) separate fabrication of ROIC and thermistor material (b) adhesive wafer bonding (c) substrate 
thinning (d) bolometer definition (e) via contact definition (f) sacrificial etching of adhesive. 
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1.3     Rationale for the approach 

More than 12 000 pedestrians and bicyclists are killed and almost 300 000 are 
seriously injured in the EU every year. A pre-crash detecting system based on an 
infrared camera and vision analysis can detect a pedestrian at a distance of up to 
10 m and activate protective functions or action in the car and thereby reducing 
the risk for the pedestrian to be killed or seriously injured. 
 

2.  Method  

2.1  Sensor specification 

 2.1.1 System FoV 

 
The GIDAS database was used to analyze collisions where pedestrians were 
involved to find out the necessary FoV through an effectiveness analysis .The 
data was collected in the Hannover and Dresden vicinity from 1999 to 2006. The 
data from the database was selected according to the following criteria. 

·  Vehicle category 
·  Impact direction 
·  Impact point 
·  Vehicle travel speed 
·  Vehicle collision speed  
·  Pedestrian travel speed 
·  MAIS of the pedestrian 

 
This resulted in a work file of 536 cases with pedestrian accidents. Cases were 
the driving direction was reverse and cases involving busses and Heavy Gods 
Vehicles were removed from the dataset which left 455 cases for an in depth 
analysis. All cases were then reopened and a reconstruction of the accident was 
performed, taking into account braking and avoidance maneuvers from the driver, 
and the velocity of the pedestrian. A backward calculation was performed to 
determine the position and angle relative to the vehicle of the pedestrian and their 
traveling speed at 1 second prior to the collision.  
 
To find an effectiveness of the proposed system, a risk curve as fitted to the 455 
cases using logistic regression, which is based on the assumption that the risk of 
death for the pedestrian P(v)=1/(1+exp(a+b*v)), where v is the impact speed and 
a, b are two coefficients to be determined by regression analysis. The exposure 
level was calculated. This was done by first calculating a new collision velocity by 
applying a 0.6 g autonomous braking from the point 1 second prior to the collision. 
This was done only for the cases where the pedestrian was visible for the system 
at this point not taking into account that the system could detect and activate 
brake at less than 1 second. There was a “max. brake rule” applied to the analysis 
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such that the braking level was restricted if degraded road conditions such as icy 
roads were present at the accident.  
 
By restricting the pre-impact braking to accidents where the pedestrian was 
located within a certain angle from the approaching vehicle, the effectiveness as a 
function of field of view (FoV) could be calculated. The required FoV determine 
the optical specification. 
 

2.1.2 System resolution 

An algorithm was developed to detect pedestrians up to 10 meters before the 
collision. This algorithm work determines the required resolution of the senor array 
for a given FoV. By reducing the resolution of the system to the specification 
derived in this fashion, an optimized sensor performance was achieved that will 
minimize the total system cost for a desired effectiveness ratio. 
 
In order to determine the needed resolution, a pedestrian detection and distance 
estimation in a single system was implemented. This system which is outlined in 
figure 3 consists of an input part, where IR-images and vehicle parameters (i.e. 
CAN-data) are provided. The inputs are fed to a phase where regions of interest 
are found using a pedestrian detector, a constant bearing detector and a horizon 
detection and stabilization algorithm. The result of this is fed into the estimation 
phase, where the distance and position of the pedestrian is estimated. These 
estimates are then temporally integrated, and finally used to determine the output 
which is a risk of collision assessment. 
 
 

 
Figure 3 System overview 

 
Staged situations were recorded with a high-end infrared camera with 320 x 240 
pixels and a FoV of 55º. These staged situations were then down-graded into 
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different resolution of 120 x 90, 100 x 75 and 80 x 60 pixels. These down-graded 
images were then fed through the detection system. To have a full specification on 
the needed resolution, other typical FPA faults like pixel faults was simulated on 
the images and also fed through the detection system.  
 

