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Holst Centre Fingerprint

Who we are

What we do

How we work

Creating generic technologies, time to market 3..10 years
Research Focus

 

on Wireless Autonomous Microsystems
(WATS) AND Systems-In-Foil (SiF)
Partnering

 

with industry and universities

Independent research organization

 

co-founded by IMEC (1300 fte, 
Belgium) and TNO (4500 fte, the Netherlands) in 2005
150 researchers

 

and 60 resident researchers from industry and university
Global network

 

of industrial and academic partners
Supported

 

by Dutch Ministry of Economic Affairs

Research

 

guided by clear roadmap
Day to day interaction with industrial resident
Regular review meetings with program partners
Open Innovation

 

through precompetitive

 

research 
programs
Results are shared between partners
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Access to Unique Set of Infrastructures and Process Labs

Materials Analysis

Electronic
measurement

Thin Film
clean room 

OLED Device 
Processing

Reliability lab

Photonics 
cleanroom

Electronic
Prototyping

8000 m2 cleanroom

Equipment
Engineering

Life Sciences
facilities

EMC lab

Holst
R2R lab

Holst 
Offices

High Tech Campus, Eindhoven (NL)

Düsseldorf

Eindhoven

Aachen

Amsterdam

Leuven

IMEC 2 & 3
offices and labs

Cafeteria
Training 

infrastructure

IMEC 1
Main entrance 

IMECEXPO visitor 
center

Offices and labs

IMEC 4
Office building

cleanroom
Nano-

elektronicalab

Clean room 2

3200 m2 clean room
2200 m2 vibration controlled
300 mm pilot line 
Ball room, clean sub-FAB 
FOUP wafer transport

cleanroom
Nano-

elektronicalab

Clean room 2

3200 m2 clean room
2200 m2 vibration controlled
300 mm pilot line 
Ball room, clean sub-FAB 
FOUP wafer transport

Cleanroom
200mm silicium

pilootlijn

Clean room 1
5200 m2 clean room
1750 m2 class 1
200 mm pilot line
Continuous operation:

24hrs / 7 days

Cleanroom
200mm silicium

pilootlijn

Clean room 1
5200 m2 clean room
1750 m2 class 1
200 mm pilot line
Continuous operation:

24hrs / 7 days

Netherlands

Belgium

IMEC clean room, Leuven (Be)
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IMEC-International
(Be, NL, Tw,…) TNO (NL)

Holst Centre
(Netherlands)

Research Program aligned with Industrial Needs

Small
IC/MEMS
(Silicon)

Hard

Litho centric

Large area
Electronic
(organic)

Flexible

Roll to Roll
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Imagine…an active RFID1

 
tag

(1) Active RFID = battery powered wireless sensor node
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How does Sampling Period affect Autonomy ? 
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State of the Art
Active RFID

0.01

Size tag: 60x40x17
Weight tag: 35g
Size battery:25x14
Weight battery: 9g
Capacity: 1000 mAh

Typical autonomy
Vary between 2
And 4 years

State of the Art
Active RFID

How does Battery Size affect autonomy ?

10 ×
Smaller
Batteries
= 70 times less autonomy !

0.4cm3
15mAh
1gram

4cm3
1000mAh
9grams

Presenter
Presentation Notes
SoA Active RFID are based on estimate calculation provided by RFID manufacturer on their datasheet

IMEC cube are based on calculation using measured power of complete system

--------------------------------------------------------------------------------------------------------------------------

Note that TX power consumption is substantially higher as duty cycle increases – Large difference between Tx for LOS or NLOS

Yet out of total budget



Radio type/range: 2.4 GHz 60m Non-line of sight (NLOS) Case 1 (yellow), 2.4 Ghz NLOS 10 m Case 2 and 3 (Orange & red)



Battery:  case 1&2 (yellow & orange) primary Lithium, case 3 (red) thin-film rechargeable

Battery used for IMEC cube is a thin film battery



 Sensing: temperature



Processor: TI MSP430



 Power out (plotted on z axis) is defined as the total power of the system. So, in the case a harvester delivers 10 uW and the system uses 10uW ‘Power out’ is 0. 



For aeroscout T2 Tag I’ve respected the info from T2 tag datasheet http://www.aeroscout.com/content/t2. In this datasheet they indicate the autonomy when transmission each 5, 1 or 0.5 minutes is considered. 
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State of the Art
Active RFID

0.01

Possible solution …
 

system power optimization 

Optimized system power
WATS cube with smaller
batteries
30 times more autonomy

Size WATS cube: 15x15x15
Size battery:10x10x0.4
Capacity: 15 mAh

Typical autonomy: 
up to 7 months

Presenter
Presentation Notes
SoA Active RFID are based on estimate calculation provided by RFID manufacturer on their datasheet

IMEC cube are based on calculation using measured power of complete system

--------------------------------------------------------------------------------------------------------------------------

Note that TX power consumption is substantially higher as duty cycle increases – Large difference between Tx for LOS or NLOS

Yet out of total budget



Radio type/range: 2.4 GHz 60m Non-line of sight (NLOS) Case 1 (yellow), 2.4 Ghz NLOS 10 m Case 2 and 3 (Orange & red)



Battery:  case 1&2 (yellow & orange) primary Lithium, case 3 (red) thin-film rechargeable

Battery used for IMEC cube is a thin film battery



 Sensing: temperature



Processor: TI MSP430



 Power out (plotted on z axis) is defined as the total power of the system. So, in the case a harvester delivers 10 uW and the system uses 10uW ‘Power out’ is 0. 



