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Separator 15μm

Active layer cathode 80μm

Active layer anode 100μm

Cu - foil 10μm

Al - foil 15μm

415 µm

Positive Elektrode Panasonic 

Material NCA

Area spec. mass [mg/cm2] 26,8

Crystal density  [g/cm3] 4,45

Density  [g/cm3] 3,4

Area spec. capacity [mAh/cm2]* 4,9

Specific capacity  [mAh/g] ~185

Negative Electrode Panasonic

Material graphite

Area spec. mass [mg/cm2] 16,3

Crystal density [g/cm3] 2,26

Active layer density  [g/cm3] 1,7

Area spec. capacity [mAh/cm2] ~5,5

Energy density = Voltage x Charge density 
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Battery Innovation Process
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BTRL  1     BTRL  2          BTRL  3                  BTRL  4                       BTRL 5 - 6                        BTRL 7 - 9 

1-2 YEARS 

Scientific 
Breakthrough 

New class 
of materials 
synthesized 

Proven 
performance 
in half cells 

Proven 
performance in  

lab-scale fulls cells  

Material scale-up,  
cell testing and 

scale-up to pack 

Product 
qualification 

Marked launch 

Proof-of-concept 
prototype 

Research prototype 

……………………………………

……………………………………

…...... 

Research Institutions 

(Universities,  

non-profit Research Organisations)   

 VARTA Advanced Development (VMI) 

VARTA Product development 

2-5 YEARS 3-5 YEARS 5-10 YEARS 8-15 YEARS 

BATTERY TECHNOLOGY READYNESS LEVEL 
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+300% Vol.
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Candace K. Chan et. al., Nature Nanotechnology ,VOL 3 , (2008) 32
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Core

 natural graphite

Shell 

 silicon nano particles 

(50nm) embedded in 

amorphous carbon
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

delithiation capacity 2,5%

 lithiation capacity 2,5%

 delithiation capacity 5%

 lithiation capacity 5%

 delithiation capacity 10%

 lithiation capacity 10%

 delithiation capacity 20%

 lithiation capacity 20%

 delithiation capacity 30%

 lithiation capacity 30%

 delithiation capacity Graphite

 lithiation capacity Graphite
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2,5% Si  450 mAh∙g-1

5% Si  550 mAh∙g-1

10 % Si  750 mAh∙g-1

20% Si  1012 mAh∙g-1

30% Si  1400 mAh∙g-1
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*Swagelok cell vs. metallic lithium



Copyright by VARTA Micro Innovation GmbH,  2017 12

0 5 10 15 20 25 30 35 40 45 50

0

10

20

30

40

50

60

70

80

90

100

110

 2,5% Silicon

    5% Silicon

  10% Silicon

  20% Silicon

  30% Silicon

 GraphiteC
u

m
u

la
te

d
 I
rr

e
v
e

rs
ib

le
 E

ff
ic

ie
n

c
ie

s
 /
 %

Cycle Number

*Swagelok cell vs. metallic lithium



Copyright by VARTA Micro Innovation GmbH,  2017

0 50 100 150 200 250 300 350 400 450 500

0,0

0,2

0,4

0,6

0,8

1,0

0

20

40

60

80

100

 
C

a
p

a
c
it
y
 /
 m

A
h

Cycle number

LITHIUM EXCESS

Cycling behavior 

controlled by 

negative electrode
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VMI Technology

VMI Technology

VMI Technology

Negative Electrode Processing 

Binder
Conducting

Additive
Active Material

Advanced Negative 

Electrode Balancing Positive Electrode

Advanced Silicon based Lithium Ion Cell
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Commercial 

silicon based material
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