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Organic based Photovoltaics
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* University institute
* Founded 1908

* Until 1990 mainly work on
photography

Present Topics:

* Organic thin films
Semiconductor Properties/Devices
Optical Properties
Epitaxy

* Femtosecond spectroscopy
on semiconductors (e.g., Bloch
oscillations)

* Raster scanning microscopy
STM/AFM, SNOM

approx. 130 employees (9 funded by university)
(http://www.iapp.de)
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* Working Principles of Organic Solar Cells
* Current Research Challenges

* Beyond 10% Efficiency
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Property m

Melting Point (°C)

Density (molecules/cm?) 4.42x10% 0.42x10%

Dielectric Constant

h-Mobility at 300K (cm?/Vs)

Vacuum lonisation Energy (eV) 4.8 5.8

999

Anthacene data from W. Warta et al., Phys. Rev. B 32, 1172 (1985)
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* Photon absorption does M == P — e ]
not directly generate 005 e -
free charge carriers, but 2 il |
excitons 5

L?{)—0.15 O
e . :
* Diffusion length of excitons =020 . @ corTse |

IS much smaller than 25| Comventional] = 13
penetration depth of photons

1 ‘ 1 ‘ 1 1 1 1
-15 -10 -5 0 5 10 15
Charge Carrier Separation / nm

=>» Excitonic Solar Cells

S. E. Gledhill et al., J. Mat. Res. 20, 3167 (2005)
P. Wirfel, CHIMIA 61, 770 (2007)
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* First Breakthrough 1986: Donor-Acceptor Heterojunction
 Second Breakthrough early 1990s: Bulk Heterojunction Concept

A AX
VN {
>
7 Wt
anode <— cathode 7
(e.g. ITO) (e.g. Al)

donor
C. W. Tang, Appl. Phys. Lett. 48, 183 (1986)
acceptor M. Hiramoto et al., Appl. Phys. Lett. 58, 1062 (1991)
J. J. Hall et al., Nature 376, 498 (1995)
G. Yu et al. Science 270, 1789 (1995)
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Light-weight, cheap, flexible, large area, long-living and
efficient solar cells
Optional: colour-tunable and/or semitransparent

£

.............

Reasons:
* Flexible plastic substrates and thin organic layers
— Little material and energy consumption
— Short energy payback time
* Compatible with cheap and large area production technologies
* Toolbox of organic chemistry

* Little restrictions on required materials
Images: Konarka, Neuber, Heliatek, IAPP
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Solution-Processing
* Mainly polymers, but also small molecules and inorg. materials
* Layers made by e.g. printing
* High production speeds possible
* Room temperature process

Vacuum-Sublimation
* Only small molecules possible
* Layers made by sublimation of material in vacuum
* Easy access to multi-layer systems
* High material purity

Dye Sensitized Solar Cells (DSSC) aka “Gratzel Cells”
* (nano-)porous TiO, layers coated with dye

* Layers made by (screen) printing
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Al-Cathode (~100nm)

Donor:Acceptor
(~100-300nm)

PEDOT:PSS (~40nm)
ITO-Anode (~120nm)

glass substrate
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Q B @ F4-TCNQ (p)

v % Cathode
\ B
Di-NPD @

(HTL) 6%9 n- n-doped ETL QYYQ

7 ) .| | Photovoltaic &%
x' | active Layer

@ D p-doped HTL CNW
SO RS IPRIN Anode

AOB (n)
e -
NN

N ZnPc (D)

/\ /\s
s \/ s W ) TN

CN

DCV5T-Bu (D)

(HTL) B. Maennig et al., Appl. Phys. A 79, 1 (2004)
M. Riede et al., Nanotechnology 19, 424001 (2008)
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* Active Fermi level control in
HTL/ETL

* Quasi-Ohmic Contact to
electrodes

* Conductivity increase by
several orders of magnitude

- Freedom of stack design
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B. Maennig et al., Appl. Phys. A 79, 1 (2004)
M. Riede et al., Nanotechnology 19, 424001 (2008)
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* Current Research Challenges
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. . . V. -J. FF
* Improving the device efficiency n n=—"—
« V__ < HOMO,-LUMO, offset "
- J__ < Absorption gap
* FF « Barriers & transport 2
15
E4 |
LUMO > |
g o
S i
HOMO A0¢
Donor Acceptor s 0.0 ' 05 ' 1.0
Voltage / V
* Increasing device lifetime
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* Donor Side
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R. Fitzner et al., Adv. Funct. Mat. 21, 897 (2011)
M. Lenes et al., Adv. Mat. 20, 2116 (2008)
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DCV6T-Bu4 C60

27.38 nm

':'\ ‘rms .-,3 GBnm

l‘ g
3 L N

400 -
,__IT;IH_I rms = 0.70nm

*Homogeneous mixture & smooth surface at RT D(‘;.Vf;gfg?
*Increased structure size, higher surface roughness 60 (15nm)

= Enhanced phase separation - better transport
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ITO /n-C60 / C60 / DCV6T:C60 / BPAPF / p-BPAPF / p-DINPD / NDP9 / Al
/5 [ 16/ 30(@(21) / 5 [/ 10 / 30 / 1 /100

Al
NDP9 | T,=30C / 90°C
p-DiNPB 20 l,c = 126.0/ 119.3 mW/cm?*

0-BPAPF sl Voo™ 0887089V

| i = 7.3 /10.9 mAlcm’
101 FF =422/607%
o = 21/49%
5

“corrected with mismatch factor

{DCV6T:C6O

30:m J’—

current density (mA/cmz)

-0.50 -0.25 0.00 0.25 0.50 0.75 1.00
voltage (V)

Sun simulator: Steuernagel (SoCo-1200MHG)

Measurement conditions: T~32°C, intensity calculated according to mismatch
Device area: 6.4mm?