For aeroscout T2 Tag I’ve respected the info from T2 tag datasheet http://www.aeroscout.com/content/t2. In this datasheet they indicate the autonomy when transmission each 5, 1 or 0.5 minutes is considered. 
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IMEC Cube + PV Harvester 

State of the Art
Active RFID

Size WATS cube: 15x15x15
Size battery:10x10x0.4
Capacity: 15 mAh
Size harvester (one side): 
15x15x1

Optimized system power
WATS cube with smaller
battery and PV harvester
100 times more autonomy

Possible solution …
 

micro system harvesters 

Presenter
Presentation Notes
SoA Active RFID are based on estimate calculation provided by RFID manufacturer on their datasheet

IMEC cube are based on calculation using measured power of complete system

--------------------------------------------------------------------------------------------------------------------------

Note that TX power consumption is substantially higher as duty cycle increases – Large difference between Tx for LOS or NLOS

Yet out of total budget



Radio type/range: 2.4 GHz 60m Non-line of sight (NLOS) Case 1 (yellow), 2.4 Ghz NLOS 10 m Case 2 and 3 (Orange & red)



Battery:  case 1&2 (yellow & orange) primary Lithium, case 3 (red) thin-film rechargeable

Battery used for IMEC cube is a thin film battery



 Sensing: temperature



Processor: TI MSP430



 Power out (plotted on z axis) is defined as the total power of the system. So, in the case a harvester delivers 10 uW and the system uses 10uW ‘Power out’ is 0. 



For aeroscout T2 Tag I’ve respected the info from T2 tag datasheet http://www.aeroscout.com/content/t2. In this datasheet they indicate the autonomy when transmission each 5, 1 or 0.5 minutes is considered. 

 



Energy harvesting for wireless sensor systems

9© Holst Centre

WATS …beyond battery powered RFID ?
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1010

S
10μW

A
10μW

Front
End

20μW DSP
20μW

Radio
20μW

Micropower
 

System -100μW

μP
20μW

IMEC-NL core activities: Ultra low power technology for 
wireless autonomous transducers

Thermal, Vibrational, RF, Light, Bio-chemical

Non
Electrical

World
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Wellness Sleep Stress CV disorders Epilepsy

Integrated multi-application platforms
P

a
tc
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Ultra-low-power technologies for wearable & connected health
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12

A System approach: Impact of Radio and DSP on
 ECG Patch Power Consumption

Use 
thinfilm

 
battery

MSP430 
only BioASIP

3.7 mW

5.1 days

0.34 mW

54 days

0.34 mW

47 days

0.21 mW

89 days

X 10

X 9 X 18
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13

Radio 
power

Data rate

100 mW

10 mW

1 mW

1 Mbps 10 Mbps 100 Mbps100 kbps

0.1 mW

WiMedia

Bluetooth

Zigbee BT -LE

50-100 nJ/bit

1nJ/bit

Impulse UWB unique 
combination of low power 

and high data rate

Narrow Band        
(super-regenerative 

architecture)10x to 100 
lower power than Zigbee 

& alternatives

Event-driven 
<50 uW continuously on

IMEC
Impulse UWB

IMEC
Narrow Band

IMEC 
event-driven radio

Novel Radios with Record Low Power Consumption

Presenter
Presentation Notes
Anim 0: Commercial/standard radios. Energy efficiency around 50 nJ/bits, except for very high data rates – power consumption reaches a floor for lower datarates.



Anim 1: Work done at IMEC – three families of radios all targeting 1 nJ/bit or better for different data rates areas corresponding to different application targets



Anim 3: Mapping back with our target applications



Note: radios can be used for other applications than the ones we explicitely target
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Advancing state of the art : IC design

UWB transmitter 2007

Wakeup receiver 2010

EEG acquisition frontend 2008

Radio ADC 2010

15+ patents

8-channel EEG 2006
1-channel ExG

Analog ECG processor 2010
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Application areas for ultra low-power sensors

The security sector

traces of explosives

The domestic sector

CO, CO2

 

, humidity, 
combustible gases

The food industries

perishables monitoring

The automotive, industrial, 
and aerospace sector

NOx

 

, O2

 

, NH3

 

, SO2

 

