New trends in organic materials
based solar cells
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Silicon crystal structure
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Molecular crystal
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Properties of organic semiconductors

m  Organic semiconductors are soft and ductile
m  Organic semiconductors have narrow absorption bands

m  Organic semiconductors, in particular dyes have high absorption
coefficients exceeding those of inorganic semiconductors by 100 times

m The properties of organic semiconductors can be tuned almost arbitrarily
(absorption, solubility, crystallinity)

m  Organic semiconductors are normally insulators. Conductivity can be
achieved by chemical/physical doping.

m  Organic semiconductors have a low charge carrier mobility, which is smaller
by 3 to 6 orders of magnitude compared to inorganic semiconductors
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Organic donor-acceptor junction

HANS METER und A, [TAUS, Bamberg: Zuw Problim or-
ganiseher Photodioden (vorgelr, von /I, Meier).

Die Wintoilung der photoelekiviseh akiiven organisehen Farb-
sloffn i p= und n-laeitor, devon Stromibertragung (win Messungen
dor Gusabhingigkeil von Pheto= und Dunkelstrom, Thermokrafl,
KeistallphotonTelkt n, . heweisen) in der Hawplsaehe dureh Do-
foklelaktronen odor Elektronon erfolgl, fihrto zae Peifung dos or-
waninehon |m-ﬂlmru;umu. In Ohoreipslimmung wur anarganiselion
pr-Stenlebur bositat oin nus einem p- oul p-leitenden Farbstodl zu- )
n;tnn uwngvnutzvf.l.uu‘.HyuLum (i . k!nrrw,v!mine[TriplwnyhpuLIum- crystal violet merocyanine
"arhslalTe) dio Bigensehall einor Photodiode, die bei Belichlung
it sielibharer Steabhlung einen Karzsehlufsteom 1, und eine Luer-

Lunfspunnnng Ky, olne duece Tillsspannung ergibl. Charakievis acceptOr mater | al d onor m ateri a|

stiselin Morkmale diesor Photoelomonte sind: Roversibilitdt von I

Hans Meier, Bamberg 1960

N{CHz)

interface
conduction band
zur Elektrode 9 e 6 9

to the electrode

valence
band

: . Q. Tang, organic
acceptor material donor material o ar ool it 196 EMPA°
PCE (1986)

Materials Science & Technolog y

Day of Chemistry, ZHAW Wadenswil, 21.6.2012



PCE (%)

Development of organic solar cells
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Polymer bulk-heterojunction concept
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Figure 3. TEM images of PTB7/PC7 BM-blend film prepared from CB without (a) and with (b)
DIO (the scale bar is 200nm).
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Small molecule multilayer architecture
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Photographic dyes as organic semiconductors for
solar cells

= Extremely strong absorption

= Narrow absorption bands from
the UV to the NIR

= Synthesis is known (upscaling
possible)

= Cost efficient (about 1% of
polymer materials)

=  Well soluble (compatible with roll
to roll processing)

Day of Chemistry, ZHAW Wadenswil, 21.6.2012



Synthesis of cyanine polymers
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Polymeric cyanine dye films
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Ultrathin absorber layers
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lonic dyes for organic solar cells
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(54) Title: MULTI LAYER ORGANIC THIN FILM SOLAR CELL

(57) Abstract: The disclosed inven-

tion consists of high efficiency organ-

0 ic solar cells (0) with a multi layer

,/ siructure, cor ng of cathode layer
/ (1), organic acceptor layer (2), organ-

ic donor layer (3), conductive anode

| layer (4) and a substrate layer (5),
1 where an adjustment of electronic
LAl

us, i levels of separated layers is achieved
! by introduction of at least one inter-
! mediate matching layer (x). In con-
; junction with the selection of active

LMo layer (3) consisting of cyanine dyes
] with appropriate counterions (e.g.

! hexafluorophosphate), high  perfor-
mance organic solar cells with long

| lifetimes can be fabricated with a fast
| and simple manufacturing method.
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Effect of counterions in bilayer cyanine devices
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Formation of ionic junctions
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Lifetime of organic solar cells
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R2R processing

Low costs by high throughput (small depreciation)
-> R2R fabrication of substrates
-> R2R of the photoactive layers
-> R2R production of encapsulation layers

g

Flexible substrates are needed
-> cheap barrier layers
-> cost efficient, flexible and transparent electrode
-> integrated bus bars
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Development of fabric electrodes (CTI project)
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New developments in dye sensitized solar cells

M. Griitzel, Nature 2001, 414, 338-344.

24.02.12 - The Interdisciplinary Committee of the World Cultural
Council has selected Prof. Michael Gratzel as the winner of the
ALBERT EINSTEIN World Award of Science 2012
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«Transparent” dye sensitized solar cells EMPAQ

Materials Science & Technolog y

» photovoltaic windows absorption of squaraine dyes

» flexible, transparent PV active films 18- 14
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Verkehrshaus der Schweiz (2012)
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http://youtu.be/UKLIKqw7zrs
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Novel redox mediators

E vs NHE

V)

—0.5 —

0.5 =

1.0 =i

TiO, Dye
-
P S+."S*
...-..-_.._..*_......_-_._____-..
Maximum
voltage
et £ (1,7 /17)
hv 0 N+
_ wmme £ ([Co(bpy),] ™)
/ —'EﬂI ([Co(bpy-pz),]™)

s*/s°

12.3% using porphyrin dye

Aswani Yella et al., SCIENCE VOL 334 (4), p. 629, 2011

Day of Chemistry, ZHAW Wadenswil, 21.6.2012

— |3_."r|_
3+2
=== [Co (bpy-pz),]"
e " 100% Sun
12 £ "
Y 10k
E E
é 8 3 51% Sun
__E' BEL: L e e
w0 E
& E
= 4 ”
& ot 9.5% Sun
5
S :
Dark
_2 FE
0.0 0.2 0.4 0.6 0.8 1.0
Potential (V)
CgH,,0
O OCGH13
COOH
O S Slg =
N \ ,‘ \ CN
O CGH13 CSH‘\S
D OC¢Hy5
C6H130

Jun-Ho Yum et al., nature
communications | 3:631 | 2011

EMPAQ

Materials Science & Technolog y



New electrolyte systems
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APPLICATIONS ) SOLARONIX

- prét pour les applications en intérieur
- prét pour les applications en lumiére faible
- prét pour les applications en fagade

- prét pour les applications sur mobilier extérieur
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