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Outline of the talk

A Introduction to the ISIT

A Motivation
A Design und function of lithium accumulators
A Cell components

A Prospects for the future

A The production process at ISIT
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Fraunhofer -Gesellschaft at a glance

A Largest organization for applied
research in Europe

A 80 research institutions ( 66 Institutes)

~

A 22,000 employees
A Total annual turnover > #1.9 billion & #st augusi
s )

S

A 1 1.6 billion through contract research
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A Representative offices in Europe, the St fgbe L\/J“
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Fraunhofer ISIT

R&D center
for microelectronics microsystem - and
lithium storage technology

In Itzehoe since 1995 ' |
Initial investment:125 Mio. i ':::h'::::“:::'":::"Zm a,mmm v rlllrlr‘ﬂ!l“"'
till 2013: >250 Mio.
Employees: ca. 150 - %@deco@;‘aamw
Turnover/Year: ~20 Mio. :z:tm et D;n":is"a'gg‘iiyﬁ;_ =
Certificated for 1ISO 9001 since 2000 B =

Head of the Institute: . EEoT = \7?ﬁg’fhofer‘?
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Prof. Wolfgang Benecke g SensorDynamics
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Fraunhofer ISIT, Vishay & Other Partners

Fraunhofer ISIT

A IC Technology

A MEMS / Microsystems
A ASIC Design

A Biotechnical Systems

A Packaging / Reliability

A Li-Polymer Batteries
A MEMS & CMP cleanrooms 700 rh
A FhGISIT, PeteiWolters

Employees

150

Vishay Siliconix Itzehoe VSIG

PowerMOSProduction

IC cleanroom 2.000 n?

VSIG,FhGISIT

Employees

250
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Activities
Field of IES activities

AES R&D:Development, characterization and prototyping of
customized LithiumPolymerAccumulators:
=> cooperation with universities, researchnstitutes and industry

AES coating facility: Scale up of process technologies
=> cooperation mainly with industry partners

Activities in a glance

éCustomizedsystems based on different cell chemistries
A—Iigh flexibility in terms of shape and implementation
A/ariouselectrochemical characterization methods (R&D)
A,Process upscale (coating facility)

A,Process optimization (R&D and coating facility)
Antegration of new materials R&D)

AConsuItancy, Surveys (R&D)
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RolandBerger

Strategy Consultants

Battery market by major applications

Li-ion battery sales, worldwide, 2000-2011 [USD m]
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|Batieries=] RolandBerger

Strategy Consultants

Energy storage demand by volume and application

Non-auto applications are still dominating the market in 2020

Forecast by market segment [GWh] Forecast comparison Auto vs. Non-auto [GWh]
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What will the future look like?

mm) Need for intermediate storage b Dehpbride St adt speicl
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Battery Technology Comparison
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Cell Requirements

Special requirements

Depth of discharg

Temperature range

Power density <

Energy density

Costs

' ‘ Safety

Cycle life Calendaric lifetime

Dy~
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Cell Requirements DbElectromobility vs. ESS

Gravimetric Power density (Wh/kg) —_—— emobility
3500 - - emobility 2020
3000 —A—ESS
5500 - v- ESS 2020
2000

Volumetric energy density (Wh/L)
800

Operating life

(related to 2010) 600

400

Calendaric life time (years) Gravimetric energy density (Wh/kg)

Source: according to Nedo Roadmap 2010 (translated by Fraunhofer ISI)
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How can the requirements be met?
T~

wChoice of electrode materials
Safety, Cycle stability, Longevity,
Depth of discharge

e L
} Lis,CoMnQ; -~ I Lir,Nioghn, <0, I LiCOPQ, -----
wComposition of the electrode foils !
- . 4 |- Liano - L .
Additives, Binder \ #7100 1 Loy - {- iy Mn0, L i
K Lo LiNo 33Mng 3,Cop 1,0,
=
o 2| T I LiFePO,

wComposition of the electrolytes O

8

Safety, Temperature range, Rate

24
capability, Longevity | T ‘ L.Tis,
uBeparators " ‘
Safety, Internal resistance . |
wechnology i LAl eg,‘{h" LizzSiy Li,
Hard case vs. Pouch pack | , ‘ S

oLCell design (Geometry, Electrode thickness)

High power¢ high energy,
Heat dissipation
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How does a lithium secondary battery work?

Positive

Electrolyte Negative
Electrode ~ Electrode

Current Collector Current Collector

/ Discharge \
3-D Lattice 2-D Lattice
Charge (Intercalation electrode)
O Oxygen
Carbon
O Lithium O hi
O Cobalt (Graphite)

\

~ Fraunhofer

ISIT



Cell Components PIES Technology
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Cell Components DAnode Materials
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Cell Components b Cathode Materials

Potential vs. Li/Lt (V)
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Cell Components DElectrolyte

Liquid electrolytes Solid electrolytes

Dry polymer Inorganic

Non-aqueous :
a electrolytes solids

Organic Gel polymer

lonic liquids solvents elctrolytes
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Cell Components DElectrolytes

o

Solvent mp [ C] bp[ C] DN U
Ethylenecarbonate EC 39 248 16.4 89.8
Dimethyl carbonate DMC 3 90 151 3.1
Ethylmethyl carbonate EMC -55 108 3.0
Gammabutyrolactone GBL -43 203 18.0

Conductivity of exemplary electrolytes [mS/cm], conducting salt concentration 1M.

Electrolyte LiPF; LiCIO, LiBF,
EC:DMC=1:1
EC:DMC=1:2 10.0 8.4 4.9
EC:GBL=1:1 10.1 6.7
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Cell Components b Separator

SEM Surface Photomicrograph of
Celgard® Monolayer PP Battery
Separator 2400

SEM CrossSection Photomicrograph of
Celgard® Trilayer PP/PE/PP Battery
Separator 2325
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Cell Components b Separator

Sketch of the SEPARION®
separator used by Li -Tec

SEM Surface Photomicrograph
of ISIT Separator
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