, O3

 

, 
hydrocarbons,  CO2

The medical sector

diagnostics and 
patient monitoring

(Personal) 
Environment

pollution, indoor air
CO2

 

, NOx

http://images.google.be/imgres?imgurl=http://www.mkartphoto.com/images/photos/Advertising%20&%20Commercial/Explosives.png&imgrefurl=http://www.mkartphoto.com/photos/index.php?showpic=Explosives.png&indir=Advertising+%26+Commercial&h=600&w=399&sz=120&hl=en&start=8&usg=__7pLJYyed6QH98YbBQXaVgULH3Dc=&tbnid=pczgKBWnLS18bM:&tbnh=135&tbnw=90&prev=/images?q=explosives&gbv=2&hl=en
http://images.google.be/imgres?imgurl=http://www.airport-technology.com/contractor_images/simcore/4-Airport-Security-Check.jpg&imgrefurl=http://patf.net/blogs/index.php?m=200705&h=403&w=470&sz=45&hl=en&start=3&usg=__OTdLHw4Ze8p5bT7oPYY5k1LBg2U=&tbnid=pCUIuZUhRgd-uM:&tbnh=111&tbnw=129&prev=/images?q=airport+security&gbv=2&hl=en
http://images.google.be/imgres?imgurl=http://img.rian.ru/images/4278/25/42782551.jpg&imgrefurl=http://en.rian.ru/analysis/20080508/106906943.html&h=161&w=262&sz=14&hl=en&start=1&usg=__SfqixvskuUzTaGGvCTViP83kEmY=&tbnid=rz4w9PM1uGvVlM:&tbnh=69&tbnw=112&prev=/images?q=domestic+gas&gbv=2&hl=en
http://images.google.be/imgres?imgurl=http://www.si-restoration.com/pics/home-fire.jpg&imgrefurl=http://www.si-restoration.com/fire_damage.html&h=332&w=500&sz=114&hl=en&start=8&usg=__i5S7GY-0de-Wf2vpdD5svKDhWME=&tbnid=Q95onwpDCSwpLM:&tbnh=86&tbnw=130&prev=/images?q=home+fire&gbv=2&hl=en
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Air quality monitoring: on & around the body

Personal environment

• CO2 , NOx asthma risk prediction
lung cancer prevention

• Volatile mixtures Indoor comfort & health Open spaces

Vehicles

Living spaces

Working environment

headaches

fatigue lightheaded

drowsynausea

eye irri
tation

anxiety
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Energy Storage Systems
Characterization and Selection

Battery Supercap Biofuel cell

Power management
IC Design and Testing

AC/DC DC/DC

Harvesting Sources
Design, Fabrication and Testing

ThermalPhotovoltaic RFVibration ThermalThermalPhotovoltaicPhotovoltaic RFRFVibrationVibration

Micropower Program: an integrated approach

Micropower Module
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Positioning of micropower
 

research: size matters ! 

1

10

cm

Macro devices

dm

Focus Holst Centre

/ imec

Micro devices

http://www.micropelt.com/applications/power_generation.php
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Understand, Design, Manufacture, Integrate and Characterize 
Vibration Energy Harvester

Spectral Analysis

Micro machining

FEM modeling

Simulation and
Validation tests 

Generated Voltage vs. Frequency, dev.10

0.000

0.100
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0.500

0.600
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Generated Voltage vs. Frequency, dev.10
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[V]

Frequency [Hz]

FFT

PSD

Concept Design

Micro Machining

Field data

Integration, 
Validation
& Test

Thermal Energy Harvester

ElectrostaticElectrostatic PiezoelectricPiezoelectric

Mass

Beam

Adhesive bondsPiezo
capacitor

Mass

Beam

Adhesive bondsPiezo
capacitor

Concept Design

The Physics

Presenter
Presentation Notes
Ageing society impacts

     - healthcare cost

     - Maintenance cost => most workers doing maintenance today are going to be retired in a couple of years – difficult to recruit



AAA: Abdominal Aortic Aneurism
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Advancing state of the art : Harvesters and Sensors

15+ patents

>260x Responsivity Increase
104x Power Reduction

IBM 2 mW

Vapor (EtOH) sensor 2009

170 nW

Vapor (EtOH) sensor 2009

ULP T-sensor (10μW)

Thermal harvesters on body
Frost&Sullivan

 

award

Piezo

 

vibration harvester
With record output power
(85

 

μW )
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Holst Centre Industrial partners from across the value chain

http://www.storkprints.com/


Visit us at
www.holstcentre.com

Reaching out to Partners
 in Open Innovation

Stand J28 – Hall 6
Nicolas Lallemant

Tel: Int + 31 40 2774318
E-mail: nicolas.lallemant@imec-nl.nl
Visit us at: www.holstcentre.com

QUESTIONS ?

mailto:nicolas.lallemant@imec-nl.nl
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