2.2 Sensor chip development  

2.2.1 ROIC  

A ROIC design used in an earlier Swedish research project together with FOA 
with a 16 x 16 array including amplifiers and on-chip A/D converters was used. 
The ROIC design is expected to allow a sensor performance of 100mK NETD with 
F=1 optics. The original design was based on a 0.8 � �  CMOS process that is no 
longer commercially available. As part of the project, the design was modified to 
be compatible with a 0.8 � �  BiCMOS that is commercially available. In addition to 
the modifications necessary to allow manufacturing, two different types of design 
features were added, enabling wafer level packaging. The chip is shown in  
figure 4 
 

 
 

Figure 4 CAD drawing of the modified chip.�

2.2.2 Optimized SiGe material 

The growth of crystalline multi-quantum well (MQW) SiGe material is an 
established technology. The Si/SiGe quantum well structures in the PIMS project 
were grown in the in-house clean room laboratory at Electrum in Stockholm 
owned and operated by Acreo and KTH. In this optimization phase the content of 
Ge, the thickness as well as the number of the different layers in the quantum well 
were analyzed in order to achieve a maximum performance of the quantum well. 
Evaluation of these test structures included measurement of resistance and 
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resistance uniformity, temperature coefficient of resistance (TCR), 1/f noise, and 
contact resistance. 

2.2.3 Bolometers on Fan-out boards  

A set of fan-out boards were developed to facilitate four different designs of the 
bolometer, These designs consists of two different contact patterns: Top and 
bottom as a standard design and bottom to bottom with a trench as an alternative 
production design, both of these designs will also have two different leg sizes. 
These bolometers on fan-out boards are evaluated with a focus on the electrical 
characteristics such as bolometer resistance, bolometer noise, TCR, time 
constant, linearity, contact resistance, response and the uniformity and yield of the 
bolometers over the entire arrays and wafers. 

2.2.4 Bolometers on ROIC 

As a final step the bolometers are manufactured on the intent ROIC. These 
sensors are measured under different vacuum pressure to determine the 
performance and the vacuum needed in the wafer level packaging. The IR 
bolometer array with a resolution of 16x16 pixels is a basic proof of concept for 
the proposed IR imaging technology. 
 

3 Data analysis, result and discussion 

The goal for the PIMS project was to make a proof of concept for a quantum well 
based far infrared camera that could be used in pedestrian injury mitigation within 
the automotive field. This was divided in to a specification task and a sensor 
development task. 
 

3.1 Sensor specification 

From the in-depth analysis a effectiveness of a PIMS system was calculated, 
based on the GIDAS data. As a first step a risk curve was fitted to the data using 
logistic regression, witch was based on the assumption that the risk of death can 
be expressed as P(v)=1/(1+exp(a+b*v)), where v is the impact speed and a, b are 
two coefficients to be determined by the regression analysis. The sample is not 
fully representative to all pedestrian accidents since only accidents where the 
police was notified and someone was injured are included in the data set. Figure 4 
indicates that the risk of being killed at very low speed may be somewhat 
overestimated as some accidents at low speed do not lead to personal injury and 
are therefore not included in the GIDAS sample. For that reason, all accidents 
with an impact speed below 20 km/h were not included in the logistic regression 
analysis. The empirical data in figure 5 is set to a 12 km/h step and shows the 
confidence of the risk curve. 
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Figure 5. Risk curve  
 
As a second step the exposure level of impact speed was calculated for all cases 
as seen in figure 6. Then a backward calculation to 1 second prior to the collision 
was performed, taking into account velocities of the pedestrian and the vehicle 
and also the vehicle avoidance maneuvers and braking, to establish the FoV that 
a front mounted system would require. From the position 1 second prior to the 
collision a new impact speed was calculated for the cases where the pedestrian 
would be visible for the system and not hidden behind cars or other objects. A 
deceleration of 0.6g was applied if the road surface conditions allowed it. Cases 
where the driver was braking more than the 0.6 g were kept (max brake rule) and 
a new impact speed was calculated as shown in figure 7, for all pedestrian that 
were visible for the system.  
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            Figure 6 Exposure of impact speed  Figure 7 New exposure after braking 
 
The effectiveness was then calculated from the risk curve and from the two 
exposure level curves for impact speed. With a max brake rule applied the 
effectiveness was 59%, as shown in figure 8. For cases where the pedestrian was 
visible to the system the effectiveness was 38% for a FoV of 180º. However, the 
same effectiveness was achieved for a FoV of only 60º FoV and for a FoV of 40º 
there was only a minor loss, down to 36% in effectiveness. 
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Figure 8 System effectiveness at different FoV. 
 
 
A low resolution sensor reduces the cost of the system, as well as the amount of 
data that needs to be processed. To find out what resolution is needed, a software 
algorithm was developed. It made use of hot spots and image positions of near 
constant bearing to detect pedestrians. Only very low false alarm rates can be 
allowed. Therefore the pedestrian model was tracked and the distance to collision 
(DTC) was measured by integrating size change measurements at sub pixel 
accuracy and car velocity. Experiments were done by down-sampling a number of 
staged scenes to resolutions of 80x60, 100x75 or 120x90 pixels.  
 