D. Wynands et al., Appl. Phys. Lett 97, 073503 (2010)
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LUMO(Donor)-LUMO(Acceptor) / eV

11
1.2
1.3
3 2.8 26 2.4 a8 2 1.8 1.6 1.4 1.2 1
Band gap of the donor / eV

M. Scharber et al., Adv. Mat. 18, 789 (2006)

G. Dennler et al., Adv. Funct. Mat. 21, 1323 (2009)
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* Beyond 10%
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Efficiency
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* Much of the solar 121 o
| ' ZnP
spectrum not used! ol S
= :
3 0.8 E
) E ] 1.0 %
* Narrow absorption S 06+ S
-~ absorption losses 2 oal H
'*E ' - 0.5 uc'
L 2
* Wide absorption 0.2 &

— thermalisation losses ol N /~— N\ ~ |
300 400 500 600 700 800 900 1000 1100
Wavelength / nm
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= Tandem Solar Cells

Goal:

* to exceed the single heterojunction limit SUoesll -

-
Requirements:

* Efficient recombination contact
* Current matching
* Complementary absorption

Subcell II

T. Ameri et al., Energy Environ. Sci. 2, 347 (2009)
M. Riede et al., Nanotech. 19, 424001 (2008)
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—=— single device o« -NPD/C60
Al (100) tandem device:
BPhen (6) —e— without conversion contact
—4— with highly doped conversion contact
C60 (30)
1
a-NPB (10) N
p-a-NPB (5) 5
- <
n-C60 (5) S 0
C60 (35) z ™ .
S ™ 2xV_ of single device
a-NPB (10) T 4 | 1
-a-NPB (10 =
E (10) £ V=083 /107 / 1.7V
-]
P-MeO-TPD (30) ° joo = 2:39 /1.32 / 1.36 mA/cm”
— 2 FF =479 /512 | 47.6%
n =096 /069 /1.08%
glass substrate - - — —_—t ]
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

voltage / V

- highly transparent recombination contact without loss of V_

R. Timmreck et al., J. Appl. Phys. 108, 033108 (2010)

DPG Frihjahrstagung 2011 Moritz Riede

Slide 22
Dresden



D
DR U

Al

Absorber 2:C60

p-HTL Spacer

Oligothiophene
derivative

(Heliatek)

Red dye
(BASF SE)

ITO

glass substrate
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Organic based Photovoltaics

— Oligothiophene derivative (Heliatek)
— Red dye (BASF)

c o o =
A o o O
1 1 1 1 1 1 1

o
N
1 1

absorption (normalized)

0.0 ——
400 500

600 700 800 900
wavelength / nm
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Al
fixed Absorber 2:C60
thickness
thicikn_ess p-HTL Spacer
variation
fixed
thickness

ITO

glass substrate
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Device Lifetime of a 6% Tandem Stack

heliatek

Crgznic bazed Photovaltaics

May 2009 State-of-the-art
Tandem device

Collaboration between
Heliatek & IAPP

Absorber materials from
BASF and Heliatek,
dopants from Novaled

Glass-glass encapsulation

Halogen light at about
1.5 suns
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Organic based Photovoltaics

Ve = ( 1.7330
!SC - ( 8?3
FF = 59.49
n = ( 828

8.3 % on 1.1cm?2 certified by

H H H

H

0.0087 )V
0.22 )mA
0.59 )%
0.25 )%

Fraunhofer ISE, Germany
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Organic based Photovoltaics

* Results are obtained within a co-
operation between Heliatek and
IAPP

* The device uses proprietary
absorber materials developed and
synthesised by Heliatek and C60

* It is based on Heliatek's p-i-n
tandem solar cell technology using
p- and n-dopants provided by
Novaled AG
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* Device lifetime sufficient for first applications
* Little material consumption (<1g/m?2)

* In principle no material bottleneck for organic materials

* Large area fabrication possible

heliatek —
Organic based Photovaltaics o

Images: Konarka, COMEDD, Heliatek
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* Many organic semiconductors available

* Little material and energy consumption during production
* High stability for small molecule 6% tandem devices

* Champion lab efficiencies above 8%

* OPV at the step towards products

* Next step: transfer to low cost, large area manufacturing...
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Die BMBF-Innovationsinitiative R E G I 0 N
Neue Lander

Prof. Peter Bauerle
University of Uim
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Department Organic | _ OPEG
Chemistryll % Roland Fitzner & €4
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~ Fraunhofer Deutsche
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Thank you for your attention!
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