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1st Generation 24 channel Wireless EEG
System 2002 e ———
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Patient centric personalized healthcare ...

Holst Centre
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http://www.kuleuven.ac.be/
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Wireless autonomous microsystems as enabler for
patient centric care

2002 2010

Reduce
power & size

INncrease
functionality

300 cm3 1 cms3

140 mW 100 pW
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Technical Challenges A
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IMEC and TNO create the Holst Centre ...

e to create generic
technologies for
wireless autonomous
transducer solutions
and for systems-in-foil

e INn program partnership
with industry and
universities

e Creating critical mass;
70 fte in 2006, 220 fte
in 2010

e www.holstcentre.com

nIRih feanire
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Locatlon at HTC
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THE TRIP

MiPlaza lab facilities

Philpa:
CETAALILL

EMaS Commpetarre

# /I »-Inlst Centre

P building entrance
] mascigpoine Located at HTC 48
& path = campus logistics e_%»ﬁ — e
L HTC |49 .'.' r ';nsu E';rrc.‘.m
E chemical center "':\L ¢ & Sirp Offca

Holst Centre




© Holst Centre

Wireless Autonomous Transducer
Solutions Program

Strategic programs:
windows on application areas, guiding
choices in the technology programs

Medical Process Agri- Mobile
Technology programs: & Automa [l culture | Gaming
Development of key Lifestyle ~tion
technologies

Ultra Low Power Wireless
Ultra Low Power Signal Prc
Micro Power
Sensors & Actuators

Integration technology

Human—+-+
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Body Temperature as Energy Source
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Measured Heat Flow

Heat flow (m¥W/cm?)
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Thermal Energy Scavenger produces = 100uW

Command Prompt

PowerLog <c>» IMEC 2884 by Tom Torfs
Serial/USB datalogging utility for wireless sensor power modules
capture from com? to powerlog.csv... press any key to abort.

fii: battery: 2.478 U, input: 1.124 U, charging: YEE., temp.
#2: 2.475 UV, dpput: 1.1687 U, charging: YES. temp.
#3: 2.475 U, dnput: 1.841 U, charging: YES, temp.
#i4: battery: 2.478 VU, input: 1.818 U, charging: YES. temp.:
#5¢2>: battery: 2.475 U, dinput: B.968 U, charging: YES.
#6<9>: battery: 2.475 U, dinput: 1.426 U, chargin
#7¢?>: battery: 2.475 U, input: 1.168 U, charging: YES.
#B8<¢15%: battery: 2.475 U, dnput: B.724 U, charging: NO . temp.:
#%: battery: 2.475 U, dnput: 8.726 U, charging: YES, temp.: 260.8 C
#18: battery: 2.475 U, i : B.847 U, charging: YES. temp.:
#11<1>: battery: 2.475% i t: B.818 VU, charging: YES. te
#12: battery: 2.475 U, i B_828 U, charging: YES, temp
#13: battery: 2.478 U, i 6.833 U, charging: YES. temp
#14¢2>: batter 2.475 U, dnput: 1.863 U, charging: YES. temp
#15¢6>: batter 2.475 input: B.887 U, charging: YES, temp
H#16¢2>: bhatter 2.475 input: A.86? U, charging: YES.
#17¢3»: batter 2.475 input: B.721 U, charging: YES.
#18: battery: 2.475 U, dinput: B.787 U, charging: YES., temp
#19: battery: 2.478 U, i B.814 U, charging: YES. temp
#28: battery: 2.475 U, dinput: B.728 U, charging: YES, temp 1?2.1 G
#21<1>: battery: 2.475 U, input: B.758 U, charging: YES. temp.: 19.4 C
#22: battery: 2.475 U, input: B.683 U, ing: NO ., temp.: 12.7 C

Human-++ Holst Centre
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Heat — Electricity - Light

10 LEDs: 1.58 V@ 1.6 mA = 2.5 mW

Human—+-+
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Integrated polySiGe thermal energy scavengers

Pillars for

bonding of

the top
plate

Micromachined

thermopile array
40

450um

J Silicon wafer
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Wireless Channel Modeling and Simulation
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First of a kind carrier based pulsed UWB works at 50pJ/pulse

[1CUO5]
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Max. Pulse rate: 40 MHz

Energy per pulse: 50 pJ

Power: 5uW @ 10 kbps (10 pulses
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First of a kind UWB receiver [ISSCCO6]
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UWB Transceiver Architectu re
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EEG, ECG, EMG read out at ultra low power
[1SSCCO6]
| DC Level ,} f- EEG
|

vin+OH $ I -‘— : ECG
vin-{} '_JIE"“ ¥

: EMG ; EMG

Electronically Selectable Gain: 400 - 2600

Adjustable Bandwidth

Ultra Low Power Dissipation 21 pA @ 3V

Low Input Referred Noise = 70
nV/sqrt(Hz)

High CMRR = 120 dB

110 dB CMRR at 50 mV electrode offset

nIRih feanire
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Advanced Packaging and Interconnect

e Advanced IC-centric techniques:
= through-wafer via’s
= wafer thinning
= high-density solder interconnects

wafer 1
wafer 2

Holst Centre

Human++
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Medium Access

Sensor 1

RXEEX Processing

Beacon TX Beacon TX

Sensor 2

e Holst Centre
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Power consumption of sensor node
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Case: Ambulatory Color EEG
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Feel secure
Save energy
Lower cost
Save time
Keep track
Stay tuned
Anticipate

Improve performance
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