When using a low resolution sensor, effects from dead pixels could potentially be 
harmful. Therefore all experiments were tested with a random binary mask to 
simulate dead pixels as shown in figure 9. 

 
Figure 9 Left original image. Center top pixel drop out mask. Center bottom simulated raw image 

containing pixel drop outs. Right reconstructed image. The example contains 10% drop outs. 
 
The simulations showed that the system can allow 1% pixel drop out (non-
functional pixels) without loss in performance. The resolution simulation on staged 
sequences with a 55° FoV has shown that with a 80 p ixel horizontal FoV the 
system is useful for ranges up to about 10 meters and for 120 pixels horizontal 
FoV it is useful up to about 15 meters as shown in figure 10. 
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�
Figure 10 results from one of the staged scenes in 80 and 120 pixels horizontal FoV. 

 
The work on IR sensor specification showed that the needed FoV is less than the 
55º that was assumed at the start of the project. The effectiveness is almost equal  
down to a FoV of 40º. A lower FoV for a given resolution implies that a longer 
detection range will be achieved. A set detection range implies that a lower 
resolution is possible if a smaller FoV is chosen with the same software algorithm. 
Final verification has to be proven by coming work. 

3.2 Sensor development 

The sensor material optimization focused on finding the over all influence of 
process parameters such as the germanium content and number of wells on the 
performance. The evaluations were done by analyzing the structural properties 
with x-ray diffraction (XRD), and through measurement of the TCR and noise 
characteristics.  A maximum TCR value of 3.2 %/K was achieved in batch 6 which 
can be seen in figure11. This is well above the project target of a TCR of 2.5%/K 
and indicates that there is potential to further increase the sensor performance as 
a higher TCR contributes to better sensor performance.  
 

 
 

Figure 11 TCR measurements from batch 6, germanium content 32%, TCR 3.2%/K (pre-anneal). 
 
Noise characterization of the SiGe material was done to give input to further 
sensor material optimization and to enable performance calculations. 
Measurements were made in a frequency range between 0.01 Hz and 100 kHz on 
test structures that are 140x140 µm in size. A typical noise spectrum is shown in 
figure 12. Three distinct regions can be observed. For high frequencies (above 1 
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kHz) the power density is essentially constant which is consistent with the 
Johnson noise expected from a resistor. For the very lowest frequencies, the 
power density increases proportional to 1/f. This is expected behavior and 
commonly regarded as the performance limiting noise for bolometers. In between 
these two extreme cases, there is a region with noise originating from external 
sources, such as a 50 Hz signal from power lines (and its harmonics), motors, 
fluorescent light etc.  
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Figure 12 Noise voltage for a 140x140 µm test structur. 

 
Comparison with published data for other types of bolometer materials shows that 
the SiGe-material performs the same, or better, than competing technologies. 
Noise will be further investigated in the EU funded projects discussed later.  
 
Bolometers made of the SiGe material have been integrated on fan-out-board 
wafers. Figure 13 shows two bolometer designs and an array of 16x16 bolometer 
pixels. Figure 14 show characterization data of one bolometer type. The TCR of 
the bolometers on the fan-out wafers was measured to 2.8 %/K, which is identical 
to the TCR of the Si/SiGe material that was supplied by Acreo for the bolometer 
integration. The thermal characterization of the bolometers with the 1.5 µm wide 
legs resulted in a measured thermal bolometer conductance of 2.6*10-7 W/K (in a 
vacuum atmosphere of 0.1 mbar), a heat capacity of the bolometer of 1.5*10-9 J/K 
and a thermal bolometer time constant of 5.7 msec. 
 

     
Figure 13 “Standard” bolometer design with narrow legs (left), “trench” bolometer design with wide 

legs (middle) and 16x16 bolometer array on fan-out wafer (right). 
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Figure 14 Measurement results from “trench” bolometers with 1.5 µm wide legs on fan-out wafers 
for the TCR (left), thermal bolometer  characteristics (middle) and analysis of the bolometer (right). 
 
To operate the ROIC with bolometers, a test camera from a previous project 
together with FOA was used. It consists of a temperature controlled miniature 
vacuum chamber with room for one imaging chip. The chamber is mounted on a 
PCB with drive electronics. A PC with special software controls the stimuli and 
image acquisition processes. Figure 15 shows the test camera with the lens 
removed and put to the side. 
 

 
 
Figure 15. Left: Test camera. Lens is removed to display the miniature vacuum chamber with an IR 

transparent window (dark square). Right: ROIC Bolometer chip mounted and wire bonded into a 
standard J-socket capsule. This capsule fits in the test camera enabling tests with live image 

output on a computer. 
 
