Small-molecule OPV: From
the Lab to Roll-to-Roll
Production

Hel‘l'afelf

The future is light
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Organic solar cells Heliatek

The future is light

Metal contact

transparent contact (TCO) 100nm

@ Organic solar cells and OLED:

Reverse processes, but similar materials, layer structures and production processes

© Heliatek GmbH www.heliatek.com PVSEC 2014 Muller: sm-OPV: From the lab to roll-to-roll production



o |
Our 4 Core Competencies Heliatek

Unique in -house feedback loop for continuous improvement The future is light

Stack
architecture
Physics lab in Dresden with

16 physicists specialized
in organic electronics

Materials
development

Chemistry lab in Ulm with
15 chemists specialized in
organic materials

R2R
production
First production site in

Dresden with 23 engineers
and operators

OPV business
development
Experienced management

and solar specialists for
market entry
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Two Approaches to Organic Solar Cells Heliatek

Polymers (plastics):
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The future is light

Oligomers / Small molecules:

= Heliatek approach
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Chemistry: Materials Development Helatek

Powerful absobers with superior properties The future is light
Hel i atek develops and synthesizes SmoleculesE at i
Oligomers Fullerene C60

A"D’D\DfA ADA-BCO

Molecule Structure
NG CN Bu Bu +

. Organic
L absorber

@ Accelerated cycle of learning Faster efficiency improvements

@patent ed Smo'l Refendabke bdtriers
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Physics: p -i-n Tandem Devices Helatek

Patented, highly efficient tandem cells The future is light

Heliatek designs and optically engineers p -i-n tandem cells:

TCO front electrode
o+ o+ F o+ F o F o+ o+ F o+ o+ o+ o+ o+

Optical

. Engineering:
Organic vacuum

deposited layers: _< Absorber layers

Total thickness are placed in
250 nm _the respective
interference
maxima.
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Superior Harvesting Factor

Superior low light

characteristics
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The future is light
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Certified Efficiency 12.0% on >1cm? Helatek

Measured by SGS at standard test conditions The future is light
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Certified Efficiency 12.0% on >1cm? Helatek

The future is light

@ Triple junction cell with two
different absorbers,
(the more widegap : University Ulm,
P. Bauerle)

® both absorbers ADA -type
oligomers covered by Heliatek IP

@ no infrared -absorber involved yet
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What do we need for tandem cell K
efficiencies of 13%7? Heliatek

The future is light

0.65+

optical density (absorption)

400 500 600 700 800 900 1,000
wavelenght [nm]
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First efficient small molecule NIR absorber Heliatek

The future is light
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Heliatek

The future is light

Precise and homogenous production process for little upscaling losses

Roll-to-roll process Vapor deposition Laser structuring
Continuous process Linear sources Precise process
500 m long rolls Homogenous Ultra narrow scribes

deposition

0.30 m wide web Minimum area losses

Multi -layer stack

Low tgm perature
(120 AC)
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P3cut by ps-pulsed laser (R2R invacuum line!) He|‘|'c|iek°’

cuts the metal top contact, but spares the organic layers The future s light

@ challenges : .

\/ do not create shorts at the edges

\/ positioning by pattern recognition
(inline camera system)

scale: 100um

P1 P2 P3 P1 P2 P3 P1 P2 P3
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Single junction module from R2R  -production Heliatek

The future is light

STC:

03 25AC / 1000 W/m?

0.2
%@,1 @ v, and | of lab devices reproduced
é 0 - @ good blocking behaviour (little shunt
> problems ) for total thickness ~100nm
;.f;o-l ® FFheavily influenced by ITOseries
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7% cell efficiency

300 r

In Role-to-Role manufacturing

~N ‘. .
<Ef Heliatek
= The future is light
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Hel‘l'aielé

The future is light

date :

aperture /cell area :
number of cells:

17.09.2014 15:43
1176 cm?/ 43.03 cm?
24

aggregated data

VOC

ISC
FF

DUTeff.

40.76 V. Vi 3172V
269.1MA I 226.9 mA
65.6% Prp 7197 mw
6.12% Cell eff. 6.97%

calibration

& measurement

temperature :

monitor cell:

calibration cell:
mismatch factor :

23.7 AC (uncorrected )

VLSHKG2 (s/n 20003500000256)
VLSHKG2 (s/n 10510-0082)
0.97
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9.7% triple junction minimodule on PET foll

with production ready materials only

Triple junction module on PET
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The future is light

Absorber from upscaled batch (by
toll manufacturer)

Stack on glass delivers ~11% PCE at
72% FF

Mainly optical losses due to
increased surface reflection and
lower optical quality of ITO
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Focus on 3 segments

Selection of three core markets

Hel‘l'aielé’

The future is light

BiPV

Transport

Light
Structures

© Heliatek GmbH
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Polycarbonate
Metal

Glass
Concrete

Automotive

Street furniture
Shading structures
Sunshades

www.heliatek.com

A Integration into multiple building materials
A Custom -designed dimensions
A Up to 50% transmission light

A Transparent Film
A 500g/m2
A Flexible PEFsubstrate

A 500g/m2
A Bending radius of 10 cm
A 1mm thick

PVSEC 2014 Miller:

A Harvesting factor
A Ultra-thin and ultra -light
A Various colors and homogenous surface

A Truly green technology
A Colorful solar films & homogenous surface
A Harvesting factor

A Robustness
A Custom -designed dimensions
A Up to 50% transmission light
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B2B Business Model Heliatek

Adding functionality to traditional applications The future s ight
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