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Outline: Guardian Angels

¢ Concept and objectives:
@ the edge of the cloud

x Zero-power technology platforr
the future of nanoelectronics

¢ Applications and img
a more energ
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Innovation semantic waves

Guardian Arlgfals
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Beyond WSN and internet: GA...

Challenges:
“e economy of scale
« interoperability
“* energy
° rellab‘llty
* cost & easy to use
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Interconnected smart
objects enabled by energy
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Concept: Guardian Angels

©

% Guardian Angels are future zero-power smai
autonomous systems featuring sensing,
communication and energy harvesting f
beyond human aptitudes.
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Enabled by zero power

©

¢ Zero-power is the system ability to harvest energ
existing in dynamic environments (solar, ther
vibration, electromagnetic) and power-up th

X GA's are smart personal companions
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Zero power technology platform

x Driven by energy limits

° o #* Computation

b Zero-power from 100aJ/op to
S deesstie’: » Communication : 1000
5 2 , from 2nJ/bit to

#* Sensing : 1000
fromaouW to
X 100
1o0mW/cm?

Energy
Energy harvesting,
efficient storage &
technologies green

batteries
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Multi-modal:
Intercommu- emotions, stress

© © nication’ +ultra low power man-
% : machine interfaces
PN AN Non- Scavengers | . emotion sensors
2 o) 1 I + data fusion
© ° o ’ !nvas!ve & +ultra low power +heterogeneous
; > 4 invasive computation & material/device
“i communication integration (silicon,
2 +ultra low power +g;aphenendbased ca.rbon, n-v) ;
Q || nenoelectronics & RF front-e +integrated multi-
£ R e +ultra low power harvesting
8 f fficient memories -
S +integrated Emotiona
= hardware- Nanosensor arrays
Q software co-design X i
- +power + disruptive
t%. management hervesting .i\‘
. +new energy .
& (| Storage concepts Environmental
c bi ibili
& + biocompatibility @
S | Physical -
g ©
S —
)
2012 2022

Time



(6 cuardon pose
Nanoelectronics roadmaps & GA's

% Heterogeneous integration @ affordable cost

% Drivers: power consumption and novel functionali
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Power challenge in uprocessors

X Power per chip continues increasing.
% Leakage power dominates in advanced

© ©
Sy technology nodes.
@ 9]
“ © © ]
S % Voltage scaling slowed: 45nm=1V
3 cannot go below 0.5V
©
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Limits of CMOS electronic swit

x Reducing threshold voltage &y Sorn '/

increases the leakage current (power) by x:

Performance metrics: Iy, lon/lore Sy Vo Vygr T
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Energy limits and swing

Power per binary switching event:

. P = aLDCVddf+IOﬁVdd ~KCV, +]oﬁ‘Vdd

a technology that would enable zj voleziej= Sez1ligle) 05
factor of 5 (frorn Vi
power (with
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Solutions for lower energy

* Subthermal swing S devices Parallelism (n

100

29nVa!S 2
* Vdd 10 E dynamic o« Vdd
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Ideal MOSFET
S=60mV/dec

(= 2]
o
T

nergyl/op

erate at a lower
energy point

Energy/cycle, E

Run in parallel to
in__ " performance
Voltage supply, V.

Source: A.M. lonescu, H. Riel, Nature, 2011. Source: T.J. King, UC Berkeley.
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Steep slope switches

High mobility (l1I-V, SiGe)

Bulk Si MOSFET

MuG
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Ultra-low power nano-sensors

o Silicon Nanowire Sensors
_Mass-sensitivity below 1029 grams and
- power consumption in the order of nW:

r
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— Energy scavenging systems

©

©

© . 100000f

the right type of harvester or combination of harvesters!
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[ Solar Energy ] [Thermal Energy] [

Vibration
Energy

] [ RF Energy ]

T (2009)

n=35.8%

STC, www.sharp-world.com
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Irradiation Power
0.1-100 mW/cm?

TEG HV37 \
L e

Superlattice (?) thin-film
structure

TEG Size: 2.1 x29x
0.6mm

164 pW/K2/cm?

\wwwnexlreme.com /
AT;=0.5-10K

Electromagnetic micro
cantilever generator
Frequency = 52Hz

Device szie: 0.15cm?

883 uWicm3/Acc?

CP Beeby et al, JMM 2007

Acc: 0.01-0.5¢

RF Power:

JA Hagerty et al, Europ.

the analysis of the system specification defines
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Bio-inspired energy scavenging
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Prevention in bio-medical field

url\/J tacilor) of

Pharmaco-therapy
© early detection of treatment inefficiency or relapses.

" Prevention/diagnostic

©
- early signature of disease, metabolic and cardiac
* disorders.
©

©

©

©

Improved
treatments and
quality of life

Untolerable

** Decrease severit

Improved
prevention

* Delay onset

Pre-clinical

Chronic Disease Burden
o
®
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Energy (in)efficiency @ global s

©
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Improvement potential as

- Improvement potential in system inefficiency up

©

Ihis chart snows 'systems’ (not Industries’)

% of system inefficiency

Analysis of inefficiencies in the
planet‘s system-of-systems

40% -
Healthcare
4,270
35% - Building & Transport 349 ‘
Infrastructure
Education
. .. 12,540 1360 ,
Electricity ' 3 any- ‘ 2%
30% 2,940 7 ‘
Food & Water
4,890
2509, | Communication Government & Safety
5,210

Transportation (Goods
& Passenger)
6,950

‘ 3,960

Leisure / Recreation

20% -

I Clothing Note: Size of the bubble indicate absolute
7,800 value of the system in USD Billions
15% T T T T T T 1
15% 20% 25% 30% 35% 40% 45%

System inefficiency as % of total
economic value

Global economic value of ...

$54 Trillion

100% of WW 2008 GDP

$15 Trillion

28% of WW 2008 GDP

$4 Trillion

7% of WW 2008 GDP

System-of-
systems

Inefficiencies

Improvement
potential

$15,000,000,000,000
$4,000,000,000,000

How to read the chart:

For example, the Healthcare system’s
value is $4,270B. It carries an estimated
inefficiency of 42%. From that level of 42%
inefficiency, economists estimate that
~34% can be eliminated (= 34% x 42%).

Programs for improving the energy inefficiency of complex systemes:

IBM’s Smarter Planet & Intel’s Green initiative.
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Guardian Angels Consortium

For a bright future of energy efficient nanoel
energy harvesters in smart personal cornpan

©
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Expected impact of GA's

o % Society and lire
Co #* GA’s will preserve human health and improve the quality of life for all
©° o categories of ages, in an affordable way.

. . % GA'swill make our environment more energy efficient and saf
© # GA's will generate enhanced prevention based on augmen
. information for personal level decision.

w Lzadership in sciznce and tzcnnoloc)
# Leadingrole of Europe in zero-power nove
» Enabling a stronger role of manufa

# |mproving the competitiver
medical companie
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