The modified ROIC has been tested in the camera both with and without 
bolometers to verify the functionality of the circuit. Without bolometers, the 
modified ROIC responds to stimuli the same way as the original design indicating 
that the modifications were successful. Approximately 50 ROICs with bolometers 
has been tested in the test camera (figure 15). The bolometers suffered from high 
contact resistance and with the exception of a few pixels, most pixels were out of 
range for the ROIC. However, on a small number of chips, sufficiently many pixels 
were in range to display an image from sensor. Figure 16 shows a series of 
images from the sensor showing heat point source being moved laterally at a 
distance of approximately 3 m from the test camera. 
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Figure 16. Subsequent image series showing sensor array output from a heat point source at a 
distance of 3 m moved from left to right across the sensor’s field of view. 
 
 
Two things can be noted, every second row of the pixel array has stationary, non-
functional, pixels, and secondly the sensitivity is lower than expected given the 
individual performance parameters measured on Fan-out bolometers and test 
structures. At the present, the reason for every second row being non-functional is 
believed to be caused by inhomogeneous metal deposition in combination with 
the geometrical layout of the bolometers, which differs on every second row. For 
the sensitivity, the current bolometers have a too high contact resistance, and this 
in turn, is believed to be a dominant source of noise which drastically decreases 
the performance of the sensor. Tests have been made on the contact resistance 
and an alternative contacting scheme has been developed were the contact 
resistance is in accordance with, low, reported values in literature. This contacting 
scheme will be employed in later versions of the sensor. 
 

4 Further work made possible by this project 

The result from this project has shown that the proposed approach is an attractive 
way to reach the target of a cost effective IR sensor and camera system that can 
have a great market penetration in the automotive market. It is also suitable for 
applications in the industrial, medical, security and surveillance markets. 
As a result of the outcome of the project the participating members have applied 
for and received EU funding under the European Seventh Framework programme, 
intelligent vehicles and mobility services called Fusing Far-Infrared and Near 
Infrared Imaging for Pedestrian Injury mitigation (acronym FNIR). The objective of 
the project is to demonstrate the next generation of Night Vision System with 
automatic detection of upcoming hazards at an affordable cost. 
The group has also applied for and received EU funding under the European 
seventh framework programme, Information and communication technologies 
(ICT) Photonic components and sub systems, called Infrared Imaging 
Components for Use in Automotive Safety Applications (acronym ICU). The  
objective of this project is to further develop the key photonic components of a far 
infrared camera module aimed at high volume automotive Night Vision 
Enhancement Systems of the future.   
A third project with Autoliv and Acreo as partner sponsored by The Swedish  
Agency for Innovation Systems (VINNOVA) has also started. This projects aim is 
to make a demonstrator of a pedestrian warning system with a human machine 
interface utilizing a head up display. 
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G. Stemme, J.-E. Källhammer, H. Pettersson, D. Eriksson, J. Franks, J. 
VanNylen, H. Vercammen, A. VanHulsel, Proc. AMAA 2007, pp.265-278, Springer 
Berlin Heidelberg, Germany. 
 
“MEMS-Based Uncooled Infrared Bolometer Arrays - A Review”, F. Niklaus, C. 
Vieider, H. Jakobsen, Proc. SPIE 2007, Vol. 6836, pp.0D1-0D15, Beijing, China. 
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“Performance Model for Uncooled Infrared Bolometer Arrays and Performance 
Predictions of Bolometers Operating at Atmospheric Pressure”, F. Niklaus, A. 
Decharat, C. Jansson, G. Stemme, , Infrared Physics and Technology, Vol.51, 
No.3, pp.168-177, 2008. 
 
“Low-Cost Infrared Bolometer Camera for Automotive Use”, C. Vieider, F. Niklaus, 
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IV,Istanbul Turkey 2007 
 

“Project presentation” 
IVSS &V-ICT meeting days December 07 
 
“Success Stories PIMS” 
Presentation at Euripides Forum 2008, Berlin October 9-10 (Invited Talk)  
 
 

6 Project participants 

Autoliv Development AB – Autoliv Research coordinated the work and was 
responsible for system specification and system performance analysis. Acreo 
redesigned the ROIC and was responsible for the sensor evaluation. KTH was 
responsible for the sensor development.  
 
Our international partners which work is not included in this report was 
Infineon SensoNor form Norway, who was responsible for the wafer level 
packaging and Sa Umicore NV together with Vlaamse Instelling voor 
Technologisch Onderzoek NV, both form Belgium, who developed a low cost lens 
system and lens coating for the camera. 
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