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« Context:
— Supercapacitors: principles a
— Practical application: Autonomous
—Why micro-scale energy storage ?
— State of the Art in micro-supercapacitors

Ultra-high power carbon based micro-supercapa
chnology + materials

ance

with 3D capacitors
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Supercapacitors
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Schematic of an electrochemical double-layer capacitor.

Source US Defence Logistics Agency
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Active Electrolyte Density C
material (g/cm3) (F/g) (F/cm3) (F/cm3)
Activated Organic 0,7 100 - 70 - 140 17.5-35
Carbon (2.5V) 200
Hydreous Sulfuric acid 2 650 1300 325

RuO, (1V)
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Typical applications

Loading /unloading
Captures and stores regenerative €

fuel saving of 40% o DRl
= \ N

/Vatt

Emergenc
(AIRBUS A38C

Advantages by using Ultracaps

= Low weight

= Excellent life time due to high cycle number
= High reliability

= No maintenance

able electronics:
vy maintenance

al-world applications, Interface 2008, p. 53
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Self Powered Applications

Increasing needs for self-powered &
(nomad electronics, wireless sensors netwc

Embedded systems with a complete autonomy of energy

Energy scavenging Energy storage Applications
and harvesting — and management

photovoltaic, thermoelectric,
piézoélectric, electromagnetic

Technological problems

- . . . .
» Limited lifetime
(> restriction on the autonomy of the whole system)

aries » Low power density

(-

ntegration, Pollution...

ge in supercapacitors



—AASTENES - Practical example: AutoSENS project
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=AASTERNES - Practical example: AutoSENS project
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Why micro-scale ?

Short term :

* Monolithic integration

 Local storage for MEMS type devices (e
= minimisation of connections

Long term :

e scale fabrication = low cost, reliability

nt of performance: energy and power densities

lity to ionic species

aterial : Surface / Volume /

— Magali 8



AASTENES State of the art Micro-supercapacitors

» Commerc

\Maxwell PC5 Cellergy ‘ '

CLX04P007L12

Seiko Instruments GmbH

12mmx 12.5mm x 2 mm

14 mm x 23.6 mm x 4.8 mm 32mmx2.5mmx 0.9 mm

C=4F_25V C=7mF-42V C=14mF-26V

All solid-state
. e e Y.S. Yoon et al., J. Power Sources 101 (2001) 12 &
RuO, + LiPON : : J. Electroceram. 17 (2006) 639.

Interdigital — 50 pm Flexible u-supercapacitors AAO template

Electrochemical TiO, Chemical
Polymerization _ Polymerization
of Pyrrole Electrodeposition of pyrrole

AAO i
N
- -
Ni Ni Ni

W. Sun & X. Chen, Microelectron. J.H. Sung et al., J. Power Sources L. Liu et al., J. Solid St. Electrochem. 11 (2006) 32.
Eng. 86 (2009) 1307. 162 (2006) 1467.

"
I

Si0,/Si P}{’y Solid state

substrate clectrolyte
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* Dispenser Printing on PCB (Be

.“\"1 C 1.9'. B

PVDF/IL
MCMB /

<+— Current collector

Electrolyte —»

| PCB

» Probe tip deposition + Origami™ process (MIT, US)

Electrolyte

H.J. In et al., Appl. Phys. Lett. 88 (2006) 083104

using SWCNT

~10 um thick

C =1.2 mF/cm?2

D
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LAAS-CNRS State of the art Carbon based p-SC

* Inkjet printing (LAAS-CNRS, France
L]

D. Pech, M. Bru
Fabre, F. Mesnilgren

Width: 40 um — Length : 400 um — Interespace : 40 ym
Thickness: 1-2 um (0.64 mm? / electrode)

Pros:

—> High resolution

d thickness
ability difficult

11
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QIes and applications
eSS \Wireless Sensors Networks

ology + materials

D capacitors

» Conclusions and perspecHus
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» Adhesive and dense films

tive material

* Collective deposition

* Thickness => 80 pm

olution : 50 pm (can be improved
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Results with activated carbon
YP-50F (1700 m?/g)

Testsin 1M Et,NBF,/anhyad

Potential Electrode
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M-supercapacitors - EPD f Etiwe

Results
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Active material comparison:
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Highlight on micro-scale eff

Number of 4
interdigital electrodes
Width, w (um) 1175.0
Length, / (mm) 4.5
Interspace, i (um) 100
Surface of the conducting 2115
electrodes (mm?) :
Mean path (um) 176.1
Surface of the cell (mm?)

_ 8 interdigital
4 / s< electrodes

ESR (Q cm?)
AN

/
/

arbon Onions 2 4 7 16 interdigital

/ electrodes

0 T T z T z T z
0 50 100 150 200
Mean path (um)
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M-supercapacitors versus SoA

« Comparison with <

1
E = 5 C(UZ-Uf)
Institutio‘ Type CD?::::s?ent
‘ cm?
eley 2006 |Dispenser 0,25
Origami | 0,0012
CNT forest  (Q,35
jet 0,023

of magnitude higher than SoA
e higher than SoA

18
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p-supercapacitors versus 3D capacitors

« Can y-supercap cc

3D capacitors

Vma Capacitﬂ
mF/cm? |Ohm.cm?| mJ/cm? | \
0,006 | 0,83m | 0,44 ) | peisesiseny
0,065 6,88m 2,10
0,003 14,5m 1,35
0,044 Im 0,79
0,1 1,27m 0,80

InstitutidDimensi

cm?

LAAS 2006 | 4,90E-03
LAAS 2009 | 6,25E-04
NXP 2001 | 1,00E-01
NXP 2008 | 1,00E-04
' 1,27E-04

5.7 4,4 23,9
1 3,8 4,64 )

Klootwijk, Roozeboon; t al., EDL 2008

University of Maryland

capacitors:
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——p-supercapacitors versus 3D capacitors
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M-supercapacitors - Challenges

Encapsulation of liquic
- Wafer-level packaging

- Low temperature process (< 150°C)

—> Water tightness: must be processed in glove bo

Process:

1. Cover lid: photosensitive glue on glass

2. Electrolyte deposition

3. Bonding

Two pass dicing for uncovering electrical contacts

borosilicate cover (500 um)

Carbon pEC

electrical contact pad

21
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Conclusions and Perspectives

» Conclusions :
— Enabled technologies for stora

» Electrophoretic deposition of activ

* Liquid, water-tight, low temperature enc

— Benefits of micro-scale and enhanced materials
=> Ultra-high power components

» Perspectives:

More power:

roved design: e.g. interspace down to nanoscale
d materials: OLC, CNT...etc

rgy harvesting microsystem,

— Magali 22
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Leakage ..
Componant current Charging time
3 uA/F 72 h @ 25 °C
33uA/F 70 h @ 25 °C
/E 1150 h @ 25°C

70 h @ 25 °C

27
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MEDLC - Thin films

CDC (Carbide Derivec

D

Electrolyte

Sputtered TiC film

Au collectors

B
$i0,
g

Chlorination
(500°C<T<1000°C)

CDC etchiile»]e
S10,
Si

50 F/cm?3)
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